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SUMMARY

in October 1992, the Central Valley Project Improvement Act (CVPIA) was signed into
law. One objective of the CVPIA is to restore the abundance of natural fish slocks in Central
Valley Rivers and streams. To achieve this objective, the CVPIA requires the development of
restoration actions that ensure sustainable, long-tenn populations of native anadromous fish
stocks. Section 3406(b)(16) of the CVPIA specifies the development of a monitoring and
assessment program to evaluate the effectiveness of implemented restoration actions. The
Comprehensive Assessment and Monitoring Program (CAMP) was established for this purpose.
The CAMP program recommends monitoring of both adult and juvenile fish populations. It was
recommended that adult monitoring include spawner returns (escapement) as well as in-river
recreational, ocean recreational and commercial harvest estimates.

In 1998, the California Department of Fish and Game (DFG) began the Central Valley
Salmon and Steelhead Harvest Monitoring Project to help enumerate the number of adult
Chinook salmon and steelhead resulting from natural production in Central Valley Rivers and
streams. The harvest monitoring project was initiated to delermine annual estimates of the total
in-river harvest. In addilion, this project will provide limited harvest data of other anadromous
and resident sport fish species.

In 200 I, the fourth year of the project, the Department conducted an angler survey on Ihe
Sacramento River and six major tributaries between January 1st and December 31'1, 2001. Due
to budget constraints, the Angler Survey Project focused on rivers that had significant angler
effort for salmon and steelhead. A total of21,597 anglers was surveyed who spent an estimated
1,604,546 angler hours sport fishing. Chinook salmon was the target of most anglers surveyed
with striped bass being the second most sought after species. Anglers fishing for salmon
expended an estimated 1,028,450 hours during the season. Striped bass fishermen expended an
estimated 199,866 hours. Angling hours for steelhead were estimated at 53,951 for the areas
surveyed.

Anglers fishing for Chinook salmon harvested an estimated 46,068 salmon for the season.
Striped bass anglers caught and estimated 5,757 striped-bass. Most steelhead anglers practice
catclrand release, die tOlal harvest for steelhead was 639. There were 6,163 steelhead released.
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INTRODUCTION

Native anadromous fish stocks in many Central Valley Rivers and streams have declined
to such a critical level that many stocks are currently listed or are candidates for listing under the
State or Federal Endangered Species acts. In an effort to restore the abundance of natural stocks,
those salmon and steelhead produced outside of fish hatcheries, the Central Valley Project
Improvement Act (CVPIA) was enacted in October, 1992. The CVPIA calls for the
development of restoration actions that ensure long-term sustainable populations of native
anadromous fish stocks. To evaluate the effectiveness of restoration actions, the Comprehensive
Assessment and Monitoring Program (CAMP) was developed under Section 3406(b)(16) of the
CVPIA.

To assist in the CAMP monitoring program, the California Department ofFish and Game
(DFG) developed the Central Valley Salmon and Steelhead Harvest Monitoring Project. The
DFG has used angler surveys in the past to monitor the harvest of anadromous fish within
Central Valley Rivers and streams. Unfortunately, no comprehensive or long-term (more than 5
years) surveys have been made on a consistent basis. This project is designed asa long-term
monitoring program to determine annual estimates of total in-river harvest of sport fish from the
Sacramento River and major tributaries. Also, the data will complement and enhance other
ongoing DFG harvest monitoring programs such as Department's adult striped bass, adult
sturgeon, and ocean salmon harvest. This project originated in April, 1998 and is into its fourth
year.

STUDY AREA

The study area consists of554 miles of the Sacramento River and major tributaries which
were divided into 20 sampling sections. The rivers comprising the study area are: Sacramento
River from Carquinez Bridge upstream to the Anderson-Cottonwood Irrigation District (ACID)
Dam in Redding (eight sections); Feather River from its confluence with the Sacramento River at
Verona upstream to the Oroville Project Fish Barrier Dam in Oroville (three sections); Yuba
River from the confluence with the Feather River near Marysville to one mile upstream of the
Highway 20 bridge crossing (two sections); American River from its confluence with the
Sacramento River at Discovery Park upstream to Nimbus Dam (three sections); San Joaquin
River from its confluence with the Sacramento River upstream to Mossdale Crossing near Tracy
(one section); South Fork Mokelumne River from its confluence with the San Joaquin River
upstream to Interstate 5 bridge crossing including the North Fork Mokelumne River (two
sections); Stanislaus River from McHenry Avenue bridge near Meyers upstream to Goodwin
Dam (one section) (Figure 1).
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Figure 1. Angler Sunrey Rivers
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PROCEDURES

Statistical Design

A stratified random sample design, based on the design used by the Sacramento River
System Sport Fish Inventory (Wixom et al. 1995), was used to estimate the in-river harvest
during the daytime sport fishery. While a night fishery exists in the Central Valley Rivers, no
effort was made by this survey to evaluate the harvest by night time sport anglers.

A total of twenty sections was sampled. Sixteen of these sample sections ranged in
length from 4 to 58 river miles. Two sample sections, that represented unique fisheries, were
approximately one river mile in length. Sampling schedules and data summaries were compiled
on a monthly basis. Months were arbitrarily chosen as sample periods.

All sample sections were surveyed eight randomly selected times each month - four
weekdays and four weekend days. Weekdays and weekend days were placed in separate strata
because more angling effort is commonly associated with weekend days,

Sample sections were sUfveyed by kayaks, drift boats Of power boats with the exception
of the Stanislaus River. Kayaks were used in shallow upstream reaches while power boats were
used in rivers where tides, wind, and waves demanded the use of more seaworthy boats. The
Stanislaus River was sampled by visiting designated access points between McHenry Avenue
Bridge and Goodwin Dam. Ifvehicle(s) are present at an access point, then the creel clerk tries
to locate tlte angler(s) by hiking along the stream bank until found. Sampling below McHenry
Avenue Bridge was not feasible because of the limited public access and difficulty in locating
anglers.

For each section surveyed, a random slart time and launch location were chosen. Start
times were classified as either early or late. An early start time was scheduled to begin 1;2 hour
after sunrise, while a late start time would vary depending on length of section and time of year.
Typically, a late start time was scheduled so that the survey would end at or near sunset. Launch
locations would either be at the upstream or downstream end of the sections to be surveyed. In
those sections where kayaks were used, the launch location was always at the upstream end of
the section.

All data collected were linked by river mile. Actual river miles were used for the
Sacramento River sections. Each tributary was given a unique number series to identify it from
other rivers in the database. The number series assigned to each tributary were as follows:
Feather River, 400 series; American River, 500 series; Yuba River, 600 series; San Joaquin
River, 700 series; Soulh Fork Mokelumne River, 800 series; North Fork Mokelumne River, 900
series; Slanjslaus River, 1000 series. River mile designations were marked in ascending order
from downstream to upstream.
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Data Collection

Three field data sets were required to calculate use and catch: hourly counts, angler
counts, and angler interviews. Hourly counts determined the ponion of the whole represented by
the sample day angler count. For this survey, hourly counts collected by Wixom (1995) were
used. Where hourly count data were unavailable, data sets were developed by using the hourly
counts of representative rivers.

On each sampling day, the procedure was to make a high speed pass to the end of the
section. This first pass was called the angler count. Data collected during the angler count
included: time of observation, location by river mile, number of boats, number of boat anglers,
and the number of shore anglers. At the end of the angler count, a second pass was made
traveling back through the section to conduct angler interviews. Prior to beginning the
interviews, the survey crew detemlined the feasibility of interviewing all anglers counted dUrin~

the angler count. Ifit was determined that this was not feasible, then they randomly chose an /II
angler to be interviewed. Once an Jth angler interval was chosen, that interval was maintained
through the entire section for that survey date. Data collected during each interview included:
location by river mile, fishing method, number of hours fished, number of anglers in group,
target species, zip code, whether the trip was completed, and the number of fish kept and
released by species.

Nine sport fish species found in the Central Valley rivers were considered "Target
Species." Those species were: Chinook salmon, steelhead, Rainbow trout, striped bass, sturgeon
(all species), American shad. catfish (all species), sunfish (all species), and black bass (all
species) (Table I). If anglers did not indicate they were fishing for one of the target species, the
code "ANY" was used.

The number of fish kept and releascd was recorded separately for each of the nine target
species. All other fish species caught were recorded separately by species in a column labeled
"Other" (Table 2).

A Icngth measurcment was used to differentiate bctween steelhead and rainbow trout.
All rainbow troul 18 inches or greater were considered to be steelhead. Rainbow lrout less lhan
18 inches were recorded as rainbow trout (McEwan, personal contact 1998)1.

Additional data were collected from five of the nine target species when kept by anglers.
The five species were: Chinook salmon, steelhead, rainbow trout, striped bass and sturgcon.
Each fish was measured to the nearest 0.5 centimeter fork length and inspected for any marks or
tags. A total length measurement was taken on sturgeon. All Chinook salmon and steelhead
caught were inspected for the presence of an adipose fin. A salmon missing an adipose fin
indicated the fish was of hatchery origin and likely contained a coded-wire tag (CWT) in its
head. The head was removed from adipose fin clipped fish and sent to the DFG Ocean Salmon
Project laboratory in Healdsburg for later analysis.

I D. McEwan, 1998, Senior Biologist, California Depanment ofFish and Game.
•••



Table I. Species symbols, common and scientific names oftarget species observed in the

(~
2001 Angler Survey, January I through December 31, 2001.

Target Species Common
Family Species Symbol Name Scientific Name

Salmonidae: Chinook KS King Salmon Oncorhynchus tshawytcha
Salmon
Steelhead SH Steelhead Trout Oncorhynchus mykiss
Rainbow Trout RT Rainbow Trout Oncorhynchus mykiss

Moronidae: Striped Bass SB Striped Bass Morone saxatilis

Acipenseridae: Sturgeon ST White Sturgeon Acipenser transmontanus

Clupeidae: American Shad AS American Shad Alosa sapidissima

Ictaluridae: Catfish CF Channel Catfish lctalurus punctatus
White Catfish Ameiurus catus
Brown Bullhead Ameiurus nebulosus
Black Bullhead Ameiurus melas

Centrarchidae: Sunfish SF Bluegill Lepomis macrochirus
Redear Sunfish Lepomis microlophus

~ Black Crappie Pomoxis nigromaculatus

Black Bass BB Largemouth Micropterus salmoides

Other: Any Species ANY The "ANY" designations was used for anglers
who indicated they were not fishing for a specific
species.
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Table 2. Non-target species symbols, common and scientific names ofspecies observed in
the 2001 Angler Survey, January I through December 31, 2001.

Common Species
Family Name Symbol Scientific Name

Salmonidae: Brown Trout BN Salmo trulta

Cyprinidae: Common Carp CP Cyprinus carpio
Splittail SPT Pogonichthys macrolepidotus
Squawfish SQ Ptychochei/us grandis

Catostomidae: Sacramento Sucker SKR Catostomus occidentalis

Pleuronectidae: Starry Flounder STR Platichthys stellatus
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Estimate Calculations

Sample day estimates for angler-hours were created by dividing the observed angler
count by the average hourly count within the respective hour interval. The mean of the sample
days within a stratum was expanded by the number of days available in the month to obtain the
total for the stratum. For each month and section, weekend and weekday strata were combined
for total estimated angler-hours as follows:

TOTALAHj = total angler-hours (the subscript i denotes the stratum containing a
particular combination ofsection and month).

ALLWDj and ALLWEi = number ofweekdays and weekend days, respectively available
in the month.

WDAVcr. and WEAVcr. = mean ofexpanded sample-day angler-hours for weekdays
and weekend days, respectively.

Hourly count data were not available for all rivers surveyed. For example, Feather River
hourly counts were used with Yuba River angler count data; Sacramento River counts were used
with San Joaquin River and Mokelumne River angler count data; and American River hourly
counts were used with Stanislaus River angler count data.

Angler hour estimates were scaled down to each species by multiplying the total angler­
hours by the observed percent distribution ofeffort for each target species:

TOTALAHSPij =TOTALAHi*FISHHRSij

TOTALAHSPij =estimated angler-hours (subscript i denotes the stratum containing a
particular combination of section and month, j denotes target species)

TOTALAHj = total angler-hours (the subscript i denotes the stratum containing a
particular combination ofsection and month).

FISHHRSij = the ratio of the sample total angler-hours for species "j" divided by the
sample total angler-hours for all species in section and month "i".

Catch per unit effort,(CPUE) was calculated from the sample total number offish caught
divided by the sample total hours fished for each target species within the selected month and
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section "i". It was assumed that the catch rate was the same for all days of the week. Separate
values were calculated for harvested and released fish. Therefore:

CPUEij =catch-per-unit-effort for harvested or released target species.

SUMFISHij = total observed number of fish harvested or released.

SUMHRSij = total observed angler-hours expended to catch and release a target species.

Catch is the product of the estimated angler-hours and CPUE for target species, section,
and month selected, where:

CATCHij = TOTALAHSPij*CPlJEij

CATCHij = Estimated catch for a harvested or released target species.

TOTALAHSPij =estimated angler-hours (subscript i denotes the stratum containing a
particular combination ofsection and month, j denotes target species)

CPUEij =catch-per-unit-effort for harvested or released target species.

FINDINGS

This is the fourth year of a multi-year project designed to estimate angler effort and
harvest. Angler surveys were conducted on the Sacramento, Feather, Yuba, American, San
Joaquin, Mokelumne, and Stanislaus rivers at various times between January 1 and December
3I, 200I. All rivers were not sampled for the entire year. These data represents estimates for the
various rivers only for the portion ofthe year that sampling occurred. Limited sampling was due
to budget reductions which did not allow all rivers to be sampled for the entire year or open
season. Hence, the project focused on rivers that had significant angler effort for salmon and
steelhead which was based on past survey results (Murphy et aI., 1998, 1999, and 2000). A total
of 21,597 anglers was interviewed, and these data form the basis for the angling effort and
harvest estimates. Sport anglers spent an estimated 1,604,546 angler-hours fishing in the Central
Valley Rivers surveyed. Chinook salmon was the species targeted by most anglers followed by
striped bass.
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The salmon season opened July 15,2001 011 the Sacramento River and closed January 13,
2002. Steady angling continued through the season with the peak in angling effon occurring in
September and October. In 2001, anglers spent an estimated total of 1,003,818 hours fishing for
Chinook salmon in the Sacramento River. Anglers harvested an estimated 45,063 salmon for
their efforts. Striped bass was the second most targeted species. Striped bass and steelhead were
also encountered during this time. In 2001, an estimated total of 105,860 hours was spent
targeting striped bass with an estimated total of 2,836 striped bass harvested during the sample
period. Hours spent fishing for steel head was estimated at 3,369. Most anglers practice catch
and release, thus many steel head are not counted in the harvest estimates. An estimated total of
89 steelhead were retained with 681 estimated released.

Angler surveys for the American River were conducted during January 2001 and from
March I through June 30,2001. During the sampling period steelhead was the primary target of
most anglers followed by striped bass and then Chinook salmon. A total of38, 128 hours, 20,648
hours, and 5,667 hours were expended in pursuit of steelhead, striped bass and Chinook salmon,
respectively. Anglers harvested an estimated 479 steelhead (3,120 released), 432 striped bass
(1,369 released), and 304 Chinook salmon (247 released) during the sampling period.

The Feather River was surveyed in January 2001 and then again from March I, through
June 30, 2001. Water levels on the Feather River were very low throughout the year resulting in
decreased angler effort and harvest. The greatest angling effort was for striped bass with
significantly less etlort for Chinook salmon and steelhead, during the sampling period. An
estimated total of60,206 angler hours was spent fishing for striped bass with 18,965 and 12,087
angler hours spent fishing for Chinook salmon and steelhead, respectively. Harvest estimates for
striped bass, Chinook salmon and steelhead was 1,993 (1,865 released), 700 (114 released), and
70 (2,296 released) fish, respectively.

The Yuba, San Joaquin, Stanislaus and Mokelumne rivers were not sampled for most of
the 2001 season due to inadequate funding. The project only surveyed in January for the rivers
mentioned above.
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APPENDIX A

Description ofthe River Sections Surveyed
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River Miles Section Distance
Number Description (Miles)

Sacramento RiverlDelta

-22 to 12 1.0 Carquinez Bridge to Rio Vista Bridge 35

13 to 59 2.0 Rio Vista Bridge to mouth ofAmerican River 48

60 to 89 3.0 American River to Knights Landing (Hwy. 113 Bridge) 29

90 to 143 4.0 Knights Landing to Colusa (River Rd. Bridge) 54

144 to 199 5.0 Colusa to Hamilton City (Hwy. 32 Bridge) 56

200 to 242 6.0 Hamilton City to Red BluffDiversion Dam 43

243 to 280 7.0 Red BluffDiversion Dam to Deschutes Road Bridge 38

281 to 298 8.0 Deschutes Road Bridge to ACID Dam at Redding 18

American River

500 to 504 9.0 Discovery Park to Interstate 80 Bridge 4

505 to 522 10.0 Interstate 80 Bridge to Hazel Avenue Bridge 18

523 10.1 Hazel Avenue Bridge to Nimbus Dam 1

Feather River

400 to 438 11.0 Verona to Sunset Pumps 39

439 to 458 Sunset Pumps to Feather River Fish Hatchery
460 to 467 12.0 (excluding Thermalito River outlet) 28

459 12.1 Thermalito River Outlet (only) 1

Yuba River

600 to 612 13.0 Marysville to Daguerre Point Dam 13

613 to 622 14.0 Daguerre Point to I mile upstream Hwy. 20 Bridge 8

San Joaquin RiverlDelta

700 to 757 15.0 Mossdale Crossing to the confluence with the Sacramento River 58

Mokelumne River

800 to 822 16.0 South Fork. from mouth to Interstate 5 Bridge Crossing 23

900 to 910 North Fork· from mouth to confluence with South Fork at New Hope
17.0 Landing 11

Stanislaus River

1029 to 1058 18.0 Stanislaus River from McHenry Avenue to Goodwin Dam 29

·12 -



.'

"
0Q
)

- Q
.

em(/'J

rn~t:lc....0l-.
Q

)

~
-e

~
i

L
'

ffi
]

I

l"'I
....

~
rn

I

~
l-.

='0::z::Il-.
Q

)

-~"
0Q
)

1iie'';::rn~



$
.

o
·

.,
r"•1·1M

t+f+t1H
+H

.

I
1oI--H

+-H
+H

+H
r~~

~

rf.;\-~+
H

+
H

+
H

-H
g

!I
,1'*1.1-t-Hi~1+t+1+i5

~•.Io.I-H
-++'.oI+H

-l-H
.

I-I
3

~

..IoHHH-H+t++-H.
1

.Iol-+
-f+

+
f+

+
f+

-H
.

j'

!.LL.1+t+1+t+1+i.
r'o,-
rr.t-.I-H+I-H+HH.
!I,I-H

.+++-H.-ttt-H
,

~
.101-.-H+1oI-.-H

+I+I..

I:l.H.kkf"l-l.+++-H:

;•

..........

•

,1o.-H••r..,\,1o.-H++-f+1.

1,r.-.Ho.r.-.r.-.r.-.f+1f+-HH.

I ·
·
'
.
·
~
·

.....,
~<

1of+'.IoI•.J,.H++-ft-j.·
l

.

s1.
Ii

1ol-+
-t-t+

t.#W
,l.,

'·~i;\-j,i~,~,+'.;l-H+-HH"
l

..
.....

~

1=3

I ,+..;l-r.,.f.;*'+".:".++-f+-H
,

. :.1
.."..

?
s
s
!
~

;
~..

~
,
:

:

.1 ~~
.t.•.l-r..d.lIo.t..,f-H+-HH.

l!!
lll:l!

-
!

._
..
~

~

~
•.Iol-+

t-t-i+
.\;
••t.4i_.

:
~
~
:f!I:~E

.
.

•
kI+H+t..oIo.t..~•.J..t..",

..........
,

..............
:;;

.............
~

••., ....!••
kI+H+t..oIo.t..~•.r..cIoI•

'.,".+H+-Hf++f+-1~
.f.;\-.+

H
+

H
+

H
-H

.



4(' r

APPENDIXC

Estimated Harvest, Released and Angler-Hours by Target Species
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