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ABSTRACT 

This report covers the 49th annual inventory of Chinook salmon, Oncorhynchus tshawytscha, 
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 2001 total escapement of Chinook salmon in the Central Valley was 672,583 fish, 
which was 33% higher than in 2000. The population consisted of 624,947 fall-, 22,603 late-fall-, 
16,809 spring-, and 8,224 winter-run spawners. All of the late-fall-, spring-, and winter-run 
salmon were in the Sacramento River system. The entire Central Valley fall run consisted of 
590,174 fish in the Sacramento River system and 34,773 fish in the San Joaquin River system. 
In the Feather and American rivers of the Sacramento system, record high fall runs occurred. 
The fall run in the San Joaquin tributaries still only contributed a small portion (5.2%) to the total 
Central Valley escapement. 

I /  - Inland Fisheries Administrative Report No. 2005-3. Submitted for publication June 2005. 
California Department of Fish and Game, 14 16 Ninth Street, Sacramento, California 
95814. 



INTRODUCTION 

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 fisheries; its 
salmon runs also contribute to the ocean fisheries of Oregon and Washington. This report is the 
49th 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 of 
this run are usually larger in physical size than fall- and winter-run salmon 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 Department 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. 



GENERAL METHODS 

During 2001, 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. Discrete 
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. 

In 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 

Keswick Dam to Red Bluff Diversion Dam 

Spawner population sizes were estimated for the late-fall, winter, and fall runs of Chinook 
salmon in the Sacramento River mainstem (Figure 2) upstream of Red Bluff Diversion Dam 
(RBDD). Clear and Battle creeks were the only tributaries in this area for which individual fall- 
run population estimates were made. Spawning distribution in the mainstem was determined 
from aerial redd counts. 

In 2001, a total of 224,455 salmon was estimated for the Sacramento River system upstream of 
Red Bluff, consisting of 194,343 fall-, 21,678 late-fall-, 8,189 winter- and 245 spring-run fish. 
The rnainstem portion of the fall- run spawner population was 57,792 fish. The mainstern totals 
which are reported include fish for tributaries in which a run might have occurred, but where no 
estimates were possible; e.g., the spring runs in Clear and Battle creeks, and the fall run in 
Cottonwood Creek, 

Sacramento River Mainstem 

RBDD monitoring. Numbers of winter-, spring-, and fall-run salmon passing RBDD 
were based on daily counts made by the U.S. Fish and Wildlife Service (USFWS) and on 
sampling of fish at the dam by CDFG. Counts were obtained through video monitoring of 
salmon passing through the fishway ladders. 

Numbers of fish counted each week were adjusted for those periods when the fishways remained 
open but no counts were possible (e.g., turbid conditions, when no observations were made at 
night, and when counting took place during only part of a week due to temporary opening of the 
dam gates). Adjustments to lapses in daytime counts were made by interpolation. Adjustments 
for the non-monitored nighttime hours were made by multiplying the 14-h day counts by a 
"night-factor", which was generated from night counts made twice a week. 

The adjusted weekly number of fish was apportioned among the rum based on their relative 
proportions seen that week in samples of salmon from the dam's east-bank trapping facility. 
These sampled fish were assigned to a run by assessing when they would spawn, as indicated by 
physiological characteristics (coloration, scale absorption, secondary sexual development, and 
relative degree of ripeness). 

To facilitate upstream migration of winter-run salmon, the RBDD gates were raised from the 
beginning of the year to 15 May, and fiom 15 September through the end of the year. When the 

" Killam, D. and C. Harvey-Arrison. Chinook Salmon Spawner Populations for the Upper 
Sacramento River System, 200 1. File Report. June 2002. CDFG-Northern California-North 
Coast Region (NCNCR), Red Bluff Office. 
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FIGURE 2. Sacramento River System from Keswick Dam downstream to Princeton Ferry. 



dam gates are up, the fishways are essentially inoperable, and counts are not possible. To 
account for salmon passing the dam when the gates were up, total adjusted numbers from actual 
counts were expanded, using migrational distributions for each run based on historical data. 

The migrational distributions were an average timing derived from RBDD data when the gates 
were down year-round, based on the 1982-1 986 winter runs, and the 1970- 1988 spring and fall 
runs (Table 1). Numbers of fish estimated from actual counts for the gates-down period in 2001 
were assumed to represent the same proportion of the run as the period's historical distribution, 
and expanded accordingly. 

Mainstem spawner populations were typically determined from the estimated RBDD passage by 
adjusting for harvest in the sport fishery, and for populations in upstream tributaries. 
Sport-caught fall-run salmon were estimated from angler census surveys conducted by CDFG 
upstream of RBDD. However, no winter- or spring-run fish were assumed harvested, due to an 
angling closure in effect Erom 15 January through 16 July. Upper Sacramento River system 
tributary populations included estimated numbers in streams which were surveyed and counts 
made at upstream hatcheries. 

Late-fall run. The RBDD gates were raised during the entire late-fall migration period, so 
counts of this run's fish passing the dam were not possible. Instead, tho population was estimated 
from salmon carcass surveys in a portion of the mainstem, and from aerial redd surveys of the 
entire mainstem. 

Weekly carcass surveys were conducted from 3 January through 26 April 200 1, covering the 
26.5-km (1 6.5-mi) stretch of the mainstem from Anderson-Cottonwood Irrigation District Darn 
(ACID) downstream to Anderson River Park 3/. This stretch of river was covered weekly in 
three reaches, each surveyed on one day. Mean river flows upstream from ACID were more 
stable than during previous years' surveys, ranging from 93.4 m3/s to 195.4 rn3/s (3300-6900 cfs). 
Weekly average water clarity in the surveyed section, measured by secchi disk, ranged from 
1.8 rn to 5.1 m (6-17 ft). Water temperatures in the survey area ranged from 7.8 "C to 11.7 OC 
(46-53 O F ) .  

Salmon carcasses were marked with colored ribbon attached to their jaws with hog rings; for 
each week a different color was used. Carcasses that were not marked included those that were 
headless, those on shore in a dessicated condition, and those at the downstream end of the survey 
area which would have drifted out of the area. Unmarked carcasses, as well as those that were 
recovered with marks, were chopped in half to prevent recounting. Marked carcasses were 
returned to running water for subsequent recovery. Measurements of fork length (FL), and 
determination of gender were made for a subsample of fresh carcasses (those with a clear eye or 
pink gills). 

3' Snider, B., B. Reavis, and S. Hill. Upper Sacramento River Late-fall-run Chinook Salmon 
Escapement Survey, January - April 2001. CDFG, Native Anadromous Fish and Watershed 
Branch, Stream Evaluation Program. December 2001. Technical Report No. 01 -5, 33 p. 



rABLE I .  Distribution of migration for Chinook salmon runs past Red Bluff Diversion Dam. 
'roportions were used to expand estimated numbers of fish passing the dam for gates-down 
~eriods, to include numbers passing during gates-up periods. 

Approximate Proportion of run (%) " 
monthly Concurrent 
period week Winter run Spring run Fall run 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

D~strlbutmns are averages based on the follomng years of data, 
-W~ntcr-run, 1982 through 1986. 
-Spr~ng-run, 1970 through 1988. 
-Fall-run, 1970 through 1988. 

A total of 4,694 salmon carcasses was observed, but only the mark-and-recovery data for those 
fresh carcasses classified as adults (FL > 67 cm C26.4 in]) were used to calculate an estimate 
using the Petersen formula (Appendix 1 .A). Adults comprised 4,573 of the observed carcasses, 
of which 560 were marked and 21 2 subsequently recovered, for an estimate of 12,605 adult fish 
in the surveyed area. The adult estimate was expanded to include an approximately 4.1% grilse 
proportion, for a population of 13,148 salmon from ACID to Anderson River Park. 



Five aerial surveys of the mainstem up- and downstream of RBDD were conducted from 
12 December 2000 through 4 April 2001 (Table 2). Based on data from these surveys, 
approximately 68.2% of the late-fall-run spawning occurred within the mark-and-recovery area, 
and 95.2% of those total redds were upstream of RBDD, The carcass survey population estimate 
was therefore expanded for an entire mainstem spawner population (1 9,276 fish), which was then 
proportioned to l8,35 1 fish for only the mainstem upstream of RBDD. 

The late-fall population consisted of 46.9% male adults, 48.9% female adults, 3.6% male grilse 
(FL I 67 cm), and 0.6% female grilse. This composition was based on 533 fresh carcasses 
examined during the mark-and-recovery surveys. 

The 2001 late-fall-run population of 18,3.5 1 fish for the mainstem upstream of RBDD was over 
twice that for the year 2000, but only about half that of 1998; for both these other years, 
estimates were also made from carcass survey and redd data (Appendix 3). 

Winter run. The 200 1 winter run passing upstream of RBDD was estimated to be 5,499 
salmon; due to the dam gates being open, only 15% of this estimate was derived from actual 
counts at the dam (Table 3). In previous years, Sacramento River mainstem spawner populations 
were determined from these estimates at the dam. However, for the 2001 population, carcass 
survey data were used, Carcass surveys of the winter-run mainstem spawner populations had 
been conducted since 1996, and had been used primarily to study the age and sex composition of 
the population, pre-spawning mortality, and temporal and spatial distribution of spawning 
activity. Evaluation by CDFG7s Winter-run Technical Team supported the recommendation to 
use the carcass surveys also for estimating the mainstern population. 

The carcass surveys covered the 22.5-km (14-mi) stretch of the mainstem from Keswick Dam 
downstream to the Redding Water Treatment Plant, and were conducted from 2 May through 29 
August 2001 '. The study area was divided into two equal-length reaches, which were surveyed 
on consecutive days starting with the upstream reach. After a one day pause, and the cycle was 
repeated, for 40 survey periods. Mean survey- eriod river flow averaged more than 348 m3/s P (12,300 cfs), ranging from 241 m3/s to 430 m Is (8500 - 15,200 cfs). Mean survey-period 
temperature averaged 11.6 OC (52.8 OF), ranging from 10 "C to 12.8 OC (50 - 55 OF). Water 
clarity, measured by secchi disk, averaged 5.9 m (19.5 ft), ranging from 4.4 m to 6.4 m (14.4 - 
21.2 ft). 

Most of the surveys were conducted from two boats, each with two observers, and generally 
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. 

Carcasses were collected using a gaff or gig, and before further processing were categorized as 
being either fresh or decayed, and either from a fish of hatchery or natural origin, Fresh carcasses 
were those having firm flesh and at least one clear eye. 'A carcass of hatchery origin was 

' Snider, B., B. Reavis, R.G. Titus, and S. Hill. Upper Sacramento River Winter-run Chinook 
Salmon Escapement Survey, May - August 2001. CDFG, Native Anadromous Fish and 
Watershed Branch, Stream Evaluation Program. August 2002. Technical Report No. 02-1. 61 p. 



TABLE 2. Chinook salmon redd relative distribution observed during ZOO1 aerial surveys of the mainstem Sacramento River from Keswick Dam 
to Princeton Ferry. 

Late-fall run 

Redds Propott~onal 
River section counted I' d~stribution 

Kesw~ck Dam lo A C I D. Dam " 444 25 6% 

A.C I D Dam to Highway 44 Bridge 31 1 17 9% 

H~ghway 44 Br~dge to A~rport Road Br~dge 427 24 6% 

A~rport Road Br~dge to Balls Ferry Br~dge 246 14 2% 
Balls Ferry Br~dge to Battle Creek 82 4 7% 

Battle Creek to Jellys Ferry Br~dgc 84 4 8% 

Jellys Ferry Brldge to Bend Br~dge 39 2 3% 

Bend Br~dge to Red Bluff Dam 17 1 OD% 

Wmter run 

Redds Proportional 
counted ' distribution 

484 34 7% 

215 154% 

624 44 7% 

55 3 9% 

2 0.1% 

2 0.1% 

8 0.6% 

0 

Sprmg run 

Redds Proportional 
counted " dlstr~butron 

0 

0 

7 24 1% 

7 24 1% 

5 17.2% 

8 27.6% 

1 3.4% 

0 

Fall run 

Redds Proport~onal 
counted " distr~but~on 

256 6 8% 

206 5 5% 

381 I1I 1% 

449 I2 0% 

347 9 2% 

536 14 3% 

414 l l  OX 

301 8 0% 

Tehama Br~dge to Woodson Bridge 16 0.9% 0 

Woodson Br~dge to Hamilton City B r ~ d g e  0 0 

l~amil ton  City Br~dge to Ord Ferry Br~dge 0 0 60 1 6% 

lord Ferry Br~dge to Princeton Ferry 0 0 -- I I 0 3% 

I Downstream nrooortion: 0.4% 3.4 /a 0 

- 

11 Total count for five aer~al surveys made from 12 December 2000 through 4 A p d  2001. 
?.I Total count for 15 aer~al surveys made from 4 May through 14 August 2001 
31 Count for survey made on 18 September 2001 
Jl ' lotal count for three aer~al surveys made from 4 October through I November ZOO1 
51 Anderson-Cottonwood lrrlgat~on Dlqtr~ct Dam 

identified by a missing adipose fin. Livingston Stone National Fish Hatchery (LSNFH) had been 
the exclusive winter-run salmon 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 spawning. 

For estimation of the spawner population, carcasses were tagged with small colored plastic 
ribbons 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. The exceptions were fresh, hatchery-origin carcasses, which had the ribbon 
attached to the anterior portion of the backbone, since their heads were removed and saved for 
retrieval of the coded-wire tag. Length measurements, determination of gender, and female 
degree of egg retention were also recorded. Carcasses not tagged, usually those in an advanced 
state of decay, were chopped in half. Tagged carcasses were returned to flowing water near the 
location where they were originally found, in an attempt to simulate "natural" carcass dispersion. 
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 in-river), 
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. 
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rABLE 3. Estimation of 2001 winter-, spring- and fall-run Chinook salmon spawners passing Red Bluff Diversion 
lam (RBDD). , 

Neck No. o 
RBDD 

operation " 

20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 

Fishway trapping observations 
I 

Number of salmon assigned to run '' 
Wmter- Sprrng 

run 

8 
8 

22 
3 3 
7 
11 
8 
13 
5 
6 
5 
1 
0 
0 
0 
0 '  
0 
0 

Total 

12 
15 
60 
90 
30 
36 
40 
43 
36 
lo4 
87 
54 
186 
100 
193 
I63 
225 
589 

Totals 127 128 1,808 2,063 

Weekly run proportions (%) 
winter- Sprmg- 

Fall-run 

0.0 
0 0 
0 0 
I I 

36.7 
55.6 
70 0 
67.4 
83 3 
94.2 
94.3 
98.1 
100 0 
100.0 
100.0 
100.0 
loo 0 
100.0 

Total 

run 

66.7 
53.3 
36.7 
36.7 
23.3 
30.6 
200 
30.2 
13.9 
5.8 
5.7 
1.9 
0 0  
0.0 
0.0 
0.0 
0 0 
0 0  

Calculated No. salmon passing dam 
Adjusted count apportioned 

run 

33.3 
46.7 
63 3 
622 
40.0 
13.9 
10.0 
2.3 
2 8  
0 0 
0 0 
0 0  
0 0  
0 0  
0 0 
0.0 
0.0 
0 0  

Weekly 
adjusted 
count 

148 
I87 
168 
426 
44 1 
300 
307 
23 8 
40 8 
381 
289 
495 
1069 
1027 
1471 
1629 
3195 
7915 

by run 41 

Portion of each run represented by calculated No, of fish ": 15.43% 80.99% 2.1 88% 

ESTIMATED TOTAL ZOO1 RUN '/: 5,499 956 74,246 

I Covers the period from 15 Muy through 15 Scptetnber 2000, when the dam gates were in. 
/ F~sh were asslgncd lo a run based on coloration, scnla absorptron, secondary sexual charactarisacs, and s p a m g  readiness Data includes both 

ndiposc fm-chppcd and non-tin-cltpped salmon 
V~dco counts expanded to adjust for periods whe~i no counts were made. 

I Weekly nm proponion 7 Adjusted count 
I Totnls shown may he different than the sum of the numbers in h e  column due to spreadnlicet calculahons and roundme to whole numbers. 
1 Bascd on hstorical average run dish~butions (Table 1) 
I Calculated total for period of gates-in 4 Proporhon of run represented = Run size of spawners migrating past RBDD. 

A total of 5,145 salmon carcasses was observed, but only the mark-and-recovery data for those 
classified as adults (FL > 61 cm [24 in3 for females, and FL 1 67 cm [26.4 in] for males) were 
used to calculate the Jolly-Seber estimate. A total of 4,012 hatchery- and natural-origin adult 
carcasses (both fresh and decayed) were tagged and 2,135 of those were subsequently recovered 
(Table 4), resulting in an estimate of 6,489 adult fish in the surveyed area. The adult estimate 
was expanded to include an approximately 9.7% grilse proportion, for a population of 7,186 
salmon from Keswick Dam to the Redding Water Treatment Plant. 

Fifteen aerial surveys of the mainstem up- and downstream of RBDD were conducted from 
4 May through 14 August 2001 (Table 2). Based on data from these surveys, approximately 
88.5% of the winter-run spawning occurred within the survey area, and approximately 99.6% of 
the total redds were upstream of RBDD. The carcass survey population estimate was further 
expanded for an entire mainstem spawner population (8,120 fish), which was then proportioned 
to 8,085 fish for only the mainstem upstream of RBDD. A total of 104 fish (I00 from Keswick 
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'able 4. Chinook snlmon fresh and decayed adult carcass data used for the Jolly.Seher estimate olthe 2001 winter-run spawner population in the mainstem Sacramento River hehvcen 
Leswick Dam and thc Rcdding Water Trtntment Plant. 

Toml 

Tml 
Rwvay O b K d  

N 1 2  PmdNn I' hnng h ' n ~  
1 2 3 4 I 6 I 8 9 1" II II I1 I 4  11 l2 U 14 21 26 2 1  28 ?Y 11 31 I ?  33 14 15 16 Pmod Pad" 

.,.,. 
i 2 2 1 22 10 I 126 
2 4 I 4  I J ? ' P $  146 4Yh 

I 2 3 2 i1 11 U P  113 4111 
I I I 5 1 0  Y n l  :,:,, , 1111 1v I  

1 2 6 10 19 31 12 : ' , 141 406 
I 6  2 9 2 6 2 0 8 6  I I U  40R 

1 , 3  2 6 5 1 2 6 1  94 2% 
2 4 1 9 2 1 1 0  19 211 

6 6 1 I 0  14 43 14 216 
I I 1  6 1 31 26 161 

1 3  2 8 35 ...,. 72 211 
I 1 2 4 21 " , JI 91 

3 3 I 0  I5 12 , 41 141 
6 3 1 4 I V  11 I!? 

1 3  1 6  11 11 
I 1 2  1 4  9 47 
I 1 1 4 3  10 22 

Dam and four from RBDD traps) were transferred to the Livingston Stone National Fish 
Hatchery winter-run broodstock program. 

The winter-run population consisted of 26.6% male adults, 64.8% female adults, 8.2% male 
grilse (FL < 67 cm), and 0.4% female grilse (F1< 61 cm), This composition was based on 1,842 
fresh carcasses examined during the mark-and-recovery surveys. 

The 200 1 winter-run spawner population of 8,085 salmon in the mainstem upstream of RBDD 
was 6% times higher than the average for 199 1-2000 (Appendix 3); however, those previous 
estimates were determined from RBDD counts rather than carcass surveys. 

Spring i n .  An estimated 956 salmon with spring-run characteristics passed RBDD in 
200 1 ; 8 1 % of this estimate was derived from actual counts at the dam (Table 2). It was assumed 
that no spring-run salmon were caught in the sport-fishery upstream of RBDD, and a total of 245 
fish, most of which were considered to be of this run, were accounted for in the upper reach of 
Cottonwood Creek. The remaining 71 1 salmon may have spawned in the mainstem and in 



tributaries upstream of RBDD. However, CDFG considers this to be unlikely, as available 
spawning habitat in those areas are also utilized by fall-run salmon during the same periods. 
Therefore, an estimate of the spawner population was not made. Based on 128 salmon sampled 
at RBDD, the spring run consisted of 52% adults and 48% grilse. 

Fall run. ' An estimated 74,246 fall-run potential spawners passed RBDD in 2001 ; due to 
the RBDD gates being open, only 25% of this estimate was derived from actual counts at the dam 
(Table 2). This estimate, however, was judged to be inappropriate for determining the mainstem 
population as was done in past years, since it was less than the total population estimated for the 
upstream tributaries which were surveyed (Battle and Clear creeks). Instead, salmon carcass 
surveys conducted in a portion of the mainstem, and aerial redd surveys of the entire mainstem 
were used to estimate the population. 

The carcass surveys were conducted from 1 October through 20 December 2001, covering the 
25.5-mi stretch of the mainstem from ACID downstream to the mouth of Cottonwood Creek '. 
This stretch of river was covered weekly in four separate reaches, each surveyed on one day; 
during four of the weeks some of the reaches were not covered. Mean weekly river flows 
decreased from 21 5 mys (7600 cfs) at the beginning of the surveys to 108 m3/s (3800 cfs) at the 
end. Weekly average water clarity in the surveyed section, measured by secchi disk, ranged from 
1.8 m to 7.3 m (6-24 ft). Mean weekly water temperatures in the survey area ranged from 
11.7 "C to 13.9 "C (53-57 O F ) .  

Most of the salmon carcasses observed were marked with colored ribbon attached to their jaws 
with hog rings; for each week a different color was used. Carcasses that were not marked 
included those that were headless, those on shore in a dessicated condition, those at the 
downstream end of the survey area which would have drifted out pf the area, and those that were 
in excess of what could be processed in a day. Unmarked carcasses, as well as those that were 
recovered with marks, were chopped in half to prevent recounting. Marked carcasses were 
returned to running water for subsequent recovery. Length measurements and determination of 
gender were made for a subsarnple of fresh carcasses (those with a clear eye or pink gills). 

A total of 7,785 carcasses was observed, but only the mark-and-recovery data for fresh, adult 
carcasses were used in the Schaefer (Appendix 1 .B) calculation; the adult distinction was a FL > 
76 cm [29.9 in] for males, and FL > 64 cm [25.2 in] for females. For a total of 1,805 carcasses 
marked, and 29 1 subsequently recovered, an adult population of 26,OO 1 fish was estimated 
(Table 5). This estimate was expanded to include an approximately 10.6% grilse proportion, for 
a population of 29,084 salmon for the mainstem between ACID and Cottonwood Creek. 

Three aerial surveys of the mainstem up- and downstream of RBDD were conducted from 
4 October through 1 November 2001 (Table 2). Based on data from these surveys, 
approximately 38.7% of the fall-run spawning occurred within the mark-and-recovery area, and 
76.9% of the total redds were upstream of RBDD. The carcass survey population estimate was 

5' Snider, B., B. Reavis, and J. Lyons. Sacramento River Fall-run Chinook Salmon Escapement 
Survey, October-December 2001. CDFG, Native Anadromous Fish and Watershed Branch, 
Stream Evaluation Program. December 2002. Technical Report No. 02-03. 38 p. 



ITABLE 5 .  Chinook salmon fresh adult carcass mark-and-recovery data used to estimate the 2001 fall-run spawner population In1 1 the mainstern Sacramento River from Anderson Irrigation District Darn to the mouth of Cottonwood Creek ". I 
Total 

marked 
Recovery carcasses carcasses Population 
penod b), Number of marked carcasses recovered from marking period (i): recovered observed estimate 

1 2 3 4 5 6 7 8 9 10 (Rj) (Cj) 2' (N) 
2 13 -- -- -+ ** ". .. -- -- -- 13 520 1,820 
3 5 23 -- -- -- -- -- -- -- -- 28 745 2,225 
4 3 3 59 -- -- -- -- *- -- -- 65 1,045 2,696 
5 I 4 19 39 -- -- -- -- -- -- 63 1,306 4,857 
h 2 6 12 23 -- +.. -- -- -- 43 661 3.456 
7 1 2 8 9 -- -- -- -- 20 576 2,964 
8 I 5 6 -- -- -- 12 270 1,340 
9 1 3 3 2 -- -- 9 503 2,901 
10 1 0 10 -- 11 3 14 1,361 
I I 1 4 17 22 605 1,530 
12 1 4 5 1,860 

'Total recovered 22 32 85 53 33 17 9 2 0 0 

Total carcasses Total estimate ". 27,009 
marked (MI). 77 92 214 233 217 78 47 25 65 37 

l~djus ted  estimate ": 26,001 

11 Surveys were conducted from 1 October tlwugh 20 December 2001 
21 lncludes salmon carcasses which were marked and marked carcasses hat were recovered. 
31 Schaefer ( I  951) estimate equation. N = Z( RIJ x (Mfli)  x (CjRj) ) . 
41 Total may not correspond to the actual sum of the weekly estimates shown, due to spreadsheet rounding. 

SI Adjusted estimate reflects the modified Schaefer equation (Hoopaugh 1978), where marked carcasses (MI) from the second marking period on were subtracted from the total 
estmate (27,009 - 1,008 = 26,001) 

therefore expanded to an entire mainstem spawner population (75,152 fish), which was then 
proportioned to 57,792 fish for only the mainstem upstream of RBDD, 

The fall-run population consisted of 33% male adults, 56.4% female adults, 9.8% male grilse 
(FL 5 76 cm), and 0,8% female grilse (FL 1 64 cm). This composition was based on 1,277 fresh 
carcasses examined during the mark-and-recovery surveys. 

The 2001 fall-run spawner population of 57,792 salmon in the mainstem upstream of RBDD was 
slightly higher than the average for I99 1-2000 populations (Appendix 3). However, estimates 
for those previous years, ranging from 5,718 to 133,365 fish, were determined from RBDD 
counts rather than carcass surveys. 

Clear Creek 

Late-fall run. No surveys were conducted for this run in 2001. 

Spring run. The USFWS conducted surveys in Clear Creek primarily to determine 
presence of spring-run salmon, but an estimate of the spawner population was not made. 



Fall run. Eight spawner surveys of Clear Creek were conducted during 9 October through 
26 November 2001, in the 6.7-km (4.2-mi) stretch downstream of the McCormick-Saeltzer Dam 
site. Salmon carcasses were marked by attaching colored tape 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 
spawner population in Clear Creek downstream of McCorrnick-Saeltzer Dam was estimated to 
be 10,865 fish (Table 6) .  Although the population upstream of the dam site was not estimated, 
34 redds, 15 live fish, and 16 carcasses were observed in that area 

Rased on examination of 3,868 salmon carcasses, the fall-run spawner population of Clear Creek 
consisted of 41% male adults (FL 1 61 cm [24 in.]), 51% female adults, and 8% grilse (FL <: 

61 cm). 

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

Cow Creek 

Late-fall run. No surveys for this run in this tributary were made in 200 1. 

Fall run. An aerial redd survey was conducted on 1 November 2001, covering the creek 
from its confluence with the Sacramento River upstream, into the North Fork to Cow Creek 
School, and into the South Fork to Clover. A total of 3 1 redds was counted in the mainstem, but 
none were seen in the North and South forks. An estimate of the fall-run spawner population 
was not made. 

Cottonwood Creek 

Late-fall .run. No surveys were conducted for this run in 200 1. 

Spring run. Beegum Creek, a tributary to Cottonwood Creek, was surveyed monthly 
during March through October 2001. The 12.2-km (7.5-mi) stretch of the creek from upstream 
of the North and South forks' confluence to the Hwy-36 Bridge crossing was covered by 
snorkeling. A total of 245 salmon was counted, and judged to constitute the 2001 spring run for 
the Cottonwood Creek system; water temperatures in the upper 70-degree Fahrenheit may have 
reduced the number of actual spawners, 

Fall run. An aerial redd survey was conducted on 1 November 200 1, covering the creek 
from its confluence with the Sacramento River upstream to Little Dry Creek. A total of 1 16 
redds was counted, all of which were downstream of the power line crossing. An estimate of the 
fall-run spawner population was not made. 



TABLE 6. Chinook salmon carcass mark-and-recovery data used to estimate the 2001 fall-run spawner population in Clear 
Creek from the site of McCormick-Saeltzer Dam to 4.2 miles downstream ". 

I Total 
marked Total 

Recovery carcasses carcasses Populat~o~ 
per~od b): Number of marked carcasses recovered from marking period (i). recovered observed estimate 

1 2 3 4 5 6 7 (Rj) (CJ) =I (N) " 
2 1 1  -- -- -- -- -- -- 11 323 646 

8 5 0 12 17 312 1,045 
Totul recovered (Ri), 14 35 70 54 30 5 12 

I~otal carcasses Total estimate 4'. 1 1.500 
marked (MI)  32 82 209 148 146 10 40 

l~djusted estimate '': 10,865 
I1 Surveys were conducted from 9 October through 26 November 2001 
21 Includes ralmon carcasses wh~cli werc marked and marked carcasses that were recovered. 
31 Schaefer (I 95 I) estimate equarlon: N = Z( Rij x (MiIRi) x ( C ~ R J ) )  . 
41 Total may not comspond tb the actual sum of the weekly esdmntes shown, due to spreadsheet rounding . 
5 /  Adjusted est~matc rcflecrs the mod~fied Schaefcr equation (Hoopaugh 1978), where marked carcasses (Mi) 6om the second marking penod on were subtracted from the total 
estitnate ( 1  1,500 - 635 = 10,865) 

Battle Creek 

Late-fa11 run. No surveys were conducted for this run spawning naturally in Battle Creek 
during 2001. The only available spawner data were for 3,327 late-fall-run salmon which entered 
Coleman National Fish Hatchery (CNFH). These fish consisted of 50% male adults, 44% female 
adults, and 6% grilse. 

Spring run. The USFWS conducted surveys in Battle Creek primarily to determine 
presence of spring-run salmon, but an estimate of the spawner population was not made. 

Fall run. Six carcass surveys were conducted during 2 October through 28 November 
2001, covering the 5.6-krn (3.5-mi) stretch of river from CNFH downstream to the old hatchery 
location. Salmon carcasses were marked by attaching colored tape 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 fresh carcass mark-and-recovery data with the Schaefer model (Appendix 1 .B), the 
spawner population in Battle Creek downstream of CNFH was estimated to be 100,604 fish 
(Table 7). Combined with an additional 25,082 fish which entered CNFH, the total 2001 Battle 
Creek fall-run population was 125,686 salmon (Appendix 2); although the creek upstream of 
CNFH was not surveyed, some fall-run adults may have passed the barrier dam. 

Rased on examination of 24,558 salmon carcasses, the fall run consisted of 39% male adults (FL 
1.61 cm [24 in.]), 58% female adults, and 3% grilse (FL< 61 cm). In comparison, fall-run fish 
entering CNFH consisted of 48% male adults, 28% female adults, and 24% grilse. 

Pre-spawning mortality of female fall-run salmon in Battle Creek averaged 29% in 200 1. 



rABLE 7. Chinook salmon carcass mark-and-recovery data used to estimate the 2001 fall-run spawner population in 
3attle Creek from Coleman National Fish Hatchery downstream to the old hatchery location 'I 

Total 
marked Total 

Recovcry carcasses carcasses Population 

period (i). recovered observed estimate 

I 2 3 4 5 (Rj) (cj) 
-- -- -- -- 

(N) 3' 

2 7 7 1,287 5,720 

6 2 2 150 15,150 
*otal recovered (Ri): 9 170 43 1 43 2 

'otal carcasses Total estimate 41: 102,717 
narked (Mi): 40 384 1,252 275 202 

l~djusted estimate 5': 100,604 

1 Surveys were conducted from 2 October through 28 November 2001. 
/ Includes saln~on carcasses which were marked and marked carcasses that were recovered. 
I Schaefer (1 95 1) cstin~ale equation: N = C( Rij x (MiIRi) x (CjIRj) ) . 
1 Total may not correspond to the actual sum of the weekly estimates shown, due to spreadsheet roundmg 

I Adjusted estimate reflects the modified Schaefer equation (Hoopaugh 1978), where marked carcasses (MI) &om the second marking period on were sublracted from 
le total eslimate (102,717 - 2,113 = 100,604). 

The 2001 fall-run spawner population in Battle Creek of 125,686 fish was over 1 ?h times higher 
than in 2000, and almost twice the population average for 1991-2000 (Appendix 3). 

Red Bluff Diversion Dam to Princeton Ferry 

A total of 21,054 Chinook salmon spawners, consisting of 17,360 fall-, 2,734 spring-, 925 late- 
fall-, and 35 winter-run fish, was estimated for 2001 in the Sacramento River system between 
Red Bluff and Princeton Ferry (Figure 2). 

Sacramento River Mainstem 

Estimates of salmon spawner populations in the Sacramento River mainstem downstream of 
RBDD were derived from aerial redd counts for the entire mainstem and from the upstream 
mainstem population estimates. The proportional distribution of a run's redds that were upstream 
and downstream of RBDD was assumed to represent the distribution of that run's entire 
mainstem population. 

Late-fall run. Five aerial surveys were conducted during 12 December 2000 through 
4 April 2001, Late-fall-run redds downstream of RBDD constituted about 4.8% of the total 
rnainstem spawning (Table 2), which was estimated to represent a spawner population of 925 
fish. 



Winter run. Based on 15 aerial surveys conducted during 4 May through 14 August 2001, 
winter-run redds downstream of RBDD constituted about 0.4% of the total mainstem spawning 
(Table 2). This was estimated to represent a spawner population of 35 fish. 

Spring run. An aerial survey was conducted on 18 September 2001. Spring-run redds 
downstream of RBDD constituted about 3.4% of the total mainstem spawning (Table 2), but an 
estimate of the spawner population was not made. 

Fall run. Based on three aerial surveys conducted during 4 October through 1 November 
200 1, fall-run redds downstream of RBDD constituted about 23.1 % of the total mainstem 
spawning (Table 2), which was estimated to represent a spawner population of 17,360 fish. This 
estimate was almost twice that for the year 2000, and was 38% higher than the population 
average for 1991 to 2000 (Appendix 3). 

Antelope Creek 

Spring run. Snorkeling-surveys of the holding habitat of adult spring-run salmon in the 
upper Antelope Creek system were made on 23 and 26 July 2001. 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 Fork Falls. A total of 8 adult salmon 
was observed, and judged to be the 2001 spring run for this system. 

Fall run. No surveys were conducted for this run in 200 1. 

Mill Creek 

Spring run. Surveys of Upper Mill Creek were made during 3-1 1 October 2001, covering 
a stream length of approximately 41 krn (25 mi) from the Hwy-36 Bridge crossing downstream to 
the powerline crossing located 4.8 km (3 mi) downstream from Little Mill Creek '. The reach 
from Hwy-36 to the ranch house downstream of Black Rock was surveyed from the ground, 
while aerial surveys were made from Black Rock to the powerlines. Total of 167 live salmon 
and 54 carcasses were observed. Based on redd counts made through the combined ground and 
aerial surveys, a total of 552 redds was determined to be the maximum number present, and 
judged to represent a spring-run population of 1,104 fish. 

Fall run. Surveys of Mill Creek were conducted on 20 and 26 November 2001 primarily to 
count redds and determine spawning distribution. Surveys extended from the canyon mouth 
downstream to the confluence with the Sacramento River. Most of the fall run spawning (97%) 
occurred downstream of Los Molinos Mutual Water District Dam. Totals of 236 redds, 120 live 
salmon, and 84 carcasses were observed. An estimate of the fall-run population was not made. 

6' Harvey-Arrison, C. Mill Creek Spring-run Chinook Salmon Surveys for 2001. Memorandum 
to files. 6 December 2001. CDFG - NCNCR, Red Bluff Office. 



Deer Creek 

Spring run . Snorkeling surveys of upper Deer Creek were conducted on 8 and 20 
August 2001 covering the 38.6-km (24-mi) stretch from Upper Deer Creek Falls to downstream 
of Trail 2E17 ". A total of 1,622 adult salmon was counted, and judged to be the 2001 spring run 
in this tributary. 

Fall run. A ground survey was conducted in Deer Creek on 27 November 2001 to count 
redds and determine spawning distribution. Surveys covered the area from the Deer Creek 
Irrigation District upper diversion dam to the confluence with the Sacramento River. Totals of 
61 redds, 25 live salmon, and 35 carcasses were observed. An estimate of the fall-run population 
was not made. 

I' Harvey-Arrison, C. 2001 Annual Deer Creek Spring-run Chinook Salmon Survey. 
Memorandum to files. 5 September 200 1. CDFG - NCNCR, Red Bluff Office. 
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Big Chico Creek to the American River 

A total of 392,301 Chinook salmon was estimated for 2001 in the Sacramento River tributaries 
from Big Chico Creek to the American River (Figure 3). This total consisted of 13,830 spring- 
run and 378,471 fall-run fish (Appendix 2). 

Big Chico Creek 

Spring run. A snorkeling survey was conducted on 8 August 200 1 in the stretch of Chico 
Creek from Higgin's Hole downstream to Salmon Hole in Bidwell Park g/. A total of 39 salmon 
was counted, and judged to be the spring-run spawner population in this tributary for 2001. 

Fall run. No surveys were conducted for this run in 2001. 

Butte Creek 

Spring run. A snorkeling survey was conducted during 13-1 6 Au ust 2001 covering the I stretch from Quartz Bowl downstream to Parrott-Phelan Diversion Dam - . Total counts of live 
salmon by four independent observers ranged from 7,435 to 1 1,066 fish. All of the salmon 
observed were upstream of the covered bridge. Based on these surveys, a population of 9,605 
spring-run salmon were in the creek. 

Fall run. Carcass surveys for fall-run salmon in Butte Creek covered the approximately 
15.3-krn (9.5-mi) stretch of river from Parrott-Phelan Diversion Darn downstream to Gorrill 
Ranch Dam, and a 0.8-km (0.5-mi) section near the Western Canal Siphon (Ward et. al. 2004). 
Surveys were conducted during 22 October through 4 December 2001, terminating before 
spawning was completed. Fresh salmon carcasses (those with at least one clear eye and firm 
flesh) were marked by attaching colored tape to their lower jaws with hog rings, and replaced 
into running water near the location originally found. Different colors of tape 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. 

An estimate of the spawner population was based on the total of all carcasses observed, and the 
recovery rate of marked carcasses. A total of 1,476 carcasses was examined, of which 225 fresh 
carcasses were marked, with 8 1 subsequently recovered, for about 4,100 fish in the surveyed 
area. In addition, it was judged that an additional 330 salmon were upstream of Parrott-Phelan 
Dam (from limited observations made there), for a total of 4,430 fish in the fall run. 

Gamin, C.. Big Chico Creek Spawning Escapement. Memorandum to files. 13 August 2001 
CDFG-Sacramento Valley and Central Sierra Region (SVCSR), Chico office. 

Garmin, C.. Butte Creek Spawning Escapement Survey, 2001. Memorandum to files. 
17 September 2001. CDFG - SVCSR, Chico office. 



Feather River 

Spring run. A total of 4,078 salmon classified as spring-run fish entered Feather River 
~ a t c h e r y - ( ~ ~ ~ )  during 1-15 September 2001 LQ'. These fish consisted of 52.9% male adults, 
46.4% female adults, and 0.7% grilse. In the river itself, no attempt was made to estimate 
numbers of spring-run salmon. 

The 4,078 spring-run salmon at FRH in 2001 was 3% higher than in 2000, and 15% lower than 
the average for 1991 -2000 (Appendix 3). 

Fall run. Salmon carcass mark-and-recovery surveys were conducted in the Feather River 
between the hatchery barrier dam and East Gridley Road bridge during 3 September through 
10 December 2001 l-l/. This stretch of river was surveyed in two sections, characterized by 
different flow regimes. The reach between the hatchery and Therrnalito Afterbay Outlet (Section 
1) had constant mean daily flows of 17 rn3/s (600 cfs) throughout the survey periods. Flows 
downstream of Thermalito Afterbay to Gridley (Section 2) ranged from 23.8 m3/s (839 cfs) to 
45.1 m3/s (1 593 cfs). 

Only fresh carcasses were marked, with numbered tags attached to the lower jaws with hog rings. 
Each carcass' tag had a unique number identifying it with a specific marking period and survey 
section. Fresh carcasses were identified by having at least one clear eye or pink gills. Marked 
carcasses were released into flowing water for later recovery. Carcasses not marked were 
counted and then chopped in half, as were non-fresh carcasses and those that were recovered with 
marks. The length and gender of fresh carcasses was also recorded. Adult salmon carcasses 
were classified by a FL > 68 cm (26.8 in). 

Schaefer (Appendix 1 .B) estimates, calculated from the mark-and-recovery data, were 1 06,969 
salmon for Section 1, and 71,503 fish for Section 2 (Table 8). Combining both estimates, along 
with an additional 173 carcasses counted during the initial survey week, resulted in a total in- 
river population of 178,645 fish. A total of 24,870 fall-run salmon entered FRH 'Of, bringing the 
200 1 fall run in the Feather River to 203,5 15 salmon (Appendix 2). 

The composition of fall-run salmon in the river was 39.4% male adults, 55.5% female adults, and 
5.1% grilse (FL < 68 crn). Salmon which entered FRH consisted of 55.7% male adults (FL > 
55.9 cm [22 in]), 40.8% female adults, and 3.5% grilse (FL < 55.9 cm). 

The 2001 total Feather River population of 203,s 15 salmon was the highest recorded for that 
tributary, and over 1 ?4 times that of the previous year (Appendix 3). 

10/ Kastner, A. CDFG - SVCSR, Feather River Hatchery. Personal communication. 

Navicky, J. 2001 Feather River Spawning Stock Escapement. Memorandum to files. 16 July 
2002. CDFG-SVCSR, Rancho Cordova office. 



TABLE 8. Chinook salmon carcass mark-and-recovery data used to estimate the 2001 fall-run spawner population in the 
11 Feather River from Feather River Hatchery to East Gridley Road Bridge . 

Feather River Hatchery to Thermrlito Afterbay Outlet (Section 1) 

Recovey 

Total 
marked 'Tofdl 

carcasses carcasses Populat~on 
pcrmd (1) ( recovered observed estimate 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  (Rj) (Cj) *' (N) 3i 

2 1 1 250 750 

Total carcasses Total estimate ". 1 10,965 
marked (Mi) 42 125 241 406 501 505 562 533 494 310 236 57 26 

l ~ d j u s t e d  estlmate ": 106,969 

Therrnalito Afterbav Outlet to East Gridlev Road Bridge (Section 2) 

Recovery 
period (j), Number of marked carcasses recovered from marking period (i): recovered observed estimate 

1 2 3 4  5 6 7 8 9 1 0 1 1 1 2 1 3  (Rj) C' 21 (N) 

2 3 -- -- .- -- -- -- -- - - -- -- -- ..- 3 \  38 24 1 

l ~ o t a l  carcasses Total cstimate 4': 

markcd (Mi) 19 18 19 36 41 45 78 119 111 197 125 100 26 
l ~ d j u s t e d  estimate ' I :  71,503 

11 S:weys were conducted from 3 September though 10 December 2001 

21+1cludes salmon carcasses which were marked and markcd carcasses that were recovered. 

31 Schaefer (1951) estlmate equation: N = X( Rij x ( M i )  x (CjRj)) . 
41 Total may not correspond to the actual sum of the wcckly estimates show~i, due to spreadsheet rounding. 
51 Adjusted estimatc reflects the mod~fied Schacfcr equation (Hoopsugh 1978). where mekcd carcasses (MI) from the second marking per~od on were subtractcd from the lotnl 
estlmate (I 10,965 - 3,996 = 106,969). 

61 Adjusted estinlate where markcd carcasses (Mi) from the second mark~ng period on were subhactcd from h e  total estlmate (72,418 - 915 = 71,503) 



Yuba River 

Spring run. Chinook salmon emigrating in the Yuba River during 1 March through 3 1 
July 2001 were monitored by trapping at Daguerre Point Dam ?-'. Fish were trapped in holding 
cages placed in the top bays of each of the dam's two fish ladders. Fish entered the cages 
voluntarily though "one-way" doors, which prevented them from exiting. Movable trap floors 
were raised allowing captured fish to be examined, counted, and released without handling. 
Trapping was conducted on a schedule of five randomly chosen days each week for five-hour 
periods each day. Sampling periods consisted of dawn (0300-0900 hr), afternoon (0900- 1500 
hr), dusk (1 500-2 100 hr), and night (2 100-0300 hr), systematically rotated from day to day; 
trapping in each of the ladders was staggered by one hour. 

A total of 15 salmon was captured for the season, with the majority (73%) caught in July, when 
river flows exceeded 42.5 m3/s (1500 cfs). It was assumed that the population followed a 
Poisson distribution, and the fish observed represented a total of 108 salmon passing the darn 
(lr: 56 fish variance) during the 2001 emigration. 

Fall run. Salmon carcass mark-and-recovery surveys for this run during 2001 were 
conducted in the Yuba River from Rose Bar downstream to Simpson Lane in Marysville u'. The 
surveyed reach was covered in three sections: Rose Bar to Parks Bar at the Hwy. 20 bridge 
(Section l), 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 in the Narrows upstream of Rose Bar to 
Englebright Dam, although suitable habitat is scarce in that area. Weekly surveys were 
conducted in Section 1 during 2 October through 4 December, in Section 2 during 3 October 
through 19 December, and in Section 3 from 1 1 October through 20 December. 

Yuba River flows below Englebright Dam ranged from 26.7 m3/s to 3 1.3 m3/s (944-1 107 cfs) 
during the survey periods, and remained relatively stable throughout the spawning season. Flows 
near Marysville ranged between 16.8 m3/s and 27.9 m3/s (594-985 cfs). The mean daily water 
temperature ranged from the lower 60-degree to upper 40-degree Fahrenheit, while visibility 
through the water averaged 3m (10 ft), 

This season, both adult and grilse fresh salmon c,arcasses were marked; carcasses were 
considered fresh if they had firm flesh, at least one clear eye, and pink gills, while the adult 
designation was a FL ? 55.9 cm (22 in). The length distinguishing adults and grilse was based 
on data from Feather River Hatchery salmon collected at the beginning of the 2001 season. 

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

Nelson, J. CDFG-SVCSR, Rancho Cordova office. Personal communication. 

'3' Jones & Stokes. 2001 Fall-run Chinook Salmon Spawning Escapement in the Yuba River. 
Report to the Yuba County Water Agency, Marysville, CA. May 2002, J&S 00-402. 



TABLE 10. chinook salmon carcass mark-and-recovery data used to estimate the 2001 fall-run spawner population in the 

Yuba River from Parks Bar at the Highway 20 Bridge to Daguerre Point Dam ". 
ADULT ESTIMATE Total 

tnarked Total 
Recovery c,asses carcasses Populat~c 

period (J) Number of marked carcasses recovered from marking p l o d  (i), recovered observed estimatt 
1 2 3 4 5 6 7 8 9 1 0 1 1  (Rj) (CJ) 2' (N) 

2 6 -- -- -- -- -- -- -- -- -- -- 6 22 I 92 1 
3 23 -- -- -- -- -- -- -- -- -- 23 625 1 ,?7 1 
4 7 67 -- -- -- -- -- *" -- -- 74 1,048 1,360 
5 10 68 +- -- -- -- -- *+ -- 78 812 881 

6 6 9 45 -- -- .- -- -- -- 60 870 983 
7 3 9 22 50 -- -- -- -- -- 84 569 1,088 
8 7 9 10 42 -- -- -- -- 68 54 1 929 
9 12 29 -- -- -- 41 239 516 
10 5 6 -- -- 1 I 68 175 
I I 1 3 1 . -  5 9 1 32 1 
12 1 1 44 748 

Total recovered (RI) 6 30 86 93 76 60 54 35 9 1 1 

Total carcasses Total estimate 4'. 9,193 
marked (MI) 25 61 105 99 86 147 96 81 25 7 17 

(~djusted estimate ': 8,469 

GRJLSE: ESTIMATE 

Rccovery 

Total 
marked Total 

carcasses carcasses POpuhtlo 

per~od (J) Number of marked carcasses recovered from marking period (I): recovered observed estlmate 
1 2 3 4 5 6 7 8 9 1 0 1 1  (Rj) (Cj)  (N) ' I  

2 0 -- -- .- -- -- -- -- .. -- -- 0 18 18 

12 0 0 0 0 
Total recocered (RI). 0 2 7 3 0 0 1 I 0 0 0 

Total carcasses Total estmate 4' 1,124 
marked (MI). 0 3 1 4 1 3 5 2 1 4 8 2 1  1 

lAdjusted estimate "': 1,052 

I11 Suweys were couducted from 3 October lhrough 19 December 2001 

I21 Inoludcr ralmon carcasses which were marked and marked carcssscs that were recovered. 
71 3chaefer (195 1)  cstimate rqualion N - Z( RIJ x (MIRI) x (CjIRj) ) 
41 Total may not correspond to the actual rum of the weekly estunates shown, due to sprcadshcct roundlng . 
51 Adjusted estlmate reflects the modified Schaefer equatlon (Hoopaugh 1978). where marked carcasses (MI) from thc second marking period on were subtracted from the total 
estlmnte (9,193 - 724 = 8.469) 

61 Adjusted estlmate whcrc marked carcasses (MI) from the second marking period on were subwacted from the total estimate (1,124 - 72 = 1,052). 



TABLE 11. Chinook salmon carcass mark-and-rccovery data used to estimate the 2001 fall-run spawner population in the Yubt 

/ ~ i v e r  from Dngucrre Point Dam to the Simpson Lane Bridge in Maryrvillc I '  

ADULT ESTIMATE 

Recovely 

Total 
marked Total 

carcasses Populai 

period 6) Number of marked carcasses recovered from marking period (i)' recovered observed estim; 
I 2 3 4 5 6 7 8 9 10 (RJ) (cj) (N) 

2 0 -. .. -- -- -- .. .. -- -- 0 79 79 

11 0 0 6 6 
Total recovered (Ri) 0 3 5 27 23 30 I2 2 0 0 

Total carcasses Total esulnate ", 5,621 
marked (MI) 3 19 29 35 98 63 42 17 0 7 

l~djusted estimate '': 5,31: 

GRILSE ESTIMATE 

Recoverv 

Total 
marked Total 

carcasses carcasses 
period (J) Number of marked carcasses recovered from markmg per~od (I) recovered observed 

I '1 3 4 5 6 7 8 9 10 ( Rj ) C' 2' 

2 0 -. .. -- -- -- .. .. -- -- 0 9 

10 0 -- 0 0 
Total recovered (Ri). 0 0 0 0 0 0 0 0 0 0 
Total carcasses 
marked (MI) 1 I 4 5 13 3 1 0 0 1 

l~stimate '': 88 1 
11 Surveys were conducted from 12 October throush 21 Dcccmbcr 2000 

21 Includes salmon carcasses wh~ch %ere marked and marked carcasses that were rccovtred 

31 Schaefer (1951) estmate equatlon N = Z( Rij x (MIIRI) x (CJIRJ) ) 
41 Total may not correspond to the actual sum of the weekly estmatea shown, due to spreadsheet roundtng . 
51 Adjusted estimate rcflects the mod~tied Schaefer equatlon (Hoopaugh 1978). where marked carcasses (MI) from the second markmg period on were ~obtracted from the total estlrn: 
4.169 - 327 = 3.842) 

61 Smce no marked cwcnssefi were recovered, the total numbor of carcassc~ observed wa8 used as the estlrnate of the  s p a w c r  population. 



American River 

Fall run. Salmon carcass mark-and-recovery surveys in the American River were 
conducted from 29 October through 28 December 2001, covering the 20.8-km (12.9-mi) stretch 
from Sailor Bar downstream to the Watt Avenue bridge This stretch of river was covered in 
three reaches, each surveyed weekly; during several weeks it was not possible to make corn lete P surveys. Mean daily river flow ranged from 28 m3/s (988 cfs) in early November to 43.3 m 1s 
(1 528 cfs) during December. Average water turbidity increased throughout the surveys, ranging 
from 1.8 ntu to 10.7 ntu. Water temperature ranged from 19 "C to 10.6 OC (66-51 O F ) .  

This season only fresh adult salmon carcasses were distinctly marked by attaching colored hog 
rings to their lower jaws; different colors were used each marking period. A carcass was 
considered fresh if it had either one clear eye or pink gills, and the adult distinction was a FL 2 
70 cm (27.6 in). Marked carcasses were replaced into running water for later recovery. Any 
carcass not tagged, as well as those recovered with tags were counted and cut in half. Those 
carcasses found downstream of Gristmill Fishing Access were not marked, but only counted and 
chopped. 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 1 .B), was 
120,365 fish (Table 12). This adult estimate was expanded for an 8% grilse proportion to 
130,832 fish in the surveyed reaches. In addition, 11,750 fish entered Nimbus Hatchery and 
4,552 salmon carcasses were removed from the Nimbus Racks, bringing the total American 
River 2001 fall-run population to 147,134 fish (Appendix 2). 

Rased on examination of 1,064 fresh carcasses, the run consisted of 37.4% male adults, 54.6% 
female adults, 4.8% male grilse (FL < 70 cm), and 3.2% female grilse. Salmon entering Nimbus 
Hatchery consisted of 55.9% male adults (FL > 60 cm [23.6 in.]), 27.4% female adults, 15.6% 
male grilse (FL < 60 cm), and 1.1% female grilse. 

The 2001 run of 147,134 salmon in the American River was an increase of 33% from the 
previous year's population (Appendix 3), and the highest ever recorded for that tributary. 

141 
- Healey, M. Lower American River Chinook Salmon Escapement Survey, October- 
December, 2001. File report. December 2002. CDFG-SVCSR, Rancho Cordova office. 

151 
- West, T. CDFG - SVCSR, Nimbus Hatchery. Personal communication. 
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models. Analysis of the data indicated that the Schaefer estimate (Appendix 1 .B) was the most 
appropriate. 

The salmon population in the Tuolumne River upstream of Fox Grove Regional Park was 
estimated at 8,782 fish, using the fresh carcass mark-and-recovery data in the Schaefer model 
(Table 14). The run consisted of 35.9% male adults, 49.3% female adults, 10.1% male grilse, 
and 4.7% female grilse. 

The 2001 fall run of salmon in the Tuolumne River was only 49% of that in 2000, but still 80% 
higher than the average for 1991 -2000 (Appendix 3). 

Merced River 

Fall run. Weekly salmon surveys were conducted from 16 October 200 1 through 
4 January 2002, in the 39.7-krn (24.7-mi) stretch of the Merced River from the Merced River 
Hatchery downstream to Santa Fe Road near Cressey u. River flows were increased, about the 
same time that the carcass surveys began, to attract salmon into the tributary and improve 
spawning conditions. The higher flows were continued for about three weeks (14 October 
through 1 November) and ranged from 20.5 rn3/s to 22.5 m3/s (724-795 cfs). 

All salmon carcasses, except skeletons, were marked using numbered aluminum tags attached to 
their lower jaws, or near the dorsal fins, with hog-rings; skeletons included carcasses completely 
covered with fungus. Marked carcasses were released, into running water at the lower end of the 
riffle where they were initially found, 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, it was measured and its gender determined, and a 
condition of either fresh or decayed was assigned to it; fresh carcasses were identified as having 
at least one clear eye. 

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 bc better 
compiled for estimating the population through several biometric models. Analysis of the data 
indicated that the Schaefer estimate (Appendix 1 .B) was the most appropriate. 

A Schaefer estimate of 9,18 1 salmon was calculated for the river stretch from Merced River 
Hatchery to Santa Fe Road (Table 15). Merced River Hatchery took in 1,663 salmon for a 
total 2001 fall-run spawner population of 10,844 fish (Appendix 2). 

The in-river run of the Merced River consisted of 35.1 % male adults, 52.6% female adults, 9.1 % 
male grilse, and 3.2% female grilse. Salmon which entered Merced River Hatchery consisted of 
28.4% male adults (FL 2 65 cm i25.6 in]), 39.5% female adults (FL > 62 crn L24.4 in]), 24.8% 
male grilse (FL < 65 cm), and 7.3% female grilse (FL < 62 cm). 

Johnson, K. 2001 Merced River Chinook Salmon Escapement Survey Report. SFRA Annual 
Report. Project 26, Job 2. CDFG - SJVSSR. 

221 
- Cozart, M. CDFG - SJVSSR, Merced River Hatchery. Personal communication. 



The 2001 Merced River fall run was a decrease of 17% from the record run seen in 2000, but was 
still over 2% times higher than the average for 1991 -2000 (Appendix 3). 

'ABLE 14. Chinook salmon carcass mark-and-recovery data used to estimate the 2001 fall-run spawner population in 

he Tuolumne River between the riffles at river mile 5 1.6 and Fox Grove Regional Park ". 

Recovery 

Total 
marked 

carcasses carcasses Populatlor 

leriod Q ) .  Number of marked carcasses recovered from marking period (i): recovered obscwed eslirnatc 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  (Ri) (cj) 21 (N) 

3 2 2 -* -- -- -- -- -* -- -- -- -- 4 18 27 
4 1 -- ,.- -- - - -- -- -. -- -- 1 3 9 78 
5 8 . - -- -- - - -- . . - - - - 8 158 263 
6 3 52 -- -- .- -- -- -- -- 55 709 999 
7 1 g 139 -- -. -- -- -- -- 149 1,267 1,992 

8 25 85 -- -- -- -- -- 110 1.248 2,021 
9 10 29 110 -- -- -- -- I49 1,340 2,188 
10 1 3 36 87 -- -- -- 127 656 1,065 
1 1  2 5 33 35 -- -- 7 5 368 615 
12 1 2 9 16 -- 28 2 12 471 
13 1 2 3 6 66 174 
14 1 I 13 39 

'otal recovered(Ri). 5 2 1 12  61 175 119 152 123 44 18 4 

otal carcasses Total estimate 4': 9,947 
larked (MI): 5 4 2 20 85 277 194 249 199 76 47 12 

l~djusted estimate ": 8,782 

Surveys were conducted from 4 Octoher 2001 through 5 January 2002. 
' Includes salmon carcasses wluch wcre marked and marked carcasses that were recovered 

' Schaefei (1 95 I) estimate equabon N = Z( Rij x (MtlRi) x (CjRj) ) 

Total may not correspond to the actual slun of the weekly estrmates shown, due to spreadsheet roundmg 

Adjusted estmate reflects the rnod~fied Schaefer equation (Hoopaugh 1978). where marked carcasses (Mi) from the second mark~ng period on were subtracted from 
e total estimate (9,947 - 1.165 = 8,782) 

TABLE 15. Chinook salmon carcass mark-and-recovery data used to estimate the 2001 fall-run spawner population in 
I I the Merced River between Merced River Hatchery and Santa Fe Road near Cressey , 

Total 
marked 

Recovery carcasses carcasses Populatlor 

period (1). Number of marked carcasses recovered from markmg period (i): observed esllmatc 
1 2 3 4 5 6 7 8 9 1 0  (Rj) (Cj) *' ( N )  'I 

2 0 -- -- -- -- -- -- -* -- -- 0 2 2 

12 0 0 2 2 
Total recovered (Ri): 0 0 1 13 116 90 39 33 10 0 

Total carcasses Total estimate 41. 9,923 
narked (Mi) 0 2 4 48 241 238 88 81 38 4 

(~djusted estimate 51: $1 81 

I/ Surveys were conducted from 16 Octohcr 2001 through 4 January 2002. 

!/ lncludcs sahnon carcafiscs wh~ch were marked and marked carcasses that werc recovered. 

31 Schaefer ( 1  93 1 )  estimate equallow N = Z( Rij x (Mu%) x (CJRJ) ) . 
I/ Total may not correspond to the actual sum of the weekly estimates shown, due to spreadsheet rounding. 

Yl Adjusted eutnnate reflects the modified Schaefer equation (Hoopaugh 1978), where marked carcasses (MI) from ihc second marking period on were subtracted ti0111 rhc 
oral estmarc (9,923 - 742 = 9.181) 



- 34 - 

SUMMARY 

The total estimated 2001 Central Valley Chinook salmon spawner population was 672,583 fish, 
consisting of 637,810 fish in the Sacramento River system and 34,773 fish in the San Joaquin 
River system (Table 16). This total was 33% higher than the 507,149 salmon estimated in 2000. 

All of the late-fall, winter, and spring runs, and the majority of the fall run were in the 
Sacramento River system. In the Feather and American rivers of that system, record high fall 
runs occurred for a second year. The fall run in the San Joaquin tributaries continued to 
contribute only a small portion (5.2%) to the total Central Valley escapement. 

TABLE 16. Summary of the 2001 Sacramento-San Joaquin river system Chinook 
salmon spawner populations. 

Spawning area 
Sacramento River 

mainstem 
Sacramento River 

tributaries 
San Joaquin River 

tributaries I 
Totals: 22,603 8,224 16,809 624,947 1 672,583 

Late-fall Winter rm Spring run 
11 21 Fall run 

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

Total 
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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 95 1) equation, which was initially used in the 1976 
Central Valley spawner stock report (Hoopaugh 1978); 

where N = the estimated spawner population, 

Rij = carcasses marked in the ith marking period which were recovered in 
the jth recovery period, 

Mi = carcasses marked in the ith marking period, 

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

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

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

i 2Mi = 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 Boydstun (1 994): 

E = N1 + DI +D2 + ... Dj , where 

E = the estimated spawner population 

N1 = number of carcasses in the surveyed population in period 1, the first "week" 
of spawning and' dying, and 

D, = number of carcasses joining the population between period i and i+l , with j 
being the last survey period. 



LPPENDIX 2. 2001 Chinook salmon spawner population estimates for the Central Valley river system. 

Liver area 

Keswick Dam to Red Bluff 
Sacramento Rivcr mainstem 

L~vlngstone Stone National Fish Hatchery 
In-rwer a1 

(Toi.ds for tributary): 

Clear Creek 
Cottonwood (Beegum) Creek 

Battle Creek 
Coleman Nat~onnl Fish Hatchery 
In-river 

(Totals for tributary). 

Paynw Crcck 

Totals for area: 

Red Bluff to Princeton Ferry 
Sacramento River mainstem 
Antelope Creek 
Mill Creek 
Deer Creek 

Totals for area: 

3ip Chico Creek to American River 
Rig Chico Creek 
Butte Creek 

Fcathcr Rivcr 
Feather River Hatchcry ' 

In-river 
(Totals for tr~butary): 

Yuba River 

American River 
N~mbus Hatchery 
Ntmbus Basm 
In-river 

(Totals for tributary): 

Totals for area: 

Mokelumne River 
Mokelulnne River Hatchery -- .. 5,809 
In-river A- -- -- 2,305 

(Totals for tributary): (8,1 14) 

Stanivlauv River 
Tuolumne River 

Merced River 
-- Merced River Hatchery -- -A 1,663 

In-river -- -- -- 9,181 
(Totals for tributary). (10,844) 

Esumates based on carcass survey and redd count data. 
A n  estlmate of the run size was not made. 

Tr~butary was not surveyed for this run 






