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CHINOOK SALMON SPAWNER STOCKS IN 

lynchus tshawytscha, 

ABSTRACT 

eport covers the 5 1 st annual inventory of Chinook salmon, Oncorh 
spawner populations in the Sacramento-San Joaquin River system. It is a compilation of sources 
estimating the late-fall-, winter-, spring-, and fall-run populations for streams which were 
surveyed. Estimates were based on counts of fish entering hatcheries and migrating past dams, 
from surveys of dead and live fish and redds in spawning areas, and from aerial counts. 

The estimated 2003 total escapement of Chinook salmon in the Central Valley was 624,808 fish, 
which was 7% lower than in 2002. The population consisted of 590,735 fall-, 17,564 spring-, 
8,291 late-fall-, and 8,218 winter-run spawners. All of the late-fall-, spring-, and winter-run 
salmon wcre in the Sacramento River system. The entire Central Valley fall run consisted of 
602,425 fish in the Sacramento River system and 21,383 fish in the San Joaquin River system. 
In the American River of the Sacramento system, a record high fall run occurred. The fall run in 
the San Joaquin tributaries still only contributed a small portion (3%) to the total Central Valley 
escapement. 

'' Inland Fisheries Administrative Report No. 2006-02. Submitted for publication June 2006. 
California Department of Fish and Game, 141 6 Ninth Street, Sacramento, California 9581 4. 



The Sacramento-San Joaquin River system (Figure I), which flows through California's Central 
Valley, is the principle producer of Chinook salmon caught in the state's ocean hheries; its 
salmon runs also contribute to the ocean fisheries of Oregon and Washington. This report is the 
50th compilation of Chinook salmon spawner stock surveys. The spring and fall runs have been 
monitored since 1953, and late-fall and winter runs since 1971. The four runs are distinguished 
as follows: 

1) Late-fall run. These salmon spawn mainly in the upper Sacramento River and its 
tributaries near and upstream of Red Bluff. They arrive in this area in early November 
through February, with spawning occurring from January through mid-April. Adults o l  
this run are usually larger in physical size than fall- and winter-run salinon spawning in 
the same area. 

2) Winter run. These salmon spawn almost entirely in the Sacramento River and its 
tributaries upstream of Red Bluff, arriving there in December through early August, with 
spawning occurring from April through August. 

3) Spring run. Once widespread in Central Valley tributaries, this run has disappeared 
from many of the streams in which dam construction has blocked access to spawning 
habitat. Spring-run spawners return to the system from the ocean in late January through 
August; early arrivals to their natal streams oversummer in holding pools. Spawning 
occurs from mid-August through October. 

4) Fall run. These are presently the most numerous and widely distributed salmon in the 
Central Valley. They return from the ocean during June through November and spawn 
from early October through late December. 

Monitoring of salmon spawner escapement in Central Valley tributaries is an important 
component of the California Departn~cnt of Fish and Game's (CDFG) fishery management effort. 
The primary objectives of this work are to determine size and composition of spawner 
populations. Any changes in spawning distribution and habitat conditions that may adversely 
affect salmon are noted to determine if corrective action is necessary. 
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FIGURE 1. Sacramento-San Joaquin River System of California's Central Valley. 
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GENERAL METHODS 

During 2003, spawner stock data were collected in some Central Valley tributaries known to 
support Chinook salmon runs by: monitoring fish entering hatcheries and migrating past dams; 
conducting stream surveys in holding or spawning areas for live fish, carcasses, and redds; or 
making aerial redd counts. 

The data collected usually represented only a sampling of the tributaries' spawners. For some 
tributaries, data were not sufficient to calculate an estimate of the spawner population size; in 
some such cases, a decision of the number of spawners present was arrived at by "best 
professional judgment". 

In other streams, salmon carcasses were marked throughout a series of survey periods. Discretc 
marks associated those carcasses with the individual surveys upon subsequent recovery trips. All 
counted carcasses were marked, or cut in half to prevent recounting. Estimated spawner numbers 
were calculated from mark-and-recovery data. 

Specific details of surveys (e.g. timing, duration, location), or estimation methods are presented 
under the individual tributary sections. 

Jn this report, adult salmon are considered those fish three years old and older. Two-year-old 
salmon, although sexually mature, are referred to as grilse. 



CHINOOK SALMON SPAWNER POPULATIONS FOR THE 
SACRAMENTO RIVER SYSTEM 

Sacramento River Mainstern 

A total of 102,941 salmon was in the mainstem between Keswick Dam and Princeton Ferry 
(Figure 21, consisting of 89,229 fall-, 8,218 winter-, and 5,494 late-fall- fish. 

Late-fall run. The late-fall spawner population was estimated from salmon carcass 
surveys in a portion of the mainstem, and from aerial redd surveys of the entire mainstem. 
Carcass surveys were conducted from 10 December 2002 through 28 April 2003, covering thc 
26.4-knl (1 6.5-mi) stretch of the mainstem from Anderson-Cottonwood Irrigation District Dam 
(ACID) downstream to Anderson River Park ''. 
Salmon carcasses were marked with colored tags attached to their jaws with hog rings; for each 
week a different color was used. Marked carcasses were returned to running water for 
subsequent recovery. Carcasses that were not marked, as well as those that were recovered with 
marks, were chopped in half to prevent recounting. Measurements of fork length (FL), 
determination of gender, and relative egg retention of females were made for a subsample of 
fresh carcasses (those with a clear eye or pink gills). 

The carcass processing protocols were intended to allow post-season distinction of age-class 
(adult or grilse, based on length), and condition (fresh or decayed), so the data could be better 
compiled for estimating the population through several biometric models. Analysis of the data 
indicated the Jolly-Seber model (Appendix 1 .C) was the most appropriate. Using the mark-and- 
recovery data for fresh and decayed carcasses, 1,353 carcasses were observed, 503 of which were 
marked and 92 subsequently recovered, for an estimate of 4,681 fish in the surveycd area 
upstream of Anderson River Park (Table 1). 

An aerial survey of the mainstem from Keswick Dam downstream to Princeton Ferry was 
conducted on 6 March 2003 (Table 2). Based on data from these surveys, approximately 85.2% 
of the late-fall-run spawning occurred within the mark-and-recovery area, and 97.3% of the redds 
were upstream of Red Bluff Diversion Dam (RBDD). The carcass survey population estimate 
was therefore expanded to 5,494 fish for the entire mainstem, consisting of 5,346 spawners 
upstream of RBDD and 148 fish downstream. 

The 2003 late-fall-run population of 5,346 fish for the Sacramento River mainstem upstream of 
RBDD was the lowest since 1998, when estimates of the population began being determined 
using carcass survey and redd data (Appendix 3 ). 

Killam, D., and C. Harvey-Arrison. Chinook Salmon Spawner Populations for the Upper 
Sacramento River Basin, 2003. Technical Report No. 04-3. May 2005. CDFG-Northern California- 
North Coast Region (NCNCR), Sacramento River Salmon and Stcelhead Assessment Project 
(SRSSAP). 
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FIGURE 2. Sacramento River System from Keswick Dam downstream to Princeton Ferry. 



TABLR 1. C h i n o o k  s a l m o n  f resh  a n d  decayed c a r c a s s  mark-and-recovery  d a t a  used to es t imate  t h e  2003 late-fall-run s p a w n e r  popula t ion  in t h e  S a c r a m e n i n  
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Winter run. The winter-run spawner population was estimated through salmon carcass surveys in 
a portion of the Sacramento River mainstem, aerial redd surveys of the entire mainstem, and data 
from sampling salmon at Keswick Dam. Surveys covered the 25.2-km (1 5.7-mi) stretch of the 
mainstem from Keswick Dam downstream to Anderson Mill Riffle 3/. The study area was 
divided into three reaches, which were surveyed on two consecutive days starting with the 
upstream reach. After a one day pause, and the cycle was repeated, for 43 survey periods during 
30 April through 4 September 2003. Mean survey-period river flow averaged 357 rn3/s (12.605 
cfs), ranging from 228 m3/s to 843 rn3/s (8,050 - 29,785 cfs). Mean survey-period ternpcraturc 
averaged 1 1.1 "C (52 OF), ranging from 10 "C to 12.2 O C '  (50 - 54OF). Water clarity, measurcd by 
secchi disk, averaged 4.2 m (14 ft), ranging from 2.4 m to more than 4.5 m (8 fi to >15 ft). 

Most of the surveys were conducted using two boats, each with two samplers, which covered 
opposite shorelines out to the middle of the river. Efforts were made to assure adequate coverage 
of areas where carcasses were known to accumulate, and several short stretches of river were 
surveyed on foot. 

Collected carcasses were categorized as being either fresh or decayed, and either from hatchery 
or natural origin. Fresh carcasses were those having at least one clear eye and reddish colored 
gills. A carcass of hatchery origin was identified by a missing adipose fin. Livingston Stone 
National Fish Hatchery (LSNFH) had been the exclusive winter-run salmon rearing facility in the 
upper Sacramento river system since 1998, and all of its juvenile fish were released with adipose 
fin-clips, and coded-wire tags (identifying their race, age, and origin) implanted in their snouts. 
It was therefore assumed that any carcasses with adipose fins intact were winter-run salmon 
produced from in-river (natural) spawning. Length measurements, determination of gender, and 
female degree of egg retention were also recorded. 

For estimation of the spawner population, carcasses were marked with colored plastic attached 
with hog rings; tag color was used to identify the survey period that the carcass was tagged. 
Fresh carcasses were tagged in the upper jaw, and decayed carcasses were tagged in the lower 
jaw. Tagged carcasses were returned to flowing water near the location where they were 
originally found. Hatchery-origin carcasses were excluded from marking, since their heads were 
removed and saved for retrieval of the coded-wire tag. Other carcasses not tagged, usually those 
in an advanced state of decay, were chopped in half. During subsequent surveys, previously 
tagged carcasses that were recovered were also chopped. 

The carcass processing protocols were intended to allow post-season distinction of age-class 
(adult or grilse. based on length), condition (fresh or decayed), and origin (hatchery or natural), 
so the data could be better compiled for estimating the population ~luough several biometric 
models. Analysis of the data indicated the Jolly-Seber model (Appendix 1 .C) was the most 
appropriate. 

A total of 4,549 individual salmon carcasses was observed, but only the mark-and-recovery data 
for those of natural-origin females classified as adults (FL 2 61 cm [24 in]) were used to 
calculate an estimate. A total of 2,884 fresh and decayed carcasses was tagged, and 1,896 of 

' Killam, D. Sacramento River Winter-run Chinook Salmon Escapement Survey, April - September 
2003. Technical Report No. 04- 1. CDFG-NCNCR, SRSSAP. 



those were subsequently recovered, resulting in a Jolly-Seber estimate of 4,903 adult female fish 
in the surveyed area (Table 3). 

TABLE 3. Chinook salmon fresh and decayed carcass mark-and-recovery data used to estimate the 2003 ~inler-run natural-origin adult female span8ner population in thc Satramcuto River betwcen Ueswitk Dam and It 
Anderson Mill Riffle (at River Mile 286.4) ". 
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Since the estimate from the Jolly-Seber calculations represented only a portion of the adult 
female population in the mainstem winter run, expansions/extrapolations were made to obtain the 
total in-river spawner population (Table 4). 

- As only the mark-and-recovery data for natural-origin carcasses were used in the Jolly- 
Seber calculation, the estimated number of adult female fish in the survey area was 
expanded to include those of hatchery origin. Based on the relationship of2,008 fresh 
female carcasses observed in the survey, of which 1,914 were of natural origin, the Jolly- 
Seber estimate was expanded to 5,143 adult females within the carcass survey arca. 
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TABLE 4. Estimated Components of the 2003 Winter-run Salmon Population in the Mainstem 
Sacramento River. 

Adult Female Salmon 
Within Carcass Survey Area 

Natural-origin spawners " 

Natural and Hatchery-origin spawners 2' 5,143 

Mainstem Outside Carcass Survev Area 3/ 36 

Total Adult Females: 5,179 

Total Adult Male Salmon 4/: 2,419 

rota1 Crilse Female Salmon ": 3 9 

rota1 Grilse Male Salmon " I :  496 

8,133 

1 Jolly-Scbcr estimate calculated uslrly mark-rccuvcry data of  natural-orig~n (nun-ad~pose-tin-cl~ppecl) adult fcmalc salmon cnrcnsses 

I/ Expansion of Jolly-Seber estltnate to mclude hatchcry-origin (ndtpose t i n - c l ~ p ~ c d )  fish. 

;I Ert~rnate derrved ti.oin number of  fcmalc rallnon with111 the carcass survcy arca. hased on relative proportions ofredds 

I /  t r t ~ m a t c  derwed fro111 nutnber of  total adult fcmales. based on femdc-malc prnponlons ar Keswick Dam 

'1 Estimate derrved froin number of  total adult females, based on adult-gr~lrc porportlons tn the carcass survey 

11 Estlmate derived froin number of total adult males. bnsed on adult-yr~lse porportions ~n the carcass survey 

I /  Number of fish transferred tiom Keswck  Dmn 

- The number of adult females in the survey area was then extrapolated to the entire 
mainstem through aerial redd count data. Using the relationship of 878 total redds 
observed in the mainstem, of which 872 were in the carcass survey area, it was calculated 
that 36 fish were outside the area, resulting in 5,179 total adult females for the entire 
mainstem. 

- An estimate of adult male salmon was derived from the total number of adult females 
using the winter-run male-to-female sex-ratio at the Keswick Dam trapping station. 
Based on the 64 males and 137 females observed, it was calculated that a total of 2,419 
adult males were in the mainstem. 

- Estimates of grilse salmon for each gender were derived from the respective total 
numbers of adults using the proportions of grilse and adults observed in fresh carcasses 
san~pled during the survey. Based on the female salmon relationship of 15 grilse and 
1,997 adults, 39 total female grilse were calculated. Likewise, based on the male saln~on 
relationship of 64 grilse and 3 12 adults, a total of 496 male grilse was estimated. 

Combining the estimates for each sex-age component of the run, a total of 8,133 salmon spawned 
in the mainstem. Based on 12 aerial surveys conducted during 20 May through 6 August 2003, 
the distribution of winter-run redds upstream and downstream of RBDD was about 99.7% and 
0.3%, respectively (Table 2). This represented a population distribution of 8,105 fish upstrcam 
of RBDD and 28 fish downstream. An additional 85 fish were transferred from Keswick Dam to 
LSNFH, resulting in a total 8,2 18 winter-run salmon for 2003 (Appendix 3). 



The winter-run population consisted of 29.7% male adults, 63.7% fcniale adults, 6.1% male 
grilse (FL < 61 cm), and 0.5% female grilse. 

The 2003 winter-sun spawner population of 8,2 18 salmon in the mainstem upstream of RRDD 
was 9% higher than that of 2002. The 2003 population was also over three times higher than the 
average for 1993-2002, but estimates previous to 2000 were determined from RBDD counts 
rather than carcass surveys (Appendix 3). 

Spring run. Mainstem salmon estimates were determined by rncthodology which 
involved expansion of sampling the salmon passage at RBDD during mid-May through mid- 
September. This interval was when the dam's gates were lowered, and its fishways were 
operable. Briefly, numbers of salmon counted weekly during discrete periods were adjusted fbr 
unsampled periods, then apportioned to an individual run. The total of a run's adjusted counts 
was further expanded using historical distributions of migration past RBDD. For the spring run 
this distribution was an average run timing from year-round samplings during 1970- 1988. 
Expansion to include passage during the gates-up period in 2003 assumed that the total adjusted 
count represented the same proportion of the run as the period's historical distribution. 
Mainstem-only spawner populations were typically calculated by removing numbers harvested in 
the sport fishery and populations in upstream tributaries from a run's total estimated RBDD 
passage. 

An estimated 145 salmon with spring-run characteristics passed RBDD in 2003 '. However, thc 
numbers of fish of this run accounted for in Cottonwood, Clear, and Battle creeks exccedcd that 
estimated to have passed RBDD, so it was not possible to make an estimate of the mainstem 
spawner population. During aerial surveys conducted on 3, 10, and 24 September 2003, spring- 
run redds were not observed downstream of RBDD (Table 2), and it was assumed that there were 
no spawners of this run in that area. 

Fall run. The fall-run spawner population was estimated through salmon carcass surveys 
conducted in a portion of the mainstem, aerial redd surveys of the entire mainstem, and data from 
sampling salmon at RBDD. Carcass surveys covered the 9.7-km (6-mi) stretch of the mainstem 
from ACID downstream to Bonneyview Bridge in Redding '. 

Most of the surveys were conducted using two boats, each with two samplers, which covered 
opposite shorelines out to the middle of the river. Collected carcasses were categorized as being 
either fresh or decayed, and either from hatchery or natural origin. Fresh carcasses were those 
having at least one clear eye and reddish colored gills. A carcass of hatchery origin was 
identified by a missing adipose fin, and it was assumed that any carcasses with adipose fins intact 
were fall-run salmon produced from in-river (natural) spawning. Length measurements, 
determination of gender, and female degree of egg retention were also recorded. 

For estimation of the spawner population, carcasses were marked with colored plastic attaclicd 
with hog rings; tag color was used to identify the survey period that the carcass was tagged. 

" Killam, D., and C. Harvey-Arrison. Chinook Salmon Spawner Populations for the Upper 
Sacramento River Basin, 2003. Technical Report No. 04-3. May 2005. CDFG-NCNCR, SRSSAP. 



Fresh carcasses were tagged in the upper jaw, and decayed carcasses were tagged in the lower 
jaw. Tagged carcasses were returned to flowing water near the location where they were 
originally found. Hatchery-origin carcasses were excluded from marking, since their heads were 
removed and saved for retrieval of the coded-wire tag. Other carcasses not tagged, usually those 
in an advanced state of decay, were chopped in half. During subsequent surveys, previously 
tagged carcasses that were recovered were also chopped. 

The carcass processing protocols were intended to allow post-season distinction of age-class 
(adult or grilse, based on length), condition (fresh or decayed), and origin (hatchery or natural), 
so the data could be better compiled for estimating the population through several biometric 
models. Analysis of the data indicated the Jolly-Seber model (Appendix 1 .C) was the most 
appropriate. 

Only the mark-and-recovery data for fresh carcasses from natural-origin female adults were used 
in the Jolly-Seber calculation. From a total of 1,246 carcasses marked, and 568 subsequently 
recovered, an adult female population of 4,808 fish was estimated (Table 5). 

I T A B L E  5.  Chinook aalnlon fresh carcasq mark-and-recovery data used to estimate thc 2003 fall-run natural-nrigir~ female adult I 
Ispawner population in the Sacramento River between the Anderson-Cottonwood Irrigation District Dam and Bonnryvirw Bridge ' I .  I 

Marked 
(:arcasses (.,cas,c, 

Survcy Cdrc,~aaes Recovered from Pennd.  Recoveled ()hscrved Est~m.w h r  I'cr~nd 
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I .. .. .. .. -- -- -- -- -. -- -- 0 36 1x4 132 

2 16 -- -- -- -- -- -- -- .. .. .. 16 5 100 463 

14 2 2 - -- 34 

Totnl: 568 3,328 
Total recoveled 

( )  21 38 86 121 86 70 56 50 17 I6 7 

Total ninrked 35 74 155 222 184 188 I 18 97 88 65 20 1.246 (Grand total marked) 
lT l l  I > - ., 

I .Inlly-Seber estimate ' I :  4,808 

1 I: Data shown from D K~llatn, CDFG-NCNCR, Red Bluff o f i ce  Personal communlcatlon 
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41 Includcs salmon carcasses which were marked, lnmked cmcasses that were recovered, and unniarkcd carca\\cs that were chopped 

151 Numher ot carcasses In the populatm at the start of survey period 1 

hi  Nl~mber of carcasses ')ooung" the populntiori between periods I atid I t 1 
71 'Total rccovcrcd markcd carcasses that were marked *the it11 per~od 

81 Numhcr of carcasses marked b thc ith pel-iod. 

91 E = N, +Dl + D, + .... Dl (Appendix LC). 
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Since the estimate from the Jolly-Seber calculations represented only a portion of the adult 
female population in the mainstem fall run, expansions/extrapolations were made to obtain the 
total in-river spawner population (Table 6). 

TABLE 6. Estimated Components of the 2003 Fall-run Salmon Population in the Mainstem 
Sacramento River. 

Adult Female Salmon 
Within Carcass Survey Area 

Natural-origin spawners I ! 

Natural and Hatchery-origin spawners 21 5,178 

Mainstem Outside Carcass Survey Area 3' 43.773 

Total Adult Females: 48,95 1 

Total Adult Male Salmon 4': 37,680 

Total Grilse Female Salmon 5': 416 

Total Grilse Male Salmon 6': 2,182 

- 

II TOTAL RUN: 89,229 

I /  Jolly-Seber estimate calculated using mark-recovery data of non-adiposc-fin-clippecl adult fcrnale salmon carcasses. 

! I  Expansion of Jolly-Sehcr cstimate lo include hatchery-origin (adipose fin-clipped) fish 

11 Estimate derived from number of female salmon in the carcass survey area, based on relatlve proportions of redds. 

11 Estimate derived from number of total adult females, based on female-male proportions a1 Keswick Dam. 

i/ Estimate derived from number of total adult kmales, based on adult-grilse porportions in the carcass survey. 

j/ Estimatc derived l i o n  numhcr of total adult ~nalcs, based on adult-grilse porporhns in the carcass survcy 

- As only the mark-and-recovery data for natural-origin carcasses were used in the Jolly- 
Seber calculation, the estimated number of adult female fish in the survey area was 
expanded to include those of hatchery origin. Based on the relationship of 588 fresh 
female carcasses observed in the survey, of which 42 were of hatchery origin, the Jolly- 
Seber estimate was expanded to 5,178 adult females within the carcass survey area. 

- The survey asea adult females was extrapolated to the entire mainstem through aerial 
redd count data. Using the relationship of 3,829 total redds observed in the mainstem, oS 
which 405 were in the carcass survey area, it was calculated that 43,773 fish wcre outside 
the asea, resulting in 48,95 1 total adult females for the entire mainstem. 

- An estimate of adult male salmon was derived fro~n the total number of adult females 
using the fall-run male-to-female sex-ratio at the RBDD trapping station. Based on the 
33 1 males and 430 females observed, it was calculated that a total of 37,680 adult males 
were in the mainstem. 



- Estimates of grilse salmon for each gender were derived from the respective total 
numbers of adults using the proportions of grilse and adults observed in fresh carcasses 
sampled during the survey. Based on the female salmon relationship of 5 grilse and 588 
adults, 416 total female grilse were calculated. Likewise, based on the male salmon 
relationship of 15 grilse and 259 adults, 2,182 male grilse were estimated. 

Combining the estimates for each sex-age component of the run, a total of 89,229 salmon 
spawned in the mainstem. Based on b u r  aerial surveys conducted during 9 October through 18 
November 2003, fall-run redds upstream and downstream of RBDD constituted about 74.5%) and 
25.50/0, respectively, of the total mainstem spawning (Table 2). This represented a population 
distribution of 66,476 fish upstream of RBDD and 22,753 fish downstream. 

The 2003 fall-run spawner population in the mainstem upstream of RBDD was 3 1 % higher than 
that of 2002, while the downstream population was 11% higher than the previous year 
(Appendix 3). 

Sacramento River Tributaries 
Keswick Dam to Red Bluff Diversion Dam 

In 2003, a total of 165,509 salmon was estimated for the Sacramento River system tributaries 
upstream of RBDD, consisting of 162,520 fall-, 2,797 late-fall-, and 192 spring-run fish. Clear 
and Battle creeks were the only tributaries in this area for which individual fall-run population 
estimates were made. 

Clear Creek 

Late-fall run. No surveys were conducted for this tun in 2003 

Spring run. Snorkeling surveys were conducted by the U.S. Fish and Wildlife Service 
(FWS), Northern Central Valley Fishery Resource Office (NCVFRO) in Red Bluff Based on the 
number of live fish observed during the August survey, which was regarded as an index of 
annual adult abundance, the spring-run spawner population was judged to be 25 salmon ' I .  

Fall run. Nine spawner surveys of Clear Creek were conducted during 6 October through 
1 December 2003, in the 6.7-km (4.2-mi) stretch downstream of the former site of McCormick- 
Saeltzer Dam S/. Salmon carcasses were marked by attaching colored tags to their jaws with hog 
rings, and replacing them back into running water for recovery during following surveys; 
different colors of tape were used to identify carcasses with distinct marking periods. 

Using fresh carcass mark-and-recovery data with the Schaefer model (Appendix 1 .B), the 

51 - Killam, D., and C. Harvey-Arrison. Chinook Salmon Spawner Populations for the Upper 
Sacramento River Basin, 2003. Technical Report No. 04-3. May 2005. CDFG-NCNCR, SRSSAP. 
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spawner population in Clear Creek was estimated to be 9,475 fish (Table 7). 

Based on examination of 4,609 salmon carcasses, the fall-run spawner population of Clear Creek 
consisted of 40% male adults (FL 2 61 cm [24 in.]), 57% female adults, and 3% grilse (FL < 
61 cm). 

Pre-spawning mortality of female salmon in Clear Creek this season was one percent. 

TABLE 7. Chinook s a l m o ~ ~  fresh carcass mark-and-recovery data used to estimate the 2003 fall-run spawner population of Clcar Creek in 
the reach 4.2 miles downstream from tlic former McCorn~ick-Saelt7cr Dam. 

Total ~- ~ 

marked TorA 
carcasses carcasses Pop~datror Recovery Number oi'marked carcasses recovered from markmg perlod (i). 
recovered observed estlmate 

I -Dec 0 0 1 0 1 3 8 147 
I'otal recovered (Ri) 1 1  62 90 87 83 89 2 8 0 
fotal carcasses Total cst~mate 10.345 
narked (MI) 32 127 173 169 131 190 80 0 

l~djusted est lmate ": 9,475 

I / lncludcv aalrnon carcasses w h ~ c h  were walked and rnarkcd carcasses that were rccovcred 

I! Schacfcr (1951) esrmate equation N = SlJM( R I I  x (MIIRI) x (C'!!R!) ) 

11 Adjuslerl e~fltllate retlects the rnod~fled Schaeter cquahon (Hoopaugh 1978), where ~ n a ~ k e d  carcasses (MI) froill the second rnxkmg periutl on wele suhtractud tiurn the total 

Cottonwood Creek 

Spring run. Four surveys were conducted for this run in Beegum Creek. a tributary to 
Cottonwood Creek ". A total of 73 salmon was counted, and judged to constitute the 2003 
spring run for the Cottonwood Creek system. 

Fall run. Three surveys were conducted for this run in the stretch adjacent to the 
Cottonwood Creek Wildlife Area, downstream of the Interstate-5 bridge crossing ". A total of 

- 

2 10 salmon carcasses was counted, and examined primarily for adipose-fin clips. An estimate of 
the fall-run spawner population was not made. 

Battle Creek 

Late-fall run. No surveys were made for late-fall-run Chinook salmon spawning 
naturally in Battle Creek during 2003. The only available spawner data were for 2,797 

" Killam, D., and C. Harvey-Arrison. Chinook Salmon Spawner Populations for the Upper 
Sacramento River Basin, 2003. Technical Report No. 04-3. May 2005. CDFG-NCNCR, SRSSAP. 
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late-fall-run salmon which entered CNFH ' I .  These fish consisted of 39% male adults, 46% 
female adults, and 15% grilse. Adipose fin-clipped salmon constituted 98% of the hatchery fish. 

Spring run. The FWS-NCVFRO monitored fish passage at the CNFI-J barrier weir. From 
a combination of live trapping during 3 March through 30 May, and subsequent underwater 
video counts throu h 13 July, it was estimated that 94 spring-run adult salmon passed upstream $ of the barrier weir - . Since the monitoring period covered the entire spring-run migration, it was 
judged that this estimate constituted the Battle Creek spring-run population for 2003. 

Fall run. Carcass surveys were conducted during 8 October through 26 November 2003, 
covering the 5.6-krn (3.5-mi) stretch of river from CNFH downstream to the old hatchery site "; 
Grover's Ditch was also surveyed. Salmon carcasses were marked by attaching colored tags to 
their jaws with hog rings, and placed into running water for recovery; different colors of tape 
were used to identify carcasses with distinct marking periods. 

Using carcass mark-and-recovery data with the Schaefer model (Appendix 1 .B), the spawner 
population in the surveyed sections was estimated to be 64,764 fish (Table 8). Combined with an 
additional 88,28 1 fish which entered CNFH, the total Battle Creek fall-run population was 
153,045 salmon (Appendix 2). 

Based on examination of 30,005 salmon carcasses, the in-river fall run consisted of 28% male 
adults (FL 2 61 cm [24 in.]), 70% female adults, and 2% grilse (FL<6 1 cm). In comparison, fall- 
run fish entering CNFH consisted of 47% male adults. 47% female adults, and 6% grilse. 

TABLE 8. Chinook salmon carcass mark-and-recovery data used to estimate the 2003 fall-run spawner population in 
Battle Creek from Coleman National Fish Hatchery to the old hatchery location. 

Recovery 
per~od 0)' 

16-Oct 
22-0ct 
29-0cr 
5-NOV 
14-Nov 
20-Nov 

Total 
marked Total 

carcasses c a r c a s s e ~ o p ~ ~ l a t ~ o n  

Number of marked carcasses recovered from marking per~od (I). recovered observed est~niate 
8-Oct 16-0ct 22-0ct 29-0ct 5-Nov 14-Nov 20-Nov @I) (CJ) " (N) 21 

49 .. -- -- -- 49 2,300 5,573 
3 260 -- -- -- .. -- 263 6.572 11.619 

23 137 .. -- -- 160 0,025 l R,433 
3 18 52 .. -. 73 4.91 1 1 1,75K 
0 0 10 37 -- .- 47 3 193 9.749 
0 I 5 14 87 107 3.325 6.479 

26-Nov 2 2 f i  14 9 1 115 1,393 2,ORfi 
Total recovered (RI)  52 288 156 69 57 101 91 
Total carcasses Total estllnate 66.297 
nnrked (MI)' 126 507 326 175 182 173 170 

l~djusted estimate 3': 64,764 

Incldes sdmon carcawes w h ~ h  were liialked and marked colcawes thnt were reca~eled 

'lSoh,~rfcr (1051)  estlniale cquatlon N =I( KIJ x (MdRl) x ((JIKI) ) 

I Adjusted ertlfnalo rctlccts !he mod~ficd Schacfer equahon (I luupauyh 1978). whcrc lmarked carcwrcs (MI) from the sccond mat knnp pcrlod on w e f t  wbtrdctcd from the tul,tl cstlmat, 

66,297 - 1,531 ,, 64 764) 

71 - Null. R. FWS, NCVFRO. Personal communication. 

'' Killam, D., and C. 14arvey-Arrison. Chinook Salmon Spawner Populations for the Uppcr 
Sacramento River Basin, 2003. Technical Report No. 04-3. May 2005. CDFG-NCNCR, SRSSAP. 
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Pre-spawning mortality of female fall-run salmon in Battle Creek averaged 60% in 2003 

The 2003 fall-run spawner population in Battle Creek of 153,045 fish was only one-third 
of that in 2002, but still 27% higher than the average population for 1993-2002 (Appendix 3). 

Sacramento River Tributaries 
Red Bluff Diversion Dam to Princeton Ferry 

A total of 6,657 Chinook salmon spawners, consisting of 4,23 1 spring-, and 2,246 fall-run fish, 
was estimated for 2003 in the tributaries of the Sacramento River system between Red Bluff and 
Princeton Ferry (Figure 2) 

Antelope Creek 

Spring run. A snorkeling-survey of the holding habitat of adult spring-run salmon in the 
upper Antelope Creek system was made on 28 July 2003 ' I .  A total stream length of 23.5 km 
(14.6 mi) was covered, from Facht Place on the mainstem upstream, to Judd Creek on the North 
Fork, and into sections of the south fork to South Antelope Gun Club. A total of 46 adult 
salmon was observed, and judged to be the 2003 spring run for this system; while six salmon 
were seen in the North Fork, none were observed in the South Fork. 

Fall run. No surveys were conducted for this run in 2003. 

Mill Creek 

Spring run. Surveys of Upper Mill Creek covered a stream length of approximately 66 
km (41 mi) from just upstream of the Hwy-36 Bridge crossing to downstream 4.8 k n ~  (3 mi) from 
Little Mill Creek, at the steel tower transmission line crossing j4/. The reach from J Iwy-36 to 
Buckhorn Gulch was surveyed from the ground during 1-9 October 2003, while an aerial survey 
was made from Buckhorn Gulch to the powerlines on 26 September. Totals of 204 live fish, 70 
carcasses, and 713 redds were observed. Based on the redds seen during the combined ground 
and aerial surveys, the total counted was determined to be the maximum number present, and 
judged to represent a spring-run population of 1,426 fish. 

91 - Harvey-Arrison, C. 2003 Antelope Creck Spring-run Chinook Salmon Survey. Memorandum to 

files. 29 July 2003. CDFG - NCNCR, SRSSAP, Red Bluff Office. 

101 - Harvey-Arrison, C. Mill Creek Spring-run Chinook Salmon Surveys for 2003. Memorandum to 
files. 17 December 2003. CDFG - NCNCR, SRSSAP, Red Bluff Office. 



Fall run. Four weekly spawner surveys of Mill Creek were conducted between the Los 
Molinos Mutual Water Company's Upper Diversion Dam and the confluence with the 
Sacramento River during 20 October through 19 November 2003 ll/; high flows and limited 
personnel prevented surveys through the end of spawning. Salmon carcasses were marked by 
attaching colored tags to the jaw with a hog-ring and replacing the fish back into running water 
for recovery during following surveys. No surveys were made upstream of the Upper Dam for 
spawning fall-run salmon. Using fresh carcass mark-and-recovcry data with the Schaefer 
(Appendix 1 .B) model, the spawner population in Mill Creek was estimated to bc 2,426 fish 
(Table 9). 

The composition of natural spawning fall-run salmon in Mill Creek was 48% male adults (FI, > 
61crn, [24 in], 46% female adults and 6% grilse (FL < 6 lcm), based on an examination of 1,295 
carcasses. Pre-spawning mortality of female salmon in Mill Creek this season averaged 7%. 

- - - -. - - - -. 

TABLE 9. Chinook salmon fresh carcass mark-and-recovery data used to estimate the 2003 fall- 
run spawner population in Mill Creek from the Upper Diversion Dam to the Sacramento River. 

Total 
marked Total 

Recovery Number of marked carcasses recovered carcasses carcasses Population 

period (j): from marking period (i): recovered observed estimate 
20-0ct 4-Nov I 3-Nov (Rj ) (cj) " (N) 2' 

4-NOV 15 -- -- 15 328 449 

1 9-NOV 2 15 58 75 648 1,342 
Total recovered (Ri): 19 5 5 5 8 
Total carcasses Total estimate: 2,660 
marked (Mi): 2 6 112 122 

I~djusted estimate ' I :  2,426 

11 rncludes salmon carcasscs which were marked and marked carcasses that were recovered 

21 Scharfer (1951) estimate equdtion: N = I( Rij x (MiIRi) x (CjlRi) ) . 
31 Adjusted estimate rcflecls the mod~fied Schaefir equatlon (Hoopaugh 1978). where marked carcasses (MI) tiom thc sccond mark~ng 
per~od on  were subtracted from the total cstmate (2,660 - 234 = 2,126). 

Deer Creek 

Spring run . Snorkeling surveys of upper Deer Creek were conducted on 5 and 1 1 
August 2003 covering the 40-km (25-mi) stretch from IJpper Deer Creek Falls downstream to 
Dillon Cove 'L'. Surveys only extended to Dillon Cove since few salmon were observed in the 

111 - Killam, D,. and C. Harvey-Arrison. Chinook Salmon Spawner Populations for the Upper 
Sacramento River Basin, 2003. Technical Report No. 04-3. May 2005. CDFG-NCNCR, SRSSAP. 

121 
- Harvey-Arrison, C. 2003 Annual Deer Creek Adult Spring-run Chinook Salmon Survey. 
Memorandum to files. 22 August 2003. CDFG - NCNCR, SRSSAP, Red Bluff Officc. 
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preceeding three-mile reach; 97% of the fish were holding in pools upstream of Ponderosa Way. 
A total of 2,759 adult salmon was counted, and judged to be the 2003 spring run in this tributary. 

Fall run. A survey was conducted in Deer Creek on 12 November 2003 covering the stretch 
from Leninger Road bridge to the Hwy-99 crossing II'. Totals of 22 salmon carcasses and 22 live 
fish were observed, but an estimate of the fall-run population was not made. 

Sacramento River Tributaries 
Big Chico Creek to the American River 

A total of 328,3 18 Chinook salmon was estimated for 2003 in the Sacramento River tributaries 
from Big Chico Creek to the American River (Figure 3). This total consisted of 3 15,177 fall-run 
and 13,14 1 spring-run fish (Appendix 2). 

Big Chico Creek 

S p r i n ~  run. A snorkeling survey was conducted on 11 August 2003 in three reaches of 
Chico Creek between Higgin's Hole and Iron Canyon (Ward et al. 2004). Four surveyors each 
niade individual estimates of the salmon holding in pools. Based on this survey, a population of 
8 1 spring-run spawners were in the creek. 

Fall run. No surveys were conducted for this run in 2003. 

Butte Creek 

Spring run. A snorkeling survey was conducted during 18-27 August 2003, covering Sour 
strctchesbf the creek from Quartz Bowl downstream to Parrott-Phelan Diversion Dam ''/. Total 
independent counts of live salmon by four observers ranged from 4,109 to 4,707 fish. All of the 
fish observed were upstream of the covered bridge. Based on these surveys, a population o r  
4,398 spring-run salmon were in the creek. 

Fall run. Carcass surveys for fall-run salmon in Butte Creek covered the approximately 
15.3-km (9.5-mi) stretch from Parrott-Phelan Diversion Dam downstream to Gorrill Ranch Dam. 
and included a 0.8-krn (0.5-mi) section near the Western Canal Siphon (Ward et. al. 2004). 
Surveys were conducted during 20 October through 4 December 2003. Fresh salmon carcasses 
(those with at least one clear eye and firm flesh) were marked by attaching colored ribbon to their 
lower jaws with hog rings, and replaced into running water near the location originally found. 

U1 Killam, D., and C. Harvey-Arrison. Chinook Salmon Spawner Populations for the Upper 
Sacramento River Basin, 2003. Technical Report No. 04-3. May 2005. CDFG-NCNCR, SRSSAP. 

141 -- Garmin, C. Butte Creek Spring-run Chinook Salmon Spawning Escapement Survey, 2003. 
Memorandum to files. 28 August 2003. CDFG - Sacramento Valley and Central Sierra Rcgion 
(SVCSR), Chico office. 
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Different colors of marks were used to identify carcasses with distinct marking periods. 
Carcasses that were not marked were chopped in half, as were recoveries of previously marked 
ones. 

Using carcass mark-and-recovery data with the Schaefer model (Appendix 1 .B), the spawner 
population in the surveyed sections was estimated to be 3,284 fish (Table 10). Combined with an 
additional 26 carcasses counted during the initial survey week, the total fall run population was 
3,3 10 salmon spawners. 

4RLC 10 Chinook salmon liesh carcass mark-and-recovery data used to estimate the 2003 fall-run spawncr populatwn In Buttc Creek 
1n1 Parrol-Phelan D~vcrs~on Dam to Gorr~ll Ranch Dam, and in the Western Canal S~phon 

Recoverv 

Total 
marked Total 

carcasses ~ r c a ~ x s l ' o p u l a t i o i i  

pur~od (J) Number of marked ca~cactec recovered from mark~ng period (1) recovered observed cs~irna~c: 

20-22 Oct 27-29 Ocl 4-6 Nov 11-13  No\ I X-20 Nov 24-26 Nov (R]) (Ci) I '  (N) ;' 
27-29 Oct I -- -- -- 1 76 152 .. 

4-6 Nov 9 -- .. -- -- 9 177 496 

11-13 Nov 

18-20 NOV 

2-4 Dcc 1 3 3 30 37 296 62 1 
tal recovered (RI) 1 10 30 3 h 28 30 
tal carcasses ' I ' d  esumate 3,560 
aked (MI) 2 28 48 71 66 63 

l~djusted  estimate ": 3,284 

ncludoa dtnnn carcasses wh~ch wcre marked and markcd cnrca$$es that u,ere recovered 
i~hacfer ( I  951) emmate equntlun N = x( Rtj x (MIIRI) r ((SIKI) ) 
Idlostod otlrnate leflects the mod~fwd SclmeCef equation (Hoopugh 1978). where marked carLa\\e$ (MI) fronl the second rnurkmg perlod on were subtrs~tcd from Lhe total ert~mate (3,ihO - 
r = 3.284) 

Feather River 

Spring run. A total of 8,662 salmon classified as spring-run fish entered Feather River 
I-latchely (FRH) during 3-1 5 September 2003 U'. Thesc fish consisted of 52.6% malc adults, 
42.9% female adults, and 4.5% grilse. In the river itself, no attempt was made to estinlatc 
numbers of spring-run salmon. 

The 8,662 spring-run salmon at FRH in 2003 was the highest recorded, being two times higher 
than in 2002, and 87% higher than the average for 1993-2002 (Appendix 3). 

Fall run. Salmon carcass mark-and-recovery surveys were conducted in the Feather River 
between the hatchery barricr dam and Gridley Road bridge during 2 September through 
17 December 2003 '6/. This stretch of river was surveyed in two sections, upstream (Scction 1) 

'51 Kastner. A. CDFG - SVCSR, Feather River Hatchery. Personal communication. 

161 
- Cavallo, B., A. Seesholtz, J. Kindopp, and R. Kurth. 2003 Feather River Salmon Spawning 
Escapement Surveys Summary. File report. California Department of Water Resources, Division of 
Environmental Services (CDWR-DES), Sacramento. 



and downstream (Section 2) of Therrnalito Afterbay Outlet. Carcasses were marked with colored 
flagging, identifjring them with a specific marking period, and released into flowing water for 
later recovery. Carcasses not marked were counted and then chopped in half, as were those that 
were recovered with marks. 

Schaefer (Appendix 1 .B) estimates, calculated from the mark-and-recovery data, were 5 1,674 
salmon for Section 1, and 37,962 fish for Section 2 (Table 11). Combining both estimates, along 
with an additional 3 10 carcasses counted during the initial survey week, resulted in a total in- 
river population of 89,946 fish. A total of 14,976 fall-run salmon entered FRH !?', bringing the 
2003 fall run in the Feather River to 104,922 salmon (Appendix 2). 

TAHL.& 1 I. Chinook salmon carcass mark-and-recovery d n t ~ ~  used to estimate the 2003 fall-run spawner population in the Feather River from the hatchery 

barrier clam to Gridley I/. 

Nwnher nf rnnrked Laru&xa rccuuexd from m a ~ d t n g  pcltod (11 calcasscs C ~ ' C I ~ T  PO~ULLIOII 
RLCOYCI?/ mcnvcrcd Y ~ W L L ~  CS~IIII~~C ( N  
l lcnod (1) I 2 3 4 5 fr 1 R 0 10 11 12 13 14 15 (RI) ( e l l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 47 47 302 019 

. . . . . . . . . . . . . . . . . . . . . . . . . .  i 11 51 h4 722 1,597 

. . . . . . . . . . . . . . . . . . . . . . . .  4 1 10 111 122 1,411 2.702 

. . . . . . . . . . . . . . . . . . . . . .  5 1 4 23 186 214 2,762 5 604 

. . . . . . . . . . . . . . . . . . . .  (I 1 7 33 222 263 4,314 Y 079 

. . . . . . . . . . . . . . . . . .  7 1 3 4 40 337 3RS 4,566 H 787 

. . . . . . . . . . . . . . . .  H 5 1 0  101 381 4'41 4 1 9 1  8,905 

. . . . . . . . . . . . . .  1 1 13 71 347 417 7,70? 6 111 

. . . . . . . . . . . .  10 1 I 5  99 324 44 I 2.1711 4 X11) 

I I 3 2 16 61 2116 - -  - -  - -  -- -- 2RX I ,  1.237 

I 2  I 1 I I I 16 I l i  - -  - -  -- -- ?I15 I 5 2,617 

I! 2 10 16 114 - -  -- -- 11. "XI 11110 

. . . .  14 1 3 7 !I 6h 108 142 X R 5  

I 5  2 2 R 26 13 -- 51 222  h8V 

I h  3 3 2 2 I 0  46 SiY 
Iora l rccovcrcd(R~) ,  h2 67 149 223 273 4$8 470 467 401 271 2111 IR I  95 15 2 Tula l  chl~n!,~le 58 141 
Tuhl carcases 
rnnrked (MI) 127 151 272 457 579 R70 864 832 808 530 403 354 233 X2 >2 

l~djusted estimate U: 51,674 

\ E C T I O N  2, -et fo G n d l c v  R n d p  Tofnl 
rnmked T o n  

Numbcr of marked cmcasscs rccovcrcd from r a r k m g  p n o d  (I) crrcrsscs C3".U'L> POplllx1011 

RCCO!L~  rrL,,vcrrd obsc ~ n ~ d  c m n m  (h  
penud (I) I ?  3 4 5 6 7 R  9 1 0 1 1 I 2 1 3 1 4 1 5  (KI) (C j j  ' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 I I 31 24X 
. . - . - - - - - - .  . . . . . . . .  1 I - 1 74 l . l N I  

. . . . . . . . . . . . . . . . . . . . . . . .  4 3 3 126 VMI 

. . . . . . . . . . . . . . . . . . . . . .  5 6 6 ?:I 1.125 

. . . . . . . . . . . . . . . . . . . .  (1 1 6  7 317 1.8Iu 

. . . . . . . . . . . . . . . . . .  7 1 y  10 2 78 1,358 
. . . . . . . . . . . . . . . .  X 5 11 I 6  204 1.524 

. . . . . . . . . . . . . .  Y 2 y I I 353 2,863 

. . . . . . . . . . . .  I 0  1 10 I I h I d  3,8X2 
. . . . . . . . . .  I I 4 3, 40 901 3 201 

. . . . . . . .  1 I 1 13 45 5 0 1,890 i 602 

I 1  11 7 26 1 13 -- -- -- 142 2,020 i J i X  

I 4  0 13 JV 67 -- -- 12'4 1714 511111 

15 I h I 1  21 -- ?<I 6611 3 I J i  

16 h 3 5 2  16 47" 2 ? h i  
Tu ld re~uve rd (171 )  I I 1 1 7 14 13 10 16 52 81 171 Nl  Zh L 
T n t d  ~ r r ~ a x ,  Tnrnl ~ m m a m  30 7 14 
~ m r k c d  (MI) R IS 23 35 54 64 71 X l  07 17h 233 462 255 160 20 

l~djustad asttmata w. 37,962 

I /  burvcvu wrc ~unrlu~lsd kom2 selrlcllllrl llqnllxl> 17 kxankr 21101 
?I 1hrludr.r vallllotl carcnrm whlch wcrc -kd und milrlsll cimitrbsa lhvl L- rruvclcrl 
II\~h,tchr ( l v ~ l j e a l ~ m r  cquauan N = ~ ( R u  u (MIIKI) n (CjIKj)) 
4 IA l l j~s t~r l  CnllmlC rellhb Ihe molllfirll S~h,,elk eqUaUOn ( ~ ! o u P ~ u & ~  IY7R), wl lucnmrhl  can.nasca(M~) lrom he mend mtrhm~ ~ n n d  1111 * C w  IY~IIYL~ fllllll lhl. 10Ul CYllllntC (58,141 -6.407 = 51,674) 
r l n d l u ~ d  cnu~mlc whuc ma rk l  ~ i n ~ i t s . * e s  (MI) lhnm llw wand 211.1 kmq l ~ ~ r m d  011 W C ~ C  subtr~~lcd from thc lot01 e~llmule (10,714 - 1.752 - 17,L)h1j 

171 - Kastner, A. CDFG - SVCSR, Feather River Hatchery. Personal communication. 
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The overall composition of fall-run salmon in the river was 95.1% adults (FL > 68 cm [26.8 in]), 
and 4.9% grilse (FL < 68 cm), based on carcasses examined during the surveys B1. Salmon 
which entered FRH consisted of 47.5% male adults (FL 2 61 cm [24 in]), 43.5% female adults, 
and 9.0% grilse (FL < 61 cm). 

The 2003 total Feather River population of 104,922 salmon was 20% lower than in 2002, but still 
10% higher than the average for 1993-2002 (Appendix 3); 1998 and 1999 populations are not 
included in the average as in-river estimates were not possible for those years. 

Yuba River 

Spring run. Surveys were conducted weekly during 21 August through 3 October 2003, 
to determine the extent of spring-run salmon spawning in the Yuba River 191. The approximately 
16-km (10-mi) stretch from the Narrows pool downstream to Daguerre Point Dam was covered 
in four reaches, surveyed during two days each week. A total of 2 12 new redds was counted for 
the period, but an estimate of the spawner population was not made. 

Fall run. Salmon carcass mark-and-recovely surveys for this run during 2003 were 
conducted in the Yuba River from the Narrows at Rose Bar downstream to Simpson Lane bridgc 
in Marysville 20/. The surveyed reach was covered in three sections: the Narrows to Parks Bar at 
the Hwy. 20 bridge (Section I), Parks Bar to Daguerre Point Dam (Section 2)) and Daguerre 
Point Dam to Marysville (Section 3). These reaches included nearly all of the spawning areas 
used by Chinook salmon in the Yuba River. Some fish may have spawned upstream of the 
Narrows to Englebrjght Dam, although suitable habitat is scarce in that area. Weekly surveys 
were conducted in Section 1 during 1 October through 16 December, in Section 2 during 
2 October through 16 December, and in Section 3 from 9 October through 17 December. 

Yuba River flows below Englebright Dam ranged from 19.8 m3/s to 28.3 m3/s (700- 1000 cfs) 
throughout the spawning season. Flows near Marysville ranged between 14.2 m3/s and 19.8 m3/s 
(500-700 cfs). The mean daily water temperature ranged from the lower 50-degree to lower 60- 
degree Fahrenheit, while visibility through the water averaged 3.6 m (12 ft). 

This season, both adult and grilse fresh salmon carcasses were marked. Carcasses wcrc 
considered fresh if they had firm flesh, at least one clear eye, and pink gills, while the adult 
designation was a FL > 64.8 cm (25.5 in). The length distinguishing adults and grilse was based 
on length frequency data from previous seasonsy samplings. 

Marking consisted of colored flagging attached to the fish's lower jaw with a hog ring; diffcrcnt 
-- 

181 
- Seesholtz, A. CDWR-DES. Personal communication. 

l9/ - Drury, 1. 2003 Spring-run Chinook Salmon Spawning Survey. Memorandum to files. CDFG- 
SVCSR, Rancho Cordova office. 

201 - Jones & Stokes. 2003 Fall-run Chinook Salmon Spawning Escapement in the Yuba River. 
Report to the Yuba County Water Agency, Marysville, CA. January 2006. J&S 03-240. 



colors of tape were used to identify carcasses with distinct marking periods and survey reaches. 
Marked carcasses were returned into flowing water for subsequent recovery. Non-fresh carcasses 
and recovered marked carcasses were counted and then chopped in half. Length measurements 
and determination of gender were made for fresh adult carcasses. 

Using carcass mark-and-recovery data with the Schaefer model (Appendix 1 .B), estimates of 
8,841 adults and 460 grilse were calculated for Section 1 (Table 12), 11,142 adults and 684 grilse 
in Section 2 (Table 13). and 6,844 adults and 345 grilse in Section 3 ('l'ablc 14). Combining 
these estimates gave 28,3 16 total salmon as the 2003 Yuba River population. 

Based on fresh carcasses observed during the surveys, the fall run population consisted of 40% 
adult males and 60% adult females. Although grilse salmon composed 5.3% of the estimated 
numbers of fish, they constituted 7% of the total fresh carcasses examined. 

The 2003 Yuba River fall run of 28,3 16 salmon was 15% higher than in 2002, and 
39% higher than the 1993-2002 average population (Appendix 3). 

'ABLF 12 Chlnool, s a lmon  fresh ca rcass  mark-and-recovery da la  used to cstiinate the 2003 fall-run s p w n e r  pop~i l a t ron  I I I  the Yuha River  fioni 
le Narrows at Rose Bar l o  Parks Bar (Sect ion I ) .  

UULT ESTIMATE 

Rccovcrv 

Tornl 
lnarkcd Total 

carcasseq cntcasser Populanor 

prllod (J) Number oftilarked carcasses recovered from tnatk~ng pcrnnd (i)' recoveled obset,ved esr~lnntc 

I-Ocr 7 . 0 ~ 1  14-0ct 21-Oct 29-0ci 4-Nov 11-Nov 18-Nov 24-Wov 2-Dcc 9-Dec (RJ) (C,) I (N) ? 

7-Oct 25 -- 25 464 1,160 

16-Dcc 0 0 3 
jtnlrecovcrcd(Ri) 38 33 54 35 13 29 21 10 7 2 0 
3ral carcwscs 'I'otnl estlmnte: 9.483 
31 ked (MI ) 95 91 176 107 44 87 63 33 23 14 4 

l~djusted estimate ": 8,841 

RlLSE ESTIMATE 'I'o~al 
marked Total 

Recovery cnlcnsses cnrcnsses 
period (I) Number ofriiarked cnlcnsses recovered from marktng period (i), recovered obsel ved 

I-Oct 7-Ocl 14-0ct 21-0ct 28-0cl 4-Nov Il-Nov 18-Nov 24-Nov 2-Dec (RJ) ( C J )  " 
7-0ct I I 25  

(N) ' 
75 

9-Dcc 0 0 4 4 
)talrecovcred(Ri) 2 0 7 0 2 1 2 0 0 0 
)tnl cnrcnsses Total estrmate. 496 
atked (MI). 6 3 1 2 6  4 6 2  1 I I 

l~djusted estimate ': 460 

Illclt~dcs s.rlnron rorcm\c \  whwh were nwkcd and ~nlork~d c~rcflssc5 tho1 were recovered 
S ~ l u e l a ~  (I11~l)cslllllatc cqllntlon N - x( RIJ x (h41lKi) u (Cj/Rj)) 
hdlurtcd csllltialc rcflccts ihc mudlficd Sclldclcr cq~lallolt (Hoopough 1'17R I .  where marhcd carcasses (MI) ftutn rllc sccond m d m g  pcrlod wete subuactcd lronl Ihc tolfll csltrnnlc ('I 4 X 1  - (842 - 8 X4 I I 

Adlu>lrd r'sumac ulrcrc mrrLcd cnrcorrc, (hlh) Cram lhc sccond lnerhlng pcnod on wcre sublracled Crom Ihc total csllmstc (496 - 36 - 460) 



'ABLE 13 C h ~ n o o k  salmon fresh carcass mark-and-recovery data  uscd to estimate the 2003 fall-run spawner  p o p d a t m  In the Yuba R w c r  Iron1 

',trks Bar t o  Dagurrc P o m t  D a m  (Sect lon 2) 

,DIII,T ESTIMATE 

Recovelv 

Total 
marked Total 

cmcasscu cnrcasscs Populntlol 
~ ~ - ~-, 

period 6 )  Number o f  nln~led i a ~ a a a e ~  recovered From marking pcnod (I) lecovered obscrvcd estlmale 

PI) (CI)  ' I  2 .0~1  8 - 0 c l  15-0ct 22-Ocr 2 9 . 0 ~ ~  5-Nov I?-Nov 19-Nov 25-Nov 3-Dec 10-Dec (N)  ' 

8-0ct 8 -- 8 22 1 740 

16-Dcc 0 0 7 7 
olalrccovcred(R~) 8 12 I0 16 43 51 58 28 13 0 0 
otdl C B I C R S S ~ S  Told esulrlslc 11.775 
larked (MI). 27 70 60 50 77 104 118 82 52 15 5 

l~djusted estimate 3': 11,142 

,RILSE ESTIMATE 

Recovely 

Total 
marked Total 

carcassca carcasses Populetlo~ 

period 6 )  Number of marked carcasses recovered fiotn marking period (I): rccoveled ohserved estllnak 
(CJ) I' 2.001 8-Oct 12-Oct 22.0~1 29-0ct 5-Nov 12-Nov IY-No\ 25-Nov 3-Uec 10-Dec ( Rj ) (N) ' 

8-Ocl 0 0 13 13 

10-D~L 0 0 1 I 
xnl ~ e ~ o \  crcd (R i )  0 1 I 3 2 4  2 2 0  0 0 
3tnl ~ i l r c a o a c l  1 oval c~tlmnte 732 
n~kztl (Mi) 3 1 4 9 4 1 3 8 6 2 1 1  I 

I~djusted estimate ': 684 

l~~clurles ralrnun cnrcnrscs w h ~ h  uclf matked md rnurkcd cnrcnsscs that wcrc rtcovcrcd 

bch~clcr  (1951) cst~n~a~c cquaml N - z( RIJ x (MdRij x (CIIRI) ) 

Adju*tcd csl~mato rcflccts lhe muhficd Schncfcr cqoatlon (Hoopaugh 197R), ahcrc nirrkcd calcasses (MI) from h c  sccond mnrkllrg petwd on wcrc mbtrnctrd tram Lhe lrrlul cWmqfc ( 1  1,775 - 633 - 11 ,112)  

Adplcd cstwatc whcrc malhed curcrmc\ (MI)  from thc sccolld rnNk~ng penud on wcrc subtractcd horn he tnhl crtmntc (732 . 49 = 684) 



TAR1.E  14 Chinook salmon fresh carcass mark-and-recovery data used to estimate the 2003 fall-run spawner population in the Yuha River 
from Dagucrre Point Dam to M a r y s v d l e  (Section 3) 

Number of marked carcassca recovered from markmg penotl (I)' lecovered u b w \  ed 

9-Oct 16-0ct 23-0ct 30-0ct 6-Nov 13-Nov 20-Nov 26-Nov 4-Dec 11-Dec (Kj) (C]) I '  -- 

Popl~ la l~ur~  
esIIrnxe 

(N) ?' 

52 
434 
S 2 j  
505 

1,349 
1,337 
1,092 
834 
I92 

17-Dec 2 2 0 4 72 
Total recovered (RI)  0 3 3 8 13 26 22 16 3 0 
fotal cdlcasses Total estmate 7,165, 
~narkctl (MI), 5 14 22 28 52 79 40 58 29 3 

l~djusted estimate 3': 6,844 

GRILSE ESTIMATE 

Nunher  of marked carcasscs ~ecovered from malk~ng  penotl (I)'  

9-Oct 16-0ct 23-001 30-Oct 6-Nov 13-Nov 20-Nov 26-Nov 4-Dec 

Total 
marked 

carcasscb 
rccovered 

17-Dec 0 9 9 
Total ~ecovered (RI) 0 0 1 0 1 0 4 I 0 
T~rlal carcasses Total estmate 379 
l~iarked (Mi). 0 0 2 7 4 7 h 4 4 

[~djusted estlrnate &: 345 

I1 Includes salmon wcawes whch wcrc rna~ked and ~mnrkrd calcasses thxt were recovered 
2'S~lmcl'rl I I Y ~ I )  ntmolr rqmtlon N = 11 RIJ x (MI!RI) x (CjiK))) 
31 Adjusted catmmle reflects thc rnodllied Scliadcr rquauon (Hoopaugh 1978). where marked carcasses (MI) from the second rnarkmg perlod on wcrc whtvacled from thc tcllal a~li!iiald ( 7 , l h O  - J ? 5  
b.R.14) 

41 Adlmted estlnlnie where rnarled carcase, (MI) from the sccnnd ~iiarklng pcnod on were subrractsd rrotn the rota1 cstnrnule (379 - 34 = 145) 



American River 

Fall run. Salmon carcass mark-and-recovery surveys in the American River were 
conducted from 14 October 2003 through 14 January 2004, covering the 20.8-km (12.9-mi) 
stretch from Sailor Bar downstream to the Watt Avenue bridge W .  This stretch of river was 
covered in three reaches, each surveyed weekly. Mean daily river flow was relatively constant at 
around 56.5 m3/sec (2000 cfs) throughout most of the survey period, except for the third and the 
h a 1  weeks when flows were over 70.8 m3/sec (2500 cfs). Visibility through the water, measured 
by secchi disk, ranged from 4.7 m to 2.0 m (1 5.5-6.6 ft). Water temperature ranged from 1 7.7 O C  

to 9.7 O C  (63.9-49.5 O F ) .  

This season fresh adult salmon carcasses were distinctly marked by attaching colored hog rings 
to their upper jaws; different colors were used each marking period. A carcass was considered 
fresh if it had either one clcar eye or pink gills, and the adult distinction was a total length ('1'1.) 
68 cm (26.8 in). Fresh carcasses with missing adipose fins (indicating possible presence of a 
coded-wire tag), and those carcasses found downstream of Gristmill Fishing Access were not 
marked. Marked carcasses were replaced into running water for later recovery. Any carcass not 
marked, as well as those recovered with marks were counted and cut in half. Length 
measurements and determination of gender were made for a sample of the fresh carcasses. 

The adult salmon population of the Watt Avenue to Sailor Bar section of the river, estimated 
from carcass mark-and-recovery data using the Schaefer calculation (Appendix I .B), was 
146,945 fish (Table 15). This adult estimate was expanded for a 7.3% grilse proportion to 
l58,5 16 fish in the surveyed reaches. In addition, 14,887 fish entered Nimbus Hatchery 22/, and 
5,226 salmon carcasses were removed from the Nimbus Racks, bringing the total American 
River 2003 fall-run population to 178,629 fish (Appendix 2). 

Based on examination of 2,469 fresh carcasses, the run consisted of 33.5% male adults, 59.2% 
female adults, 5.5% male grilse (TL 5 68 cm), and 1.8% female grilse. Salmon entering Nimbus 
Hatchery consisted of 46% male adults (FL > 61 cm [24 in]), 34% female adults, and 20% grilse 
(FL 1 6 1  cm). 

The 2003 run of 178,629 salmon in the American River was the highest ever recorded, increasing 
25% over the previous year's population, and over twice the average for 1993-2002 
(Appendix 3). 

211 
- Healey, M. Lower American River Chinook Salmon Escapement Survey, October 2003-January 
2004. File report. September 2004. CDFG-SVCSR, Rancho Cordova office. 

221 
- West, T. CDFG - SVCSR, Nimbus Hatchery. Personal communication. 



'ABLE 15 Chmook s a l l n o n  fresh c a r c a s s  m u r k - a n d - r e c o v e r y  d a t a  used t o  e s t l m a t c  t h c  2003 B I 1 - r u n  a d u h  spawner p o p u l a t i o n  In t h e  A m e r l c a n  R l v e r  from 
Val1 A v e n u e  t o  S a i l o r  B a r  ". 

Total 

m a r k 4  '1 1 x 1  

Recovetv carcasses "arcas"" Pop~llat1011 

per~od (I) Numbel of rnurked carcasses recovered from markmg pcr~od (i) recovered observed e s l ~ r n a k  

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  ( Iq) (cl) 2 (N) ' 
2 9 -- 9 162 360 

14 1 2 3  3 9 I09 582 
otal recovered(R1) 9 6 5 43 1 2 5  388 326 229 180 148 51 17 
utnl carcasses Total e s w n i l l e  I > l , l  l l 
u k e d  ( M I )  20 17 76 138 368 1,077 830 588 486 41u 151 56 

l ~ d j u s t e d  estlmate ": 146,945 

Surveys were condu~lcd from I4 Octobcr 2003 through 14 Jnnusry 2004 

lncludcr rnlrnon corcoracr which wcrc markcd and lmarkcd cnlcmXs that wcrc rc~ovcr~d 

S c l ~ ~ c l c ~  (1051) cslwaic cqua11011 N - ~ ( R I J  A (MdRt) x (CJIRJ)) 

4djur1sd esllmalc nflecla he ~nodlfied S~hrcRr equulaon (Iloapnugl~ IY7X). whcrc mnhcd cnrcnrw (MI) tlotn Ihc sccond tulark8q ycrmd 011 were aulsrLlrd frum thc lulul c>l~n~olc (15  I .  I I I - 4 11111 = Id(, 945) 
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CHINOOK SALMON SPAWNER POPULATIONS 
FOR THE SAN JOAQUIN RIVER SYSTEM 

The Mokelumne, Stanislaus, Tuolurnne, and Merced rivers of the San Joaquin River system 
(Figure 4) were surveyed for Chinook salmon spawners. A total of 21,383 salmon, consisting 
entirely of fall-run fish, was estimated to be in this system for 2003 (Appendix 2). 

Mokelumne River 

Fall run. Fish passage at Woodbridge Irrigation District Dam was monitored by East Ray 
Municipal Utilities District (EBMUD), during 1 August 2003 through 3 1 July 2003 23/. Passage 
through the high-stage fishway was monitored with a closed-circuit, underwater video system 
through 6 November, after which the lake behind the dam was drawn down for the winter. 
Subsequently, a combination of the video system and upstream migrant trapping was used in the 
low-stage fishway through 15 December, after which only the video monitoring continued; 
monitoring was switched back to the high-stage fishway on 18 April 2004. 

A total of 10,239 salmon was counted migrating past the dam during 4 August 2003 through 
14 January 2004. Mokelumne River Hatchery took in 8,117 salmon w, and the in-river fall-run 
spawner population was assumed to be 2,122 fish (Appendix 2). 

Based on examination of 9,997 salmon at the dam, the run consisted of 33% male adults (FL > 
60 cm [23.6 in]), 41 % female adults, 20% male grilse (FL 5 60 cm), and 6% female grilse. The 
composition of the salmon entering the hatchery was 28.1 % male adults (FL > 61 cm [24 in]), 
34.8% female adults, and 37.1% grilse (FL I 6 1  cm). 

The 2003 spawner population of 10,239 fish in the Mokelumne River was only 5% lower than 
the prcvious year's run, but still almost 50% higher than the average population size for thc 1993- 
2002 period (Appendix 3). 

W Workman, M. Lower Mokelumne River Upstream Fish Migration Monitoring. File Report. 
August 2004. EBMUD Fisheries and Wildlife Division. Lodi Office. 

a/ Workman, M. EBMUD. Personal communication. 

25' Cochran, K. CDFG - San Joaquin Valley/Southern Sierra Region (SJVSSR), Mokelumnc Rivcr 
1 Tatchery. Personal communication. 
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Stanislaus River 

Fall run. Spawner surveys in the Stanislaus River were conducted weekly during 
22 September 2003 through 13 January 2004 marking-and-recovery surveys began during the 
third week. The 35.4-km (22-mi) stretch of the river from Knight's Ferry to Jacob Meyers Park 
in Riverbank was covered by drift boat. Surveys upstream of Knight's Ferry in the 4.8-km (3-mi) 
section of the Goodwin Canyon area were made on foot, and salmon carcasses were only counted 
in this section. 

River flows were increased, four weeks after the carcass surveys began, to attract salmon into the 
tributary and improve spawning conditions. The hi her flows were continued for ten days with a B maximum discharge from Goodwin Dam of 27.7 m 1s (980 cfs). Flows at the Orange Blossom 
Bridge gauge during the spawning period ranged from 6.2 m3/s to 10.2 m3/s (220-360 cfs). 

During the mark-and-recovery surveys, salmon carcasses in both fresh and decayed condition had 
numbered aluminum tags attached to their lower jaws with hog-rings. Fresh carcasses were 
identified as having at least one clear eye and blood still in the gills, while decayed ones had 
cloudy eyes and no blood. Extremely decayed carcasses (completely covered with fungus) and 
skeletons were not marked. Marked carcasses were redistributed into running water for 
subsequent recovery. Carcasses not marked, as well as those previously marked carcasscs which 
were recovered, were counted and chopped in half. During the initial handling of each carcass, 
its condition of decomposition was recorded, and if possible it was measured and its gender 
determined. 

The carcass marking protocol and use of numbered lags were intended to allow post-season 
distinction of age-class (adult or grilse, based on length) and condition (fresh or decayed), so the 
data could be better compiled for estimating the salmon population through several biometric 
models. Analysis of the data indicated the Jolly-Seber estimate (Appendix 1 .C) was the most 
appropriate. 

A population of 5,141 fish was estimated for the Knight's Ferry to Riverbank stretch of the river, 
using the mark-and-recovery data for fresh and decayed carcasses (Tablc 16). The data from 
surveys in the Goodwin Canyon area were not included in the Jolly-Seber estimate calculations. 
The spawner population for this area was determined by expanding the 191 carcasses which were 
actually observed there to an estimated 761 fish, using the overall recovery rate of 25.1 % for 
marked fish in the Knight's Ferry to Riverbank stretch. The combined estimates were a total of 
5,902 salmon for the 2003 fall run. 

The adult-grilse composition of the population was determined from frequency distributions of 
lcngth measurements from 1,922 carcasses taken this season. Distribution data was compiled 
separately for each gender of hatchery- and natural-origin fish. Hatchery-origin salmon were 
identified as carcasses with missing adipose fins, indicating the possible presence of a coded- 
wire tag, which was inserted at the hatchery. The length criteria used to distinguish adult from 

261 
- Guignard, J. Stanislaus River Fall Chinook Salmon Escapement Survey, 2003. File Report. 
March 2004. CDFG - San Joaquin Valley-Southern Sierra Region (SJVSSR). 



-16. chinook salmon fresh and decayed carcass mark-and-recovery data used to estimate the ZOO3 fall-run I 
spawner population in the Stanislaus River between Knights Ferry and Riverbank 'I. 

Marked 
(:arcasses 

Survcy Carcasses Kecovered From Period 
Pcrrod 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  

1  .. .. -- .. .- -- .. -- -- -- -- -- -- 

5 .. .. -- -- .. -- -. -- -- 

5 A - . . . . . . . . -- . . - - 
1 108 .- -- .. -- -- .. -- 
1 33 151 -- -- -- -- -- -- 

6 51 238 -- -- -- -- -- 
2 10 40 95 -- -- -- -- 

2 18 49 45 -- -- -- 
I l l  16 8 -- -- 

I l l -  

0 4 0 

Recovered 

(R,) K) ' 
0 -- 
0 0 

0 0 

Observed 

6,) 
1 

0 

2 

15 

7 7  

363 

80 1 

1,079 

1,159 

44 1 

336 

158 

14 

1 

Estrmate f n ~  
Per~od 

0 

0 

0 

52 

3 L, 

I63 

811 

1,095 

1,663 

490 

381 

419 

5 

I 

0 

Total recoveled 

(C,) 5' 0 0 0 5 7 149 214 2'17 155 63 9 6 0 

I Total marked I 0 1 15 20 228 435 543 321 111 34 24 3 (Grand total marked) I 

I/ Surveys wete co~iductcd hum 22 September 2003 thiouyh 13 January 2004: mark~ty and lecnvcry began dur~ng the tli~rd wcek 

21 I'otnl recovelcd marked carcasses h r  thc I lh per~od 

31 Total lnarked cal-casscs recovered &w the I th period, that were marked lrerore the I th permd 

11 lllcludes salmon carcasses wll~clt wcre marked, marked carcasses ha t  wele recovercd, and urunarked carcasses that were chopped. 

51 Tntal rccavcrcd ma~ked carcaw5 ll~ar wefe ~nmked & i c ~ g  the I th per~od 

61 Nutnbel of carcashes marked u the I th period 

grilse salmon was a FL 2 65 cm (25.6 in) for natural-origin females, a FL 3 67 cm (26.4 in) for 
hatchery-origin females, a FL 2 71 cm (28 in) for natural-origin males, and a FL 2 66 cm (26 in) 
for hatchery-origin males. Based on these criteria. the run consisted of 32.3% male adults, 53.8% 
female adults, 8.3% male grilse, and 5.6% female grilse. 

The 2003 Stanislaus River fall-run spawner population of 5,902 salmon was a decreasc of 32% 
from the previous year's run, but still 52% higher than the average for 1993 -2002 
(Appendix 3). 

Tuolumne River 

Fall run. Chinook salmon spawner surveys in the Tuolumne River were conducted 
weekly from 30 September 2003 through 6 January 2004 2"; marking-and-recovery surveys 
started during the second week. The river stretch from the riffles at river mile 5 1.6 near 
LaGrange Dam downstream to Fox Grove Regional Park, a distance of 41.2 km (25.6 mi), was 
covered by both boat and ground surveys. 

271 - Blakeman, D. 2003 Tuolumne River Fall Chinook Salmon Escapement Survey. Filc Report. 
March 2004. CDFG - SJVSSR. 



River flows were increased, two weeks after the carcass surveys began, to attract salmon into the 
tributary and improve spawning conditions. The higher flows were continued for about two 
weeks (16-28 October) at about 13.3 m3/s (470 cfs). Flows were decreased and ranged from 5.9 
m3/s to 6.5 m3/s (210-230 cfs) for the remainder of the spawning season. 

During the mark-and-recovery surveys, salmon carcasses in both fresh and decayed condition 
were marked using numbered aluminum tags attached to their lower jaws with hog-rings. Fresh 
carcasses were identified as having at least one clear eye and blood still in the gills, while 
decayed ones had cloudy eyes and no blood. Extremely decayed carcasses (completely covered 
with fungus) and skeletons were not marked. Marked carcasses were redistributcd into running 
water for subsequent recovery. Carcasses not marked, as well as those previously marked 
carcasses which were recovered, were counted and chopped in half. During the initial handling 
of each carcass, its condition of decomposition was recorded, and if possible it was measured and 
its gender determined. 

The carcass marking protocol and use of numbered tags were intended to allow post-season 
distinction of age-class (adult-grilse, based on length) and condition (fresh or decayed), so the 
data could be better compiled for estimating the salmon population through several biometric 
models. Analysis of the data indicated that the Jolly-Seber estimate (Appendix 1 .C) was the 
most appropriate. The salmon population in the Tuolurnne River upstream of Fox Grove Park 
was estimated at 2,163 fish, using the mark-and-recovery data for fresh and decayed carcasses 
(Table 17). 

The adult-grilse composition of the population was determined from frequency distributions of 
length measurements taken from 584 carcasses during the season. Distribution data was 
conlpiled separately for each gender of hatchery- and natural-origin fish. Hatchery-origin salmon 
were identified as carcasses with missing adipose fins, indicating the possible presence of a 
coded-wire tag which was inserted at the hatchery. The length criteria used to distinguish adult 
from grilse salmon was a FL 2 66 cm (26.0 in) for natural-origin females, a FL > 68 cm (26.8 in) 
for hatchery-origin females, a FL > 72 cm (28.4 in) for natural-origin males, and a F1, > 67 cm 
(26.4 in) hatchery-origin males. Based on these criteria, the run consisted of 33% male adults, 
57% female adults, 7% male grilse, and 3% female grilse. 

The 2003 fall sun of salmon in the Tuolurnne River was only 30% of that in 2002, and 33% of 
the average for 1993-2002 (Appendix 3). 

Merced River 

Fall run. Weekly salmon surveys were conducted fi-om 30 September through 
30 December 2003, in the 39.7-km (24.7-mi) stretch of the Merced River from the Merced River 
Hatchery downstream to Santa Fe Road near Cressey 2R/; marking-and-recovery surveys started 
during the sixth week. River flows were increased, two weeks after the carcass surveys began, to 
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TABLE 17. Chinook salmon fresh and decayed carcass mark-and-recovery data used to estimate the 
2003 fall-run spawner population in the Tuolumne River from LaGrange Dam to Fox Grove Park ". 

Marked 
Carcnsses 

Survey Carcasses Recovered from Period Recovercd 
Period 1 2 3 4 5 6 7 8 9 1 0  [R,I (Kt) " 

1 .. -- .. -- -- .. -- .. -- 0 .. 

2 1 -- -- I 0 .. -- 
3 4 -- .. -- -- 4 0 

4 19 -- -- -- -. -- -- .. 19 6 

5 4 38 -- -- -- .. -. 42 1 1  

6 2 11 83 -- .. -- .. 93 5 

7 1 2 49 -- .. -- -- 53 13 

8 2 8 16 -- -- -. 26 12 

9 3 8 13 -- .. 24 1 

10 1 I -- 2 2 

I I 1 1 2 I 

12 I 1 .. 

Total: 266 

Total recovered 

(c,) 1 4 25 47 87 60 25 13 3 1 

Carcasse~ 
Ohserved 

(El) 4' 

6 

24 

104 

I82 

409 

457 

289 

143 

I l l  

3 0 

14 

10 

1,779 

Estlmatc fur 
Per~od 

32 

I64 

3 15 

534 

349 

372 

171 

86 

128 

S 

6 

0 

Total marked 2 16 52 78 157 134 80 34 21 10 - 184 (Grand total tnarked) 

(Ti) bi 

I Jolly-Seber estimate : 2,163 

11 Surveys were conducted from 30 Septcmber 2003 through 6 January 2004; markmg and recovely bcgan during the second week 

21 Total recovered marked carcasses &r t l~c  I Ih period 

3; Total marked carcasses recovered afrcr [he r th period. that were marked h5- the I th per~od 

41 Includes salmon carcasses w h ~ c l ~  w r c  mxked, marked carcasses that wsle recovered, and unmarked carcasses that were chopped 

51 Total recovered marked carcasses that were markcd duann the i th pcr~od 

61 Number of carcasses marked the r th per~od. 

attract salmon into the tributary and improve spawning conditions. The higher flows were 
continued for about two weeks (19-22 October) and ranged from 17.7 m3/s to 18.4 m3/s (626-649 
cfs). Flows were decreased and stabilized at around 7.1 m3/s (250 cfs) for the remainder of the 
spawning season. 

During the mark-and-recovery surveys, salmon carcasses in both fresh and decayed condition 
were marked using numbered aluminum tags attached to their lower jaws with hog-rings. Fresh 
carcasses were identified as having at least one clear eye, while decayed ones had cloudy eyes. 
Extremely decayed carcasses (completely covered with fungus) and skeletons were not marked. 
Marked carcasses were redistributed into running water for subsequent recovery. Carcasses not 
marked, as well as those previously marked carcasses which were recovered, were counted and 
chopped in half. During the initial handling of each carcass, its condition of decomposition was 
recorded, and if possible it was measured and its gender determined. 

The carcass marking protocol and use of numbered tags were intended to allow post-season 
distinction of age-class (adult-grilse, based on length) and condition, so the data could be better 
compiled for estimating the population through several biometric models. Analysis of the data 
indicated that the Jolly-Seber estimate (Appendix 1 .C), using fresh and decayed carcass data, was 
the most appropriate. An estimate of 2,530 salmon was calculated for the river stretch from 
Merced River Hatchery to Santa Fe Road (Table 18). Merced River Hatchery took in 549 



salmon for a total fall-run spawner population of 3,079 fish (Appendix 2). 

The adult-grilse composition of the population was determined from frequency distributions of 
length measurements from 41 2 carcasses taken during the surveys. Distribution data was 
compiled separately for each gender of hatchery- and natural-origin fish. Hatchery-origin salmon 
were identified as carcasses with missing adipose fins, indicating the possible presence of a 
coded-wire tag which was inserted at the hatchery. The length criteria used to distinguish adult 
from grilse salmon was a FL >. 66 cm (26 in) for natural-origin females, a FL > 68 cm (26.8 in) 
for hatchery-origin females, a FL > 72 cm (29.3 in) for natural-origin males, and a FL >. 67 cm 
(26.4 in) for hatchery-origin males. The in-river run of the Merced River consisted of 25.2% 
male adults, 56.1 % female adults, 13.1% male grilse, and 5.6% female grilse. Salmon which 
entered Merccd River Hatchery consisted of 30.8% male adults (FL > 65 crn [25.6 in]), 40.6% 
female adults (FL 2 62 cm [24.4 in]), 28.6% grilse (FL < 65 cm). 

The 2003 Merced River fall run was only 29% of that in 2002, and 5 1 % of the average 
population for 1993-2002 (Appendix 3). 

rABLE 18. Chinook salmon fresh and decayed carcass mark-and-recovery data used to estimate the 
!003 fall-run spawner population in the Merced River from Merced River Hatchery to Cressey ' I .  

Marked Carcasses Carcasses 

Survey Carcasses Recovered horn Period: Recovered Observed (El) Estimate for 
P e r ~ o d  I 2 3 4 5 6 7 (R,)  *' (K,) I /  Period 

1 "- .. .. A. .. -- "- -- 0 13 460 

4 -- -- "" .. -- .. 4 

I 4 9 .. -. -- -- so 
5 106 -- .. .. .. 111 

11 62 -- -- .. 73 

6 9 25 .. .. 40 

3 2 10 -- I S  

3 4 1 8 

1 2 3 

Total. 304 

Totnl recovercd 

(C,) 5': 5 54 123 74 31 16 1 

Total marked I0 102 195 132 63 40 7 549 (Grand total rnnthcd) 

(TI) 
Jolly-Seber estimatc : 2,530 

I Surveys were conducted from 30 September through 30 December 2003 : mark~ng and recovery began during the s~x th  week. 

1 Total recovered marked carcasses for the i th period 

I Total marked carcasses recovered after the 1 th per~od, that werc markcd beforc the I th period. 

1 lncludes salmon carcasses wli~ch were marked, marked carcasses that wcre rccovcrcd, and unmarked carcasses that were chopped 

1 Total recovered marked carcasses that were markcd durlne the r th period 

/ Number of c a r c m c s  markcd the 1 th  per~od. 

291 
- Cozart, M. CDFG - SJVSSR, Merced River Hatchery. Personal communication. 



SUMMARY 

The total estimated 2003 Central Valley Chinook salmon spawner population was 624,808 fish, 
consisting of 603,425 fish in the Sacramento River system and 21,383 fish in the San Joaquin 
River system (Table 19). This total was 7% lower than the 672,583 salmon estimated in 2002. 

All of the late-fall, winter, and spring runs, and the majority of the fall run were in the 
Sacramento River system. In the American River a record high fall run occurred. Thc fall run in 
the San Joaquin tributaries continued to contribute only a small portion (3%) to the total Central 
Valley escapement. 

TABLE 19. Summary of the 2003 Sacramento-San Joaquin river system Chinook 
salmon spawner populations. 

Sacramento River 
tributaries 

I 2,797 

Total 

1 02,94 1 

Spawning area 
Sacramento River 

mainstem 

I /  Tributary data consists only of fish which entered Coleman Natjonal Fish Hatchery (Battle Creek). 
21 Estimate not made for Sacramento River mainstem. 

Late-fall Spring run 
11 Winter run 21 Fall run 

run 

5,494 8,218 0 89,229 

San Joaquin River 
tributaries 

-- -- ..- 2 1,383 21,383 

Totals: 8,29 1 8,218 17,564 590,735 624,808 
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APPENDIX 1. Calculation methods used with carcass mark-and-recovery data to estimate 
Chinook salmon spawner populations. 

A. 'The Petersen equation as revised by Chapman (Ricker 1975): 

where N = estimated spawner population, 

M = number of carcasses marked, 

C = number of carcasses observed, including those marked and those 
recovered with marks, and 

R = number of marked carcasses recovered. 

B. A modification of the Schaefer (1 951) equation, which was initially used in the 1976 
Central Valley spawner stock report (Hoopaugh 1978); 

where N = the estimated spawner population, 

R ,  = carcasses marked in the ith marking period which were recovered in 
the j th recovery period, 

Mi = carcasses marked in the ith marking period, 

Ri = total marked carcasses recovered from the ith marking period, 

R, = total marked carcasses recovered during the jth recovery period, 

C, = total carcasses observed in the jth recovery period, including those 
with marks, and 

i zMi = total carcasses marked from the second marking period on. 
Subtraction of this factor .adjusted for replacement of recovered 
marked fish. 
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APPENDIX 1 (continued). 

C. The Jolly-Seber calculations as modified by Boydston (1994) %': 

The estimated spawner population = N1 + Dl +Dz + ... D, , where 

N1 = number of carcasses in the surveyed population in period 
sampling; 

EI  + (N2 -T I  * X I )  
N I  = 

& 

1, the first period of 

and, 
D, = number of carcasses joining the population between period i and i+l, with j 
being the last survey period. This accounts for carcasses "leaving" the population 
between survey periods. 

Variables used in the calculations are: 

Ei = total number of carcasses examined for marks during the it"eriod, including 
those that were marked, those with marks that were recovered, and those that were 
not marked. 

Ni = estimated number of carcasses in the population immediately prior to each 
survey period. 

where, 
bi = estimated number of marked carcasses available for recovery during each 
survey; 

and, 
Ri = total number of marked carcasses that were recovered during the ith period. 

T, = number of carcasses marked during the it" period. 

S, = survival rate of marked carcasses from period i to i+l ; 

301 
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IPPENDIX 2. 2003 Chinook Salmon Spawner Population Estimates for the Central Valley River Systems. 

Estimated number of fish 
Total Fnl A 

1.alc-hll run Wlrltcr run Sprlng run Fall run 
Runs 

iACRAMENT0 RIVER SYSTEM 

Sacramunto River Mainstem 
-Upstream of Red Bluff Diversion Dam 

In-rwer a/ 

Livingstone Stone National Fish Hatchery 

-Downstream of Red Bluff Divervion Dam nl 

Totals : 

Sacramento River Tributaries 
Kcswick Dam to Rcd Bluff 
-Cle,u Creek 
-Cottonwood (Beegmn) Creek 

-Battle Creek 
Coleman National F ~ s h  Hatchery 
1n-1 we1 

(Tr~butary total): 

Totals for area: 

Red Bluff to Princeton Ferry 
-Antelope Creek 
-Mill Creek 
-Deer Crcck 

Totals for arcn: 

Hi!: Chrcu Creek to Arnericun River 
-Hlg C:lircu Crcck 
-Butte Creek 

-Feather R~vcr 
Feather River Hatchery 
ln-river 

(Tributary total). 

-Aner~can h v e r  
N~mbus Hatchely 
N~lnbus Basin 
111-1 lver 

(Tnbutaty total) 

Totals for area: 

A N  JOAQUIN RIVER SYSTEM 

-Mokelutnne Rlver 
Mokelutnne Rwer Hatchery 
In-nvcr 

(Tnbntmy total): 

-St,mislaus River 
-Tuolumne R~ver 

-Mercetl Klver 
Merced fiver Hatchery 
In-river 

( T I  lhutaly total), 

Estimates based on carcass survey and redd count data. Wmter- and fall-run estimates also based on siunpling at Keswick and Red Bluff Diversion 
Ims 
An estimate o f  the run s r ~ c  was not made. 

Tr~butaty was not surveyed for this run 



~ , N D ~ I I I O O L  s a l m G w n c r  popul~t~o" estimates from I993 through 2003 in Californir's Ccntnl Valley major tributfiries. 

1991.2002 
Tr ihu~ry Run 1993 1994 1991 1996 1997 !W 1999 2000 2001 2002 3003 :n m g e  

U R l \ e l  

M o l c l u r n l l e r  

hw~aslaus Rwcr 

Tuolumne Rwcr 

Merced Rwer 

Lale.fall 
Wlnlcr 
Spnpg 
Fall 

Fall 

Fall el 

Sprlny fl 
Fall c i  

Fall 

RII e! 

Fall e l  

Fall 

Fall 

Fall c l  

dOnhf lhe nurnbcr olsrlnlon tramlcmd lo I'ilenun Nnllonnl F15h Harchcry ~n-river esllnlalcs no1 mode 
b l  An calmale of the run SIX WHY no1 ~mde 
ci Fsliwle based on casass savey and aenal sdd  counts, unless nokd o l k r  esumates were h m d  on Rcd Bluff Diversion Dam counls 
dl tstlnule 1s mt for h e  entire malmtsm, but for the carcnss runev areaordy, eetial redd counts WCIX m t  available lo allow expanam 
el E~u~nale lncludcs numhcrs ofsalmon at the mhurary's hatchery 
f/ Nunhers arc only thoa ralmnonwhchenkred Fealher Rlver Havkry,  I-nvor spawwr estlmatcs wee not nude 
p/ Avcmgc does not include thc 199R and 1999 estmles. 




