
~DRAFT           FEBRUARY 1994

San-Francisco Bay/Sacramento-San
.... Joaquin Delta Estuary

Interim South: Delta Program

TREND .ANALYSIS FOR EXISTING
BIOLOGICAL CONDITIONS IN TI-t~

BAY/DELTA :ESTUARY

.... - ~:February 1994

of Water Resources ¯

C--057427
C-057427



DRAFT

San Francisco Bay/Sacramento-San
Joaquin Delta Estuary

Interim South Delta Program

TREND ANALYSIS FOR EXISTING
BIOLOGICAL CONDITIONS IN THE

BAY/DELTA ESTUARY

February 1994

California Department of Water Resources

C--057428
G-05742~



with major contributions from the following reports (continued)

Testimony for the State Water Resources Control Board
hearings on water rights ..............................................Va.rious Agencies

Reports to the Bay-Delta Oversight Council ..............................Various Agencies
The Delta - An overview of the Delta prepared for

California Urban Water Agencies ............................William. J.(BJ) Miller
Wetlands of the California Central Valley:.

Status and Trends ....... ~., ............................. U.S. Fish and Wildlife Service
Planning Aid Report for the Sacramento-San Joaquin

Delta Investigation, California ..................... U.S. Fish and Wildlife Service
1992 Annual Report on the Status of California’s State Listed Threatened

and Endangered Plants and .Animals ..... ~...California Dept. Fish and Game
Phase I.Report on Sensitive Species for the Interim

South Delta Program ........................................ Miriam Green Associates
California’s Wild Heritage: Threatened and Endangered

Animals in .the Golden State .............................................Peter Steinhart

iii

C--057429
C-057429



TABLE OF CONTENTS

Pa e

Table of Contents .......................................¯ ....................~ .........: ..........~ ........iv

List of Tables .......................................~ .....................................................vii

List of Figures ...................................................................: ........................ix

Introduction .................................................................................................

EnvironmEntal Categories ..................................

Factors That Affect the Environment. .............................................................8

Historic Trend Analysis ....................: ...............~ ..........................................14

Trends in Species Populations and Habitats ..............

Primary Producers .............................................................................16

Phytoplankton ............................................................ .....1
Zoopla~ikton ..........................~ ....................................................23

Inve~ebrates...~ .......................................................................: ..........30

Oysters and Clams ............................................................... .....30
Crab ...................................................~ .....................................32
Shrimp .....................................................................................33
Crayfish ...................................................................................33

Fish ...................................................................................................34

Striped Bass ..............................................................................48
Salmon and Steelhead ................................................................75
American Shad .........................................................................92
Sturgeon ..........................................................¯ .........................97
Resident Delta, Fishes ...............................................................103

Native Fishes ..................~ ...............................................104
Introduced Fishes ........................................~ ..................111

Marine Species ........................................................................120
Seasonal Marine Species .................................................. 120
Resident Marine Species.~ .................................. ~ .............134

Introduced Fish Species ............................................................ 140

C--057430
(3-057430



Birds.......................................: ........: ....................~ .........................146

Waterfowl ...............................................................................147
Swans .........................................~ ..................................153
Geese..; .......................................................................:..154
Dabbling Ducks ...............................................................156
Diving Ducks ....................o. .............................................161

Loons and Grebes .....................................................................164
Loons .............................................................................164
Grebes ..............: ..............., ............................................165

Pelicans, Colonial Waterbirds, and Seabirds ...............................169
Pelicans .........................................................................169
Colonial Waterbirds and Seabirds .....................................172

Shorebirds ....... ..................................................................~ .....186

Rails and Cranes ......................................: .... ..........................196

Raptors ...................................................................................197
Eagles, Hawks, and Falcons ...........................................:.200

". Owls ...............................................................................204

Other Birds ...................................................................: .........206

Mammals, Amphibians, and Reptiles ..................................................209

Mammals ...............................................................................214

Marsupials ....... ..............................................................214
Insectivores ....................................................................214
Bats ..................................................: ............................215
Rabbits and Hares ...........................................................217
Rodents .............¯ .............................................................218
Cetaceans ......................................................................221
Carnivores ............................: ........................................221
Pinnipeds ......................................................................230
Ungulates (Hoofed mammals) ..........................................231

Amphibians and Reptiles ...................................................................234

Aquatic and Terrestrial Habitats ......................: .................................238

¯Aquatic (Open Water and Wetland) Habitats: ..............................243

C--057431
C-057431



Open Water ...............’ ...................... 243
Intertidal Mudflat and Rocky Shore ..................................244
Tidal Salt, Brackish, and Freshwater Marsh .....................251
Seasonal Wetlands .......................................................:..263
Riparian Woodland ......................................................,.274
Salt Ponds ......................................................................278
Lakes and Ponds ......................., .....................................282

Terrestrial (Upland) Habitats ....................................................285

Grassland .........: ....~ ................: ...............~ .......................289
Coastal Scrub ........................................................, ........292
Mixed Chaparral .............: ......................: ......................294
Oak Woodland ................................................................295
Broad-Leaved Evergreen Forest ........................................298
Agricultural Land ..........................................................301
Urban .............." ......................................... 303

Special Status Species ...............: ........................................................305~

Plants ..............................................................~ .......................318

Animals ........... ...................................................... 319

Birds .............................................................................320
Mammals ............. ................................................: ........348
Amphibians and Reptiles .................................................363
Fish ...............................................................................375
Invertebrates ..................................................................389

"Literature Cited .................. 394

Appendix A .............: .........................: ............... .......................................Aol

vi

C--057432
(3-057432



LIST OF TABLES

1. Organic Sources for San Francisco Bay and its Major Embayments .......~ ......17
2. Summaries of Changes in Suisun Bay/Delta.Zooplanktion Anomalies,

Results of Regression Analysis of Annual Mean Anomalies .........................24
3. Abundance Data for the Five Most Abundant Species in the Delta

Catch of the Fall Midwater Trawl Survey from 1967-73, 1975-78, 1980-88 ..........43
4. Average Monthly and Annual Salvage of Fish Other Than

Striped Bass, Chinook Salmon, and Steelhead Rainbow
Trout at the John E. Skinner Fish Protective Facility (1980-1991) ....................44

5. Summary of Species Specific Differences in Catch-Per-Unit-Effort
(CPUE) Between Wet (high outflow) and Dry (low outflow) Years
During the Interagency Ecological Studies Program’s San

Francisco Bay Study Sampling Program ....................................................47
6. Sacramento River Natural and Hatchery Adult Fall Chinook

Escapements in Thousands of Fish for 1991 ...............................................81
7. Estimated Losses of Chinook Salmon at Banks Pumping Plant,

Mitigation Obligation, and Replacement, 198601991 ....................................88
8. Estimated Losses of Steelhead Trout at Banks Pumping Plant,

Mitigation Obligation, and Replacement, 198601991 .................................~..88
9. American Shad Salvage Numbers at the SWP and

CVP Fish Facilities. from 1968-1991 ...........................................................97
10. Resident Fish Species of the Sacramento-San Joaquin Delta ......................104
11. Estimated Spawning Biomass of Pacific Herring in San Francisco Bay .......125
12. Introduced (Exotic).Species of Plants and Animals in the

Sacramento-San Joaquin Delta ..............................................................142
13. Waterfowl Species Occurring in the San Francisco Estuary .......................149
14. Population Trends for Waterfowl in the San Francisco

Estuary, California, and the Pacific Flyway as Measured
by the USFWS Midwinter Waterfowl Survey..: ..........................................153

15. Estimates of Numbers of.Nesting Colonial Waterbirds and
Seabirds in the San Francisco Estuary for the 1990 Breeding Season ...........173

16. Primary (P) and Secondary (S) Foraging Habitats
for Regularly Occurring Shorebirds in the San

Francisco-San Pablo-Suisun Bay System .................................................189
17. Primary (P) and Second .ary (S) Foraging Habitats for Regularly

Occurring Shorebirds in the Sacramento-San Joaquin Delta ......................190
18. Numbers of Shorebirds in the San Francisco-San Pablo Bay System ...........192
19. Relative Abundance of Species of Shorebirds Which Occur

Annually in the Sacramento-San Joaquin Delta .......................................195
20. Raptor Species Known to Occur in the Bay-Delta Estuary ..........................199,
21. Average Annual Harvest of Furbearers from Ten Estuary

Counties, as Reported by Licensed Trappers During the 1978-88 Season ......225

vii

C--057433
C-057433



LISt OF TABLF_  (Continued)

22. Wildlife Habitats and Their Approximate Areas (Acres) in
the San Francisco Estuary Study Area .................................................... 241

23. Potential Consumers in the Estuarine Intertidal Mudflat
Food Web of the Bay-Delta Estuary ............................ ~ ............................. 252

24. Tidal Wetlands Trends (Acres) in the Estuary .............................. : ..........252
25. Characteristic Plants of the Tidal Salt, Brackish, and

Freshwater Marsh Habitat Types ........................................................... 257
26. Characteristic Wildlife of the Tidal Salt, Brackish, and

Freshwater Marsh Habitat Type ............................... ." ........................"- ....262
27. Characteristic Plants of Seasonal Wetland Habitats .................................. 264
28. Characteristic Wildlife of the Seasonal Wetland Habitat Type .................... 2.70
29. Characteristic Wildlife of the Riparian Woodland Habitat Type .................. 277
30. Seasonal Use of Salt Ponds by Common Bird Species ................................. 280
31. Characteristic Wildlife of the Grassland Habitat Type ................. , .............291
32. Characteristic Wildlife of the Coasthl Scrub Habitat Type .......................... 293
33. Characteristic Wildlife of the Mixed Chaparral Habitat Type ..................... 295
34. Characteristic Plants of the Oak Woodland Habitat Type ..................... : .....297
35. Characteristic Wildlife of the Oak Woodland Habitat Type.., ...................... 2~7
36. Characteristic Plants of the Three Vegetative Cover Types

Within the Broad-Leaved Evergreen Forest Habitat Type .................... :. .....299
37. Characteristic Wildlife of the Broad-Leaved Evergreen

Forest Habitat Type .............................. :.: .............................~ ................300
38. Characteristic Wildlife of the Agricultural Land Habitat Type ................. :.302.
39. Characteristic Wildlife of the Urban Habitat Type .................. ; ..................304
40. Special Status, Extirpated, and Extinct Wildlife of the Bay-Delta Estuary .....307
41. Special Status Plants of the Bay-Delta Estuary ......................., ..................314

viii

C--057434
C-057434



LIST OF FIGURES

1. Chlorophyll a concentrations in San Pablo Bay at site D41,
near Pinole Point ................... ~ ................................................................ 21

2. Chlorophyll a concentrations in Suisun Bay at site D7,
Grizzly Bay at Dolphin near Suisun Slough ....................... ~.:.::..:. ........ .......21

3. Chlorophyll a concentrations in the Western Delta at site D15,
San Joaquin Ri~er at Jersey Point .................................................~ ..........22

4. Chlorophyll a concentrations in the Central Delta at site D28A,
Old River opposite Rancho Del Rio ....... ~ .................................................... 22

5. "Chlorophyll a concentrations in the Southern Delta at site C7,
San Joaquin River at Mossdale Bridge ......................................................22

6. Mean densities from March to November of rotifers in 100,000m:3
all species combined, in Suisun Bay (solid line) and the Delta (dashed line)...23

7. Mean densities of the three most abundant species of cladocerans
in the Sacramento River .........................................................................25

8. Mean densities of the three most abundant species of cladocerans
in the San Joaquin River .............................. . ...... . ...................... ; ............ 25

9. Mean densities of the three mdst abundant species of cladocerans
in Suisun Bay ...... : ................................................ ~ ........................... :~...25

10. Mean March to November abundance of Eurytemora,
SinocaIanus, and Pseudodiaptomus from 1972 to 1990 .....: ...........................27

11. Comparison of densities of native and introduced copepods in
three areas: Sacramento River, San Joaquin River~ and Suisun Bay .....:. .....28

12. M~an March-November Neomysis abundance fro western
Suisun Bay to Rio Vista on the Sacramento River and to the

mouth of Old River on the San Joaquin River, 1969-1985 .............................. 29.
13. Biomass of Potamocorbula and other Molluscs in Gn.’zzly Ba~, 1986-1988 ...... 31
14. Comparison of landings of Dungeness Crabs in San

Francisco Bay to ocean temperatures four years previously,
when the crabs would be planktonic larvae ............................................... 32

15. Quarterly abundance indices for the five major species
of shrimp in the Bay, 1980-1991 ................................................................. 36

16. Reverse flow in the Sacramento-San Joaquin Delta .................................... 38
17. Catch of the six most abundant species during September

by the fall midwater trawl survey 1967-1988 ............................................... 43
18. Ten most frequently captured species in each embayment 1980-1988 ............. 46
19. Striped bass summer townet index, 1959-1990 ............................................ 51
20. Fall total mid-water trawl striped bass index, 1969-1987 .............................. 52
21. Total number of adult striped bass 1969-1991 as estimated

by the Peterson mark-recapture method .................................................... 53
22. Observed and predicted indices of striped bass

abundance at" 1.5 meters, 1959-1984 .............. ~ ............................................54

ix

C--057435
(3-057435



L̄ISTOF FIGURF_~ (Continued)

23. Estimates of total annual mortality rates for striped bass ~n
.the Sacramento-San Joaquin Estuary from 1969-1984 ......, ...........................60

24. Estimates of fishing and natural mortality rotes for striped " ~
bass in the Sacramento-San Joaquin Estuary from 1969-1984 .......................60

25. Schematic diagram of the John E. Skinner Fish Protective Facility ..............67
26. Striped bass salvage at the Delta intake to the SWP, 1968-1989 ......................69.
27. Estimated striped bass losses due to SWP pumping 1980-1987 .......: ..............69
28. Striped bass salvageat the south Delta intake to the CVP 1968-1989 ...............70
29. Townet index vs. subsequent number of 4-year-old adult striped bass ...........74
.30. General migration patterns for Chinook salmon and

steelhead trout in the Sacramento-San Joaquin Estuary .............................78
31. Chinook salmon salvage at the Delta intake to the SWP, 1976-1990 ...............87
32. Chinook salmon salvage at the Delta intake to the CVP, 1976-1990 ...............87
33. Catch of American shad in September trawls of the CDFG

Fall Midwater Trawl Survey.. .................................................................96
34. Abundance and exploitation rate of legal size

(>40 inches total length) white sturgeon in the Estuary ...............................99
35. Comparisons of white sturgeon year class index, based on ~

trawl catches in the Estuary, versus mean daily Delta
outflow April-July, 1968-1-987.~ ...................................................... : .........102

36. Comparisons of white sturgeon year class index, based on
SWP salvage at Skinner Fish Facility, versus mean daily Delta

butflow April-May, 1968-1987 .................................................................. 102
37. Mean catch per month of northern anchovies in

midwater nets of the Bay Study 1980-1988 ........................ : ......~ .................123
38. Abundance of three age classes of white croaker from otter

trawls of the Bay Study .......................................................................... 127
39. Distribution and abundance of English sole and

starry flounder in the otter trawls of the Bay Study .................................... 130
40. Catch of English sole from 1980-1988 ....................................................... 131
41. Abundance indices for y0ung-of-year and one year old starry

flounder based on Bay Study otter trawl sampling from 1980-1991 ...............131
42. Starry flounder catch and fishing effort in San Pablo Bay

from 1964-1990 based on commercial catch data ........................................133
43. Catch of shiner perch from 1980-1988 in otter trawls of the

Bay Study, in each of the lower embayments ................: ...........................136
44. Catch of Bay goby from 1980-1988 in otter trawls of the

Bay Study, in Central and South bays ....................." ...........................: .....138
45. Catch of Pacific staghom sculpin from 1980.1988 in

otter trawls of the Bay Study ...................................................................139

x

C--057436
(3-057436



LIST OF FIGURF~ (Continued)

46. Average relative composition of waterfowl species in the San Francisco
Estuary from 1981-1990, including San Francisco and San Pablo bays,

Suisun Marsh, and the Sacramento-San Joaquin Delta ........... , ................. 152
47. Population indices for total northern pintails and northern shovelers in

California, as measured by the midwinter waterfowl survey, 1955-1990 .......158
48. Population indices for total canvasback, scaup, and scoter in

California, asmeasured by th.e midwinter.waterfowl survey, 1955-~990 .......162
49. Eared grebes: Results of monthly aerial surveys

of South San Francisco Bay salt ponds .....................................................168.
50. Western grebes: Results of monthly aerial surveys of

South San Francisco Bay open water and salt ponds ................, ................168
51. American white pelicans: Results of monthly aerial

surveys of South San Francisco Bay salt ponds .........................................171
52. Individual nesting egrets and herons in South San Francisco Bay .............177
53. Western and glaucous-winged gulls counted during monthly

visits otthe Richmond, Berkeley, Alameda, and San Leandro Dumps ........180
54. Total numbers of individual California gulls observed

nesting in .South San Francisco Bay salt ponds ........................................;182
55. Numbers of Forster’s terns counted in nesting colonies in

South.San Francisco Bay salt ponds; no survey in 1983 ..............................184
56. Numbers of Caspian’s terns counted in nesting colonies in

South San Francisco Bay salt ponds; .......................................................184
57. Wetland Losses in the Central Valley .........~ ................: ...........................240
58. Comparison of habitat losses and population

growth in California after 1850 ...........................: ...................................240

xi

C--057437
C-057437


