
STATUS AND TRENDS REPORT 

on 

WILDLIFE 

OF THE 

SAN FRANCISCO ESTUARY 

Prepared by the 

United States Department of Interior 
Fish and Wildlife Service 

Sacramento Fish and Wildlife Enhancement Field Office 
2800 Cottage Way, Room E-1803 

Sacramento, California 95825-1 846 

January 1992 

Jan ~ r a n c s c o  Estuary ~ r o $ c t  

Prepared under EPA Cooperative Agreement 
CE-009519-01-0 by the 

U.S. Fish and Wildlife Service 



,.'&' - - ;> -, -. ,. " 
.:, ; A f'E 'v%lA I t i 5  rl  :-.~;IURCF: 

(yb4!y?:-. ,1 -.,- I ,  -' . . ,  .'.. 1-12 l:U 

1995 WAR - 2 PR 12: 1 3 
CltY. OF kr'A i fR 8IGHTS 

SACR.~?!Q~ENTO 



"Andy Burnett reached California in the autumn of 1832 ...Andy had never 
seen so many waterfowl; had never imagined there could be so many, 
anywhere. They covered the surface of the small lakes so thickly 
that ....Andy could discern but a gleam of water here and there. On a 
sudden impulse he extended the long rifle and fired it into the air. A 
blank instant silence followed .... broken a half second later by the 
crash as of a mighty waterfall as the birds took wing. It seemed as if 
the dark earth were lifting to expose the hidden silver of the lake. 
The air was full of hurtling bodies. The very sky was darkened. And 
another great roar, and a third, like successive peals of thunder, 
rolled across to the man's astonishment; and then a smooth high silence 
made up of the thin whistlings of thousands upon thousands of wings." 

Uhite, S.E. 1947. The saga of Andy Burnett, with an introduction by Joseph 
Henry Jackson. Doubleday and Co., Garden City, N.Y. 

"On Mare Island I often saw in the year from 1840 to '43 as many as two 
or three thousand elk, it being their habit to cross and recross by 
swimming between the island and the mainland, and I remember one 
occasion, when on the schooner Isabella, of sailing through a band of 
these elk, probably not less than a thousand, which were then crossing 
from Mare Island to the mainland. It was a grand and exciting scene." 

Davis, U.H. 1929. Seventy-five years in  California. Howell Books, Sen 
Francisco. (in Vincent 1990). 

"In 1833 - Benicia was visited and has been thus described. It was 
nothing more than a wide and extended lawn, exuberant in wild oats and 
'a place for wild beasts to lie down in' - the deer, antelope and noble 
elk held quiet and undisturbed possession of all that wide domain, from 
San Pablo Bay to Sutter's Fort ... The above named animals were numerous 
beyond all parallel - In herds of many hundreds, they might be met, so 
tame that they would hardly move to open the way for the traveller to 
pass - They were seen lying, grazing, in immense herds, on the sunny 
side of every hill, and their young, like lambs were frolicking in all 
directions - The wild geese, and every species of waterfowl darkened the 
surface of every bay, and firth, and upon the land, in flocks of 
millions, they wandered in quest of insects, and cropping the wild oats 
which grew there in richest abundance - When disturbed, they arose to 
fly, the sound of their wings was like that of distant thunder - The 
Rivers were literally crowded with salmon, which ... no one disturbed - 
It was literally a land of plenty, and such a climate as no other land 
can boast of " . . . 

Chronicles of George C. Yount, recorded by Rev. Orange Clark. Calif. 1923. 
Historical Soc. Quarterly 2(1):52. 
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STATUS AND TRENDS REPORT ON WILDLIFE 
OF THE SAN FRANCISCO ESTUARY 

E X E ~ S U M M A R Y  

Beginning in the early nineteenth century, numerous human-related 
activities resulted in the irretrievable loss and alteration of the abundant 
wildlife and diverse natural habitats which existed in the San Francisco 
Estuary. Today, the Estuary still supports a variety of both natural and man- 
made habitats as well as major populations of resident and migratory wildlife, 
comprising a valuable resource for protection and enhancement. 

From a human perspective, the importance of wildlife includes their 
recreational, commercial, ecological, scientific, educational, and aesthetic 
values. Within the Estuary, recreational values consist of both consumptive 
uses, such as the hunting of waterfowl and other game, and non-consumptive 
uses such as wildlife observation. The commercial importance of wildlife is 
best shown by the harvest and sale of furbearers and some amphibians and 
reptiles. Ecological functions of wildlife populations are demonstrated by 
their roles both as biological indicators and in controlling populations of 
undesirable species such as agricultural pests. Opportunities which wildlife 
provide for scientific research in the region and for environmental education 
programs act to increase knowledge and public awareness of the value and need 
to preserve these resources. Finally, wildlife are important solely for the 
enrichment they provide our lives and for their own inherent value as a 
significant component of the genetic diversity of nature. 

Wildlife Communities and their Habitats 

Within the Estuary, a total of seven wetland and deepwater and seven 
upland habitats were described in this report. Habitat and community 
distinctions were determined by applying accepted habitat classification 
systems and by considering similarities in the characteristic plants and 
wildlife use of each habitat. Wildlife communities most directly associated 
with the Estuary received the greatest emphasis in this discussion. 

The wetland and deepwater habitats include: (1) open water, (2) 
intertidal mudflat and rocky shores, (3) tidal salt, brackish, and freshwater 
marshes, (4) seasonal wetlands, (5) riparian woodland, (6) salt ponds, and (7) 
lakes and ponds. Seasonal wetlands also consist of farmed wetlands, salt and 
brackish diked marsh, vernal pools, and abandoned salt ponds. These habitat 
groupings were based on the U.S. Fish and Wildlife Service classification 
system. Farmed wetlands and open water are the most abundant wetland habitats 
in the Estuary. 

Upland habitats discussed include: (1) grassland, (2) coastal scrub, (3) 
mixed chaparral, (4) oak woodland, (5) broad-leaved evergreen, (6) agriculture, 
and (7) urban. The most common upland habitats types are urban, broad-leaved 
evergreen, oak woodland, and grassland. 
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Historic Wildlife Populations 

When Spanish explorers first arrived in the Region, the 4,600 square 
mile San Francisco Estuary contained a diverse array of marine, estuarine, 
freshwater, and upland habitats, supporting an abundance of birds, mammals, 
reptiles, and amphibians. Large populations of waterfowl, fur-bearers such as 
sea otter and beaver, and several big game mammals supported commercial 
harvest during the last half of the nineteenth century. Beginning in the mid- 
nineteenth century, overharvest, habitat loss, human disturbance, and 
pollutants brought about dramatic population declines and extirpations of many 
furbearing and big game mammals, migratory waterfowl and other waterbirds, and 
raptors. Habitats most severely impacted during the next 70 years, primarily 
by agricultural conversion, were the tidal freshwater marshes and riparian 
forests of the Delta, and the tidal salt and brackish marshes of San 
Francisco, San Pablo, and Suisun bays. 

Following the turn of the century, destruction or conversion of habitats 
both within and outside the Estuary began to accelerate. Expanding 
agriculture and, ultimately, urban development enveloped permanent and 
seasonal wetlands, riparian forest, vernal pools, native grasslands, coastal 
scrub, and oak savannah of the Estuary and the entire State (Figure EXE-1). 
Other causes of past and ongoing declines in wildlife populations included 
overharvesting, competition with the livestock industry, expansion of natural 
or introduced competitors, use of organochlorines, and human disturbance. 

Current Trends in Wildlife Populations 

Today, habitat fragments remaining within the Estuary continue to 
steadily deteriorate under an increasing array of negative human effects. 
Urban encroachment and intensifying agriculture continue to destroy and 
fragment permanent and seasonal freshwater wetlands, riparian woodlands, 
vernal pools, grasslands, and oak woodlands of the Estuary. 

Declines in habitat quantity and quality are most apparent when 
considering the tidal salt and brackish marsh habitats of San Francisco, San 
Pablo, and Suisun bays. Loss of tidal marshlands to filling or conversion to 
agriculture or saltponds has contributed to major depletions of Estuary 
wildlife. The continued survival of the unique community of birds and mammals 
dependent on these remnant marshes is clearly uncertain. Current threats to 
these marsh inhabitants, including continued habitat degradation as discussed 
in Chapters 4 and 5, portray a wildlife community under siege. For example, 
the California clapper rail is nearly extirpated from many of the few 
remaining tidal marshes within its range by predation by the introduced red 
fox. Moreover, the many years required for newly-restored tidal marshes to 
support rails, inconsistent success in designing and implementing such 
projects, and a shortage of available restoration sites, make extinction of 
the California clapper rail a real possibility. 

Primarily as a result of habitat loss, at least seven insects, one 
reptile, three birds, and five mammals have been completely extirpated from 
the Estuary. A total of 90 taxa of insects, amphibians, reptiles, birds, and 
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Figure EXE-1. Comparison of Habitat Losses and Population Growth in 
California Since 1850 (From Jones and Stokes Associates 1987). 

mammals within the Estuary, are currently designated by Federal and State 
governments as having sufficiently declined in numbers to deserve special 
protection or monitoring (Appendix B). Included in this total are about 15 
percent and 16 percent of all the bird and mammal species, respectively, 
occurring within the study area. Of these 90 taxa, 61 (68 percent) have been 
depleted through loss of wetland and riparian habitats. Seven species of 
insects unique to the study area are classified as extinct. Thirty-six 
special status taxa were identified in this report as declining at the 
greatest rate within the Estuary study area (Table 7-1). 

Throughout California, all bird species are generally at lower 
population levels than existed historically. However, within the Estuary, use 
by some waterbirds may have increased in response to creation of artificial 
habitats and feeding opportunities, such as in salt evaporation ponds. 

Within the Estuary, San Francisco and San Pablo bays remain major 
coastal wintering and migrational areas for a variety of Pacific Flyway ducks 
such as scaup, scoter, canvasback, ruddy duck, and northern shoveler. Suisun 
Marsh and the Sacramento-San Joaquin Delta continue to provide valuable 
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habitat for significant numbers of dabbling ducks, geese, tundra swan, and 
cranes. Total numbers of ducks within the Estuary during the period 1969- 
1990, have ranged from as high as 1.3 million in 1977 to about 109,000 in 
1982; with a mean population during 1981-1990 of 390,532. During the previous 
10 years of monitoring, nearly 60 percent of the total diving ducks observed 
in California have been recorded within the Estuary. Except for some recent 
signs of recovery, statewide waterfowl populations for many species of 
dabbling ducks and geese generally remain at all-time low levels, since 
monitoring began in the 1950s. This has been attributed primarily to the 
combined effects of drought, habitat loss, and predation both on their 
wintering and nesting grounds. The degree to which these populations will 
recover is uncertain and hinges on the extent of habitat recovery in the 
Canadian Prairies and California and on long-term weather trends. 
Contaminants, in the form of trace elements, also occur in Bay diving ducks at 
levels known to impair reproduction in waterfowl. 

Even though the San Francisco Estuary has long been cited as and 
continues to be a major wintering and migrational site for shorebirds, 
comprehensive population monitoring has only occurred during the last four 
years. These efforts indicate that more shorebirds are found in the Estuary 
during migration than in any other wetland in California; up to 1 million in 
spring and 375,000 in autumn. Counts during 1988-1990, revealed the most 
abundant species to include western and least sandpipers, dunlin, dowitchers, 
marbled godwit, willet, and American avocet. Species such as the snowy 
plover, black-necked stilt, American avocet, and Wilson's phalarope have 
either become breeding residents within the Estuary or increased their 
migratory use in response to conversion of tidal marshes into salt ponds. 
However, an expanding population of introduced red foxes along the bayshore is 
reducing the value of the Estuary as a nesting area for shorebirds. Other 
wintering species that nest in the interior of western North America, such as 
the long-billed curlew, are declining due to conversion and loss of habitat 
and drought affecting the quality of both their nesting and wintering grounds. 

Efforts to monitor populations of nesting colonial waterbirds and 
seabirds such as cormorants, herons, gulls, and terns have been attempted only 
within the last 10-15 years and are not conducted consistently throughout the 
Estuary. The first comprehensive census effort of seabirds in the Estuary, 
conducted during 1989-1990, showed the most numerous species in decreasing 
order to be California gull, Forster's tern, western gull, Caspian tern, and 
double-crested cormorant. There is little information on how current nesting 
populations compare with historic levels or how to precisely characterize 
population trends. California gulls, Forster's, Caspian, and California least 
terns only became established as nesting species following the creation of 
artificial habitats such as the salt ponds. Species which have shown 
population increases resulting from a similar ability to exploit other man- 
made features, include the double-crested cormorant and western gull. 
California least and Caspian terns and herons and egrets have recently been 
documented as experiencing major nesting failure within the Estuary due to 
predation by introduced red foxes. The combined effects of introduced 
predators, human disturbance, intensive land uses, and contaminants are 
probably reducing breeding heron and egret populations. 
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Raptor populations in the Estuary are continuing to experience general 
declines or at best, only limited recovery from past depletions. For example, 
more peregrine falcons occur and attempt to nest within the Estuary, but all 
these nesting pairs are unsuccessful, probably due to contaminant effects. 
Other species such as burrowing, short-eared, and long-eared owls, Cooper's, 
sharp-shinned, Swainson's, and red-shouldered hawk, northern harrier, and 
golden eagle are probably experiencing population declines. This is 
attributable to continued loss of seasonal wetlands, grasslands, oak 
woodlands, alfalfa fields, and riparian woodlands to urban expansion and 
intensifying agriculture as well as expansion of the wind energy industry. 

Intensified agricultural practices and increasing urban expansion have 
also negatively affected numerous passerine birds dependent on grasslands, oak 
savanna, riparian forests, and seasonal and tidal wetlands. Many of these 
species are vulnerable to possible extirpation or extinction due to the 
depleted condition and ongoing degradation of their remaining hab.itats, 
combined with introduced predators and competitors. 

Numerous native mammalian carnivores, rodents, rabbits, bats, as well as 
amphibians and reptiles are experiencing declining populations due to 
intensifying agriculture, urban encroachment, ongoing habitat degradation, and 
human disturbance. In contrast, many introduced mammals including several 
rodents, the red fox, and Virginia opossum, which readily adapt to urban 
settings, are generally increasing their populations often to the detriment of 
depleted native species. California sea lions, which are evidently still 
recovering from past exploitation, are increasing their use of San Francisco 
Bay. Harbor seal numbers in the Estuary are generally stable, but concerns 
exist about the possible effects of pollutants. Loss of vernal pools, 
freshwater marshes, riparian woodlands, and grasslands within the Estuary, has 
caused dramatic depletions of several amphibians and reptiles, some of which 
are facing possible extirpation. Examples are the California tiger 
salamander, red-legged frog, giant garter snake, and western pond turtle. 

Future Prolections on Wildlife Po~ulations 

Generally, projections on the future status of wildlife populations 
within the Estuary do not portray an encouraging scenario. Few would disagree 
with a future scenario consisting of intensifying threats to seasonal wetlands 
and upland habitats from urban encroachment and agricultural conversion, 
increasing contaminant effects, and increasing impacts to wildlife from human 
disturbance and introduced predators, such as the red fox. Other factors 
which require further monitoring and may result in alterations or losses of 
habitat include expansion of the introduced Asian clam and cordgrass, salt 
marsh conversion from the discharge of sewage effluent, and tidal marsh 
erosion. The effects of possible global warming and rising sea level need 
only be considered in a long-term scenario. This may cause dramatic losses 
and alterations of tidal mudflats and marshes, salt ponds, and farmed 
wetlands, resulting in losses of critical habitat for many species with some 
possible long-term benefits for wintering waterfowl. 
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Roles of Government Agencies in Mananina Wildlife 

The U.S. Fish and Wildlife Service, National Marine Fisheries Service, 
U.S. Navy, California Department of Fish and Game, the State Department of 
Parks and Recreation, and the East Bay Regional Park District have significant 
management and conservation responsibilities for wildlife populations within 
the study area. This is due to their management of a significant amount of 
land within national wildlife refuges, wildlife areas, preserves, parks, and 
installations. 

If adequately implemented, several recent State and Federal planning and 
habitat acquisition efforts may help to offset many of the projected losses, 
primarily for wetlands. These include State Senate Resolution 28, the Central 
Valley Habitat Joint Venture of the North American Waterfowl Management Plan, 
the Central Valley and San Francisco Bay Concept Plans for Waterfowl Habitat 
Protection, and the habitat acquisition programs for the San Francisco Bay 
National Wildlife Refuge and the proposed Stone Lakes National Wildlife 
Refuge. As summarized in Chapter 6, the primary agencies responsible for 
management of wildlife are authorized under numerous laws to carry out the 
protection, conservation, and improvement of these resources. Nevertheless, 
ongoing declines in the quantity and quality of habitats and the wildlife they 
support clearly demonstrate the critical shortage of funding, economic 
incentives, and public resolve to adequately implement these needed 
protections and restorations. 

Gaps in Information and Knowledne 

There are numerous gaps in knowledge which need to be addressed to 
better define the complex relationships of wildlife in the Estuary with their 
environment. Additional research is needed to characterize population status, 
trends, and limiting factors, habitat requirements, life history, migration 
and local movements, and contaminant effects. Additional information on these 
topics is needed for numerous special status species, waterfowl, shorebirds, 
colonial waterbirds, seabirds, and other wildlife. In particular, the special 
status species which were concluded to be currently experiencing populations 
declines within the Estuary and were identified in Table 7-1 are in need of 
the most immediate study. 
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PREFACE 

The San Francisco Estuary Project is part of the National Estuary 
Program (of the U.S. Environmental Protection Agency), which was established 
in response to requirements of the Clean Water Act. The stated Project goals 
are as follows: 

* Develop a comprehensive understanding of environmental and public 
health values attributable to the Bay and Delta and how these 
values interact with social and economic factors. 

*   chi eve‘ effective, united, and ongoing management of the Bay and 
Delta. 

* Develop a Comprehensive Conservation and Management Plan to restore 
and maintain the chemical, physical, and biological integrity of 
the Bay and Delta, including restoration and maintenance of water 
quality, balanced indigenous populations of shellfish, fish, and 
wildlife, and recreation activities in the Bay and Delta, and 
assure that the beneficial uses of the Bay and Delta are protected. 

* Recommend priority corrective actions and compliance schedules 
addressing point and non-point sources of pollution. These 
recommendations will include short- and long-term components based 
on the best scientific information available.. 

The Estuary Project has set up a five-year schedule to achieve these 
goals--beginning with "Characterization of the Estuary" and culminating in 
preparation of a Comprehensive Conservation and Management Plan (CCMP) to be 
implemented by November 1992. 

The characterization of the Estuary involves the production of several 
technical reports that lay out the current knowledge on various aspects of the 
Estuary, summarize management issues and their causes, and identify important 
gaps in information that may impede the development and/or implementation of 
the CCMP. The reports seek to develop a technical consensus on the present 
state of the Bay resources and other matters relevant to the development of 
the CCMP. Reports that have been produced cover the following topics: 

1. Dredging and Waterway Modification 
2. Pollutants 
3. Wetlands and Related Habitats 
4. Aquatic Resources 
5. Wildlife 
6. Land Use and Population 
7. Land Use Change and Intensification 
8.  Quality Assurance in Environmental Analysis 

This Status and Trends Report on Wildlife reviews the significance of 
wildlife resources within the Estuary and their relationships to other 



chemical, physical, and biological resources. Wildlife which are addressed in 
this STR include terrestrial insects, amphibians, reptiles, birds, and 
mammals. Information on special status upland plant species within the 
Estuary is also provided in Appendix B. 

Wetlands--one important habitat type upon which wildlife depends--are 
discussed in detail in the Wetlands and Related Habitats Status and Trends 
Re~ort. Analyses of the relationships among the various environmental 
parameters of concern presented in the STR's have been provided in a San 
Francisco Estuary Project characterization document known as the State of the 
Estuarv Re~ort. 
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1.1 PROJECT STUDY AREA--PAST AND PRESENT 

The San Francisco Estuary system covers an area of over 4,600 square 
miles. It lies at the outlet of the Sacramento and San Joaquin river 
drainages, which drain 40 percent of the land area of California (Figure 1-1). 
At the time of Spanish discovery in the late 1700s, approximately 27 million 
acre-feet of freshwater flowed annually down this drainage system, mixing with 
saltwater entering through the Golden Gate, to create a natural estuarine 
system that covered 1,300 square miles (Association of Bay Area Governments in 
prep.). Tidal marshes covered over 850 square miles, including the expansive 
freshwater and brackish marshes of the Sacramento-San Joaquin Delta and Suisun 
Bay and the salt marshes of North and South San Francisco Bay. At the time, 
the Estuary contained the largest contiguous tidal marsh system on the Pacific 
Coast of North America. 

Spreading inland from tidal wetlands were vast expanses of grassland 
dotted with seasonal wetlands, oak-woodland savannah, and chaparral. Rivers 
and creeks, supporting lush stands of riparian vegetation, dissected the land. 
The coastal ranges west and east of the Bay supported dense stands of broad- 
leaved evergreen forests, oak woodland, and conifer forests. Historic 
accounts of the region were replete with references to the abundance of 
waterfowl, deer, elk, antelope, and other wildlife associated with these 
habitat types. 

Colonization and development of the Estuary, which occurred primarily 
after 1850, eliminated or greatly altered over half the acreage of natural 
habitats in the Estuary study area. Wildlife suffering the greatest losses 
from urban and agricultural development were those species inhabiting 
wetlands, riparian habitats, grasslands, and oak woodlands. Habitat loss 
coupled with unchecked exploitation of wildlife resources resulted in 
tremendous population declines of most native wildlife species. 

Today the Estuary study area is home to over 7 million people. Urban 
areas dominate Central and South San Francisco Bay, whereas agricultural land 
dominates North San Francisco Bay and the Delta. Despite these extensive 
modifications, the San Francisco Estuary remains the largest on the Pacific 
Coast. A diversity of natural as well as man-made habitat types exists in the 
study area. These habitats support over 380 species of wildlife, including a 
number of species that were historically absent or uncommon in the Estuary. 
Wetland and riparian habitat, the two rarest native habitat types in the study 
area, continue to support the greatest diversity of wildlife species. 

Large numbers of wildlife species are resident year-round in the study 
area, including most mammals, all reptiles and amphibians, and about 117 
species of birds. The remainder of the birds are migratory. Some birds 
utilize the Estuary only during the breeding season and winter further south; 
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others, such as waterfowl and shorebirds, winter in the study area and breed 
further north. Some species are transitory, utilizing the study area only 
briefly during northward or southward migrations. 

1.2 THE VALUE OF WILDLIFE 

The value of wildlife takes many forms. From a human perspective, 
wildlife is of recreational, commercial, ecological, scientific, educational, 
and aesthetic value. These values are discussed further below. In addition 
to these values that are of benefit to humankind, wildlife also possesses its 
own inherent or intrinsic value. As a group, the myriad of birds, mammals, 
reptiles, and amphibians on this planet comprise a significant component of 
the genetic diversity of nature. The recognition of wildlife's inherent 
value, and the moral obligation to preserve wildlife for wildlife's sake, had 
its beginning in this country at the turn of the 20th century. In 1900, the 
Lacey Act was passed establishing federal regulation over wildlife harvest 
(see Section 6.2.1). Federal efforts to conserve jeopardized species began 
shortly thereafter, even though the first legislation dealing specifically 
with endangered species was not enacted until the late 1960s. In 1903, 
President Theodore Roosevelt established the first national wildlife refuge to 
protect the brown pelican. Many other refuges have been established since 
then solely to protect endangered species. For example, the Antioch Dunes 
National Wildlife Refuge, which is within the Estuary study area, was 
established to protect an endangered butterfly, the Lange's metalmark. 

1.2.1 Recreational Values 

Hunting is an important consumptive use of wildlife in the Estuary, with 
waterfowl among the most popular game species. In California, the average 
number of waterfowl hunter days from 1971 to 1980 was over 1,100,000 (U.S. 
Fish and Wildlife Service, unpubl. data). Over this same time period, nearly 
one-fourth of the total waterfowl harvest in California occurred in the eleven 
counties comprising the Estuary study area (Carney et al. 1983). The majority 
of waterfowl hunting takes place in Suisun Marsh and the Delta on private 
clubs. Suisun Marsh supports 150 private clubs and the Delta 84 clubs (R. 
Smith, California Department of Fish and Game, pers. comm. and U.S. Bureau of 
Reclamation 1986). Few private clubs continue to operate around San Francisco 
Bay because of expanding urbanization. In 1959, Alameda County alone 
supported 64 private waterfowl hunting clubs (U.S. Army Corps of Engineers 
1967). By 1985, only seven were still operating (California Department of 
Fish and Game, unpubl. data). A similar number still operate in North San 
Francisco Bay (J. Swanson, California Department of Fish and Game, pers. 
comm.) Public hunting occurs on San Francisco Bay National Wildlife Refuge, 
Grizzly Island Wildlife Area, and other State-owned properties in the Estuary. 
San Francisco Bay National Wildlife Refuge and Grizzly Island Wildlife Area 
reported 15,600 and 6,310 hunter days, respectively, in 1989 (J. Steiner, U.S. 
Fish and Wildlife Service, pers. comm.; R. Smith, pers. comm.). 
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Expenditures for hunting in California are significant. The U.S. Fish 
and Wildlife Service (1989a) estimated that $127 million was spent by 
waterfowl hunters in the state in 1985. Federal duck stamp sales in 
California have averaged 132,000 stamps per year since 1961. In 1989 over 
70,000 stamps were sold, generating over $800,000 for land acquisition 
purposes. The sale of State duck stamps results in about $600,000 annually 
(California Department of Fish and Game 1990a). 

The deer is another important game species in California. Loomis et al. 
(1989) estimated that deer hunters spent $134 million in 1987 in pursuit of 
this sport. From 1985 to 1989 over 11,000 deer, or an average of about 2,300 
deer per year, were harvested in the 11 counties comprising the Estuary study 
area (California Department of Fish and Game, unpubl. data). This amounts to 
8 percent of the total state harvest over the same time period. 

Non-consumptive recreational uses of wildlife are also important in the 
Estuary. Popular non-consumptive uses include wildlife observation and 
photography. In 1988, shoreline parks of the East Bay Regional Park District 
attracted over 160,000 bird watchers (R. Dawson, East Bay Regional Park 
District, pers. comm.). An estimated 19,200 hours are spent each year bird 
watching during field trips organized by the ten National Audubon Society 
Chapters within the Bay-Delta study area (P. Allen, Marin Audubon Society, 
pers. comm.). Similarly, at San Francisco Bay National Wildlife Refuge, over 
119,000 individuals participated in wildlife observation in 1989-1990 (J. 
Steiner, U.S. Fish and Wildlife Service, pers. comm.). In 1989, nearly 10,000 
individuals engaged in sightseeing and nature study at Grizzly Island Wildlife 
Area (R. Smith, California Department of Fish and Game, pers . comm. ) . 
Recently, non-consumptive wildlife uses exceeded consumptive (hunting) uses 
at both San Francisco Bay National Wildlife Refuge and Grizzly Island Wildlife 
Area. 

Another indication of increasing non-consumptive uses of wildlife is the 
sale of duck stamps. Sales of Federal duck stamps to non-hunters have 
increased in recent years, averaging 15 percent annually of total sales during 
1986-1989 (U.S. Fish and Wildlife Service, unpubl. data). 

Loomis et al. (1989) estimated that Californians spend approximately $30 
per trip to view deer. Applying this figure to the estimated 2.3 million 
deer-viewing trips results in $69 million spent annually by individuals 
engaged in this activity (Loomis et al. 1989). 

1.2.2 Commercial Values 

Furbearers (e.g., bobcat, beaver, muskrat) and certain reptiles and 
amphibians are the only wildlife species commercially exploited in the state. 
The pelts of furbearers have generated as much as $5,063,000 (includes fur 
sales as well as personal use value) as reported in 1978-1979 by the 
California Department of Fish and Game (1980). Values have generally declined 
since then, with only $1,140,000 generated in 1988-1989 (Gould and Hom 1990). 
From 1978 to 1988, trappers took a total of over 107,000 furbearers, an 
average of about 9,760 per year, from the Estuary study area. The three most 
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commonly harvested species were muskrat (6,962 per year), raccoon (950 per 
year), and striped skunks (380 per year). The harvest in the Estuary study 
area represents about 11 percent of the total state furbearer harvest over the 
same time period (California Department of Fish and Game 1980-82, 1983a, 1984- 
87a, 1988a, Gould and Escallier 1989, Gould and Hom 1990). 

The introduced bullfrog and native reptiles and amphibians, with the 
exception of protected species, can be sold to scientific and educational 
institutions by owners of biological and scientific supply houses that have 
been issued a special permit by the California Department of Fish and Game. 
Currently there is only one biological supply house in California collecting 
native species and two scientific supply houses collecting bullfrogs (J. 
Brode, California Department of Fish and Game, pers. comm.). The economic 
value of these commercial ventures is not known. 

1.2.3 Ecological Values 

In recent years, humans have become more aware that they are, along with 
all other forms of life, integral and inseparable parts of the natural 
ecosystem. If the ecosystem breaks down because of damage to the environment, 
humankind is also endangered. Wildlife species can act as indicators of 
broader problems within the ecosystem; they can serve as "early warning 
devices," allowing humans an opportunity to solve environmental problems 
before the damage is irreversible. As an example, the presence of elevated 
concentrations of contaminants in San Francisco Bay diving ducks indicates a 
need to look more closely at the overall health of the Bay ecosystem 
(Ohlendorf and Fleming 1988). 

A recent study suggested that people consider harbor seals more valuable 
if they serve as an indicator species. Meyer (1987) conducted a non-market 
analysis of the value of harbor seals to residents of the Bay Area and 
Sacramento. Households were asked to evaluate a 10 percent decline in the 
local harbor seal population with the decline being the result of 1) an 
unknown cause or 2) toxins. The non-market cost of a 10 percent decline in 
the harbor seal population more than doubled when the cause of the decline was 
known to be toxins. 

Another important ecological value of wildlife is that of controlling 
pest species. Insectivorous bird species consume tremendous quantities of 
terrestrial insects, many of which are harmful to agricultural or 
silvicultural crops. Takekawa and Garton (1984) estimated that during the 
summer birds consumed up to 12,700,000 spruce bud worms on a study area in the 
Cascade Ranges of north-central Washington. They concluded that passerine 
birds contributed strongly in the control of outbreaks of this damaging 
insect. Birds may also indirectly control pest species of insects by 
consuming vegetation upon which the insect depends for survival. Collins and 
Resh (1985) conducted a study of the effect of waterfowl on mosquito 
populations at Coyote Hills Marsh in South San Francisco Bay. They found that 
waterfowl foraging on sago pondweed (Potamoaeton ~ectinatus) reduced the 
density of the floating plant's canopy, thereby exposing mosquitos to 
increased predation by fish. 
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1.2.4 Scientific and Educational Values 

Within the Estuary study area, the large number of wildlife species and 
the complex interrelationships of wildlife.species and their habitats provide 
ample opportunity for scientific research. Around the Bay there are seven 
universities, several private colleges, and numerous junior colleges, all of 
which have had students engaged in wildlife-oriented research over the years. 
Marshall (1948a,b) did some of the earliest work on the evolution of birds in 
his studies of the salt marsh song sparrow around San Francisco Bay. Wildlife 
research has also been conducted over the years by State and Federal agencies. 
More complete knowledge of the role each wildlife species plays in the 
ecosystem provides' us the tools to properly manage this important natural 
resource. 

The importance of wildlife in education is also a significant value. 
Within the study area, wildlife-oriented educational programs emphasizing the 
Estuary are conducted primarily by the U.S. Fish and Wildlife Service at San 
Francisco Bay National Wildlife Refuge; the U.S. Army Corps of Engineers at 
the Bay Model in Sausilito, the East Bay Regional Park District; the cities of 
Hayward, Palo Alto, and Mountain View; the National Audubon Society at 
Richardson Bay Sanctuary; and by the Coyote Point Museum for Environmental 
Education in San Mateo. Environmental education programs at San Francisco Bay 
National Wildlife Refuge attracted over 34,000 individuals in 1989-1990 (J. 
Steiner, U.S. Fish and Wildlife Service, pers. comm.). In 1989, over 640,000 
individuals benefitted from wildlifehabitat-oriented interpretive programs of 
the East Bay Regional Park District (East Bay Regional Park District 1989). 
Access to wildlife through educational programs increases public awareness of 
the value of wildlife and the need to preserve wildlife habitat. 

1.2.5 Aesthetic Values 

One of the most intangible values of wildlife is its aesthetic worth. 
The enjoyment people experience from viewing wildlife, either directly or 
vicariously through artwork or photography, is a value of increasing 
importance in the Estuary study area. This is evidenced by the large numbers 
of individuals that annually engage in bird watching and other wildlife 
observation. The late Dr. H. Thomas Harvey (1966) aptly summarized the 
importance of wildlife and the natural habitats they live in when he said, 
"The value of these kinds of contributions to our society are difficult to 
measure, but that they are of great value is not doubted except by the most 
deprived and insensitive person." 

1.3 PURPOSE AND STRUCTURE OF REPORT 

This Status and Trends Report on wildlife provides an overview of the 
historic and present status of wildlife within the San Francisco Estuary, and 
based on population trends to this date, predicts the status of wildlife in 
the future. The goal of this report is to present a clear description for 
decision-makers of 1) the extent of our knowledge of wildlife resources; 2) 
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the important gaps in our knowledge; and 3) the measures recommended to 
reverse declines, maintain stability, or increase wildlife populations in the 
Estuary. The report is divided into the following chapters: 

1. Introduction 
2. Wildlife Communities and Their Habitats 
3. Historic Distribution and Abundance of Wildlife Populations 
4. Current Trends in Distribution and Abundance of Wildlife Populations 
5. Future Projections on Distribution and Abundance of Wildlife 

Populations 
6. Roles of Government Agencies in Managing Wildlife 
7. Gaps in Information and Knowledge 

Central to an understanding of the Estuary's wildlife resources is a 
description of the habitat types that wildlife depend upon. Chapter 2 of this 
report provides descriptions of 14 major wildlife habitat types and the 
typical wildlife community supported by each. Information on community 
dynamics is presented for the various habitat types dependent upon available 
research findings. Native habitat types, such as wetlands and oak woodlands 
are included, as well as the highly modified agricultural and urban habitat 
types. 

The past, present, and future distribution and abundance of wildlife 
populations in the Estuary are discussed in Chapters 3-5. Chapter 3 presents 
an historical account of the extent of wildlife habitats in the Estuary and 
the abundance of wildlife associated with them. Historical causes of 
wildlife population declines are also enumerated. 

Chapter 4 describes the current distribution and abundance of wildlife 
populations in the Estuary, including individual accounts for over 120 species 
of birds, mammals, reptiles, amphibians, and terrestrial insects including 
detailed information, where available, on seasonality, abundance, and 
distribution by habitat types and population trends. Several species groups 
receive special emphasis in this chapter because of their direct association 
with scarce estuarine habitat types (e.g., waterfowl, shorebirds, and colonial 
nesting birds) or special status (i.e., endangered, threatened, or species of 
special concern). Chapter 4 also discusses the current causes of changes in 
wildlife populations. 

Based on current trends in the Estuary's wildlife populations and human- 
related factors likely to be affecting wildlife, chapter 5 projects the future 
distribution and abundance of wildlife. Appendix A of the report includes a 
complete list of wildlife species for the Estuary study area, including 
information on relative abundance, seasonality, special status, and habitat 
types. Appendix B provides a list of special status, extirpated, and extinct 
wildlife and plant species of the Estuary. 

Chapter 6 outlines the authorities and agencies at the Federal, State, 
regional, local and private levels governing wildlife management in the 
Estuary. Current plans designed solely to benefit wildlife are also 
discussed. Chapter 7 enumerates the many gaps in information about the 
Estuary's wildlife populations. 
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CHAPTER2 
WILD- CO- AND THEIR HABITAIS 

Within the San Francisco Estuary study area, seven deepwater or wetland 
habitat types and seven upland habitat types have been identified (Table 2-1). 
Each wildlife habitat type with its associated wildlife community is 
described, including the highly modified urban and agricultural types. 
Wetland, deepwater, and upland habitat types described in this report are 
grouped based on similarity of wildlife use. Wetland and deepwater habitats 
that occur within these broader groupings follow the classification system of 
Cowardin et al. (1979) (Table 2-2) as used in the National Wetlands Inventory 
by the U.S. Fish and Wildlife Service. Broad upland habitat types are derived 
from Kuchler (1977), Jones and Stokes Associates, Inc. (1981), and Mayer and 
Laudenslayer (1988). Habitat types that are directly influenced by or 
associated with the Estuary receive the greatest emphasis in this report. 

Wetland habitat types found in the Estuary study area are shown in 
Figure 2-1 for San Francisco, San Pablo, and Suisun bays and in Figure 2-2 for 
the Delta. In South San Francisco Bay, the predominant wetland types, other 
than open water, are intertidal mudflats and salt ponds. By contrast, San 
Pablo Bay is characterized by an abundance of intertidal mudflats and farmed 
wetlands, and the Suisun Bay/Marsh area is dominated by diked salt and 
brackish marshes. In the Delta, farmed wetlands predominate the landscape. 

Upland habitat types for the Estuary study area are shown in Figure 2-3. 
In the South Bay, the predominant upland habitat types are urban, followed by 
broad-leaved evergreen forests, which occur along the Peninsula, in the 
Berkeley Hills, and the Mount Hamilton area, and oak woodlands/savannahs, 
which occur primarily on the southeastern edge of the study area adjacent to 
the Diablo Range. In the North Bay, common upland habitat types are urban and 
a mixture of oak woodland, coastal scrub, and chaparral in the Coast Ranges. 
In the Suisun Bay/Marsh area, grassland, and urban are the most common upland 
habitat types. Grassland is the most widespread upland habitat in the Delta. 

The approximate areas of each habitat type in the Estuary study area 
(including the Bay system and the Delta) are listed in Table 2-1. The most 
abundant wetland habitat type in the study area is farmed seasonal wetlands 
(385,755 acres), with most of this in the Delta and San Pablo Bay. Open water 
is the next most common (266,158 acres), followed by other seasonal wetlands 
(85,134 acres), with Suisun Marsh comprising the largest part of this acreage. 
Riparian woodland is the most uncommon wetland habitat type in the study area, 
with the majority (78 percent) of the remaining 12,514 acres occurring in the 
Delta. Of the upland habitat types, broad-leaved evergreen forest is the most 
common native habitat type (553,133 acres), followed by oak woodland (287,784 
acres) and grassland (213,100 acres). Not surprisingly, urban is the most 
common non-native upland habitat type in the study area (1,775,277 acres). 
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Table 2-1. Wildlife Habitats and Their Approximate Areas (Acres) in the 
San Francisco Estuary Project Study Area. 

Habitat Type S.F. Bay Sen Pablo Bay Delta Total 

Uetland and DeeDWater Habitats 3 

1) Open Uater 81,517 110,591 28,247 45,802 266,157 

2) In ter t ida l  Mudflat and 
Rocky Shores 29,780 27,996 5,994 322 64,092 

4) Seasonal Wetlands 
Farmed Wet lands 1,317 26,027 8,064 350,347 385,755 
ALL Others 9,832 1 1,318 47,482 16,502 85,134 

5) Riparian Woodland 1,432 890 404 9,788 12,514 

6) Salt Ponds 27,544 9,060 27 54 36,685 

7) Lakes and Ponds 9,174 4,187 3,526 12,482 29,369 

4 *land Habitats 
8) Grassland 213,100 

9) Coastal Scrub 31,500 

10) nixed Chaparral 32,965 

11) Oak Woodland 287.784 

12) Broad- Leaved Evergreen Forest 553,133 
Coast Live Oak/Canyon Live Oak Forest, 
California Bay Forest, and Mixed Evergreen Forest 

13) Agriculture (upland only) 234,786 
Croplands, Orchards, and Vineyards 

14) Urban 1,775,277 

TOTAL AREA 4.081.611 

' Boundary for  South and Central Sen Francisco bays i s  Latitude 37°451W. 

Suisun Bay extends from Carquiner Straits eastward to  Coll insvil le. 

Source for  acreages of Wetland and Deemdater Habitats i s  1985 National Wetland Inventory data. 

Sources for  acreages of y ~ l a n d  Habitats are CALMG Landsat data (19?7) and Association of Bay Area Governments 
(1989) . I 



Seasonal Wetlands 

R ipa r ian  Uoodland 

S a l t  Ponds 

Lakes and Ponds 

Table 2-2. Na t i ona l  Wetland Inven to ry  (NUI) C l a s s i f i c a t i o n s  included in  t h e  Uet land and Deepwater U i l d l i f e  Habi ta ts  
(Cowardin e t  a l .  1979). 

Ui ldlif e Habitat Type WI SysterJCless WI Classifications 

Open Water Estuarine, s u b t i d a l  E1OU,E1UBL8E1UB~x,E1ABL8R1ABV,R1ABVx, 
River ine, t i d a l  R1 FL,Rl(UI,RlOU,RlUBT,R1UBV,RlUBVx,R1USR, 

R2ABH,R2ABHx,R2OU,RZUBH,R2UBHx8R2UBHrx8 
R2UBHhx,R2USA,R2USC 

I n t e r t i d a l  Mudf la t  Estuarine, i n t e r t i d a l  E2ABNh,E2ABN/E2USN,EZFL,E2SBN8E2USM8 
and Rocky Shores E2USN, EZUSP, EZRSN, EZRSP 

T i d a l  Sa l t ,  Brackish, Estuarine, i n t e r t i d a l ,  E2EM,E2EMF,E2EMFL,E2EMN8E2EMNxl 
and Freshwater Marsh s a l t ,  and brack ish marsh, EZEMP, E2EMP/E2USP,E2EM/FL,E2EM/USN8 

Palust r ine,  t i d a l ,  E2EM/USP,ElUBLh,E1UBLhx8E2FLh,E2SB8 
f reshwater E2UBhx, E2SBNx8 E2UBMhx. E2UNx, EZUSMh, 

E2USMhx,PABT,PABV,PEMN8PEMR8PEMR/PSSR8 
PEMRx,PEMS,PEMT,PEMTx,PEMU,PEW,PEM/USR 

Palust r ine,  t i d a l ,  and non- PEM,PEMA,PEMA~,PEMA~A,PEMB,PEMB/PSSB, 
t i d a l ,  s a l t ,  and brack ish PEMC, PEMCx, PEMC/PSSC, PEMCD,PEMCh/PSSCh, 
marsh PEMChx,PEMF,PEMFx,PEMFh/PSSFh, 

PEMFh/PUBFh,PEMFx/WBFx,PEMH,PEMHx,PEMKx. 
PEMKCx,PEMKFx,PEM/OU,PEM/UBKx,PEM/UBF,PEM 
/UBT,PEM/UBV,PEMUSA8PEII/USC,E2E~.EZEMPh, 
E2EM/FLh, E2EM/USPh,PABh8PABVh ,PEM/ABhx,PE 
MAh,PEMCh,PEMWh,PEMFh,PEMFhx,PEHHh, 
PEMKCh, PEMTh, PEM/FLh, PEM/SSAh, PEM/UBHh. 
PEM/USAh, PEM/USCh , ElOUh, EZUSPh, L2EMAh, 
LEEMCh, L2USAx, L2USChRx, L~USCX, L2USAh, 
LZUSC, L2USClh,L2USC3h8 L2USCh, LZUSChs,PFL. 
PFLh,PABAh,PUBTh,PUSA,PUSAh,PUSAx,PUSC, 
PUSC~ h, PUSC~X, Pusch , PUSChs, PUSChx,PUSCrx, 
PUSCx, PUSCxs, PUSKCx,PUSKx, PUSR, PUSRhPf . Pf 
/UA,PEMCf,PEMFf,PUBFf 

E2SSPh,PF0,PFO/EMC,PFO/EMR8PFOA8PFOAh,PF0 
B,PFOC,PFOCh,PFOCx,PFO/EMA,PFO/EMC,PFO/ 
EMR,PFOF,PFOFh,PFOR,PFO/SS,PFOS,PSS,PSSA, 
PSSAh, PSSAhx, PSSAx, PSSB, PSSC, PSSCh, PSSCx, 
PSSF/PEMF,PSSFh,PSSFh/PUBF4,PSSR8PSSRh. 
PSSS,PSST , PSS/EM, PSS/EWh,PSS/EMC, PSS/ 
EMCh, PSS/EMR, RWSA, R3USC,R4SB8 R4SBh, 
R4SBA, R4SBC, R~SBCX, R4SBF8 R4SBFrx. R4SBFx 

Lacustr ine, non-vegetated, L ~ U B H ~ ~ ~ , L ~ U B K ~ ~ , L ~ F L ~ , L ~ U B ~ , L ~ U B K ~  h, 
d i ked  L2UBK3h8L2USClx, L2USKlhx8PEMK3h,PEM/ 

UBK3h8PUBK1 h 

Lacus t r i ne  and p a l u s t r i n e  L ~ A B H , L ~ A B V , L ~ O U , L ~ O Y ~ , L ~ U B ~ , L I U B H ~ ~ ,  
Lakes and ponds L1UBHx,L1UBKh,L1UBKh8LlUBKhx8LlUBKrx, 

LlUBKx,LlUB,LlUBVx,LlUBVh,L2ABHh, 
L2EMKhx8L2EM/UBKhx, L2FL,L20,L2UBF,L2UBFh8 
L2UBHh,L2UBhx,L2UBKx,L~V8PAB8PABF, 
PABF~,PABH~~,PABF~,PABF~X,PABH~,PABH~,  
WU,POWh,PUBF,PUBFlh,PUBFh,PUBFhx,PUBFx, 
PUBH,PUBHh,PUBHhx, WBHxx8PUBHR8PUBHRx, 
PUBHx, PUBKh, WBV, PUBKA, WBKhx, PUBKrx, 
PUBKx, PUBT, PUBTx, PUBx, PUBxh, PUB/ABH 
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Descriptions of the vegetation and characteristic wildlife communities for each 
of the 14 major wildlife habitat types (Table 2-1) are provided in the following 
section. Lists of species present are "characteristic" of the habitat types and are 
not intended to be all inclusive. Species may also be found in other habitat types, 
because most habitat types are ecologically interconnected. A list of the extant and 
extirpated wildlife of the Estuary study area, their relative abundance, seasonality, 
habitat types, and any special status designations is found in Appendix A. Lists of 
special Federal and State status wildlife and plants within the Estuary study area, 
are presented in Appendices B and C, respectively. 

To illustrate the complexities of community interactions, food webs (from Jones 
and Stokes, Inc. 1981) are shown for certain habitat types. Abbreviations (e.g., CM, 
CWB) follow species' names and describe the role of each consumer in the particular 
food web. 

2.1 OPEN WATER 

2.1.1 Vegetation 

Open water habitat of the Estuary consists of deep water areas of the Bay and 
the river channels and sloughs of the Delta. The dominant plants of open water 
habitat (Table 2-3) are phytoplankton, including diatoms, dinoflagellates, green 
algae, and blue-green algae. In the southern parts of the Delta, in channels with 
slow moving water, water hyacin '-' ' - 1 ,  an introduced floating 
plant, may grow profusely. 

p(acL 
I 

Table 2-3. Characteristic Plan maps I 
Ltat Type. 

Common Name I %d 
i 

I 
Diatoms I- 3-i~lre-conema- - - -' 

Chaetoceros 
Coscinodiscus 
Nitzschia 

Ceratium 
Gonvaulax 
Gvmnodinium 
Peridinium 

Water hyacinth Eichhornia crassi~es 
Eelgrass Zostera marina 
Green algae 
Blue-green algae 

Dinoflagellates 
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The most dominant rooted aquatic plant found in open water habitat of the 
Estuary is eelgrass (Zostera marine), which is limited to a few sites in San 
Francisco Bay. Echeverria and Rutten (1989) found a total of 316 acres of eelgrass 
in 22 different locations in San Francisco and San Pablo bays, ranging from lower 
San Pablo Bay near Point San Pablo south to Coyote Point. Turbidity and resulting 
light limitations probably account for the presently patchy and limited distribution 
of this species considering the overall size of the Estuary (Kitting and Wyllie 
Echeverria in press). 

Eelgrass beds perform valuable functions as a food source for invertebrate 
grazers and detritivores as well as a nursery ground for a variety of fishes 
including juvenile salmon (Oncorhynchus spp.), Pacific herring (Clu~ea harenrms 
pallasi), and rockfish (Sebastes spp.) (Echeverria and Rutten 1989). Eelgrass beds 
near Bay Farm Island have been cited as providing a critical foraging area for 
California least terns nesting in nearby colonies at the Oakland International 
Airport and the Alameda Naval Air Station (LSA Assoc., Inc. 1990). 

Ball and Arthur (1979), in their study of San Pablo Bay, Suisun Bay, and the 
Delta, found that the dominant genera of phytoplankton varied with the time of year 
and location in the Estuary. Diatoms dominated the algal community during the 
spring through fall, followed by green algae, which comprised about 20 percent of 
the total. Dinoflagellates were often concentrated in areas of low water velocity. 
Algal standing crop is influenced primarily by water and/or phytoplankton residence 
time, nutrients, temperature, and light (Ball and Arthur 1979). Cloern (1979) 
hypothesized that spring peaks in diatom abundance in the Central and South bays may 
be related to diatom blooms in coastal waters during the upwelling season. 

2.1.2 Characteristic Wildlife 

Wildlife species depicted in the food web (Figure 2-4) and listed in Table 2-4 
are characteristic of open water, but they are not necessarily found exclusively in 
this habitat type (Jones and Stokes Associates, Inc 1981, Madrone Associates et al. 
1980). 

Wildlife are primarily secondary and tertiary consumers in the open 
water food web, feeding on fish and invertebrates. Examples are the western 
grebe, scaup, surf scoter, and double-crested cormorant. As part of a 
contaminants study in North San Francisco Bay and Suisun Bay, the California 
Department of Fish and Game made observations of food items in surf scoters, 
scaup, and canvasbacks. The most important food item for scoters in Suisun 
Bay was the recently introduced Asian clam, Potamocorbula amurensis. This 
clam and two other bivalves, a mussel (Musculus senhousia) and the Japanese 
littleneck clam (Ta~es japonica), were common in the diets of scoters and 
scaup in San Pablo Bay. Scaup were found to feed primarily on the bivalve 
Corbicula fluminea and the Asian clam in Suisun Bay. Canvasbacks exhibited 
more specialized food habits than scoters or scaup, feeding almost exclusively 
on Baltic clam (Macoma balthica) and &g arenaria. 

The open water food web is dominated by primary and secondary consumers 
including zooplankton, fish, and invertebrates (See Aquatic Resources Status 
and Trends Report for the Estuary). 
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Figure 2-4. General Food Web - Open Water (Jones and Stokes Associates, Inc. 1981). 



Table 2-4. Characteristic Wildlife of the Open Water Habitat Type (Key to 
trophic level abbreviations given below). 

Mammals Birds 

California sea lion (LCM) Red-throated loon (CWB) 
Harbor seal (LCM) Common loon (CWB) 

Horned grebe (CWB) 
Western grebe (CWB) 
Clark's grebe (CWB) 
Brown pelican (CWB) 
Double-crested cormorant (CWB) 
Brandt's cormorant (CWB) 
Pelagic cormorant (CWB) 
Canvasback (CWB) 
Scaup spp. (CWB) 
Surf scoter (CWB) 
American coot (HWB) 
Western gull (CWB) 
Glaucous-winged gull (CWB) 
Caspian tern (CWB) 
Forster's tern (CWB) 

Key: CWB--Carnivorous Water Associated Bird; HWB--Herbivorous Water 
Associated Bird; LCM--Large Carnivorous Mammal 

2.2 INTERTIDAL MUDFLAT AND ROCKY SHORES 

2.2.1 Vegetation 

Intertidal mudflat and rocky shore habitats of the estuary are dominated 
by algae. On mudflats', the most common micro-algae are the diatoms, which are 
found on the mud surface, often in dense patches. The macro-algae include 
green and red algae, which occur both intertidally as well as subtidally. 

' Algal growth occurs primarily during the summer months reaching maximum 
abundance in late summer and early fall (Jones and Stokes Associates, Inc. 
1981). Dominant algae of the mudflat and rocky shore habitat types are listed 
in Table 2-5. 
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Table 2-5. Dominant Algae of the Intertidal Mudflat and Rocky Shore Habitat 
Types. 

Common Name Scientific Name 

Intertidal Mudflats 

Sea lettuce 
Green algae 
Red algae 
Diatoms 
Eelgrass 

Rockv Shores 

Sea lettuce 
Gigartina ' 

Green algae 
Red algae 

Ulva spp. 
Enteromomha spp. 
Gracilaria sioestedtii 

Zostera marina 

Ulva fenestrata 
Gieartina spp. 
Enteromomha intestinalis 
Ralfsia spp. 

The intertidal mudflat habitat around San Francisco Bay, Suisun Bay, and 
the Delta occupies a general zone between 2.5-feet below mean lower low water 
(MLLW) and mean tide level (MTL), or up to the lower elevational limit of 
cordgrass or California bulrush (K. Dedrick, California State Lands 
Commission, pers. comm.). Mudflats are inundated and exposed twice daily by 
the tides. Mudflat salinities decrease as one moves upstream in the Estuary. 
The largest areas of intertidal mudflats occur in South San Francisco Bay and 
San Pablo Bay. 

Only a small amount of rocky shore habitat exists'in the Estuary. 
Examples of rocky shore habitat are the shores of Yerba Buena, Angel, Red 
Rock, and Alcatraz islands and the Brothers, along the shoreline of the 
Tiburon peninsula, Belvedere, Dumbarton Narrows, San Pablo Point, and both 
sides of the Golden Gate. Manmade rocky shore habitat consists primarily of 
breakwaters found at various locations around San Francisco Bay, such as Mare 
Island and Alameda Naval Air Station breakwaters. There is no rocky shore 
habitat in Suisun Bay or the Delta. 

2.2.2 Characteristic Wildlife 

2.2.2.1 Intertidal Mudflats 

Probably the most prominent wildlife group associated with intertidal 
mudflats is the shorebirds. The extensive intertidal mudflats of San 
Francisco Bay provide key migratory staging areas for overwintering shorebirds 
of the Pacific Flyway. Although no formal shorebird censuses have been 
conducted in the Suisun Bay and Sacramento-San Joaquin Delta portions of the 
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study area, San Francisco Bay proper is estimated to support at the peak of 
migration at least a million shorebirds (Stenzel and Page 1988a, G. Page, 
Point Reyes Bird Observatory, pers. comm.). Seventy percent of the total 
shorebirds reported by Stenzel and Page (1988a) were found south of the San 
Mateo Bridge, 7 percent in central San Francisco Bay, and 23 percent in San 
Pablo Bay. Fewer shorebirds used the intertidal mudflats of Suisun Bay and 
the Delta than the Bay proper. This may be related to the smaller amount of 
intertidal mudflat habitat available in these portions of the study area and 
the less diverse and rarer benthic fauna inhabiting these mudflats. 

The most abundant shorebird species censused in San Francisco Bay by 
Stenzel and Page (1988a) were western sandpipers, dunlins, dowitchers, marbled 
godwits, and least sandpipers. Although dunlins, western sandpipers, and 
dowitchers, as well as most of the numerous species, were found to be fairly 
widespread in the Bay, some broad differences in species composition were 
noted. For example, dunlins made up a greater percentage of the total 
shorebird numbers in the San Pablo Bay region, whereas western and least 
sandpipers made up a greater percentage of the shorebird population in South 
San Francisco Bay. The majority of American avocets were found south of the 
Dumbarton Bridge. 

Little quantitative information is available on common shorebirds 
species utilizing intertidal mudflats of Suisun Bay and the Delta. In a 1971- 
1973 study of Suisun Marsh, Jurek (1974) found monthly maximum shorebird 
numbers as high as 5,800 birds. The highest numbers of shorebirds were 
consistently observed in April. Presumably these same species utilize 
adjacent intertidal mudflats. A study of intertidal mudflat habitat on 
dredged material islands in the Delta reported western and least sandpipers, 
dunlins, and semipalmated plovers as common species foraging and roosting on 
mudflats. Forster's terns, Caspian terns, and ring-billed gulls were common 
roosting species (England et al. 1988). (See Chapter 4 for more details on 
the use of the Bay and Delta by shorebirds.) 

The harbor seal is the only mammal that makes significant use of 
mudflats in the study area, using them for haul-outs during low tides (Fancher 
and Alcorn 1982). Harbor seals range throughout the South and North San 
Francisco bays. Raccoons, skunks, and a variety of other mammals traverse 
exposed mudflats, but they do not make significant use of this habitat 
(Madrone Associates et al. 1980). 

Wildlife species that are characteristic of intertidal mudflat habitat 
are not necessarily found exclusively in this habitat type (Table 2-6) (Small 
1974, Madrone Associates et al. 1980, Jones and Stokes Associates, Inc. 1981, 
and Mayer and Laudenslayer 1988). 
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Table 2-6. Characteristic Wildlife of the Intertidal Mudflat Habitat Type 
(Key to trophic level abbreviations given below). 

-- - 

Mammals Birds 

Harbor seal (LCM) Western grebe (CWB) 
Great blue heron (CWB) 
Great egret (CWB) 
Snowy egret (CWB) 
American wigeon (HWB) (CWB) 
American avocet (CWB) 
Willet (CWB) 
Marbled godwit (CWB) 
Western sandpiper (CWB) 
Dunlin (CWB) 
Dowitcher spp. (CWB) 
Forster ' s tern (CWB) 

Key: CWB--Carnivorous Water Associated Bird; HWB--Herbivorous Water 
Associated Bird; LCM--Large Carnivorous Mammal. 

The food web of the intertidal mudflat habitat is dominated by filter 
feeding, herbivorous, omnivorous, carnivorous, and scavenging invertebrates 
and fish (See Wetlands and Aquatic Resources Status and Trends Reports for the 
Estuary Project). Although the biomass and diversity of invertebrates and 
fish exceed that of wildlife, wildlife species still play a major role in 
community dynamics. 

Several studies have indicated that shorebirds can be important 
predators of invertebrates on intertidal mudflats. Evans et al. (1979) 
calculated that shorebirds could remove 90 percent of the standing crop of 
some infaunal invertebrates from a study area in England. Goss-Custard 
(1977), using similar techniques on another wetland in England, found that 
between 34 and 57 percent of the invertebrate standing crop was removed. 
Schneider and Harrington (1981), on a Massachusetts wetland, found substantial 
reductions of invertebrate prey densities (7-90 percent) by early migrating 
shorebirds. Quammen (1984), in her study of a Southern California wetland, 
found that shorebirds significantly reduced the densities (26-80 percent) of 
invertebrates during winter. Quammen (1982) also found that subtle substrate 
differences in sediment composition affected the ability of shorebirds to 
detect their prey, with infaunal densities highest in winter on sandier sites. 

Shorebirds eat a wide variety of invertebrate prey usually obtained from 
the top few centimeters of the substrate, or, less often, from the column of 
water overlaying the substrate. Foraminifera, oligochaetes, polychaetes, 
ostracods, cumaceans, copepods, tanaidaceans, amphipods, isopods, decapods, 
insects, gastropods, and bivalves have all been found in the diets of 
shorebirds at Bolinas Lagoon, about 10 miles north of San Francisco Bay 
(Stenzel et al. 1983). Fish are also occasional prey of some species (Warnock 
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1989). Most species prey on small invertebrates that can be swallowed whole, 
but curlews and willets eat large decapods after breaking them into pieces. 

Little research has been done on the food habits of shorebirds on 
mudflats within the Estuary study area. Recher (1966) examined the stomach 
contents of plovers, avocets, dowitchers, sandpipers, godwits, hots, and 
willets at Palo Alto and found considerable overlap in food organisms used by 
these species. Invertebrates, such as gem clam (Gemma gemma), a polychaete 
worm (Neanthes succinea), ostracods, and the mud snail (Ilvanassa obsoleta) 
were commonly taken by American avocets, western sandpipers, least sandpipers, 
dunlins, and dowitchers, as well as other shorebird species. Nearly all 
identified prey items consumed were introduced species (Carlton 1979) that did 
not become established in the Bay until after 1850. 

Interspecific competition among shorebird species apparently is avoided 
through differences in distribution on the mudflat, morphology, and feeding 
behavior, coupled with an abundant food source (Recher 1966). Recher (1966) 
also found that larger shorebirds, in general, fed more selectively than the 
smaller shorebirds. 

During high tide periods, shorebirds retreat from the mudflats to roost 
or forage in alternate wetland habitats, such as dikes, islands, breakwaters, 
piers, or shallow standing water. Other species, such as canvasbacks and 
ruddy ducks, then feed on the abundant invertebrates in these shallow water 
zones. The baltic clam is reported to be one of the most important food items 
for canvasbacks (California Department of Fish and Game, unpubl. data). Other 
invertebrates, including &= arenaria and, in the eastern portions of the Bay, 
Corbicula sp. are also taken. Fish-eating birds, such as the western grebe 
and Forster's tern, also utilize this habitat. 

2.2.2.2 Rocky Shores 

Few wildlife species utilize rocky shore habitat in the study area. 
Shorebirds, including the ruddy turnstone, black turnstone, surfbird, -, 
wandering tattler, and black oystercatcher, feed on the variety of 
invertebrates that inhabit the rocky intertidal zone. Pacific herring use 
this habitat for spawning; this attracts feeding cormorants, gulls, and harbor 
seals during high tides. During, low tides, rocky shores provide roosting 
habitat for cormorants, brown pelicans, black-crowned night-herons, elegant 
terns, and western gulls. Harbor seals and California sea lions also haul out 
on exposed rocky shores. 

Wildlife species characteristic of the rocky shore habitat type may also 
be found in other habitat types of the Estuary (Table 2-7) (Jones and Stokes 
Associates, Inc. 1981, S. Fazio, East Bay Regional Park District, pers. comm., 
and T. Harvey, U.S. Fish and Wildlife Service, pers. comm.). 
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Table 2-7. Characteristic Wildlife of the Intertidal Rocky Shore Habitat Type 
(Key to trophic level abbreviations given below). 

Mammals Birds 

California sea lion (LCM) Brown pelican (CWB) 
Harbor seal (LCM) Black oystercatcher (CWB) 

Wandering tattler (CWB) 
Spotted sandpiper (CWB) 
Black turnstone (CWB) 
Surfbird (CWB) 
Elegant tern (CWB) 

- 

Key: CWB--Carnivorous Water Associated Bird; LCM--Large Carnivorous Mammal. 

The food web of rocky shore habitat is dominated by filter feeding, 
herbivorous, omnivorous, carnivorous, and scavenging invertebrates and fish. 
Although the biomass and diversity of invertebrates and fish exceed that of 
wildlife, wildlife species still play a major role in community dynamics. 

2.3 TIDAL SALT, BRACKISH, AND FRESHWATER MARSH 

2.3.1 Vegetation 

Tidal salt, brackish, and freshwater marshes of the Estuary are 
dominated by sparse to dense stands of emergent vegetation. Salt and brackish 
marshes are often interspersed with unvegetated tidal channels and pannes that 
are exposed at low tide. Plant heights vary from prostrate to nearly three 
meters. Characteristic plants of the tidal salt, brackish, and freshwater 
marsh habitat types include grasses, sedges, rushes, and succulent vegetation 
(Table 2-8) . 

Salt marsh is found throughout South, Central, and North San Francisco 
bay. Brackish marshes are common in Suisun and San Pablo bays and in portions 
of San Francisco Bay with local freshwater influence, such as the Petaluma and 
Napa rivers, and several South Bay rivers, creeks, or sloughs receiving 
treated sewage effluent. Islands of freshwater marsh occur in unleveed 
portions of the Delta. 

In salt marsh habitat, cordgrass grows from approximately mean tidal 
level (MTL) to mean high water (MHW) and pickleweed above MHW (Josselyn 1983). 
Other salt marsh plants that generally occur at elevations higher than 
pickleweed include alkali heath (Frankenia ~randifolia), gumplant, and 
saltgrass. 

Atwater and Hedel (1976) identified three zones of plant growth in 
brackish marshes: low marsh (MTL or lower), middle marsh (MTL to mean higher 
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high water [MHHW]), and high marsh (at or above MHHW). The low marsh is 
dominated by California bulrush (Scir~us californicus); the middle marsh with 
a mixture of cattails and bulrushes; and a high marsh with a variety of 
halophytes including saltgrass and baltic rush. 

Table 2-8. Characteristic Plants of the Tidal Salt, Brackish, and Freshwater 
Marsh Habitat Types. 

Common Name Scientific Name 

Salt marsh 
Pickleweed Salicornia spp. 
Cordgrass S~artina foliosa 
Saltgrass Distichlis s~icata 
Gumplant Grindelia spp. 
Green algae Enteromomha spp. 

Brackish marsh 
Tule Scir~us spp. 
Cattail Tv~ha spp. 
Alkali bulrush Scir~us robustus 
Baltic rush Juncus balticus 

Freshwater marsh 
Cattail Tv~ha spp. 
Reeds Phramites communis 

2 . 3 . 2  Characteristic Wildlife 

2.3.2.1 Tidal Salt and Brackish Marshes 

About 92 percent of San Francisco Bay tidal salt and brackish marshes 
have been filled or converted to other wetland types (Association of Bay Area 
Governments, in prep.). Many wildlife species that depend on this habitat 
type are endangered or are candidates for endangered status. Of these, the 
California clapper rail is a prominent resident species that uses tidal 
marshes as far upstream in the estuary as Suisun Marsh. The clapper rail uses 
the cover of cordgrass, pickleweed, and other marsh plants for nesting (Harvey 
1988) and forages along tidal sloughs for invertebrates, including ribbed 
mussels ( Ischadium demissum) , Baltic clams, yellow shore crabs (HemiEra~sus 
ore~onensis), and spiders (Moffitt 1941). Rails also take salt marsh harvest 
mice and other small mammals (Josselyn 1983). 

Another important resident bird of tidal salt and brackish marshes is 
the California black rail, listed as a threatened species by the State of' 
California. This species is most abundant in brackish wetlands, such as the 
Petaluma River, Napa River, and Suisun Slough. In the Corte Madera Ecological 
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Reserve in North San Francisco Bay, Evens and Page (1982) found that black 
rails preferred areas containing dense pickleweed, but with a high degree of 
understory penetrability. Insects and crustaceans are their primary foods 
(Jones and Stokes Associates, Inc. 1979). 

Other birds using tidal salt and brackish marshes include the.salt marsh 
yellowthroat and three races of salt marsh song sparrows: the Alameda race 
(Melos~iza melodia ~usillula), which occurs only in San Francisco Bay; the San 
Pablo race (E. g. samuelis), which occurs only in San Pablo Bay; and the 
Suisun race (B. m. maxillaris,) which is found in Suisun Bay. All of these 
subspecies are candidates for endangered or threatened status. Each 
subspecies is dependent during its entire life cycle on tidal salt or brackish 
marshes. The three races form small territories along tidal sloughs and 
channels in the marshes (Marshall 1948a). The Alameda race is the most 
threatened of the three races because of the greater extent of habitat loss 
and fragmentation in South San Francisco Bay (Walton 1975). Foods of the 
three races include seeds of bulrush, pickleweed, and gumplant, mosquito 
larvae, small nereid worms, snails, and other invertebrates (Marshall 1948a). 

The salt marsh yellowthroat nests in a variety of wetland types, 
including tidal salt and brackish marshes (Hobson et al. 1985) and commonly 
spreads from other wetland types into tidal marshes in winter (Foster 1977). 
Insects associated with the various wetlands comprise most of their diet 
(Hobson et al. 1985). 

Other resident bird species that utilize tidal salt and brackish marshes 
primarily for feeding include the great blue heron, great egret, snowy egret, 
and black-crowned night-heron. These species frequent tidal marshes at all 
tide levels where they feed on fish, invertebrates, and small mammals. 
Nesting occurs in higher elevational portions of the marsh and in adjacent 
uplands in coyote brush (Baccharis sp.), bulrush, gumplant, and pickleweed 
(Gill 1977, Rigney and Rigney 1981). Nesting is generally successful in this 
habitat only where ground predators are rare and human disturbance is low. 
Other birds reported by Gill (1977) to nest in tidal salt marshes are the 
black-shouldered kite, northern harrier, marsh wren, red-winged blackbird, and 
Savannah sparrow. Granholm (1987) reported the American bittern, mallard, 
cinnamon teal, Virginia rail, sora, marsh wren, and common yellowthroat as 
typical nesting species of tidal brackish wetlands in Suisun Marsh. 

Tidal marshes of San Francisco Bay are also very important to migratory 
birds of the Pacific Flyway (Josselyn 1983). Actual use, however, of tidal 
salt and brackish marshes is limited, with most species of migratory waterfowl 
and shorebirds making substantially greater use of the open Bay, intertidal 
mudflats, salt ponds (Bollman et al. 1970), and diked wetlands. Within tidal 
salt marshes, most feeding and roosting activity is restricted to tidal 
sloughs and high marsh pannes, but some species, such as black rails, 
penetrate the dense vegetation to hide or forage. Migratory species commonly 
observed in sloughs and pannes of tidal marshes include shorebirds, such as 
black-necked stilts, willets, and least sandpipers, and waterfowl, such as the 
mallard and northern pintail (K. Foerster, U.S. Fish and Wildlife Service, 
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pers. comm.). Bollman et al. (1970) found shorebirds to be the most abundant 
migratory species group in tidal salt marshes. 

Tidal marshes also contribute to the productivity of other intertidal 
and subtidal habitats of importance to migratory birds. This occurs by 
release of decomposed plant material (detritus) which is passed through the 
food chain. Tidal salt marshes of the San Francisco Bay Estuary and elsewhere 
in California are thought to play a significant role in maintenance of 
migratory waterfowl populations in the Pacific Flyway; especially during 
periods of drought when inland wetland habitat is limited (U.S. Fish and 
Wildlife Service 1979). 

Several small mammals are currently resident in tidal salt and brackish 
marshes of the study area. The most prominent of these are the endangered 
salt marsh harvest mouse and two candidate species, the salt marsh vagrant 
shrew and the Suisun ornate shrew. The salt marsh harvest mouse is found in 
tidal and non-tidal wetlands (Zetterquist 1977, Geissel et al. 1988), while 
the salt marsh vagrant shrew and Suisun ornate shrew have been reported only 
from tidal marshes. Both species of shrews are found along the margins of 
middle elevation tidal marshes containing dense cover, an abundance of 
invertebrate prey (e.g., crustaceans and amphipods), suitable nesting and 
resting sites, and fairly continuous ground moisture (Johnston and Rudd 1957; 
Western Ecological Services Company 1986a,b). The salt marsh vagrant shrew is 
restricted to salt marshes of South San Francisco Bay, whereas the Suisun 
ornate shrew utilizes salt and brackish marshes of northern San Pablo Bay and 
Suisun Bay. 

The largest mammal found in association with tidal salt marshes of the 
Bay is the harbor seal. Harbor seals use tidal salt marshes as high tide 
haul-outs for loafing as well as giving birth to pups. Since 1928, harbor 
seals have consistently used a tidal salt marsh haul-out in Mowry Slough 
(South San Francisco Bay). Populations have ranged from 209 to 266 adults and 
subadults in censuses conducted between 1972 and 1985 (Fancher and Alcorn 
1982, Fancher 1987). Other tidal salt marsh haul-outs in the Bay include 
Greco Island, Corkscrew Slough, and Guadalupe Slough in the South Bay, and 
Tubbs Island, Yerba Buena Island, Castro Rocks, Angel Island, and Corte Madera 
Ecological Reserve in the North Bay. Other mammals reported to utilize salt 
and brackish marshes in San Francisco Bay include the river otter (brackish 
only), muskrat (brackish only), mink (brackish only), beaver (eastern part of 
Suisun Marsh only), black-tailed hare, California vole, Norway rat, and house 
mouse (Madrone Associates 1977, Jones and Stokes Associates, Inc. 1979, 
Granholm 1987). 

Wildlife species characteristic of tidal salt and brackish marshes are 
not necessarily found exclusively in this habitat (Table 2-9) (Ingles 1965, 
Small 1974, Madrone Associates et al. 1980, Jones and Stokes Associates, Inc 
1981, Josselyn 1983, and Mayer and Laudenslayer 1988). 
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Table 2-9. Characteristic Wildlife of the Tidal Salt and Brackish Marsh 
Habitat Type (Key to trophic level abbreviations given below). 

Mamnals Bi rds Repti Les & Amphibians 

Salt marsh vagrant shrew ( T I )  Great blue heron (CUB) Paci f ic  treefrog (AA) 
Mink (LCM) Great egret (CUB) Red- Legged frog (AA) 
River o t te r  (LCM) Snowy egret (CUB) Uestern te r res t r i a l  
Harbor seal (LCM) Northern p in ta i  1 (CUB) (HUB) garter snake (TR) 
Beaver (HM) Northern harr ier  (CB) Central Coast garter 
Salt marsh harvest mouse (HM) Black r a i l  (CUB) snake (TR) 
California vole (HM) Cali fornia clapper r a i  1 (CUB) 
Muskrat (HM) Virg in ia r a i l  (CUB) 
Black-tai led hare (HM) Sora (CUB) 

American coot (HUB) 
M i l l e t  (CUB) 
Short-eared owl (CB) 
Comnon yellowthroat (CB) 
Song sparrow (HLB) (CB) 

-- - -- 

Key: AA--Aquatic Amphibian; CB--Carnivorous Bird; CUB--Carnivorous Water Associated Bird; HLB--Herbivorous 
Land Bird; HM--Herbivorous Mamnal; HUB--Herbivorous Uater Associated Bird; LCM--Large Carnivorous M-1; 
LH--Large Herbivorous Memnal; TI--Terrestr ial insectivorous Mamnal; TR--Terrestrial Repti le 

Primary consumers in the food web include mammals such as the salt marsh 
harvest mouse, which feed on the seeds and stems of pickleweed; muskrats and 
beaver, which consume vegetation in the brackish marshes of the Estuary; and 
waterbirds, such as the American coot. Other primary consumers in the food 
chain include zooplankton, amphipods, annelids, bivalves, gastropods, and 
fish. Predators in the ecosystem include carnivorous insects, spiders, crabs, 
and fish (See the Wetlands and Aquatic Resources Status and Trends Reports for 
the San Francisco Estuary). Predators on the large invertebrate population 
include the California clapper rail, salt marsh vagrant shrew, northern 
pintail, and salt marsh song sparrow. Fish as well as larger invertebrates 
are consumed by the snowy egret, mink, and river otter. The northern harrier 
and introduced red fox and Norway rat prey on small mammals and birds that 
inhabit the marsh. 

2.3.2.2 Tidal Freshwater Marshes 

The wildlife values of tidal freshwater marshes in the Sacramento-San 
Joaquin Delta have been studied by Madrone Associates et al. (1980). Surveys 
conducted in freshwater marshes of the Delta from January 1979 to February 
1980 revealed at least 57 wildlife species associated with this habitat type. 
Of these, 19 species were found to depend upon some feature of freshwater 
marshes for breeding, migration, resting or roosting. The majority of the 
species are year-round residents in freshwater marshes and include American 
bittern, beaver, western pond turtle, and bullfrog. In a study of dredged 
material islands in the Delta, England et al. (1988) found common yellow- 
throats, song sparrows, and marsh wrens to be the predominant species in 
established tule stands. 
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Wildlife species characteristic of tidal freshwater marshes (Table 2-10) 
are not necessarily found exclusively in this habitat (Madrone Associates et 
al. 1980). Primary consumers in the food web include mammals, such as the 
muskrat and beaver, which consume emergent and riparian vegetation, and 
waterbirds, such as the common moorhen. Other primary consumers in the food 
web include zooplankton, amphipods, annelids, bivalves, gastropods, and fish, 
which feed on algae, phytoplankton, and detritus. Predators in the ecosystem 
include carnivorous insects, spiders, and fish (See the Wetlands and Aquatic 
Resources Status and Trends Reports for the San Francisco Estuary Project). 
Predators on the invertebrate population include the sora and bullfrog. Fish, 
as well as larger invertebrates are consumed by the pied-billed grebe, 
bittern, and mink. 

Table 2-10. Characteristic Wildlife of the Tidal Freshwater Marsh Habitat 
Type (Key to trophic level abbreviations given below). 

M m l s  Birds Reptiles and Amphibians 

Mink (LCM) Pied-bi l l e d  grebe (CUB) Paci f ic  treefrog (AA) (TA) 
Beaver (HM) American b i t t e rn  (CUB) Red- legged frog (AA) 
Muskrat (LH) Virg in ia r a i l  (CUB) Bul l f rog (AA) 

Sore (CUB) Western pond t u r t l e  (AR) 
Comnon moorhen (HUB) Central Coast garter snake (TR) 
American coot (HUB) Comnon garter snake (TR) 
Marsh wren (TIE) 

Key: AA--Aquatic Amphibian; AR--Aquatic Reptile; CUB--Carnivorous Uater Associated Bird; HUB--Herbivorous 
Uater Associated Bird; LCM--Large Carnivorous M m l ;  HM--Large Herbivorous M m l ;  TA--Terrestrial 
Amphibian; TIE--Terrestrial Insect-eating Bird; TR--Terrestrial Reptile. 

2 . 4  SEASONAL WETLANDS 

2 . 4 . 1  Vegetation 

Seasonal wetlands are shallow depressions characterized by standing 
water, primarily during the winter rainy season, and soil moisture depletion 
during summer and fall. In the Estuary, seasonal wetland types include: (1) 
diked, formerly tidal, farmed wetlands that flood naturally in winter or are 
managed for hunting; (2) diked, formerly tidal, managed brackish marshes found 
in Suisun Marsh; (3) diked, formerly tidal, salt marshes adjacent to San 
Francisco Bay; (4) abandoned salt ponds in South San Francisco Bay; and (5) 
inland freshwater marshes and vernal pools associated with grasslands. Plants 
characteristic of seasonal wetlands are listed in Table 2-11. 
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Table 2-11. Characteristic Plants of Seasonal Wetland Habitats. 

Common Name Scientific Name 

Diked Marsh (Salt and Brackish) 

Pickleweed 
Alkali heath 
Salt grass 
Alkali bulrush 
Fat hen 

Salicornia spp. 
Frankenia grandifolia 
Distichlis s~icata 
Scir~us robustus 
Atri~lex spp. 

Vernal Pools and Other Freshwater Habitat 

Rushes 
Sedges 
Downingia 
Meadow foam 

Farmed Wetlands 

Corn 
Hay 
Potatoes 

Abandoned salt Donds 

Juncus spp. 
Carex spp. 
Downin~ia spp. 
Limnanthes dou~lasii 

Wigeon grass 
Pickleweed 

R u ~ ~ i a  maritima 
Salicornia spp. 

2.4.2 Characteristic Wildlife 

Although there are no wildlife species restricted to seasonal wetlands, 
this habitat plays an extremely important role in the maintenance of wildlife 
populations of the study area. Of all wildlife groups present in the Estuary, 
migratory birds are most dependent on seasonal wetlands. Seasonal wetlands 
are important because they provide supplementary feeding habitat at a time of 
year when California's limited wetland acreage must support a much larger bird 
population. Seasonal wetlands provide supplemental foraging habitat for both 
dabbling and diving ducks and play a critical role in support of migratory 
shorebirds, particularly the smaller species, such as the western sandpiper. 
When high tides cover intertidal mudflats, seasonal wetlands adjacent to the 
Bay provide alternate foraging habitat for small shorebirds. Seasonal 
wetlands provide roosting habitat for larger shorebirds during high tides and 
shelter for waterfowl and shorebirds during storm events. They also support 
endangered species, resident waterbirds, small mammals, raptors, upland game 
birds, and passerine birds. 
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Extensive surveys of diked and undiked seasonal wetlands in San 
Francisco Bay have been conducted by the U.S. Fish and Wildlife Service over 
the last seven years. The Service, through its Diked Baylands Study, has been 
censusing wildlife use of over 140 seasonal wetland sites around the Bay. 
Preliminary results indicate that at least 19 species of migratory waterfowl 
and 20 species of migratory shorebirds utilize San Francisco Bay seasonal 
wetlands for feeding and roosting in winter. A total of 234 bird species have 
been observed in seasonal wetlands and surrounding transitional habitat (U.S. 
Fish and Wildlife Service, unpubl. data). 

Friley (1988) observed a total of 63 bird species in censuses conducted 
at 18 seasonal wetland sites in South San Francisco Bay. Of these, the 
western meadowlark, western sandpiper, and killdeer were the most commonly 
observed species. The most abundant species were the western sandpiper, 
dowitcher, and northern shoveler. Ten species of migratory waterfowl and 12 
species of migratory shorebirds were observed. Friley (1988) also found that 
those seasonal wetland sites exhibiting greater habitat heterogeneity (i.e., 
moderate ponding, greater vegetative diversity, and moderate vegetation 
density) supported a greater average number of bird species. 

Data collected by the Santa Clara Valley Audubon Society (unpubl. data) 
attests to the high value of seasonal wetlands to migratory birds. Bird 
censuses have been conducted by the Audubon Society at Charleston Slough in 
South San Francisco Bay since 1980. Total birds per census range from 500 to 
over 5,000 with 25 to 38 species of birds encountered during each census. 
Species observed in large numbers (over 500 birds per census) have included 
the northern shoveler, ruddy duck, American coot, western sandpiper, 
California gull, American avocet, dowitchers, Herring gull, and western gull. 

Seasonal wetlands around the Estuary also provide habitat for several 
endangered species. Seasonal wetlands and adjacent transitional habitat are 
known to support significant populations of the salt marsh harvest mouse 
(Zetterquist 1977, Geissel et al. 1988). The endangered San Francisco garter 
snake is found in seasonal wetlands near drainage canals holding year-round 
water adjacent to the San Francisco International Airport. The snakes 
overwinter at the canals, disperse to the seasonal wetlands during spring, and 
return to the canals as the seasonal wetlands dry up (Wharton et al. 1985). 
Least terns have been observed foraging in Charleston Slough during the summer 
months (Santa Clara Valley Audubon Society, unpubl. data). 

Seasonal wetlands and ponds of San Francisco Bay have not been surveyed 
extensively for other wildlife species. However, the Diked Baylands Wildlife 
Study results show use by mammals and reptiles, including black-tailed hare, 
California ground squirrel, gray fox, muskrat, black-tailed deer, and gopher 
snake (U.S. Fish and Wildlife Service, unpubl. data). Seasonal wetlands and 
adjacent transitional habitat also provide nest sites for waterfowl, such as 
the mallard and cinnamon teal. 
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2.4.2.1 Diked Marsh 

Reclamation of Bay tidal marshes to create farmed wetlands and salt 
ponds, basically eliriinated historic high marsh habitat, which originally had 
acted as an important transition zone to adjacent uplands. Today, diked 
marshes maintain some of these lost habitat values. For example, the 
endangered salt marsh harvest mouse, a species dependent on high marsh 
habitat, may occur in significant numbers in some diked marshes. 

Suisun Marsh comprises the largest diked seasonal wetland complex in the 
study area extending over 57,310 acres. These managed marshlands constitute 
approximately 12 percent of California's remaining wetlands. These seasonal 
wetlands are of primary importance to migratory waterfowl and shorebirds, 
particularly in early fall when Central Valley wetlands are not yet flooded or 
during drought years. Average monthly fall and winter waterfowl populations 
between 1977 and 1986 have varied between 78,000 and 178,000 birds, 
representing between 3.3 and 5.6 percent of the State's total migratory 
waterfowl population (California Department of Fish and Game 1987b). 

Of the migratory waterfowl frequenting Suisun Marsh, northern pintails 
are most numerous, comprising 40 to 96 percent of all waterfowl recorded on 
the marsh in fall and winter (U.S. Fish and Wildlife Service 1978a). Other 
important waterfowl species include mallards, American wigeon, northern 
shovelers, green-winged teal, canvasbacks, cackling Canada geese, and white- 
fronted geese. The marsh also supports an average annual breeding population 
of about 2,400 pairs of primarily mallards, gadwall, and cinnamon teal 
(California Department of Fish and Game 1987b). McLandress and Yarris 41986) 
found that duck nesting densities in Suisun Marsh averaged 825 nests/mi 
compared to an average density of 352 nests/mi2 from other State and Federal 
wildlife areas in the Sacramento Valley. Mallards were the predominant 
nesting species, with 44 percent of the nests successful. 

Few studies have been conducted on food habits of waterfowl in Suisun 
Marsh. Based on examination of gizzard contents, Mall (1969) concluded that 
alkali bulrush seeds were the most important food item in the diets of 
dabbling ducks in the marsh. Swanson and Bartonek (1970), however, 
demonstrated that analyses of gizzard contents inflates the importance of 
seeds in the diet of ducks. Analyses of esophageal contents soon after birds 
have fed more accurately reflects the diet of waterfowl (Swanson and Bartonek 
1970). Batzer (unpubl. data) is currently studying invertebrate food habits 
of mallards in Suisun Marsh. Preliminary results indicate that blood worms 
(Chironomus ~lumosus) and scuds (Gammarus) are commonly taken by mallards. 

More recent studies of waterfowl food habits outside the Estuary study 
area have documented the importance of invertebrates in the diet. Gonnelly 
and Chesemore (1980) found that animal matter constituted a much higher 
percentage of the diet of wintering pintails in the northern San Joaquin 
Valley than was previously reported. The percentage of animal matter in the 
diet, primarily chironomid larvae, was highest in winter (November to 
February), whereas vegetative food items predominated in the fall. Miller 
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(1987) and Euliss and Harris (1987) found similar results in their studies of 
waterfowl food habits in the Sacramento Valley and San Joaquin Valley, 
respectively. 

In addition to waterfowl, Suisun Marsh is also important to shorebirds 
as a migration stop-over area. Of the 21 species of shorebirds that have been 
observed in Suisun Marsh, the western sandpiper, dunlin, and long-billed 
dowitcher are most abundant, particularly during spring migration (Jones and 
Stokes Associates, Inc. and EDAW, Inc. 1975). 

Because of its size, location, and abundance of small mammal prey 
species, Suisun Marsh is also noted as an important raptor wintering area. 
Jones and Stokes Associates, Inc. and EDAW, Inc. (1975) reported 11 species of 
hawks, three species of falcons, two species of eagles, and seven species of 
owls using seasonal wetlands as well as adjacent transitional and upland 
habitats. 

Mammals also abound in Suisun Marsh. The most notable species present 
in the diked wetlands of the marsh is the salt marsh harvest mouse which is 
found primarily in areas of dense pickleweed. A complete accounting of 
species and preferred habitat is presented in Jones and Stokes Associates, 
Inc. and EDAW, Inc. (1975). They described use of the diked marshes of Suisun 
Marsh by a total of 14 species of bats, 10 species of carnivores, and 12 
species of rodents. The Grizzly Island Wildlife Management Area of Suisun 
Marsh also supports a herd of tule elk which were reintroduced in the early 
1970s and have attained a population of 500-1,000 animals in recent years (R. 
Helm, U.S. Fish and Wildlife Service, pers. comm.). 

2.4.2.2 Vernal Pools 

Vernal pools are natural, undiked seasonal wetlands in the study area. 
Little information is available in the literature on the wildlife use and 
values of vernal pools in the Estuary project area, but they provide wildlife 
habitat values similar to other seasonal wetlands. They are used during 
winter and early spring as loafing and foraging habitat by migratory and 
wintering waterfowl, and late-drying vernal pool complexes also provide brood 
habitat for several species of shorebirds and waterfowl (Holland 1988). 

Numerous species have been observed in vernal pools of the Central 
Valley, including: mallard, cinnamon teal, killdeer, American avocet, black- 
necked stilt, northern pintail, great blue heron, great egret, and willet 
(Zedler 1987). The following species have been observed using Santa Rosa 
vernal pools: mallard, cinnamon teal, great egret, snowy egret, killdeer, 
greater yellowlegs, lessqr yellowlegs, and common snipe (M. Long, U.S. Fish 
and Wildlife Service, pers. comm., Waaland, letter to Corps of Engineers, 3- 
30-89). Additional information on bird use of vernal pools in the study area 
comes from censuses conducted by the U.S. Fish and Wildlife Service through 
its Diked Baylands Wildlife Study. Data from vernal pool habitat in the 
Fremont area of South San Francisco Bay show significant use by migratory 
waterfowl and shorebirds in winter for both feeding and roosting. Commonly 
observed species were the mallard, cinnamon teal, American wigeon, American 
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avocet, and black-necked stilt. Western and least sandpipers were most 
abundant, with as many as 2,300 individuals observed during spring migration. 

Amphibians are also likely inhabitants of vernal pools. Barry (1981) 
noted that the California tiger salamander breeds in Jepson Prairie vernal 
pools. According to Zedler (1987), the Pacific treefrog and western spadefoot 
are common amphibians in Southern California vernal pools. These same 
species, as well as the western toad, occur in vernal pools of the study area. 

No reptiles are limited to vernal pool habitat in the study area. 
Reptiles of the surrounding grasslands include the western terrestrial garter 
snake, common garter snake, and southern alligator lizard. These species 
probably feed on amphibians during winter and spring when the pools are 
inundated. 

Like reptiles, there are no mammals restricted to vernal pools, and most 
mammals that utilize the vernal pool habitat are grassland-oriented species. 
In a study of Southern California vernal pools, Winfield et al. (1984) 
captured a number of small mammal species, including the western harvest 
mouse, deer mouse, and California vole, all of which could occur in and 
adjacent to study area vernal pools. The black-tailed hare undoubtedly makes 
use of vernal pool vegetation in the study area after the pools have dried. 

2.4.2.3 Farmed Wetlands 

The vast farmed wetlands of the Delta and the Napa Marsh are noted as 
important migratory bird stop-overs and wintering areas. Of the migratory 
birds frequenting seasonally flooded agricultural wetlands of the Delta, 
waterfowl are the most abundant. The Delta supports nearly 10 percent of all 
waterfowl wintering in California (U.S. Fish and Wildlife Service 1978a) and 
is the most important wintering area for tundra swans in California, 
supporting an estimated 73 percent of the wintering Central Valley population. 
Over one-third of the Central Valley population of white-fronted geese winter 
in the Delta and feed primarily in flooded and unflooded corn fields (U.S. 
Fish and Wildlife Service 1978a). Other species of importance include the 
northern pintail, mallard, and snow goose (California Department of Fish and 
Game 1987~). 

Few waterfowl food habits studies have been conducted in the Delta. 
Tate and Tate (1966), in a study near Stockton, reported that tundra swans fed 
on waste corn in both flooded and nonflooded fields as well as potatoes in 
flooded fields. Flooded agricultural fields in the Delta area are considered 
to be essential feeding habitat for tundra swans and white-fronted geese 
(Madrone Associates et al. 1980). Dabbling ducks also prefer flooded fields 
for feeding (Madrone Associates et al. 1980). 

Delta seasonal wetlands also support significant numbers of migratory 
shorebirds, particularly in late summer or early fall when some farmers flood 
their fields early to control weeds and centipedes. Shorebirds commonly 
observed in these wetlands include greater yellowlegs, long-billed dowitchers, 
long-billed curlews, and western sandpipers (California Department of Fish and 
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Game 1987~). Later in the fall and into the early spring, shorebirds utilize 
shallow areas of fields flooded to leach salts, fields flooded to attract 
waterfowl, and fields flooded by rainwater or unpumped seepage. Farmed 
wetlands of the Delta, particularly harvested corn and wheat fields, provide 
valuable foraging habitat for greater sandhill cranes and Swainson's hawks. 

2.4.2.4 Abandoned Salt Ponds 

Another type of seasonal wetland for which wildlife information exists 
is recently abandoned salt ponds, which are located primarily in South San 
Francisco Bay. Abandoned salt ponds near Hayward were found to support 40 
species of waterbirds during winter (Cole/Mills Associates 1987). Of these 
species, the bufflehead was most common during seasons of extensive 
inundation. When the ponds contained shallow water, western and least 
sandpipers were predominant, with peaks of from 24,000 to 27,000 birds 
observed in fall and winter. For shorebirds, the number of individuals 
observed was highly dependent on tidal sequence and height and time of year. 
In 1976, members of the Ohlone Chapter, National Audubon Society, counted 
approximately 332 western snowy plovers on these ponds, which was one of the 
largest concentrations recorded in the San Francisco Bay Area in recent years 
(Western Ecological Services Company and Thomas Reid Associates 1989). The 
western snowy plover was the only nesting species observed in the abandoned 
salt ponds in this study (Cole/Mills Associates 1987). 

Surveys of abandoned salt ponds on Bair Island (Redwood City) also 
confirm substantial use by shorebirds and nesting by the snowy plover (San 
Francisco Bay Bird Observatory 1988). Other nesting species include Caspian 
terns, American avocets, black-necked stilts, and, in some years, Forster's 
terns. Historically, the least tern nested in these abandoned salt ponds. 
Few mammals were found in this habitat because of the lack of significant 
vegetative food and cover. However, H. Cogswell (California State University, 
Hayward, pers. comm.) observed a red fox on the Baumberg Tract in 1986, and a 
red fox was observed on Bair Island in April 1991 (R. Hothem, U.S. Fish and 
Wildlife Service, pers. comm.). 

Wildlife species characteristic of seasonal wetlands are not found 
exclusively in this habitat type (Table 2-12) (Ingles 1965, Small 1974, Jones 
and Stokes Associates, Inc. 1981, Stebbins 1985, and Mayer and Laudenslayer 
1988). Primary consumers of algae, aquatic vegetation and seeds include 
mammals, such as the salt marsh harvest mouse and California vole, that 
function in both the terrestrial and aquatic components of the food web, 
birds, such as the mallard, and small invertebrates, zooplankton, molluscs, 
crustaceans, and phytophagus insects. Important secondaq and tertiary 
consumers include aquatic invertebrate-eating animals, such as the snowy 
egret, common snipe, and California tiger salamander, that also function as 
consumers in the terrestrial environment, and carnivores, such as the striped 
skunk, the common crow, and carnivorous insects. 
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Table 2-12. Characteristic Wildlife of the Seasonal Wetland Habitat Type (Key 
to trophic level abbreviations given below). 

Mamnals Birds Reptiles and Amphibians 

DIKED MRSH 

Striped skunk (SCM) Snowy egret (CUB) Gopher snake (TR) 
Salt marsh harvest mouse (SH) (SE) (TI) Northern p i n t a i l  (HUB) (AIE) 

Black-tai led hare (SH) Northern shoveler (AIE) 
American wigeon (HUB) (AIE) 
Northern harr ier  (CBI 
Uestern sandpiper (TIE) 
Salt marsh song sparrou (SFE) (TIE) 

VER13AL POOLS AND OTHER FRESHUATER HABITAT ---- 
Striped skunk (SCM) Snowy egret (CUB) 
Western harvest mouse (SE) (TI) Mallard (AIE) 

California vole CSH) K i  1 ldeer (AIE) 

BLack- t a i  led hare (SH) Comnon snipe (AIE) (SFE) 

FARMED M U W S  

Striped skunk (SCM) Tundra swan (HUB) 
Coyote (LC) White-fronted goose (AXE) 
California ground squirre l  (SE) (SH) Northern p in ta i  1 (AIE) (HUB) 
California vole (SH) Greater yellowlegs (AIE) 

Comnon crow (CB) (SB) (SFE) (TIE) 

California t iger  
salamander (TA) (AA) 

Uestern spedef aot (TA) 
Uestern toad (TA) 
Uestern te r res t r i a l  

garter snake (TR) 

Comnon garter snake (TR) 

Gopher snake (TR) 

ABAWWIlED SALT WlIDS 

None Buff lehead (AIE) None 
Uestern snowy plover (AIE) 
Uestern sandpiper (AIE) 

Key: AA--Aquatic Amphibian; AIE--Aquatic Invertebrate-eating Bird; CB--Carnivorous Bird; CUB--Carnivorous 
Uater Associated Bird; HUB--Herbivorous Uater Associated Bird; LCM--Large Carnivorous M m l ;  SB--Scavenging 
Bird; SCM--Smell Carnivorous Mamnal; SE--Seed-eatlng Mamnal; SFE--Seed and Fruit-eating Bird; SH--Small 
Herbivorous Mamnel; TA--Terrestrial Amphibian; TIE--Terrestrial Insect-eating Bird; TI--Terrestr ial 
Insectivorous Mamnal; TR--Terrestrial Reptile. 
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2 . 5  RIPARIAN WOODLAND 

2.5.1 Vegetation 

The riparian woodland habitat type (Table 2-13) consists primarily of 
narrow strips of broad-leaved, winter deciduous trees and shrubs that grow 
adjacent to streams that lead into the Estuary. Trees grow up to 100 feet 
tall. The understory is sparse to absent when the overstory tree canopy is 
dense. Soil moisture is more or less permanently available, and flooding 
events are irregular. 

Table 2-13. Characteristic Vegetation of the Riparian Woodland Habitat Type. 

Common Name Scientific Name 

Trees 
Boxelder Acer nermndo californicwq 
Fremont cottonwood Po~ulus fremontii 
Willow Salix spp. 
California sycamore Platanus racemosa 
White alder Alnus rhombifolia 

Shrubs 
Willow Salix spp. 
Elderberry Sambucus mexicana 
Blackberry Rubus procerus 

2 . 5 . 2  Characteristic Wildlife 

Riparian woodlands are often considered to be the most valuable of 
habitats available to wildlife. Water, food, and cover, the critical habitat 
requirements, are all supplied in riparian habitat types. The complexity of 
microhabitats created by the layering of trees, shrubs, vines, and herbaceous 
and aquatic vegetation promotes high wildlife species diversity. The shape of 
riparian zones (i.e., narrow corridors) maximizes the extent of edge habitat, 
thereby increasing species diversity. A great number of species, such as 
hole-nesting or bark-gleaning birds, are completely dependent on this habitat 
type for existence. 

Riparian habitat also enhances the value of adjacent fish and wildlife 
habitats. When adjacent to grasslands or agricultural land, riparian forests 
provide nest sites for raptors and cover for upland species that use these 
adjacent habitat for foraging. In addition, riparian zones act as corridors 
between cover types for species migration. Riparian vegetation that hangs 
over water shades the aquatic environment, thereby ameliorating water 
temperatures. Leaf and insect drop provides food and other essential 
nutrients to the aquatic ecosystem. 
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Many of the species that frequent riparian habitats also utilize the 
aquatic habitat for breeding, foraging, or loafing. Examples are the green- 
backed heron, wood duck, belted kingfisher, western toad, and Pacific 
treefrog. All of these species require both the stream and adjacent vegetated 
wetlands to fulfill their life requirements. Other species, such as the 
Pacific slope and ash-throated flycatchers are dependent on the riparian 
woodland-stream edge where they feed aerially on terrestrial life stages of 
aquatic insects. 

Riparian habitat is the rarest wetland habitat type in the study area, 
but has received little attention in the literature. Within the study area, 
extensive surveys of riparian habitat have occurred only in the Sacramento-San 
Joaquin Delta, and on Coyote Creek and Guadalupe River in South San Francisco 
Bay. 

Of all the wildlife habitat types surveyed in the Sacramento-San Joaquin 
Delta, Madrone Associates et al. (1980) found that riparian habitat supported 
the greatest diversity of wildlife species, including both nesting and 
wintering species. Of the 107 species observed in riparian woodlands and 
shrublands, 37 species of birds and one mammal found essential habitat in 
Delta riparian vegetation (Madrone Associates et al. 1980) 

Bird surveys of the Guadalupe River have been conducted over the past 
year by H.T. Harvey and Associates (unpubl. data). Similar to results of 
studies in the Delta, over 100 species of birds were found in the study area. 
Another study of bird life in Santa Clara County (South San Francisco Bay) 
showed that 60 percent of the 211 species of birds observed in the county 
occurred in riparian habitat (Harvey and Associates 1988). 

An intensive study of existing riparian habitat and riparian 
revegetation plots is currently being conducted on Lower Coyote Creek by the 
Coyote Creek Riparian Station (1988). Results of surveys thus far reveal over 
60 species of birds in existing mature riparian vegetation. By contrast, 
riparian revegetation plots in their second year supported 44 species. 
Previous surveys of Lower Coyote Creek in this vicinity revealed 94 species of 
birds (Santa Clara Valley Water District 1984). A total of 51 species was 
found to be resident year-round; 11 species were summer residents; 18 species 
were winter residents spending six or more months in the study area, but 
breeding elsewhere; and 16 species were recorded as migrants that stayed a 
short time (two to five days) in riparian habitat of the study area during 
migration. 

Wildlife species characteristic of riparian woodlands are not 
necessarily found exclusively in this habitat type (Table 2-14) (Ingles 1965, 
Small 1974, Jones and Stokes Associates, Inc. 1981, Stebbins 1985, Coyote 
Creek Riparian Station 1988). 
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Table 2-14. Characteristic Wildlife of the Riparian Woodland Habitat Type 
(Key to trophic level abbreviations given below). 

Mamnels Birds Reptiles and Amphibians 

Opossun (SCM) (SE) ( T I )  Wood duck (SFE) (TIE) Pacif ic treefrog (TA) 
Ornate shreu ( T I )  Great horned oul (CB) (TIE)  California neut (TA) 

Pa l l id  bat ( F I )  Annals hurmingbird (NE) (TIE) Rubber boa (TR) 
Raccoon (SE) (SCM) ( T I )  Downy uoodpecker (TIE) (SFE) Ring-necked snake (TR) 

Striped skunk (SCM) ( T I )  Black phoebe (TIE) Comnon garter snake CTR) 
Coyote (La)  ( T I )  Tree suallow (TIE) 
Western gray squirrel (SE) Scrub jay (SFE) (TIE) (CB) (SB) 

Deer mouse (SE) ( T I )  Beuick1s wren (TIE)  
Audubon cottontai 1 (SH) Rufous-sided touhee (SFE) 
Black-tai Led deer (LH) Northern or iole (TIE) (SFE) 

Song sparrow (SFE) (TIE) 

Key: CB--Carnivorous Bird; FI--Flying Insectivorous Mamnel; LCM--Large Carnivorous Manmml; LH--Large 
Herbivorous M-1; NE--Nectar-eating Bird; SB--Scavenging Bird; SCM--Small Carnivorous Mamnel; SE--Seed- 
eating Mamnrrl; SFE--Seed and Fruit-eating Bird; SH--Small Herbivorous Mamnel; TA--Terrestrial Amphibian; TI- 
-Terrestrial Insectivorous Mamnel; TIE--Terrestrial Insect-eating Bird; TR--Terrestrial Reptile. 

Primary consumers of vegetation in this habitat type are mammals, such 
as the black-tailed deer and Audubon cottontail, and phytophagous insects. 
Seed and fruit production is consumed by mammals, such as the deer mouse and 
western gray squirrel, and birds, such as the rufous-sided towhee. Secondary 
and tertiary consumers include insectivores, such as the black phoebe, Anna's 
hummingbird (also a nectivore), ornate shrew, pallid bat, and Pacific 
treefrog, and carnivores, such as the coyote, opossum, and great horned owl. 
The scrub jay is a common scavenging bird. The raccoon is an excellent 
example of an omnivore, feeding on seeds, fruits, insects, bird eggs, and 
carrion. 

2.6 SALT PONDS 

2.6.1 Vegetation 

With the exception of wigeon grass, the dominant plants of the salt pond 
habitat type are algae. Green algae are most common. Plant distribution is 
related to pond salinities, with species distribution and abundance decreasing 
as salinity increases (Carpelan 1964) (Table 2-15). Salt ponds, consisting of 
salt evaporators, crystallizers, and bittern ponds, are located around San 
Francisco Bay, with over 27,000 acres in the South Bay and over 9,000 acres in 
the North Bay (U.S. Fish and Wildlife Service 1989b). 
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Table 2-15. Characteristic Plants of the Salt Pond Habitat Type. 

Common Name Scientific Name 

Blue-green algae Oscillatoria spp. 
Diatoms Melosira moniliformis 
Green algae Enteromorvha spp. 

, Dunaliella salina 
Stichococcus bacillaris 

Wigeon grass Ruvvia maritima 

2 . 6 . 2  Characteristic Wildlife 

Salt ponds, especially those with low to moderate salinities, provide 
important wetland habitat for wildlife of the study area. Studies, primarily 
in South San Francisco Bay, attest to the high seasonal diversity and 
abundance of bird life utilizing this habitat type. Anderson (1970a) reported 
55 and Swarth et al. (1982) 70 bird species in their respective studies of 
South Bay salt ponds. Salt ponds are of primary importance to migratory 
birds, but they also provide year-round foraging habitat for a number of 
resident species. Several species nest on salt pond levees and islands. The 
most common species and the seasonality of their use of salt ponds are shown 
in Table 2-16. Some of these species were historically uncommon in San 
Francisco Bay. Creation of the: salt pond habitat type, beginning in the 
1850s, enhanced breeding and non-breeding populations of several waterbirds, 
including the eared grebe, white pelican, snowy plover, Caspian tern, 
Forster's tern, Wilson's phalarope, California gull, American avocet, and 
black-necked stilt (Harvey et al. 1988). 

Salt ponds support an abundance of several waterbird groups, 
particularly during fall and spring migration and in winter. Harvey et al. 
(1988) reported wintering waterfowl peaks in South San Francisco Bay salt 
ponds of 75,000 birds. Peaks in the number of wintering'shorebirds exceeded 
200,000 individuals, which attests to the importance of this habitat type to 
shorebird populations wintering in or migrating through San Francisco Bay. 
Phalaropes, which utilize salt ponds as post-breeding migrational stopover 
sites, reached peaks as high as 70,000 individuals (Harvey et al. 1988). 

While waterfowl and phalaropes utilize salt ponds primarily for feeding, 
there is some variability among shorebird species in their use of salt ponds. 
Harvey et al. (1988) reported that marbled godwits, dowitchers, and 
black-bellied plovers utilized salt ponds primarily for roosting areas. 
Smaller shorebirds, such as the western sandpiper and least sandpiper, as well 
as American avocets, willets, and greater yellowlegs used salt ponds as 
supplemental feeding and roosting habitat when high tides covered intertidal 
mudflats. The black-necked stilt, red-necked phalarope, and Wilson's 
phalarope fed and roosted exclusively in salt ponds. 
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Table 2-16. Seasonal Use of Salt Ponds by Common Bird Species (Rigney and 
Rigney 1981, Swarth et al. 1982, Harvey et al. 1988, Feeney 1989, U.S. Fish 
and Wildlife Service, unpubl. data). 

Resident Migrantminter Visitor 

Double-crested cormorant 
Great blue heron 
Great egret 
Snowy egret 
Gadwall 
Ruddy duck 
Western snowy plover (1,2) 
Killdeer (1) 
Black-necked stilt (1,3) 
American avocet (1,3) 
California gull (5) 
Forster's tern (1,2) 

Summer Visitor 

Caspian tern (1,3) 
Least tern 

Eared grebe 
White pelican 
Northern pintail 
Northern shoveler 
American wigeon 
Canvasback 
Scaup sp. 
Common goldeneye 
Bufflehead 
Red-breasted merganser 
American coot 
Black-bellied plover (4) 
Willet (4) 
Marbled godwit (4) 
Western sandpiper 
Least sandpiper 
Dun1 in 
Dowitcher sp. 
Northern phalarope 
Red-necked phalarope 
Bonaparte's gull 
Ring-billed gull (4) 
Herring gull 
Western gull 
Glaucous-winged gull 

1 Nests on salt pond dikes. 
2 Fall, spring, and summer resident, rare in winter. 
3 Also migrant. 
4 Also non-breeding summer visitor. 
5 Three nesting colonies in South San Francisco Bay. 

Several species occur more frequently in salt ponds than in any other 
wetland or deep-water habitat of the Bay. Harvey et al. (1988) noted 
significantly greater use of salt ponds than of the open Bay by many species 
of migratory waterfowl, with this preference most prominent during spring 
migration. Swarth et al. (1982) reported that eared grebes, northern 
shovelers, and Bonaparte's gulls were abundant on salt ponds, but essentially 
absent in intertidal habitat. Canvasbacks have been observed to congregate on 
North Bay salt ponds (U.S. Fish and Wildlife Service, unpubl. data). 

Pond salinity affects the distribution of some waterbirds found in salt 
ponds. White pelicans, cormorants, and other fish-eating species occur most 
commonly in ponds with low salinities (e.g., 20-30 parts per thousand). 

Comunities and Habitats 
Page 39 



Although phalaropes, eared grebes, and black-necked stilts reportedly prefer 
higher salinity ponds (Anderson 1970a, Harvey et al. 1988), most shorebirds 
and nesting terns show no marked salinity preference. The presence of shallow 
water and isolated islands or dikes is generally the most important criteria 
in pond selection for these species groups. 

Food habits of birds using salt ponds have not been thoroughly 
investigated. Anderson (1970a) reported the consumption of wigeon grass and 
water boatmen (Trichocorixa reticulata) by waterfowl, brine shrimp (Artemia 
franciscana) by eared grebes, water boatmen and brine flies (E~hvdra sp.) by 
least sandpipers and American avocets, and polychaete worms by willets. 
California least terns were reported by Feeney (1989) to consume topsmelt 
(Atherino~s affinis) in ponds of the Baumberg area, Hayward. Howard (1983), 
in his study of the feeding ecology of ruddy ducks on San Francisco Bay 
National Wildlife Refuge, found that brine shrimp, water boatmen, wigeon 
grass, and green algae were the principal food items in the diet of wintering 
ruddy ducks. 

As shown by frequent large feeding aggregations of species such as white 
pelican, double-crested cormorant, Forster's tern, and great egret, 
significant fish populations occur in the low salinity ponds. Lonzarich 
(1989) reported year-round resident populations of top smelt, threespine 
stickleback (Gasterosteus aculeatus), rainwater killifish (Lucania parva), 
yellowfin goby (Acantho~obius flavimanus), and Pacific staghorn sculpin 
(Le~tocottus armatus) in ponds near Alviso ranging up to about 80 parts per 
thousand in salinity. He also described how seasonal reductions in dissolved 
oxygen in these ponds, due to decomposition of algal mats, force fish to the 
pond surface where they are readily available to birds. Populations of long- 
jawed mudsuckers (Gillichthvs mirabilis) have also supported occasional 
commercial harvest in South Bay salt ponds in the past (U.S. Fish and Wildlife 
Service, unpubl . data) . 

2.7 LAKES AND PONDS 

2.7.1 Vegetation 

Lakes and ponds in the Estuary study area are dominated by a variety of 
aquatic vegetation, including floating, submerged, and emergent aquatic plants 
(Table 2-17). Perennial supplies of fresh, brackish, or salt water are 
required to support most aquatic species. 

In the study area, the lakes and ponds habitat type is characterized by 
numerous constructed lakes and ponds within urban areas of the Bay, reservoirs 
around San Francisco Bay, sewage treatment lagoons found throughout the Bay 
and Delta, and lakes found in currently or formerly cultivated islands or 
overflow channels of the Delta. 
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Table 2-17. Characteristic Plants of the Lakes and Ponds Habitat Type. 

Plant Form Common Name Scientific Name 

Floating Duckweed Lemna spp. 
Water fern Azolla filiculoides 
Water hyacinth Eichhornia crassi~es 
Green algae 

Submerged Pondweed Potamoaeton spp. 
Naiads Naias ~zuadalu~ensis 
Water milfoil M~rio~hvllurq 

Emergent Cattail Twha spp. 
Smartweed Polveonunq spp. 
Pickleweed Salicornia spp. 
Alkali bulrush Scir~us robustus 

2.7.2 Characteristic Wildlife 

Data from the U.S. Fish and Wildlife Service's Diked Baylands Wildlife 
Study reveal significant migratory bird use of an artificial lagoon in San 
Rafael (Spinnaker Lagoon), as well as nesting by mallards, ruddy ducks, 
pied-billed grebes, black-necked stilts, American avocets, and American coots. 

Several reservoirs in the study area attract large flocks of geese in 
winter. In 1984, the California Department of Fish and Game and U.S. Fish and 
Wildlife Service's midwinter waterfowl inventory counted 2,950 Canada geese in 
East Bay reservoirs (Contra Costa and Alameda counties). 

Of the artificial wetland habitats within the study area, waste 
treatment ponds possess some of the greatest existing and potential wildlife 
values. Such ponds in Hayward, Sunnyvale, San Jose, San Rafael, Stockton, 
Petaluma, Novato, and Lodi' are known to provide feeding and resting habitat 
for significant numbers of migratory and resident birds, but bird use has been 
quantified in only a few cases. However, Madrone Associates et al. (1980) 
conducted bird surveys of oxidation ponds associated with the Stockton and 
Lodi sewage treatment plants. A total of 63 bird species were observed, 
including 11 species of waterfowl, 19 species of shorebirds, and 5 gull 
species. These ponds were used most heavily during migration periods and in 
winter. 

Aerial surveys of the sewage treatment ponds in Sunnyvale by the 
California Department of Fish and Game and the U.S. Fish and Wildlife Service 
from 1981 to 1986 revealed a total of 26 species of birds utilizing these 
ponds. Waterfowl species were most common, with the northern shoveler and 
ruddy duck most numerous. In November 1984, over 38,000 shovelers and 7,500 
ruddy ducks were observed during one survey (California Department of Fish 
and Game and U.S. Fish and Wildlife Service, unpubl. data). 
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Bird-use information is currently being gathered by the East Bay 
Regional Park District for the sewage effluent treatment ponds in Hayward. 
Information on species use and total numbers of birds has been collected on a 
monthly basis since May 1988 when the ponds were initially established. More 
recently, information has been gathered on bird activity patterns. These 
data, however, have not yet been summarized (M. Taylor, East Bay Regional Park 
District, pers. comrn.). 

Although waste treatment ponds possess high wildlife potential, creation 
and management of this artificial wetland habitat type should be approached 
with caution. Dependingon nutrient and other pollutant loads in these ponds, 
avian botulism outbreaks as well as bioaccumulation of toxic elements or 
compounds may occur. 

Natural lakes and ponds of the Delta support nesting birds, such as 
mallard, American coot, and pied-billed grebe. In winter, migratory waterfowl 
utilize this habitat type for feeding and resting. Wildlife species 
characteristic of the lakes and ponds habitat type, but not found exclusively 
in this habitat type, are listed in Table 2-18. 

Table 2-18. Characteristic Wildlife of the Lakes and Ponds Habitat Type (Key 
to trophic level abbreviations given below). 

Marmtels Birds Amphibians and Rept i les 

Beaver (HM) 
Muskrat (HM) 

- - 

Pied-bi l led  grebe (CUB) Western toad (TA) 
Great egret (CUB) Pacific treefrog (TA) 
Mallard (AIE) Bullfrog (AA) 

Canvasback (CUB) Uestern pond tur t le  (AR) 
Scaup sp. (CUB) Giant garter snake (TR) 
American coot (HUB) 

- 

Key: AA-Aquatic Amphibian; AIE--Aquatic Invertebrate-eating Bird; AR--Aquatic Reptile; CUB--CarnivoroUs 
Uater Associated Bird; HM- -Large Herbivorous Mamnal; HUB- -Herbivorous Uater Associated Bird; TA- -Terrestrial 
Anphibian; TR--Terrestrial Reptile. 

2.8 GRASSLAND 

2.8.1 Vegetation 

The grassland habitat type is dominated by annual and perennial grasses 
and forbs (Table 2-19). Herbaceous cover ranges from sparse to dense, and 
plant heights range up to 6 feet in years of moist, warm spring seasons. 
Plant species composition varies with annual rainfall, soil type, irrigation, 
and grazing practices. Common species include both natives and exotics 
introduced from other Mediterranean-type climates (e.g., southern Europe, 
Australia). Many of the natives are perennial bunchgrasses which were 
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more abundant and widespread prior to European settlement of California (Heady 
1977). The grassland habitat type intergrades with and forms the herbaceous 
ground cover in the oak woodland habitat type. It also intergrades with mixed 
chaparral and coastal scrub on soils of coarser texture or where range burning 
has been practiced. 

Table 2-19. Characteristic Plants of the Grassland Habitat Type. 

Cover Type Common Name Scientific Name 

Annual Grassland Wild oats Avena fatua 
Soft chess Bromus mollis 
Filaree Erodium spp. 

Perennial Grassland California oatgrass Danthonia californica 
Red fescue Festuca rubra 
California needlegrass Stiva levida and S.  pulchra 

Irrigated Pasture Ryegrass Lolium spp. 
Ladino clover Tifolium revens 

The grassland habitat type occurs on coastal terraces, inland valleys, 
foothills, ridges, and south-facing slopes at elevations ranging from sea 
level to 3,000 feet. Perennial grassland typical of the moist, coastal 
prairie extends up to 60 miles inland; there it grades into the drier, annual 
grassland cover type near the inland margin of the coast live oak forest and 
broad-leaved evergreen forest habitat types. Irrigated pasture can occur 
wherever an ample water supply exists, and the terrain is generally level. 

2.8.2 Characteristic Wildlife 

Over 100 species of wildlife occur in the grassland habitat type, but 
only a few nesting bird species occur. The western meadowlark, Savannah 
sparrow, horned lark, and grasshopper sparrow conceal their nests in the 
vegetation, and the burrowing owl utilizes abandoned ground squirrel holes as 
nest sites. Some waterfowl, such as the mallard and cinnamon teal, nest in 
grasslands, where this habitat type interfaces with seasonal and permanent 
wetlands. In winter, grasslands provide important foraging habitat for 
sandhill cranes and migratory shorebirds and geese, particularly in the Delta. 

Wildlife species characteristic of grasslands are not necessarily found 
exclusively in this habitat type (Table 2-20) (Ingles 1965, Small 1974, Jones 
and Stokes Associates, Inc. 1981, Stebbins 1985, Mayer and Laudenslayer 1988). 
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Table 2-20. Characteristic Wildlife of the Grassland Habitat Type (Key to 
trophic level abbreviations given below). 

H m l s  Birds Reptiles and Amphibians 
- - - 

Ornate shrew ( T I )  Turkey vulture (SB) Western toad (TA) 
Broad-footed mole ( T I )  Black-shouldered k i t e  (CB) Western skink (TR) 
Badger (SC) Red-tai led hawk (CB) (SB) Racer (TR) 

Striped skunk (SC) ( T I )  Northern harrier (CB) Gopher snake (TR) 

Coyote (LCIO ( T I )  American kestrel (CB) (T IE )  
Calif. ground squirrel (SE) (SH) Ring-necked pheasant (SFE) (TIE)  

Botta pocket gopher (SH) Burrouing owl (CB) (TIE) 
Western harvest mouse (SE) ( T I )  Horned lark (SFE) (TIE) 
California vole (SH) Western meadowlark (TIE) (SFE) 
Black-tailed hare (SH) Savannah sparrou (SFE) (TIE) 

Grasshopper sparrou (SFE) (TIE) 

Key: CB--Carnivorous Bird; LCM--Large Carnivorous M m l ;  SB--Scavenging Bird; sC--Smal 1 Carnivorous 

Mamnal; SE--Seed-eating H m l ;  SFE--Seed and Fruit-eating Bird; SH--Small Herbivorous Hemnel; TA-- 
Terrestrial Amphibian; TIE--Terrestrial Insect-eating Bird; TI--Terrestrial ~nsectivorous H-1; 
TR--Terrestrial Repti Le. 

In the food web of the grassland habitat, primary consumers of 
herbaceous vegetation include mammals, such as the black-tailed hare, Botta's 
pocket gopher, and California vole and phytophagus insects, such as the field 
cricket (Figure 2-5). Seeds are consumed by mammals, such as the California 
ground squirrel and western harvest mouse, and birds, such as the horned lark 
and Savannah sparrow. Important secondary consumers include insectivores, 
such as the broad-footed mole, western skink, western toad, and western 
meadowlark, and carnivores, such as the badger, red-tailed hawk, and gopher 
snake. The turkey vulture is a common scavenging bird. These, as well as 
other secondary consumers, also function as tertiary consumers, feeding on 
primary as well as secondary consumers (Jones and Stokes and Associates, Inc. 
1981). 
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Figure 

LCGEND - 

2-5. General Food Web - Grassland (Jones and Stokes Associates, Inc. 1981). 



2.9 COASTAL SCRUB 

2.9.1 Vegetation 

Coastal scrub habitat is dominated by dense stands of low evergreen and 
drought-deciduous shrubs (Table 2-21), ranging in height from 2 to 6 feet. 
These species comprise 70-100 percent of the vegetative cover (Jones and 
Stokes Associates, Inc. 1981). Shrub cover is typically comprised of two 
layers, an upper partially open canopy of primarily coyote brush and a lower 
closed canopy of low shrubs, herbs, and ferns. Patches of perennial grassland 
habitat often occur within the coastal scrub habitat type. It also 
intergrades into the broad-leaved evergreen forest habitat type. 

Table 2-21. Characteristic Plants of the Coastal Scrub Habitat Type. 
- 

Plant Type Common Name 
- 

Scientific Name 

Shrubs Coyote brush 
Poison oak 
Blackberry 

Baccharis ~ilularis 
Rhus diversiloba - 
Rubus vitifolius 

Herbs and Ferns Sword fern 
Cow-parsnip 

Polvstichum munitum 
H m  lanatum 

The coastal scrub habitat type occupies coastal terraces and slopes. 
This habitat type typically occurs on shallow, rocky soils below 500 feet 
elevation, and within several miles of the coast. Fire, grazing, and 
landslides are important factors affecting the coastal scrub ecosystem. 
Although characteristic shrubs will sprout from their roots after burning, 
repeated burning and grazing will convert this habitat type to perennial 
grassland. 

2.9.2 Characteristic Wildlife 

Wildlife species (Table 2-22) characteristic of the coastal scrub food 
web are not necessarily found exclusively in this habitat type (Ingles, 1965, 
Small 1974, Jones and Stokes Associates, Inc. 1981, Stebbins 1985, Mayer and 
Laudenslayer 1988). Primary consumers of shrub and herbaceous vegetation are 
mammals, such as the black-tailed deer, brush rabbit, and Botta's pocket 
gopher, and phytophagus insects, such as swift moth larvae. Seeds are 
consumed primarily by small mammals, such as the deer mouse, and birds, such 
as the white-crowned sparrow and rufous-sided towhee. Important secondary 
consumers in the food web include insectivores, such as the Bewick's wren, 
coast horned lizard, tiger salamander, vagrant shrew, and California bat, and 
carnivores, such as the gray fox and long-tailed weasel. These carnivores 
also act as scavengers. All of these secondary consumers also function as 
tertiary consumers, feeding on secondary as well as primary consumers. 
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Table 2-22. Characteristic Wildlife of the Coastal Scrub Habitat Type (Key to 
trophic level abbreviations given below). 

- 

Birds 

- - 

Reptiles and Amphibians 

Vagrant shreu ( T I )  
Cali fornia bat ( F I )  

Long-tai Led weasel (SCM) 
Coyote (LCM) (TI) 
Gray fox (LCH) 

Bottais pocket gopher (SH) 
Deer mouse (SE) (TI) 
Dusky-footed woudrat (SE) (SH) 
Brush rabbi t  (SH) 
Black-tai led deer (LH) 

American kestrel (CB) (TIE) Western fence Lizard (TR) 
Cal i fornia quai 1 (SFE) A1 l iga tor  Lizard (TR) 
ALLenis hutnningbird (NE) Str iped racer (TR) 
Urent i t  (TIE) (SFE) Gopher snake (TR) 
Beuickis wren (TIE1 
Orange-crowned warbler (TIE) 
Rufous-sided towhee (SFE) (TIE) 
Cal i fornia towhee (SFE) (TIE) 
Uhite-crowned sparrow (SFE) (TIE) 
Song sparrow (SFE) (TIE) 

Key: CB--Carnivorous Bird; FI--Flying Insectivorous Mamnal; La--Large Carnivorous Mamnal; LH--Large 
Herbivorous Mamnal; NE--Nectar-eating Bird; SCM--Small Carnivorous Mamnel; SE--Seed-eating Mamnal; SFE-- 
Seed- and Fruit-eating Bird; SH--Small Herbivorous Mamnal; TI- -Terrestr ia l  Insectivorous Hamnal; TIE-- 
Terrestr ia l  Insect-eating Bird: TR--Terrestrial Reptile. 

2.10.1 Vegetation 

The mixed chaparral habitat type is characterized by open to dense 
shrubland, ranging from 30 to 100 percent shrub cover (Table 2-23). Primarily 
evergreen shrub species are dominant, with heights ranging from 3 to 15 feet. 
Vegetation of this habitat type is typically dense and impenetrable, with 
little or no understory of herbaceous plants or shrub seedlings. 

This habitat type occurs on hills and lower mountain slopes of the Coast 
Range portion of the study area up to 3,000 feet in elevation, typically on 
steen. rockv slo~es. It is also found inland and on south-facine slo~es. 

Table 2-23. Characteristic Plants of the Mixed Chaparral Habitat Type. 

Common Name Scientific Name 

Chamise 
Wild lilacs 
Manzani tas 
Oaks 
Poison oak 

Adenostoma fasciculatum 
Ceanothus spp. 
Arctosta~hvlos spp. 
Quercus spp. 
Rhus diversiloba) 
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2.10.2 Characteristic Wildlife 

Wildlife species characteristic of mixed chaparral are not necessarily 
found exclusively in this habitat type (Table 2-24) (Sibley 1952, Ingles 1965, 
Small 1974, Jones and Stokes Associates, Inc. 1981, Stebbins 1985, Mayer and 
Laudenslayer 1988). 

Table 2-24. Characteristic Wildlife of the Mixed Chaparral Habitat Type (Key 
to trophic level abbreviations given below). 

Mamnals Birds Reptiles and Amphibians 

Vagrant shrew ( T I  
California bat (F1) 
Long-tai Led ueasel (SCM) 
Coyote (LCM) ( T I )  
Gray fox (LCM) 
Bobcat (LCM) 
S o m  chipmunk (SE) 
California pocket mouse (SE) 
~usky-footed d r a t  (SE) (sH) 

Brush rabbit (SE) (SH) 

Black-tai Led deer (LH) 

Turkey vulture (SB) Western fence Lizard (TR) 

Red-tailed hauk (CB) (SB) Coast horned l izard (TR) 
California quail (SFE) (TIE) All igator Lizard (TR) 

Anna8s hurmingbird (NE) (TIE) Striped racer (TR) 

Wrentit (SFE) Comnon kingsnake (TR) 
Beuick8s uren (TIE) Western rattlesnake (TR) 

California, thrasher (SFE) (T IE )  
Rufous-sided touhee (SFE) (TIE) 
Sage sparrow (TIE) (SFE) 

Uhi te-cromed sparrou (SFE) (TIE) 

Key: CB--Carnivorous Bird; FI--Flying Insectivorous Memnal; LCM--Large Carnivorous Maatnal; LH--Large 
Herbivorous Mamnal; NE- -Nectar-eat ing Bird; SB- -Scavenging Bird; SCM--SmL 1 Carnivorous Hemnel; SE--Seed- 
eating Memnel; SFE--seed and ~ ru i t -ea t ing  Bird; ~~ - -S rna l l  Herbivorous Hemnel; TI--Terrestrial Insectivorous 
Mamnal; TIE--Terrestrial Insect-eating Bird; TR--Terrestrial Reptile. 

In the mixed chaparral food web, the primary consumers of herbaceous 
vegetation are mammals, such as the black-tailed deer and brush rabbit, and 
phytophagus insects, such as the gray hairstreak butterfly larvae. Mast 
(i.e., acorns, nuts, and fruits) and seed production is consumed primarily by 
seed gathering beetles and ants; mammals, such as the black-tailed deer and 
dusky-footed woodrat; and birds, such as the California quail, band-tailed 
pigeon, and California thrasher. Secondary and tertiary consumers in the food 
web include insectivores, such as the wrentit, Anna's hummingbird (also a 
nectivore), vagrant shrew, and California bat, and carnivores, such as the 
striped racer, coyote, long-tailed weaselsand red-tailed hawk. The turkey 
vulture is a common scavenger where chaparral habitat is more open. 
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2.11 OAK WOODLAND 

2.11.1 Vegetation 

The oak woodland habitat type (Table 2-25) is characterized by a fairly 
open (20-70 percent cover) tree canopy of various oak species from 25 to 75 
feet tall. There is little or no understory shrub layer. The herbaceous 
layer is characteristic of the annual grassland habitat type. 

Table 2-25. Characteristic Plants of the Oak Woodland Habitat Type. 

Cover Type Common Name Scientific Name 

Valley oak woodland/ Valley oak Quercus lobata 
Savannah Interior live oak Ouercus wislizenii 

Poison oak diversiloba 
Wild oats -- Avena fatua 
Ripgut brome Bromus rigidus 
California poppy Eschscholzia californica 
Filaree Erodium cicutarium 

Blue oak woodland Blue oak Ouercus douglasii 
Digger pine Pinus sabiniana 
California buckeye Aesculus californica 
Poison oak Rhus diversiloba 
Toy on Heteromeles arbutifolia 
Wild oats Avena fatua 

Valley oak woodlands occur in valleys or on gentle slopes with deep 
alluvium. Occasionally this habitat type is found on ridgetops in the coast 
ranges, generally below 2,000 feet elevation. Blue oak woodlands also occur 
in valleys and on lower slopes of the Coast Ranges where the environment is 
more xeric, generally below 3,000 feet elevation. Blue oak woodland often 
intergrades with mixed chaparral on deeper, rocky soils. 

2.11.2 Characteristic Wildlife 

Wildlife species (Table 2-26) characteristic of oak woodlands are not 
necessarily found exclusively in this habitat type (Sibley 1952, Ingles 1965, 
Small 1974, Jones and Stokes Associates, Inc. 1981, Stebbins 1985, Mayer and 
Laudenslayer 1988). In this habitat's food web the primary consumers of tree, 
shrub, and herbaceous vegetation include black-tailed deer; small mammals, 
such as Botta's pocket gopher and Audubon's cottontail; and phytophagus 
insects, such as the California oak moth and California sister larvae. Mast 
and seed production provides food for black-tailed deer; rodents, such as the 
western gray squirrel and California mouse; and birds, such as the acorn 
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woodpecker and scrub jay. Important secondary and tertiary consumers include 
insectivores, such as the western kingbird, white-breasted nuthatch, western 
toad, and ornate shrew; and carnivores, such as the red-tailed hawk, gopher 
snake, coyote, and striped skunk. The turkey vulture is a common scavenger in 
the more open oak woodland savannahs. 

Table 2-26. Characteristic Wildlife of the Oak Woodland Habitat Type (Key to 
trophic level abbreviations given below). 

namnals Birds Repti les and Amphibians 

Ornate shreu (TI) 

Hoary bat (FI) 
st r iped skunk (SCM) (TI) 
Coyote (LCM) (TI) 
Cali f .  ground squirre l  (SE) 

(SH) (TI) (SCM) 
Western gray squirre l  (SE) 
Bottals pocket gopher (SH) 
California muse (SE) ( T I )  

Audubonns cottontai 1 (SH) 
Black-tai led deer (LH) 

VALLEY OU[ UDQ)UIP)/SAvm 

Turkey vulture (SB) 

Red-tailed hawk (CB) (SBI 
American kestrel (CB) (TIE) 

Mourning dove (SFE) 
Barn owl CCB) (TIE) 
Acorn woodpecker (SFE) (TIE) 
Western kingbird (TIE) (SFE) 
Scrub jay (SFE) (TIE) (CB) (SB) 
Loggerhead shrike (CB) (TIE) (SB) 

Cal i fornia t i ge r  salamander (TA) 
Ensatina (TA) 
California slender salemender (TA) 

Arboreal salamander (TA) 

Uestern toad (TA) 
Western fence Lizard (TR) 
Southern a1 l iga tor  Lizard (TR) 
Racer (TR) 
Gopher snake (TR) 
Comnon k i  ngsnake (TR) 

Western rattlesnake (TR) 

BLUE (Uw YOODIAND 

Red-tailed hawk (CB) (SB) 
California quai l  (SFE) (TIE) 
Band-tai led pigeon (SFE) 
Acorn woodpecker (SFE) (TIE) 
Ash-throated flycatcher (TIE) 
Ye l lw-b i  l i e d  magpie (SFE) (TIE) (CB) 
Uhite-breasted nuthatch (TIE) (SFE) (SB) 
House wren (TIE) 
Lark sparrow (SFE) (TIE) 

Key: CB--Carnivorous Bird; FI --Flying Insectivorous Mamnal; LCM--Large Carnivorous Menmel; LH--Large 
Herbivorous Mamnal; SB--Scavenging Bird; SCM--Smell Carnivorous Mamnal; SE--Seed-eating Mamnal; SFE--Seed 

and Fruit-eating Bird; SH--Small Herbivorous Mamnal; TA--Terrestrial Amphibian; TI--Terrestr ia l  
I r t s e c t i ~ ~ r ~ ~ ~  Mamnal; TIE--Terrestrial Insect-eating Bird; TR--Terrestrial Reptile. 
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2.12 BROAD-LEAVED EVERGREEN FOREST 

2.12.1 Vegetation 

The broad-leaved evergreen forest habitat type is typically a closed- 
canopy forest with a 70-100 percent overstory cover of predominantly broad- 
leaved evergreen trees, ranging from 30 to 120 feet tall (Table 2-27). The 
shrub layer is dense to absent, and the herbaceous layer ranges from sparse to 
absent depending upon available light and soil moisture. This habitat type 
often forms mosaics with the grassland, oak woodland, coastal scrub, and mixed 
chaparral habitat types. 

Table 2-27. Characteristic Plants of the Three Vegetative Cover Types within 
the Broad-leaved Evergreen Forest Habitat Type. 

Cover Type 
-- - 

Common Name Scientific Name 

Coast live oak/ Coast live oak 
canyon live oak forest Canyon live oak 

Interior live oak 
Tanoak 
California bay 
Madrone 
Toyon 
Poison oak 

California bay forest California bay 
Poison oak 
Star flower 

Mixed evergreen forest Tanoak 
Douglas-fir 
Madrone 
Bigleaf maple 
Coast redwood 
Hazelnut 
Wild rose 

Ouercus a~rifolia 
Ouercus chrvsole~sis 
Ouercus wislizenii 
Lithocar~us densiflorus 
Umbellularia californica 
Arbutus menzies ii 
Heteromeles arbutifolia 
Rhus diversiloba 

Umbellularia californica 
Rhus diversiloba - 
Trientalis latifolia 

Lithocar~us densiflorus 
Pseudotsuaa menziesii 
Arbutus menziesii 
Acer macro~hvlluq 
Seauoia sem~ervirens 
Corylus cornuta 
Rosa pnocalpa - 

This habitat type typically occurs on steep to very steep (25-80 
percent) slopes, canyon sides, and ridges throughout the Coast Range to an 
elevation of 4,000 feet. Where environmental conditions are more xeric, this 
habitat type is found predominantly on north-facing slopes. 

Comntni t ies and Habitats 
Page 51 



2.12.2 Characteristic Wildlife 

Wildlife species characteristic of broad-leaved evergreen forests are 
not necessarily found exclusively in this habitat type (Table 2-28) (Sibley 
1952, Ingles 1965, Small 1974, Jones and Stokes Associates, Inc. 1981, 
Stebbins 1985, Mayer and Laudenslayer 1988). 

Table 2-28. Characteristic Wildlife of the Broad-leaved Evergreen Forest 
Habitat Type (Key to trophic level abbreviations given below). 

Mamnals Birds Reptiles and Amphibians 

Ornate shrew ( T I )  
Uestern p ip is t re l le  ( F I )  

Spotted skunk (SCM) ( T I )  

Coyote (LCM) ( T I )  

Gray fox (LCM) 
Uestern gray squirrel (SE) 
Dusky-footed d r a t  (SE) (SH) 
Brush rabbit (SH) 

Black-tai Led deer (LH) 

ComT LIVE QUVUWION LIVE QAV Ensatina (TA) 

CMIFORYIA EAY FOREST Ca. slender salemender (TA) 
Uestern toed (TA) 

Cooper's hauk (CB) western fence Lizard (TR) 

California quail (SFE) (T IE )  Uestern skink (TR) 

Band-tai led pigeon (SFE) (T IE )  Comnon king snake (TR) 
Anna's hmingb i rd  (NE) (TIE) Comnon garter snake (TR) 

Acorn woodpecker (SFE) (TIE) 
Nuttall 's woodpecker (TIE)  (SFE) 
Scrub jay (SFE) (TIE) (CB) (SB) 
Comnon bushtit (TIE) (SFE) 
Urentit (SFE) (TIE)  

Beuickts wren (SFE) (TIE) 
Rufous-sided towhee (SFE) (TIE) 
California touhee (SFE) (TIE) 
Dark-eyed junco (SFEI (TIE)  

IIIXB) Ev€RGREEu FOREST 

Cooper's hauk (CB) 
Pygmy owl (CB) (TIE) 
Uestern flycatcher (TIE)  
Chestnut-backed chickadee (TIE)  (SFE) 

Hermit thrush (TIE)  (SFE) 

Hutton's vireo (TIE) 
Yellow-runped uarbler (TIE) 
Purple finch (SFE) (T IE )  

Black-headed grosbeak (SFE) (TIE) 

Key: CB--Carnivorous Bird; FI--Flying Insectivorous Mamnal; LCM--Large Carnivorous Mamnel; LH--Large 
Herbivorous Mamnal; NE--Nectar-eating Bird; SB--Scavenging Bird; SCM--Small Carnivorous Msmaal; SE--Seed- 
eating Mamnel; SFE--Seed and Fruit-eating Bird; SH--Small Herbivorow Mamnal; TA--Terrestrial Amphibian; T I -  
-Terrestrial Insectivorous Mamnel; TIE--Terrestrial Insect-eating Bird; TR--Terrestrial Reptile. 
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In the broad-leaved evergreen forest food web, mast production of oaks, 
tanoaks, madrone, and California bay is utilized by a number of primary 
consumers. These include mammals, such as the black-tailed deer, California 
mouse, and dusky-footed woodrat, and birds, such as the California towhee and 
California quail. Tree, shrub, and herbaceous foliage provides food for 
herbivores, such as the black-tailed deer and brush rabbit, and phytophagus 
insects, such as the California laurel borer. Important secondary consumers 
in the food web include insectivores, such as Nuttall's woodpecker, western 
fence lizard, ensatina, ornate shrew, and hoary bat, and carnivores, such as 
the gray fox, spotted skunk, and Cooper's hawk. These secondary consumers may 
also function as tertiary consumers, feeding on secondary as well as primary 
consumers. 

2.13 AGRICULTURAL LAND 

2.13.1 Vegetation 

The agricultural land habitat type is dominated by a wide variety of 
crop types including wheat, corn, hay, potatoes, and asparagus. Tree and vine 
crops include pears, almonds, and grapes. Plant species diversity is low as a 
result of herbicide usage and tillage to control unwanted vegetation. 

This habitat type occurs on flat to gently rolling terrain, much of 
which was formerly tidal wetland. In the South San Francisco Bay area, former 
agricultural land has been replaced to a large extent by urban development. 
Large expanses of intensively farmed agricultural land still exist, however, 
in the San Pablo Bay area and in the Delta. In the study area as a whole, 
approximately three-fifths of the increase in urban land between 1975 and 1985 
was due to the conversion of agricultural land (Association of Bay Area 
Governments 1989). 

2.13.2 Characteristic Wildlife 

Some species of wildlife, including ring-necked pheasants, many rodent 
species, and several species of migratory waterfowl, benefit from cropland. 
Seasonally flooded agricultural lands, primarily in the Delta, provide 
important wintering habitat for migratory waterfowl including white-fronted 
geese, mallards, and tundra swans. Unflooded fields, particularly cornfields, 
are also heavily utilized in winter by white-fronted geese, snow geese, and 
Ross' geese (Madrone Associates et al. 1980). For most other species, 
however, the agricultural land habitat type generally supports low wildlife 
diversity when compared to other wildlife habitats. Habitat value is limited 
by frequent disturbance, application of pesticides, and clean farming 
techniques. Where agricultural land lies adjacent to more valuable wildlife 
habitat types, such as riparian forests or seasonal wetlands, values may be 
increased. 

Wildlife species characteristic of agricultural land (Table 2-29) are 
not necessarily found exclusively in this habitat type (Ingles 1965, Small 
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1974, Madrone Associates et al. 1980, Jones and Stokes Associates, Inc. 1981, 
Stebbins 1985, Mayer and Laudenslayer 1988). 

Table 2-29. Characteristic Wildlife of the Agricultural Land Habitat Type 
(Key to trophic level abbreviations given below). 

Mamnals Birds Repti les and Amphibians 

Opossum (SCH) (SE) (TI) Great egret (CUB) Western toad (TA) 
Broad-footed mole ( T I  Tundra swan (HUB) Western fence 1 izard (TR) 

Raccoon (SE) (SCM) (TI) Mallard (AIE) Gopher snake (TR) 

Coyote (LCH) Black-shouldered k i t e  (CB) 
Cal i f .  ground squirre l  (SE) Swainson's hawk (CB) 

(SH) (TI) (SCM) American kestre l  (CB) (TIE) 
Botta's pocket gopher (SH) Ring-necked pheasant (SFE) (TIE) 

House muse (SE) ( T I )  Greater sandhil l  crane (SFE) (CB) 
Black-tai Led hare (SH) Western sandpiper (TIE) 
Black-tai Led deer (LH) Mourning dove (SFE) 

American crow (SFE) (TIE) (SB) (CB) 
American robin (SFE) (TIE) 
European s tar l ing  (SFE) (TIE) 
Western meadowlark (TIE) 
Red-winged blackbird (SFE) (TIE) 
Brewer's blackbird (SFE) (TIE) 

Key: AIE--Aquatic Invertebrate-eating Bird; CB--Carnivorous Bird; CUB--Carnivorous Water Associated Bird; 
HUB--Herbivorous Water Associated Bird; LCM--Large Carnivorous Mamnal; LH--Large Herbivorous Mamnal; SB-- 
Scavenging Bird; SCM--Small Carnivorous Manrnal; SE--Seed-eating Manrnal; SFE--Seed and Fruit-eating Bird; SH- 

-Small Herbivorous Mamnal; TA--Terrestrial Amphibian; TI--Terrestr ia l  insectivorous Mamnal; TIE--Terrestr ial 
Insect-eating Bird; TR--Terrestrial Reptile. 

In the agricultural food web, primary consumers of tree, vine, and 
herbaceous vegetation include mammals, such as the black-tailed deer and 
Botta's pocket gopher, and numerous phytophagus insects, such as the 
grasshopper and cabbage butterfly. Seeds and fruits are consumed by mammals, 
such as the California ground squirrel and house mouse, and birds, such as the 
ring-necked pheasant and mourning dove. Important secondary and tertiary 
consumers include insectivores, such as the broad-footed mole, western toad, 
and Brewer's blackbird, and carnivores, such as the coyote and gopher snake. 
The common crow is an example of a scavenging bird. The raccoon is an 
omnivore, consuming seeds, fruits, insects, small mammals, reptiles, and 
amphibians. 
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2.14 URBAN 

2.14.1 Vegetation 

The urban habitat type is dominated by a wide variety of annual and 
perennial grasses, forbs, shrubs, and trees, both exotic and native. Plant 
species composition varies with planting design, climate, and maintenance 
practices. This habitat type is found adjacent to all other terrestrial 
habitat types in the estuary study area. It is the most common habitat type 
in the study area and is projected to increase in the future, primarily at the 
expense of agricultural land (Association of Bay Area Governments 1989). 

2.14.2 Characteristic Wildlife 

Mayer and Laudenslayer (1988) distinguish three categories of urban 
habitat for wildlife: downtown, urban residential, and suburbia. Species 
diversity and richness are extremely low in downtown urban areas because of 
high density development and minimal vegetation. Rock doves, house sparrows, 
and European starlings are often the only bird species present. As vegetative 
cover increases and development decreases in urban residential areas and 
suburbia, species diversity increases. Where urban habitat lies adjacent to 
other wildlife habitat, both species diversity and the number of native 
species increase. 

Wildlife species characteristic of the urban environment are not 
necessarily found exclusively in this habitat type (Table 2-30) (Ingles 1965, 
Small 1974, Jones and Stokes Associates, Inc. 1981, Stebbins 1985, Mayer and 
Laudenslayer 1988). 

Table 2-30. Characteristic Wildlife of the Urban Habitat Type (Key to trophic 
level abbreviations given below), 

M m l s  Birds Reptiles and Amphibians 

Raccoon (SE) (SCM) ( T I )  Rock dove (SFE) California slender salamander (TA) 
Striped skunk (SCM) ( T I )  Mourning dove (SFE) Western toad (TA) 
Botta's pocket gopher (SH) Anna's hurmingbird (NE) (TIE) Paci f ic  treefrog (TA) 
Norway r a t  (SE) (SCM) (TI) Scrub jay (SFE) (TIE) (CB) (SB) Uestern fence Lizard (TR) 
House mouse (SE) Mockingbird (SFE) (TIE) Al l igator Lizard (TR) 

American robin (SFE) (TIE) Gopher snake (TR) 
European Starl ing (SFE) (TIE) 
House sparrow (SFE) (TIE) 
House f inch (SFE) (TIE) 
Uhite-cromed sparrow (SFE) 

Key: CB- -Carnivorous Bird; NE--Nectar-eating Bird; SB--Scavenging Bird; SCH- -Small Carnivorous Hamnal; SE- - 
Seed-eating M m l ;  SFE--Seed and Fruit-eating Bird; SH--Small Herbivorous M-1; TA--Terrestrial 
Amphibian; TI--Terrestr ial Insectivorous Mamnal; TIE--Terrestrial Insect-eating Bird; TR--Terrestrial 
Repti le. 
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In the urban environment, where native vegetation has often been 
replaced by ornamental, exotic plants, the resulting food web is less complex 
and is dominated by species that have adapted to the human environment (Figure 
2-6 ) .  

Primary consumers of tree, shrub, and herbaceous vegetation are mostly 
phytophagus insects and their larvae. Seeds and fruits are consumed by 
mammals, such as the raccoon and house mouse, and birds, such as the house 
finch, house sparrow, and rock dove. Important secondary and tertiary 
consumers include the Norway rat, western toad, Anna's hummingbird (also a 
primary consumer), and mockingbird, which consume insects as all or part of 
their diet, and species, such as the gopher snake and striped skunk, which are 
primarily carnivores. The scrub jay is a common scavenging bird and also a 
good example of an omnivorous species. 
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Figure 2-6. General Food Web - Urban (Jones and Stokes Associates, Inc. 1981). 



CHAPTER3 
HISTORIC DISTRIBUTION AND ABUNDANCE 

OF WILDLIFE POPULATIONS 

3.1 HISTORIC HABITATS AND THEIR DISTRIBUTION 

3.1.1 Wetlands 

Historical observations of habitat conditions and wildlife in the San 
Francisco Bay Area and Sacramento-San Joaquin Delta were initially recorded by 
Spanish explorers and missionaries when they arrived in 1769 and later by 
trappers, naturalists, and cartographers during the first half of the 
nineteenth century. Surveys beginning in the 1850s described the Estuary as 
supporting a vast complex of tidal salt, brackish, and freshwater marshes and 
riparian woodlands. An estimated 313 square miles of tidal marsh was believed 
to border San Francisco, San Pablo, and Suisun bays (Nichols and Wright 1971), 
with the Delta supporting an additional 540 square miles of tidally influenced 
freshwater emergent marsh (Atwater et al. 1979). The open water areas of the 
Bay encompassed a total area of approximately 476 square miles (Nichols and 
Wright 1971). 

Within the South Bay region, these marshes formed a nearly continuous 
corridor from the vicinity of San Mateo on the west to San Leandro on the 
east, ranging from 0.25 to over 4.0 miles in width. High marsh transition 
zones graded into adjacent upland habitats around the margins of the Bay. In 
these high marsh zones, hypersaline conditions supported unique communities in 
some areas. For example, low berms at the bayward margin of the marsh near 
Hayward formed natural salt ponds which received Bay waters only during 
particularly high tides and precipitated salt in the summer. 

Moving upstream on the major creeks and numerous small streams draining 
into the Bay, salt marsh gave way to brackish vegetation and then corridors of 
riparian shrub and woodlands comprised of willows and cottonwoods. 
Significant flows from many of these creeks probably occurred only seasonally. 
Moreover, some creeks had no clearly recognizable mouths but rather meandered 
onto the plains adjacent to the Bay forming perennial and intermittent 
watercourses supporting freshwater and brackish seasonal wetlands. 

Brackish tidal marshes were more predominant in San Pablo and Suisun 
bays due to the freshwater influences of the Delta, local rivers, and creeks. 
In the Napa Marsh on the north shore of San Pablo Bay, about 94 square miles 
of tidal marsh existed historically, extending several miles northward up the 
Sonoma and Napa valleys (Dedrick 1989). Tidal wetlands also extended about 13 
miles upstream along the Petaluma River. The brackish tidal marshes of Suisun 
Marsh encompassed about 111 square miles from Benicia eastward to Collinsville 
(Dedrick 1989). 
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The estimated 500-540 square miles of tidal marshes found in the 
historic Sacramento-San Joaquin Delta, translated into about three-fifths of 
the total Delta area being awash during ordinary tides (Atwater et al. 1979, 
Thompson 1957). The majority of this marsh occurred in the western and 
southern Delta. In the southern Delta, the natural alluvial levees, which 
were formed by deposition of sediments along river and slough channels, 
attained relatively lower elevations (Atwater et al. 1979). This accounted 
for the more extensive, regularly inundated tidal marsh in that region. 
Flooding in the north Delta probably occurred only as high river flows 
inundated adjacent lowlands by overtopping these levied channels. The lower 
San Joaquin Delta probably supported large scattered tracts of tules 
interspersed with perennial grassland and valley oak savannah. Flooding of 
the Delta was frequent. In the spring, virtually all the area became a vast 
inland lake, covered by river runoff which was often impeded by high tides 
from San Francisco Bay (Madrone Associates et al. 1980). 

Historical accounts of early Delta explorers are replete with references 
to the luxuriant, dense stands of riparian forest supporting trees of immense 
size. An estimated 1,200 to 1,500 square miles of riparian forest was 
believed to have existed in the region. The forest was most extensive on the 
higher alluvial mineral soils of the Sacramento, Cosurnnes, Mokelumne, and San 
Joaquin rivers historic floodplains, around the periphery of the Delta 
(Madrone Associates et al. 1980). Along channels of the western and central 
Delta, the monotypic tules were occasionally interrupted by channel or pond 
surfaces and intermittent strips of higher alluvial soil supporting woody 
shrubs and trees. Continuous stands of large valley oaks, cottonwoods, 
sycamores, white alders, and willows did not occur until upstream of upper 
Brannan Island in the north and upper Union and Roberts islands towards 
Stockton (Thompson 1957). 

3.1.2 Uplands 

Compared to wetland habitats, historic descriptions of upland habitats 
in the Estuary study area are less well documented. Upland habitats 
immediately adjacent to the tidal marshes of San Francisco, San Pablo, and 
Suisun bays probably consisted originally of perennial bunchgrass prairies, 
coastal scrub, and valley oak woodland/savannah. Cooper (1926) described the 
alluvial fans in the Palo Alto area as originally supporting "a continuous 
belt of oak forest." Captain George Vancouver likened this same area in 1798 
to a well kept park planted with huge oaks (Vancouver 1798 in Rossi 1979). 
Broeck (1932 in Rossi 1979) described the Santa Clara Valley as "a grassland 
dotted with evergreen oaks...". In the Delta at about the 100-year flood 
line, riparian forest graded into valley oak savannah and broad reaches of 
perennial grasslands interspersed with vernal pools (Warner and Hendrix 1985). 

The northwest/southeast-oriented valleys and hills, in the San Francisco 
Bay watershed, historically supported a mixture of coastal scrub, chaparral, 
oak woodland, and broad-leaved evergreen forest. In the hills east of Central 
San Francisco Bay, a seven-square mile coastal redwood forest supported a 
thriving timber harvest from about 1840 to 1860. Trees with diameters 
approaching 30 feet and of such heights as to serve as navigational landmarks 
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to mariners were recorded in historical accounts of this area (Monteagle 
1976). 

3.2 HISTORIC WILDLIFE POPULATIONS 

3.2.1 Introduction 

In general, numerous anecdotes and little quantitative information was 
provided in historical accounts by explorers, trappers, and naturalists 
describing wildlife in the San Francisco Estuary. They frequently referred to 
the impressive diversity and abundance of fish and wildlife. Vast multitudes 
of waterfowl "darkening the surfaces of baysn and white geese giving the 
ground the appearance of being covered with snow are recounted. Heerman in 
the 1850s described how native Americans sometimes hunted geese on horseback 
by clubbing and trampling while charging flocks. Dawson (1923) described how 
native Americans hunted diving ducks on San Francisco Bay at night by lighting 
a fire on the bows of their canoes, allowing clubbing and spearing of birds. 
A chronicle written by George C. Yount describes deer, elk, and antelope in 
herds of hundreds near Benicia. Similar accounts by Richard H. Dana and 
Joseph W. Revere in the 1830s and 1840s refer to elk and deer herds numbering 
as many as 400 animals in Marin and Sonoma counties (Skinner 1962, Harper et 
al. 1967). Descriptions also exist of the abundance of grizzly bear, 
furbearers, and other mammals, as well as impressive runs of salmon through 
the Carquinez Straits. The 30,000 native Americans believed to have 
originally inhabited the Delta attest to the abundance of animal food sources 
occurring in the region (Madrone Associates et al. 1980). Clearly the rich 
diversity of marine, estuarine, freshwater, and upland habitats of the Estuary 
created an ideal setting for a host of fish and wildlife species. 

3.2.2 Birds 

The hundreds of thousands of acres of tidal and freshwater marshes, 
overflow lands, and waterways historically existing in the Central Valley and 
San Francisco Bay had long served as a wintering and migratory haven for the 
major share of the waterfowl of the Pacific Flyway. Dawson (1923) believed 
the Central Valley may have historically supported tens of millions of white 
and white-fronted geese in winter. Moreover, he estimated that duck 
populations, in general, were probably 40 times more abundant historically 
than numbers encountered during the 1920s. Undoubtedly, the Delta and the 
more brackish marshes of the Bay also supported tens of thousands of nesting 
dabbling ducks. Skinner (1962) cited the vast tidal and freshwater marshlands 
of San Pablo and Suisun bays and the west and east shores of South San 
Francisco Bay, such as near Alvarado in Hayward, as heavily used by historic 
duck and goose populations. The Santa Clara Valley also supported valuable 
waterfowl habitat prior to conversion to agriculture. Excellent waterfowl 
hunting led to the growth of "Drawbridge," a town along the Southern Pacific 
Railroad line in the South Bay. Drawbridge became a resort solely for duck 
hunters arriving from San Francisco by regular trains in the 1880s. 
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Changes in the occurrence of several waterfowl species which are now 
less widely distributed in the Estuary, attest to the contrast between past 
and present conditions. For example, brant were considered an abundant 
visitor to San Francisco Bay in winter, and trumpeter swans were seen 
regularly throughout the Central Valley (Grinnell et al. 1918). Tundra swans 
were also considered regular winter visitors in Suisun Marsh and in Sonoma, 
San Francisco, and San Mateo counties (Grinnell et al. 1918, Grinnell and 
Wythe 1927, Sibley 1952). Canada geese were common winter visitors to the 
tidal marshes of San Pablo Bay, San Francisco and San Mateo counties (Grinnell 
and Wythe 1927). As a reflection of the original extent of riparian habitat, 
wood ducks were considered abundant prior to 1870. They nested on creeks in 
Sonoma, Marin, Napa, San Mateo, and Alameda counties (Grinnell and Wythe 
1927). 

In contrast to their current less common status, numerous other species 
associated with permanent lakes and ponds, freshwater and tidal marshes, 
riparian woodlands, and grasslands around the Estuary Region, were abundant 
during historic times. These included white pelican, American bittern, white- 
faced ibis, black tern, long-eared owl, short-eared owl, and tricolored 
blackbird. Many of these species presumably were common breeders. Dawson 
(1923) also mentions California gulls as formerly breeding in the Sacramento 
River. Long-billed curlews, mountain plovers, and sandhill cranes wintered in 
seasonally flooded areas and grasslands adjacent to the Estuary. Lesser 
sandhill cranes evidently wintered commonly near San Rafael and San Francisco 
in the 1840s (Grinnell and Miller 1944) and near San Bruno in the 1820s 
(California Historical Society 1929). Mountain plovers were reported as rare 
winter visitants in the vicinity of Oakland during the late 1800s (Grinnell et 
al. 1918). Gill (1979) inferred from historic newspaper accounts of hunting 
results in the late 1800s that thousands of clapper rails probably inhabited 
the South Bay tidal marshes alone. 

In Central San Francisco Bay, rocky islands such as Alcatraz, Angel 
Island, Yerba Buena, Brooks Island, and Red Rock probably supported 
significant numbers of an array of nesting seabird species. These may have 
included double-crested, Brandt's, and pelagic cormorants, western gull, 
pigeon guillemot, and black oystercatcher. Beechey (1831) noted in 1826 that 
Alcatraz was covered with the guano of pelicans which roosted upon the island. 
Grinnell and Wythe (1927) described the marbled murrelet as occasionally seen 
in limited numbers on San Francisco Bay. This leads to speculation that 
murrelets may have historically nested within the study area, given the 
extensive coniferous stands occurring originally in Contra Costa, Alameda, 
Marin, San Mateo, and Santa Clara counties. 

The historical distribution of several raptor species also contrasts 
greatly with current conditions. For example, early naturalists encountered 
osprey nesting along both the Sacramento and San Joaquin rivers (Grinnell and 
Miller 1944). Bald eagles were common both along the coast and throughout the 
Central Valley and were reported nesting in the vicinity of Sacramento in 1849 
(Detrich 1986). In the 1860s, they nested in Santa Clara County and in the 
1900s near La Honda (San Mateo County). They were also commonly observed 
foraging along the Bay shore of those counties (Grinnell and Wythe 1927, 
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Detrich 1986). In addition, Detrich (1986) suspected the species may have 
historically nested at other sites adjacent to the Bay in San Mateo or Marin 
counties and at Clear Lake (Lake County). Peregrine falcons were reported 
nesting in San Mateo and Santa Clara counties and on the cliffs of Mt. Diablo 
(Grinnell and Wythe 1927). California condors were commonly observed on the 
San Francisco Peninsula and in the South Bay Area, often in association with 
turkey vultures. In San Mateo County, it was estimated that condors occurred 
at a ratio of 1:20 with turkey vultures around 1870 (Sibley 1952). An amateur 
ornithologist, J.P. Lamson, who lived among the East Bay redwood forests 
during 1853-1855, reported seeing condors commonly. He mentioned seeing more 
than 50 individuals during a single hour (Monteagle 1976). 

3.2.3 Mammals 

In terms of the historic aistribution and abundance of mammals in the 
San Francisco Estuary, several fur-bearing and big game species deserve 
special discussion. At the time of European discovery, sea otters were 
particularly abundant in the Bay and around the Farallon Islands (Skinner 
1962). In the Bay, they typically occurred at the numerous creek and river 
mouths in Napa, Sonoma, San Mateo, Santa Clara and Alameda counties (Ogden 
1941 in Association of Bay Area Governments 1989). As a result, San Francisco 
Bay was one of the areas most frequented by Spanish, French, Russian, and 
American otter hunters. Skinner (1962) cites a perhaps exaggerated manuscript 
from General Vallejo reporting that otters in the Bay "were so abundant in 
1812, they were killed by boatmen with their oars in passing through the 
kelp. " Based on excavations of midden sites adjacent to the South Bay, the 
sea otter was the most common mammal hunted by local native Americans (Bickel 
1981, Leventhal 1991). 

Accounts of early fur trappers described a large population of golden 
beavers occurring throughout the lower drainages of the Central Valley and 
Delta. The mouths of the Sacramento and San Joaquin rivers were cited in 
particular by Farnham in 1840 as supporting a concentration of beaver with "no 
spot of equal in all North America." Trappers reported that, in the tule- 
dominated lower Delta, beaver houses were frequently constructed completely of 
emergent vegetation. Animals were also described as being larger than other 
beaver the trappers had previously encountered. Weights typically ranged from 
50 to 60 pounds, with the largest individual on record being 82 pounds. The 
latter was taken from the Merced River in 1895 (Grinnell et al. 1937). The 
Delta also supported large numbers of other furbearers such as river otter, 
bobcat, raccoon, mink, and skunk. 

Due to its abundance, size, and lack of fear, the California grizzly 
bear was one of the most frequently mentioned large mammals in historic 
accounts. Early settlers reported viewing anywhere from 9 to 40 individuals 
at once from the same observation point and commonly encountering groups of up 
to 20. Viewing grizzlies near present day Antioch was described by early 
settlers as a daily, almost hourly, experience (Thompson 1957). Bears were 
also described as common in the Woodside area (San Mateo County) where they 
were roped, taken to the docks at Redwood City and butchered for their meat 
(Grinnell et al. 1937). They were most abundant in the Central Valley in tule 
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marshes and dense stands of willows and cottonwoods, and in coast range 
chaparral (Jameson and Peeters 1988). 

Grinnell et a1 (1937) described two subspecies of grizzly that 
reportedly occurred in the Bay Area and Delta. These were the coastal 
grizzly, which ranged from the Bay south to San Luis Obispo, and the 
Sacramento grizzly, found in the Central Valley west to the inner coast range. 
In the 1850s, Xantu described the bear as generally nocturnal, frequenting 
dense stands of brush during the day. He said they would excavate large areas 
(several acres in a night) to "remarkable depthsn searching for rodents, 
badgers, roots and grubs as well as traveling significant distances for 
berries and beehives (Grinnell et al. 1937). Grizzlies in the Bay and Delta 
region probably excluded black bears from the area. 

Herds of thousands of elk, pronghorn and deer once roamed the 
grasslands, marshes, and other habitats of the San Francisco Estuary. The 
tule elk (Cervus canadensis nannodes) ranged throughout much of the Central 
Valley and west to the coast. The Portola expedition in 1769 reported elk as 
abundant in the Santa Cruz Mountains, around the Bay on the San Francisco 
Peninsula, on the East Bay "flatsn, and on some Bay islands (Harper et al. 
1967). Prior to European settlement, the historic tule elk population in the 
entire state may have numbered 500,000 individuals (McCullough 1971 in Jones 
and Stokes Associates, Inc. 1987). Mingling and intergrading with tule elk 
were Roosevelt elk (C- c. roosevelti) which originally ranged from Marin, 
Sonoma, Napa and Solano counties north through the coast range to the Oregon 
border (Harper et al. 1967). Herds of up to a thousand individuals were 
reported adjacent to the Bay and Delta in early accounts (Davis 1929 in 
Vincent 1990, Thompson 1957). Black-tailed deer were mentioned by early 
Spanish explorers as common in the San Francisco Bay Area and an important 
source of food and clothing to the original inhabitants (Skinner 1962). 

The pronghorn antelope was historically present in the,northeastern part 
of the State and in the Central Valley south through the Mojave Desert to the 
Mexican border. Antelope densities in the San Joaquin Valley were reported to 
be greater than in any area elsewhere in North America (California Department 
of Fish and Game 1990b). Accounts from early explorers indicate that they 
inhabited much of the grasslands, oak, and riparian woodlands and chaparral 
vegetation of Santa Clara, Alameda, Contra Costa, Sonoma, Napa, and Solano 
counties. The historic pronghorn population for the entire state has been 
estimated at perhaps 500,000 individuals (Pyshora 1981 in Jones and Stokes 
Associates, Inc. 1987). 

The historic status of the gray wolf in the study area is unclear, due 
to the inability of early observers to distinguish between this species and 
coyotes. Also, there are no specimens from the study area in collections. 
Grinnell et al. (1937) believed the original distribution of the subspecies 
Canis luvus fuscus, which has been verified for northeastern and north central 
California, may have coincided with that of the Roosevelt elk. 

Aside from the sea otter, the historical distribution of marine mammals 
in San Francisco Bay is less well documented. Two pinnipeds, the harbor seal 
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and California sea lion, were described as extremely numerous in the Bay. 
Harbor seals hauled out and pupped in extensive rookeries in the South Bay 
(Skinner 1962). The harbor porpoise was common and frequently observed in the 
vicinity of Pt. San Pablo and Alcatraz Island; the Dall's porpoise 
(Phocoenoides dalli) was also an occasional to regular visitor to the Central 
Bay (Benson and Goody 1942, Yocum 1946). Skinner (1962) also reported a 
killer whale being taken as far inland as Benicia. Use of beached gray whale 
remains by native Americans adjacent to the Bay has been documented; however, 
the historic status of this species in the Bay is unclear. The obvious 
similarities between gray whale calving grounds in Baja California and the 
shallow, sheltered tributaries of the Bay has led to speculation that calving 
may have occurred at one time. 

An additional impression of historic wildlife communities found in the 
San Francisco Bay Region is available from excavations of native American 
middens located adjacent to the Bay. Excavations of sites at Coyote Hills 
Regional Park in Fremont, representing the period 400 BC to 400 AD, have 
revealed an array of mammal, bird, and fish remains (Bickel 1981, Leventhal 
1991). Considering their size and frequency of occurrence in the excavations, 
mammals furnished most of the meat for the inhabitants of the midden sites. 
Some of the most frequently encountered mammals, in decreasing order of 
abundance were sea otter, mule deer, canines, elk, pronghorn antelope, harbor 
seal, rabbit, raccoon, skunk, squirrel, and badger. Sea otter and mule deer 
comprised 62 percent of the total animals identified, attesting to their 
proximity, abundance, and ease of killing by local residents. Mule deer were 
probably the most important food species (A. Leventhal, San Jose State 
University, pers. comm.). 

The most numerous birds identified from these excavations, in descending 
order included snow goose and Ross'goose, canvasback, green-winged teal, 
Canada goose, northern pintail, American wigeon, northern shoveler, ring- 
necked duck, marbled godwit, mallard, wood duck, surf scoter, Brandt's 
cormorant, and western gull. Geese and wintering ducks comprised 90 percent 
of the total birds identified, indicating waterfowl were most relied upon from 
September through April. The high occurrence of geese and dabbling ducks 
attest to the rich diversity of brackish and freshwater marshes, which must 
have originally existed in the Fremont area adjacent to the Bay. Wing bones 
of several larger species such as great blue heron, brown pelican, and tundra 
swan that had been fashioned into whistles were also recorded. California 
condor bones have been found in ceremonial associations (shaman kit) from 
these midden sites (Davis and Treganza 1959). 

3.3 EARLY CAUSES OF CHANGES IN HISTORIC WILDLIFE POPULATIONS 

3.3.1 Fur Trade 

The first significant human impact on wildlife in the Estuary Region 
began with the harvesting of fur-bearing mammals. Commercial hunting of sea 
otters began in California in 1786 under the Spanish and soon expanded to 
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include traders of many nationalities. Aleutian Islanders hunted otters with 
spears and clubs from canoes, and later Americans and Europeans hunted with 
guns. Otters were so numerous in the Bay that as many as 1,200 animals were 
taken during "some monthsn by Russian trappers in 1811 (Grinnell et al. 1937). 
One source states that Russians took 700 to 800 pelts in a single week in 
1812. In a period of five years, 50,000 otters were taken from the Bay; 
thereafter, 5,000 a year were taken until 1831 (California Department of Fish 
and Game 1971). By 1820, over-hunting had caused a noticeable decline in 
otter abundance. Nevertheless, during a day-long hunting expedition in 1830 
at a haul-out site at Point San Quentin, 30 out of a total of 100 otters were 
captured with lassos and killed. One day's shooting at the mouth of Sonoma 
Creek in 1846 yielded 42 otter pelts (Grinnell et al. 1937). After 1850, 
otters were extremely rare in the Bay Area. 

Hunting of sea lions and harbor seals for oil and hides also occurred in 
the Bay and along the outer coast. Harvest of sea lions in the Bay probably 
continued until the 1870s after their numbers declined along the California 
coast. Harbor seals were hunted until about 1890 (Skinner 1962). 

About the time of the first declines in the coastal fur trade, harvest 
of inland furbearers began with the arrival in the Central Valley, of American 
and British beaver trappers. Profitable trapping of beavers lasted about 20 
years until 1845. During this period, Hudson Bay Company trappers took 4,000 
beaver skins near the mouths of the Sacramento and San Joaquin rivers. In 
1828, trappers with Jedediah Smith reported catching 20 beavers using 28 traps 
at the confluence of the Sacramento and Feather rivers (Grinnell et al. 1937). 
As numbers of beaver were reduced and with the discovery of gold, trappers 
soon turned to other pursuits. 

3.3.2 Market Hunting and Other Activities 

Following the gold rush, an expanding human population required meat in 
the form of wild game, which was an important staple. With large bore guns 
and animal blinds, waterfowl and other waterbirds were literally shot by the 
millions for sport and market. Market hunters shooting ducks rafting on the 
Bay, utilized 2 or 3-inch bore diameter, muzzle-loading swivel guns mounted on 
small boats. Ducks and geese feeding in fields were taken by "bull huntersn 
who used a trained cow or horse as a blind to bunch birds together until they 
could be slaughtered with large bore guns (Monteagle 1978). Using a horse as 
a blind, a single hunter killed 200 snow geese in 1910 near Los Banos (Miller 
and Hanson 1989). Grinnell et al. (1918) reported that three hunters killed 
400 ducks from animal blinds with six shots from four-gauge guns; also, a 
single hunter in the "Sonoma marshes" killed 268 drake canvasbacks in one day. 
Cuneo (1987) cites a report of a South Bay landowner personally shooting 6,500 
geese and 1,700 ducks during the winter of 1855. As late as 1913-1914, about 
1,000 ducks a week were being taken at the Alvarado marshes (Skinner 1962). 

As a result, waterfowl became the major trade commodity of the five game 
transfer companies in San Francisco which sold birds primarily to restaurants 
and hotels (Skinner 1962). In 1900, the San Francisco markets were handling a 
minimum of 250,000 ducks per year. Monteagle (1978) described a 1912 
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editorial in Western Field which estimated that of 15,000 ducks shipped to San 
Francisco markets in the first week of the season, more than half spoiled. 

As shown in Table 3-1, a variety of species were impacted by market 
hunting in California. Skinner (1962) believed the kill for small local 
markets and by private individuals for sport and table use far exceeded the 
numbers reaching the San Francisco and Los Angeles markets. As early as 1883, 
declines in waterfowl numbers attributable to overhunting were reported 
(Grinnell et al. 1918). Public concern regarding market hunting activities 
and the plight of waterfowl finally resulted in a legislative ban on the sale 
of waterfowl in 1915. 

Table 3-1. Waterbirds Sold in California Markets in the 1895-1896 Season 
(Source: Grinnell et al. 1918). 

Species Number Sold Market 

Mallard 
Gadwall 
American Wigeon 
Green-winged Teal 
Sandhill Crane 
Whistling Swan 
Canada Goose 
White-fronted Goose 
Snow Goose 

S an 
San 
San 
S an 
San 
Los 
Los 
Los 
Los 

Francisco 
Francisco 
Francisco 
Francisco 
Francisco 
Angeles 
Angeles . 
Angeles 
Angeles 

Grinnell et al. (1918) estimated that both waterfowl and upland game 
birds had on the average decreased by about one-half during the forty-year 
period prior to 1918. They cited excessive hunting and sale of game, as well 
as wetland reclamation (discussed later in this chapter) as major factors in 
this precipitous decline. Dawson (1923) believed that numbers of ducks 
present at that time generally represented only about 3 percent of "former 
numbers. " 

Shorebirds were also shot and sold commercially during the period of. 
market hunting from 1850 to 1914, and several species were clearly affected 
(Grinnell et al. 1918). Species sought most heavily and commonly offered in 
the San Francisco and Stockton markets were American avocets, willets, marbled 
godwits, curlews, black-bellied plovers, dowitchers, and snipe, but stilts and 
sandpipers were also taken (Grinnell et al. 1918). By 1900-1910, hunting is 
believed to have severely reduced numbers of curlew and to have moderately 
reduced avocet, godwit, and dowitcher numbers in California (Grinnell et al. 
1918). Willets and black-bellied plovers were less affected, and stilts and 
small sandpipers very little affected by the hunting. Annual numbers of 
shorebirds taken from the San Francisco Bay Estuary were likely in the tens of 
thousands. Skinner (1962) reported over 12,000 shorebirds sold in the San 
Francisco market during the 1895-96 season. According to Grinnell and Miller 
(1944), the godwit returned to its former numbers after the cessation of 
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hunting, but the curlew did not. Whether there was a lasting effect on other 
species is not known. 

Other species impacted by commercial hunting included: bittern, rails, 
quail, dove, and pigeon. In the 1895-96 season, Bay Area counties accounted 
for 15,326 quail offered in California game markets (Skinner 1962). Gill 
(1979) cited a report from a San Mateo newspaper in which at least 5,000 
"railsn were reported as being killed during a single week in 1897 in the 
South Bay. It was not uncommon for hunters to take 200 clapper rails, a 
highly prized table bird, in one day's hunting (Grinnell et al. 1918). By the 
early 1900s, market hunting was believed responsible for a reduction in 
numbers and distribution of clapper rails in the Bay. In 1903, the San Mateo 
County Board of Supervisors passed an ordinance prohibiting the hunting of 
rails from boats from one hour before to one hour after high tide (Redwood 
City Times Gazette 1903). 

Shooting by plume hunters of great and snowy egrets, both of which were 
historically abundant nesting species prior to 1880, decimated their numbers 
in California. Most of this hunting pressure occurred during the early 1900s 
(Dawson 1923). Due to this unregulated harvest, snowy egrets were believed 
extirpated from California by 1900, and not a single great egret was reported 
in the South Bay Area between 1880 and 1928 (Sibley 1952). By 1908, snowy 
egrets began to be observed again, primarily in the Central Valley. Great 
egrets were still considered scarce and irregular in the Bay in the early 
1920s but then steadily increased in numbers. 

Market hunting, human encroachment and agriculture contributed to the 
depletion or extirpation of many big game species such as elk, pronghorn 
antelope, mule deer, and grizzly bear. Roosevelt elk were hunted heavily 
during the Gold Rush for their meat and hides and extirpated from Marin and 
Sonoma counties during the 1870s (Harper et al. 1967). Tule elk and pronghorn 
supported a flourishing trade for meat, hides, and tallow in Stockton until 
populations were greatly reduced by about 1850 (Skinner 1962). By 1870, tule 
elk numbered as few as two individuals and only remnant bands of antelope 
remained in the Central Valley (Jones and Stokes Associates, Inc. 1987, 
Thompson 1957). A few elk were still believed to occupy unreclaimed islands 
in the Delta as late as 1874 (Thompson 1957). A statewide census of pronghorn 
antelope in 1924 revealed a total population of 1,007 animals (Ferrel and 
Leach 1952). 

Market hunting and unrestricted subsistence hunting reduced deer 
populations during the second half of the nineteenth century (Fowler 1989). 
Between 1850 and 1903, one of the largest meat and hide camps in California, 
primarily for deer, was operated in Gilroy (Schauss 1984). 

Early market hunters, ranchers, miners, and other pioneers slaughtered 
grizzlies at every opportunity for sport and to prevent livestock depredation; 
one account reported a single grizzly killing 200 sheep in one night. A 
perpetual bounty of 500 dollars was placed on the species (Grinnell et al. 
1937). Unrestricted hunting of their prey species and degradation of 
fisheries habitat also impacted the bear's good sources. The population 
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declined dramatically in the late 1800s and was extremely reduced by 1900. 
The last bear on the San Francisco Peninsula was killed in 1886 west of Ben 
Lomond (Santa Cruz County) (Grinnell et al. 1937). 

Prior to the turn of the century, there was extensive commercial 
exploitation for food of native frogs, particularly the California red-legged 
frog. Between 1880 and 1900, 50,000-125,000 frogs per year were harvested 
from the San Francisco Bay Region and the San Joaquin Valley. By 1900, 
populations were tremendously reduced (Jennings and Hayes 1985). 

3 . 3 . 3  Habitat Loss and Alteration 

The Gold Rush of 1849 and subsequent statehood in 1850 marked the 
beginning of the alteration and loss of wildlife habitats in the Bay Area and 
Delta. Major changes resulted from factors such as hydraulic mining, 
reclamation of tidal habitats, agricultural and urban development, introduced 
plants and animals, and pesticide use. 

Between 1853 and 1884 gold miners washed vast quantities of sediment 
into Sierran streams through hydraulic mining. Gilbert (1917) estimated the 
amount of mining sediment deposited in the Bay and Delta through 1909 totalled 
1.15 billion cubic yards or nearly eight times the volume moved in making the 
Panama Canal. Bottom elevations of Delta waterways were raised by as much as 
15 feet. By smothering anadromous fish spawning streams, this material 
reduced food availability for many wildlife species. Hydraulic mining 
sediment also caused a reduction in open water areas, the shoaling of subtidal 
areas in San Pablo and Suisun bays, and the rapid horizontal expansion of 
marshlands across mudflats of northern Suisun Bay, western San Pablo Bay, and 
possibly South San Francisco Bay (Atwater et al. 1979, Nichols et al. 1986). 
Gilbert (1917) estimated that during a 41-year period the average deposition 
on shoals in Suisun and San Pablo bays, was 3.3 feet and 2.5 feet, 
respectively. The effect these sediments may have had on the invertebrate 
populations utilized by intertidal or subtidal benthic-feeding shorebirds and 
waterfowl is unknown. However, since the acreage of tidal flats that were 
invaded by marsh vegetation, and thereby made less attractive to shorebirds, 
was likely offset by flats newly created through shoaling, little overall 
long-term effect on the quantity of shorebird habitat probably occurred. 

Reclamation of tidal marshes in the Bay and Delta first began in the 
early 1850s and occurred most intensively between 1860 and 1910. Frustrated 
gold miners soon realized that fortunes could be made more readily by 
satisfying the rising demand of the human population for food. Tidal marshes 
in the Delta, Suisun Bay and San Pablo Bay were diked primarily for 
agriculture while those in the South Bay and in some parts of San Pablo Bay 
were reclaimed for commercial salt harvesting. By 1900, one-half of the Delta 
had been diked, and, by 1930, Delta reclamation was complete with the creation 
of 450,000 acres of farmed, formerly tidal wetlands (Madrone Associates et al. 
1980). Diking of tidal marshes in the Bay for salt evaporation ponds was 
initiated about 1860 and, by the 1930s, about 30,000 acres or 63 percent of 
the historic tidal marshes in the South Bay had been diked for salt production 
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(K. Dedrick, California State Lands Commission, pers. comm.). Atwater et al. 
(1979) estimated that of the 846 square miles of tidal marshes found in the 
Estuary prior to 1850, only 48 square miles exist currently, a decline of 95 
percent. There has also been a reduction by about 12 percent in the amount of 
open water habitat since the gold rush (Atwater et al. 1979). 

Conversion of sin Francisco, San Pablo, and Suisun bay tidal marshes to 
agricultural land and salt ponds reduced available habitat for species such as 
rails, song sparrows, harvest mice, and shrews, leading to their current 
special Federal or State status. Diking of marshes left narrow strips of 
tidal habitat remaining outboard of the levees and eliminated high marsh 
transition zones which originally graded into surrounding upland habitats. 
Diking also eventually facilitated intensive industrial and residential 
development immediately bordering remnants of these tidal marshes. In 
contrast to these marsh-dependent species, the diking and filling of tidal 
wetlands probably had far less effect on shorebirds due to their primary 
reliance on mudflats. 

Conversion of tidal marshes into salt evaporation ponds increased use of 
the Bay by waterbirds able to exploit the rich food resources and remote 
nesting/roosting sites provided by this new artificial habitat (Harvey et al. 
1988). Such species include eared grebe, American white pelican, black-necked 
stilt, American avocet, western snowy plover, Wilson's phalarope, California 
gull, and Caspian and Forster's terns. In the early 1900s, most of the above 
shorebird species were reported as rare to uncommon and probably did not 
historically nest within the Bay Region (Grinnell et al. 1918, Grinnell and 
Wythe 1927). By 1918, the snowy plover was apparently a fairly common nester 
on the South Bay salt ponds (Page and Stenzel 1981). Caspian and Foster's 
terns, which were historically winter visitors and migrants, became common 
nesting species by 1916 and 1948, respectively (Grinnell and Miller 1944, 
Sibley 1952). 

Even with conversion of most marsh to salt ponds, numerous private duck 
clubs still existed in the South Bay as of 1959. At that time, the U.S. Army 
Corps of Engineers (1967) reported a total of 64 clubs in Alameda County, 15 
in Santa Clara County, and 16 in San Mateo County. Factors cited as 
contributing to the decline of hunting in the Bay Area then were high costs of 
land and water, high membership fees, competition with farming, and 
restrictive bag limits. 

Diking of tidal marshes in the Delta for conversion to intensive 
agricultural use greatly reduced the value of this prime area for wintering 
and nesting waterfowl. As a result, birds were concentrated on remaining 
wetlands where they were more vulnerable to hunting pressure, disease, 
predation, and human disturbance. 

Loss of the seasonally flooded overflow areas in the interior of Delta 
islands reduced or extirpated nesting populations of waterbirds such as 
shorebirds, rails, herons, ibis, and terns. By 1944, Grinnell and Miller 
(1944) described black-necked stilts and American avocets as less abundant 
than formerly in California because of the .loss of wetlands. 
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(1944) described black-necked stilts and American avocets as less abundant 
than formerly in California because of the loss of wetlands. 

Adjacent to the Bay and Delta, there was extensive conversion of 
grassland, seasonal wetlands, and vernal pools to agricultural land and later 
to commercial and residential development. This reduced the values of these 
areas or eliminated them for both wintering and nesting waterbirds. For 
example, extensive seasonal wetlands and overflow lands, which existed in 
Fremont (Stiwers Lagoon) and in Santa Clara Valley, supported high numbers of 
wintering waterfowl (Skinner 1962). Loss of these habitats was probably also 
detrimental to shorebirds, since they use seasonal wetlands and grasslands 
adjacent to the tidal marshes as foraging and roosting areas when mudflats are 
inundated by tides. Loss to development of these upland roosting sites close 
to the Bay may have affected shorebird numbers particularly in the central 
regions of San Francisco Bay where there are no salt pond levees or other 
roosting areas during high tide. Snipe populations around the Bay have likely 
decreased as seasonal wetlands have disappeared, but this has not been 
documented. Widespread conversion to agriculture of valley grasslands 
adjacent to the Delta also contributed to the extirpation of the tule elk 
(Bakker 1971), mountain plover, and blunt-nosed leopard lizard from the study 
area (M. Jemings, California Academy of Sciences, pers. comm.). 

Through grazing and the exclusion of fires in the Bay Area, some 
invasion of former grasslands by brush also occurred (Fowler 1989). For 
example, much of the east Bay hills above Berkeley and Oakland historically 
provided suitable chaparral and grassland habitat for coast horned lizards (M. 
Jemings, California Academy of Sciences, pers. comm.) and mountain plovers 
(R. Jurek, California Department of Fish and Game, pers. comm., Grinnell et 
al. 1918). Following the turn of the century, invading brushy species, such 
as coyote brush, became increasingly established causing conversion of this 
habitat. 

Levee construction and agricultural development in the Delta resulted in 
the elimination and fragmentation of much of the original riparian woodland 
habitat. Once levees were constructed, ongoing maintenance and bank 
protection through rip-rapping further reduced the continuity of these forest 
corridors. Concurrently with loss of riparian woodlands in the Delta, similar 
streambank habitat was being eliminated adjacent to major creeks draining into 
San Francisco Bay. This resulted in major reductions in many land birds, 
waterbirds, raptors, reptiles, amphibians, and mammals that depended on these 
forests. For example, extirpation from the Estuary study area of the purple 
martin, bank swallow, willow flycatcher, yellow-billed cuckoo, and the least 
Bell's vireo (last seen in the Sacramento Valley in 1958) was largely due to 
this habitat conversion (Gaines 1974). More recent declines of some of the 
above species may also be related to the spread of the nest parasite, the 
brown-headed cowbird (Laymon 1987). The extent of riparian wood duck habitat 
was reduced to where the species was considered on the "verge of extinctionn 
in 1913 (Dawson 1923) and "rare" by 1915 (Grinnell and Miller 1944). Only 
four wood duck nesting records for the Estuary were documented in 1918 
(Grimell et al. 1918). Grinnell and Wythe (1927) believed the species to be 
absent from any part of the Bay Region, excluding the Delta. 
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Clearing land for agriculture, draining of wetlands, stream alterations, 
and hydraulic mining greatly reduced the abundance of riparian nesting sites 
and foraging habitat for raptors such as the bald eagle, osprey, and 
Swainson's hawk. By 1929, less than ten percent remained of the original 
salmon spawning habitat in the Sacramento and San Joaquin river systems 
(Netboy 1974 in Detrich 1986). Clearing of aquatic vegetation and bank 
stabilization in Delta channels and adjacent Estuary tributaries also caused 
increased ambient water temperatures and loss of underwater streambed 
habitats, all negatively affecting populations of fish, amphibians, and 
reptiles (Jennings 1988). 

Starting in the 1850s, extensive oak woodland habitat along with its 
wildlife community was lost as a result of wood cutting and clearing for 
orchards, cropland, and range. During the 19th century, oak wood was the 
primary source of fuel. Oak wood fueled the quicksilver (mercury) retorts at 
New Almaden in Santa Clara County and was also cut extensively around San 
Francisco Bay for production of charcoal. Sonoma County was the top producer 
in the early 1900s, producing about 1,000 tons of charcoal per year (Rossi 
1979). 

The earliest agricultural clearing of oaks in the Estuary study area was 
primarily for orchards. Orchards were planted as far north as Rio Vista on 
the Sacramento River and south to Santa Clara Valley. Extensive conversion of 
oak woodlands to croplands also occurred in the Napa Valley (Rossi 1979). 
Eventually much of this agricultural land in the study area was converted to 
urban development. 

Oak woodlands remaining during the late 19th and early 20th century were 
subjected to additional pressures that severely limited their reproduction 
including: 1) grazing on oak seedlings by livestock; 2) greater competition 
for oak seedlings in the thick annual cover resulting from the widespread 
introduction of exotic annual plants (Holland 1976); 3) trampling of the soil 
by livestock, making germination more difficult; 4) consumption of acorns by 
livestock, wild pigs, and increasing populations of introduced and native 
seed-eating rodents and birds (Holland 1976, Rossi 1979); and 5) girdling and 
chewing of oak roots by increased gopher populations (Holland 1976). Bird 
species most affected by reduction in oak woodlands would have included 
insect-gleaning canopy species, woodpeckers, and other cavity nesters. 

The widespread historic losses and alterations of native upland wildlife 
habitats did not adversely affect populations of all wildlife species. The 
conversion of forested uplands to grasslands or agricultural land initially 
may have benefitted such species as the California vole, California ground 
squirrel, mule deer, horned lark, mourning dove, western meadowlark, American 
kestrel, burrowing owl, brown-headed cowbird, and Brewer's blackbird. The 
California condor may also have experienced a short-lived population increase 
in northern California, in response to the conversion of woodlands for 
grazing, and the expansion of the whaling industry (Gordon 1977). Conversion 
of forests to brushlands may have benefitted such species as the California 
thrasher, cottontail, and California quail because of their preference for 
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ecotone or edge habitats. Urbanization resulted in increased populations of 
some species able to adapt to the urban environment, including the raccoon, 
coyote, American robin, house finch, California towhee, mockingbird, and 
several species of gull that are attracted to garbage dumps. 

3 . 3 . 4  Other Causes of Population Changes 

In addition to habitat loss and conversion, indiscriminate shooting and 
poisoning of predators contributed to early declines in numbers of certain 
raptor species and the complete extirpation of others. Species most affected 
included the peregrine falcon, bald eagle, osprey, California condor, and 
black-shouldered kite. According to Heemann (1857), heavy boat traffic and 
shooting led to abandonment of a bald eagle eyrie four miles from Sacramento. 
During the latter nineteenth and early twentieth centuries, shooting by 
stockmen and bounties greatly reduced eagle numbers in the Central Valley. 
Kites were considered abundant in the 1860s but rare or reduced to "the point 
of extinctionn or rarity by shooting and loss of nesting habitat by the 1930s 
(Dawson 1923, Grinnell and Wythe 1927, Sibley 1952). 

Following the introduction and extensive application of chlorinated 
hydrocarbons, such as DDT, in the late 1940s, complete elimination of several 
high trophic level birds from the study area and large portions of the state 
were documented. Species most affected included the bald eagle, osprey, 
peregrine falcon, and brown pelican. 

Brant, historically abundant winter visitors in the Estuary (Grinnell et 
al. 1918), were largely eliminated from the Bay by the effects of human 
disturbance and unregulated hunting. Only scattered accounts of a few brant 
per year have been reported since the early 1900s (H. Cogswell, California 
State University Hayward, pers. comm.) 

During the 1930s through the 1960s, massive withdrawals of groundwater 
for agriculture had a negative effect on some wildlife groups. For example, 
lowering of groundwater in the Palo Alto area caused the dewatering of some 
freshwater wetlands thus reducing the distribution of native amphibians and 
reptiles (M. Jennings, California Academy of Sciences, pers. comm.). Another 
effect was significant land subsidence such as occurred adjacent to the South 
Bay where lands have sunk 3 to 9 feet since 1916 (Poland and Ireland 1988). 
This subsidence lowered the elevations of tidal marshes, affecting their value 
for species dependent on high marsh habitats. Groundwater removal and lowered 
water elevations adjacent to the Delta also contributed to the elimination of 
riparian corridors. 

Either through deliberate efforts or incidental to other activities many 
exotic species of plants, invertebrates, fish, and wildlife have been 
introduced in the Bay and Delta Region beginning from about 1850. Although 
there is little quantitative evidence, introductions of exotic plants must 
have affected wildlife populations through elimination or alteration of native 
habitats. The most extensive conversion of native habitat occurred in the 
grassland habitat type. Historically, grasslands in California were dominated 
by perennial bunchgrasses. In the late 1800s, native perennial species were 
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rapidly replaced by exotic annual grasses whose seeds were introduced from the 
wool or hair of livestock (Bakker 1971), or from weed seeds mixed with crop 
seeds (Frenkel 1970). Heavy grazing between 1850 and 1863 on native 
bunchgrasses, which were not adapted to this pressure, coupled with severe 
drought and deficient rainfall from 1851 to 1864, contributed to the success 
of alien annual plants (Frenkel 1970, Bakker 1971). 

Presumably, some native wildlife species were adversely affected by this 
conversion, although many seed-eating species probably benefitted from the 
increased seed production of the exotic annual plants. Grazing pressure 
combined with this habitat conversion produced more favorable habitat for the 
pocket gopher, California ground squirrel, and the burrowing owl, which uses 
ground squirrel holes for nesting. 

Eucalyptus trees, which were planted in the Bay area as early as 1850, 
were widely cultivated for their hardwood and medicinal qualities (Gordon 
1977). These groves, however,iproved to be poor wildlife habitat compared to 
the natural uplands they replaced. Other exotic plants which provided minimal 
or no wildlife value and flourished at the expense of more valuable native 
plants, were tamarisk (Tamarix spp.) and false bamboo (Arundo spp.) in 
riparian areas, pampas grass (Cortaderia selloana) in grasslands and ruderal 
areas, and scotch broom (Cvtisus sco~arius) in disturbed areas of coastal 
scrub and broad-leaved evergreen forest. Scotch broom was additionally 
detrimental to wildlife because of its highly flammable nature (Omduff 1974). 

Since 1850 at least 96 species of invertebrates have been introduced 
into San Francisco Bay primarily from ship hulls, ship ballast, and 
transplanted oysters (Carlton 1979). These invertebrates have become 
prominent components of the Bay's benthic fauna and today are important 
shorebird prey. The ecological interactions between native and introduced 
species have been little studied. No native marine invertebrates are known to 
have become extinct in the Bay from competition with introduced species; 
however, portions of once broader niches of some native species may have been 
acquired by introduced species (Carlton 1979). In terms of number of species, 
the relatively young San Francisco Bay supported a sparse native aboriginal 
fauna, and many introduced species did not have to compete with a native 
counterpart to become established (Carlton 1979). Overall, shorebirds 
probably have benefited from the increase in the number of introduced prey 
species. 

Introduced mammals such as Norway rats, black rats, house mice, feral 
cats, and Virginia opossums became established and quickly expanded to occupy 
many habitats in the Region. Ground nesting waterbirds, upland game, and 
native rodent and reptile populations were affected by these introduced 
mammals. Introductions of predatory fish (60 species over the last 120 years) 
and the bullfrog were also factors in the reduction of native species of 
amphibians and reptiles (Hayes and Jennings 1986, 1988). 
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CHAPTER4 
CURRENT TRENDS IN DISllUBWION AND ABUNDANCE 

OF WILDLIFE POPULATIONS 

4.1 INTRODUCTION 

The following accounts discuss species whose current status is 
considered representative of major wildlife groups within the San Francisco 
Estuary. The wildlife groups discussed include birds, mammals, amphibians, 
reptiles, and Federal or State-listed insects. Each account discusses 
historic distribution and abundance, causes for population declines, current 
status (distribution, seasonality, relative abundance) within the study area, 
any critical habitat requirements, population trends if known, and current 
threats to the species. The species accounts for insects only include the 
Federally listed species, due to the large number of Federal candidates. 

Specific conclusions regarding population status and trends are possible 
for only a limited number of wildlife species within the Estuary. For 
example, migratory waterfowl have been monitored most consistently and over 
the greatest period, while colonial birds, shorebirds, pinnipeds, and special 
status species have generally received intermittent attention during the last 
25 years. 

Scientific names are used in the accounts when discussing particular 
wildlife subspecies or when referring to plants, invertebrates, and fish. A 
comprehensive list, including common and scientific names, of all wildlife 
species historically or currently known from the Estuary study area is found 
in Appendix A. A listing of all Federal and State special status birds, 
mammals, amphibians, reptiles, insects, and plants is presented in Appendix B. 
The plant species contained in Appendix B include only those found within the 
upland habitats of the Estuary study area. Special status plants found within 
wetland habitats are presented in the Status and Trends Report on Wetlands and 
Related Habitats in the San Francisco Estuary (Association of Bay Area 
Governments 1991). 

The accounts are presented generally in taxonomic sequence and address 
the following major groups: 

a) Federal- and State-listed endangered and/or threatened species as 
presented by the U.S. Fish and Wildlife Service (1990a) and California 
Department of Fish and Game (1989b, 1990~). 

b) Federal and State candidate species as listed by the United States Fish 
and Wildlife Service (1989b). 

c) Federal species of special management concern including: 
-Sensitive Bird Species (U.S. Fish and Wildlife Service 1985a) 
-Migratory Nongame Birds of Management Concern in the United States 
(U.S. Fish and Wildlife Service 1987a) 

d) State Species of Special Concern (Remsen 1978, Williams 1986, Jennings 
1987a). 
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e) National Audubon Society Blue List (Tate 1986) of birds that are 
experiencing population declines. 

f) Selected native species that have significantly declined or increased in 
numbers and distribution. 

g) Selected introduced species that have expanded their distribution. 
h) Selected Federally and/or State-regulated harvested species. 
i) Species groups such as waterfowl, shorebirds, and colonial-nesting birds 

for which quantitative population information has been collected over a 
significant portion of their distribution within the Estuary. 

j) Other selected waterbird species, in general, due to their close 
dependence on the Estuary, degree of public interest concerning their 
status, and/or availability of quantitative population information. 

4 . 2  BIRDS 

4.2.1 Loons and Grebes 

4.2.1.1 Red-throated and Pacific Loons 

These species are fairly common in winter (mid-October through April), 
occurring chiefly on the deep open water of Central San Francisco Bay. They 
are often observed in the vicinity of Richardson Bay, Berkeley, and Alameda. 
They nest in the arctic regions of Canada and Alaska, and migrate and winter 
along the outer Pacific Coast from the Aleutians south to Baja California. 
Both species are strongly associated with saltwater coastal areas and are only 
rarely observed inland. Red-throated loons generally winter closer inshore in 
enclosed bays and are more common in the study area than the Pacific loon 
(Grinnell and Miller 1944). 

Comprehensive censuses of loons have not been conducted in the Bay, and 
overall population estimates are not available. Cogswell (1977) reported the 
red-throated loon had apparently declined in numbers since 1968; however, it 
is still more common on San Francisco Bay than the Pacific loon (D. Erickson, 
LSA Associates, pers. comm.). From 16 to 84 red-throated loons were observed 
per count on portions of the Central Bay in Alameda County during 1984 through 
1989 on the Oakland Christmas Bird Count. In the South Marin Christmas Count 
during 1978-89, total numbers observed per count along the Marin County 
bayshore ranged from fewer than five to as many as 300 individuals. During 
both the South Marin and Oakland Christmas Counts, numbers of Pacific loons 
have been sporadic. Frequently fewer than 10 individuals were counted. 
However, one high count of 220 Pacific loons was reported at Tiburon in 1983. 

4.2.1.2 Common Loon 

The common loon is a fairly frequent winter visitor (early September 
through late May) on deeper openwater areas of Central San Francisco Bay; they 
also winter on large, deep, inland lakes and reservoirs. The species nests 
throughout Canada and Alaska and winters along the Pacific coast from the 
Aleutians south to northern Mexico. 
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Numbers of common loons observed during the Christmas Bird Counts in the 
Bay have generally exceeded those of both other species, except for 
occasionally high numbers of red-throated loons seen during the South Marin 
Christmas Count. Numbers of common loons seen during the Oakland count in 
1984-89 ranged from 21 to 83 individuals, while 10 to 40 birds were counted in 
the Marin count (1975-1989). 

Common loons historically nested above 5,000 feet on lakes east of 
Lassen Peak, in Shasta and Lassen counties (Grinnell and Miller 1944). Human 
disturbance at these sites by boaters most likely led to eventual abandonment 
of these areas (Remsen 1978). Except for Idaho, the common loon has also been 
extirpated as a nesting species throughout the western states (U.S. Fish and 
Wildlife Service 1985a). According to Christmas Bird Counts between 1965-69 
and 1975-79, there was an 11 percent decline in the number of wintering 
individuals on the west coast, excluding Washington (Trapp 1981 U.S. Fish 
and Wildlife Service 1985a). As a result, the species was designated a 
Highest Priority State Species of Special Concern by the California Department 
of Fish and Game (Remsen 1978) and a Sensitive Species by the U.S. Fish and 
Wildlife Service (1985a). Human disturbance during the breeding season, 
pollution (oil spills) in their wintering (marine) environments, and lake 
acidification have been cited as present and potential problems for common 
loons in the western states, All three species of loons were killed in the 
1986 A ~ e x  Houston oil spill from outside the Golden Gate to Monterey Bay (Page 
et al. 1990). Large numbers were also killed in gill nets along the outer 
coast of Central California in 1979-1987 (California Department of Fish and 
Game 1987d). 

4.2.1.3 Pied-billed Grebe 

No Estuary-wide surveys have been conducted of any of the five grebe 
species discussed in this report. The pied-billed grebe is a fairly common 
but solitary resident throughout the Estuary, in sheltered, freshwater areas 
supporting substantial stands of emergent vegetation. They typically nest on 
marshy ponds, large ditches, or sheltered portions of larger lakes throughout 
North America from Central Canada south. They winter in the western states 
north to British Columbia. In California, the species typically nests from 
April into August (Cogswell 1977). During migration and winter, the local 
population is supplemented by additional individuals from the northern 
interior, and increased use occurs of tidal channels, sheltered portions of 
San Francisco'Bay, as well as larger lakes and rivers. In the South Bay, 
small numbers (<15) were observed during winter and early spring on salt 
evaporation ponds (California Department of Fish and Game/U.S. Fish and 
Wildlife Service, unpubl. data) in 1982-84. As many as about 300 individuals 
have been observed during the Oakland Christmas Counts from 1984 through 1989. 

4.2.1.4 Horned Grebe 

Homed grebes are fairly common winter visitors throughout open, 
saltwater tidal areas of San Francisco, San Pablo, and Suisun bays, but they 
are nearly absent from March through August. Cogswell (1977) cited this 
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species as increasing in abundance along the California coast since the 1930s. 
This species breeds throughout the northern United States, Central Canada, and 
Alaska and winters south along the Pacific Coast to Mexico (Palmer 1978). The 
species occurs in fewer numbers along the coast south of Monterey and in the 
southern one-third of California (Small 1974). The National Audubon Society 
included this species on their Blue List, based on their reported decline in 
numbers in the northeastern states (Tate 1986). 

4.2.1.5 Eared Grebe 

The eared grebe is an abundant winter visitor (September - April) 
throughout the study area, most often on salt evaporation ponds in South San 
Francisco Bay and the Napa Marsh. The winter distribution encompasses the 
Pacific Coast from Canada south and throughout Mexico. Generally, eared 
grebes breed colonially on freshwater lakes in the western half of the United 
States, north to central Canada. In California, nesting has traditionally 
occurred on marshy lakes in the eastern Sierra Nevada, southern California 
mountains, and northeastern portion of the state. However, the presence of 
birds during summer at Lake Merced (San Francisco County) suggests that 
nesting may have occurred (Grinnell and Wythe 1927): 

The first confirmed nesting by eared grebes within the study area 
occurred in 1983 when about 30 pairs nested at Krittenden Marsh, a diked 
seasonal wetland adjacent to the South Bay in Santa Clara County. Even though 
nearly surrounded by salt evaporation ponds, the site received freshwater 
runoff from the Moffett Field Naval Air Station and the National Aeronautics 
and Space Administration Ames Research Center. Since the Navy's dewatering 
pumps were not functioning properly at the time, as much as four to five feet 
of water ponded at the site. Eared grebes and at least five pairs of pied- 
billed grebes utilized dense wigeon grass for nest-building (T. Roundtree, 
Santa Clara County Planning Department, pers. corn.). Following the 
successful nesting in 1983, the site has received less water, due to 
dewatering by the Navy and low rainfall. As a result, only minimal nesting 
occurred by 1986. Since 1987, ponding has not occurred at Krittenden Marsh, 
and eared grebes have not nested there. A second colony of eared grebes 
nested in 1983 on an unused sewage pond in Pleasanton, Alameda County; 
however, the pond was subsequently destroyed (H. Cogswell, California State 
University Hayward, pers. corn.). 

Eared grebes represent one of the most abundant species on the salt 
ponds of the Bay (Swarth et al. 1982). Monthly aerial waterbird surveys in 
the South Bay during 1981-1984 of salt ponds, open bay, and a variety of 
nontidal wetland habitats (diked seasonal wetlands, duck'clubs, sewage ponds, 
freshwater flood basins) revealed that eared grebes occurred nearly 
exclusively on the salt ponds.(Swarth et al. 1982, California Department of 
Fish and Game/U.S. Fish and Wildlife Service, unpubl. data). Highest numbers 
were generally observed during December through April, with a spring peak 
migration count of 43,381 individuals on 13 April 1984 (Figure 4-1). Eared 
grebe numbers on both the North and South Bay salt ponds were recorded during 
October through April from 1988 to 1990 (L. Accurso, U.S. Fish and Wildlife 
Service, unpubl. data). These counts also revealed peaks from mid-January 
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EARED GREBES 

Figure 4-1. Results of Monthly Aerial Surveys of South San Francisco Bay 
Salt Ponds. No Surveys Were ~bnducted on 1/81 ; 3,5,6,8-10,12/83 and 3,s- 
7,9,10,12/84. Source: California Department of Fish and Game/U.S. Fish and 
Wildlife Service (unpubl . data) . 

into March with a high count of 40,767 on 3 April 1990. These data indicate 
that (1) the majority of eared grebe use occurs in the South Bay salt ponds; 
(2) the current Bay population is comparable to levels reported in the mid- 
1980s; and (3) more than 40,000 eared grebes currently use the Estuary 
annually . 

Eared grebes have been recorded in salt ponds with salinities ranging 
from about 50 to 200 parts per thousand where they rely on abundant brine 
shrimp and brine flies (Anderson 1970a, Swarth et al. 1982). Aerial surveys 
revealed a peak median grebe density of 4 birds/acre in ponds ranging from 150 
to 179 parts per thousand (California Department of Fish and Game/U.S. Fish 
and Wildlife Service, unpubl. data). 

Grinnell (1915) and Grinnell and Wythe (1927) described the eared grebe 
as wintering abundantly along the outer coast and common on fresh and salt 
water throughout the Bay Region. Given the clear preference shown by this 
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species for salt ponds and the absence of this habitat prior to 1860, it is 
reasonable to assume their use of the Bay Area has increased from historic 
times, in response to creation of this habitat. 

4.2.1.6 Western and Clark's Grebes 

These grebes winter generally from northwestern California south through 
Baja California and throughout the western portion of California, including 
the outer seacoast, large bays and lagoons, and the Central Valley. They are 
abundant in winter (October - May) throughout the study area, most frequently 
on open Bay waters, large lakes, and salt ponds (Figure 4-2). In the open 
Bay, largest numbers are encountered in the Central Bay where they are 
frequently found near narrows or islands where currents may facilitate 
successful diving for fish. 

Western and Clark's grebes breed primarily east of the Sierra Nevada, in 
the northeastern portion of California, extending into the northern Rockies 
and Great Plains. They currently nest at Clear Lake where past pesticide use 
led to nesting failure and abandonment in the 1950s. The species also 
historically nested commonly on lakes in the San Joaquin Valley prior to their 
conversion to agriculture (Grinnell 1915). Nesting still occurs locally in 
this region such as in eastern Stanislaus County (D. Erickson, LSA Associates, 
pers. comm.). Grinnell and Wythe (1927) reported nesting at Lake Merced (San 
Francisco County) in 1885 and 1926. 

Of the various Christmas Bird Counts that encompass portions of the open 
Bay, the highest western grebe numbers have been recorded during the South 
Marin Count. During the period 1975 through 1983, 6,000-18,000 birds per 
count were encountered within the Bay, while, more recently, numbers have 
ranged from 2,000 to 3,000. Aerial wintering waterfowl surveys during October 
through April (1988-1990) of nearly the entire Bay revealed populations 
ranging from as few as 30 birds in early October 1988 to a peak of 3,052 in 
mid-January 1989 (Figure 4-2) (L. Accurso, U. S. Fish and Wildlife Service, 
unpubl. data). 

Smaller numbers occur in the Estuary during summer. In June 1990, U.S. 
Fish and Wildlife Service personnel observed these grebes between Horseshoe 
Bay and Point San Quentin (200-300), Richmond Harbor to the Bay Bridge (200), 
Hunter's Point to the San Francisco Airport (450-500), midbay between the Bay 
and San Mateo bridges (400-450), mid San Pablo Bay (la), Carquinez Straits 
(16), Suisun Bay (I), and the Napa River (6) (H. Carter, U.S. Fish and 
Wildlife Service, pers. comm.). 

During aerial surveys of the salt ponds of South San Francisco Bay in 
the early 1980s (California Department of Fish and Game/U.S. Fish and Wildlife 
Service, unpubl. data), more western and Clark's grebes were observed on the 
open bay than on the salt ponds. However, occasional peaks in low salinity 
ponds occurred in response to seasonal booms in fish populations. 
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Figure 4-2. Results of Monthly Aerial Surveys of San Francisco Bay Open 
Water and Salt Ponds (L. Accurso, U.S. Fish and Wildlife Service, unpubl. 
data). No Surveys Were Conducted During May through September. 

The National Audubon Society added western grebes to their Blue List due 
to observed declines in the 1970s, and they currently consider the western 
grebe a species of Special Concern (Tate 1986). 

Although less frequently identified, the Clark's grebe is a common 
species that winters sympatrically in central California with the western 
grebe. During the 1984-1989 South Marin Christmas Bird Counts, the ratio of 
grebes identified as Clark's grebes to western grebes was 1-7:100. Bailey 
(unpubl.) found that Clark's grebes near the Alameda Naval Air Station 
comprised 10-20 percent of the observed individuals. Of 157 western grebes 
observed in Moss Landing (Santa Cruz County), 35 percent were identified as 
Clark's (Erickson et al. 1986). Western and Clark's grebes were killed in the 
1986 A ~ e x  Houston oil spill from outside the Golden Gate to Monterey (Page et 
al. 1990). Large numbers were also killed in gill nets along the outer coast 
of Central California in 1979-1987 (California Department of Fish and Game 
1987d). 
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4.2.2 Pelicans 

4.2.2.1 American White Pelican 

The American white pelican is a late summer/fall migrant and winter 
visitor (July - December) in the San Francisco Estuary, locally common on 
large open water areas such as bays, lakes, salt ponds, and diked habitats 
(Figure 4-3). White pelicans also migrate through and winter in the Central 
Valley and along the Pacific coast from Point Reyes south into Mexico. In the 
Western states and central Canada, the species breeds on isolated, large lakes 
(Palmer 1978). At the turn of the century and prior to conversion of many 
shallow lakes to agriculture, white pelicans commonly nested in the Central 
Valley and nearly the entire breadth of the state (Grinnell 1915). In 
California, remnant colonies currently exist only in the Klamath Basin and 
Honey Lake Area (Remsen 1978, Sidle et al. 1985). 

During fall and winter, large flocks of white pelicans are commonly 
observed flying between the salt ponds of the Napa Marsh and the South Bay, 
which they prefer for roosting or feeding, and the farmed wetlands and large 
waterbodies of the Delta and Suisun Marsh. During mid-June 1990 surveys of 
breeding seabirds in Suisun Bay, scattered flocks of 3-72 birds were observed 
roosting at several sites along the shoreline of Suisun Bay including Benicia, 
the mouth of Pacheco Creek, Middle Ground Island, and Pittsburg Point (H. 
Carter, U.S. Fish and Wildlife Service, pers. corn.). During these same 
surveys, a flock of 100 pelicans was seen circling over Honker Bay. 

During aerial surveys of the South Bay salt ponds, a peak of 3,147 birds 
was recorded on 6 August 1984 (California Department of Fish and Game/U.S. 
Fish and Wildlife Service unpubl. data) (Figure 4-3). White pelicans in the 
South Bay were recorded only in ponds with salinities ranging from about 25 to 
90 parts per thousand, and the highest densities (0.4-0.8 birds/acre) were 
recorded in ponds with salinities from 25 to 30 parts per thousand. A gular 
pouch of a pelican killed by collision with a powerline on San Francisco Bay 
National Wildlife Refuge (Refuge files), contained rainwater killifish, which 
Lonzarich (1988) found to be permanent residents of low-salinity (22-40 parts 
per thousand) salt ponds. Given the tendency of white pelicans to congregate 
during the nonbreeding season and their preference for salt ponds, Figure 4-3 
may show a fair estimate of the total numbers utilizing the Estuary during the 
early 1980s. 

Grinnell and Wythe (1927) described the white pelican as a casual 
visitor to the Estuary that was sometimes seen during migration in flocks 
overhead. Records of flocks in the South Bay during September and December 
were considered noteworthy. Compared with these accounts, the relatively 
large numbers of white pelicans observed now during fall and winter suggest 
that their nonbreeding use of the Estuary may have increased since the early 
1900s. The creation of salt ponds with their abundant prey populations and 
isolated, undisturbed dikes for roosting may have contributed to this 
increase. 

Current Ui Ldlife Populations 
Page 81 



AMERICAN WHITE P E L I C A N S  

I I 

Figure 4-3. Results of monthly aerial surveys of South San Francisco Bay 
salt ponds. No surveys were conducted on: 1/81;3,5,6,8-10,12/83 and 3,5- 
7,9,10,12/84. Source: California Department of Fish and Game/U.S. Fish and 
Wildlife Service (unpubl. data). 

Historically, white pelicans have experienced a long-term reduction in 
overall population and in the number of colony sites throughout much of their 
range in the western United States. Currently, the only two breeding colonies 
left in California are within the Klamath National Wildlife Refuge Complex. 
Factors contributing to this decline include conversion of habitat, drought, 
inundation of nesting colonies, predation, deliberate destruction of nests, 
the effects of pesticides, and human disturbance (Lies and Behle 1966, Sidle 
et al. 1985). 

Since 1972, the species has been on the Audubon Society's Blue List and 
has also been designated a Highest Priority Species of Special Concern by the 
California Department of Fish and Game (Remsen 1978). Although the'U.S. Fish 
and Wildlife Service has designated the white pelican a Sensitive Bird Species 
due to the reduced number of active breeding sites in the western states, 
Sidle et al. (1985) concluded that pelican numbers were stable or increasing 
throughout the remainder of their North American range. 
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4.2.2.2 California Brown Pelican 

This subspecies of brown pelican (Pelecanus occidentalis californicus) 
is a fairly common post-breeding resident (May-November) throughout the open 
waters of Central San Francisco and San Pablo Bays. On the Pacific Coast, 
they breed from the Southern California Channel Islands south into Mexico; 
after breeding, they disperse along the coast south to Central America and 
north to Vancouver Island (Cogswell 1977, Palmer 1978). Peak numbers occur 
along the northern California coast during August - September (Briggs et al. 
1983). In the Bay, these pelicans forage over deep open water and roost on 
sites relatively free from human disturbance such as breakbaters, pilings, 
and, to a lesser extent, salt-pond dikes. During the early 1980~1, U.S. Fish 
and Wildlife Service personnel also documented brown pelicans surface feeding 
in low-salinity salt ponds in the South Bay (San Francisco Bay National 
Wildlife Refuge files). 

In response to a major population decline during the 1950s through late 
1970s in California brown pelicans breeding from the Channel Islands south to 
northern Baja California, the species was Federally-listed as endangered in 
1970 (Gress and Lewis 1988). Factors contributing to this decline included 
pesticide-induced eggshell thinning, oil spills, human disturbance of breeding 
colonies, over-harvest of its prey, loss of post-breeding roost sites, and 
fishing gear entanglement (California Department of Fish and Game 1989b). In 
general, numbers of nesting pairs and reproductive success have increased in 
Southern California since 1978. In addition, colony sites in Southern 
California and Mexico have been designated as preserves and now receive 
protection during the nesting season. 

No systematic survey has been attempted to monitor brown pelican 
abundance in the San Francisco Estuary. A breakwater at the Alameda Naval Air 
Station, which is known to be a major roost for the species, supported a peak 
of 401 individuals in June 1984 (Campbell and LeValley 1984). During surveys 
for nesting seabirds in 1988-90, U.S. Fish and Wildlife Service and Point 
Reyes Bird Observatory personnel observed as many as 130 birds at several 
Central San Francisco Bay and San Pablo Bay roost sites, including Hunter's 
Point, Angel Island, East Sister Island, West Brother Island, north of Point 
San Pablo, the Brooks Island breakwater, and the Mare Island breakwater (H. 
Carter, U.S. Fish and Wildlife Service, pers. comm.). On a small-boat survey 
on 14 June 1990, this team recorded a total of 240 brown pelicans from the San 
Francisco International Airport to Alameda, with 219 roosting at the Alameda 
Naval Air Station breakwater. The Farallon Islands National Wildlife Refuge, 
30 miles west of San Francisco, supports a major nonbreeding pelican roost of 
as many as several thousand birds in late summer and fall. 

Year-to-year variations in the numbers of post-breeding pelicans in 
California and San Francisco Bay may be related to the timing and success of 
nesting in Gulf of California colonies, the availability of their main prey, 
the northern anchovy (Ennraulis mordax), and sea surface temperatures along 
the coast (Briggs et al. 1983). Considering the major historic use which 
Alcatraz Island received by roosting pelicans (Grinnell and Wythe 1927) and 
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the nesting that occurred as far north as Point Lobos (Monterey County) as 
late as 1959,(Baldridge 1973), brown pelican numbers in the Bay may have been 
higher in the past. However, given the natural population fluctuations 
expected at the northern periphery of its range and the current limited use of 
the Bay, compared to the overall abundance of the subspecies, the local 
population of brown pelicans was probably never very significant. 

4.2.3 Colonial Waterbirds and Seabirds 

Nesting colonial waterbirds and seabirds occur in a variety of Estuary 
habitats and comprise several species groups. These include cormorants, 
herons, egrets, gulls, terns, and alcids (Table 4-1). They may nest on 
isolated islands, in shrubs or trees, on salt-pond levees, or at any site 
relatively free of predators. Predators that threaten eggs, young, and 
occasionally adults include rats, cats, dogs, foxes, skunks, raccoons, and a 
variety of avian species. However, human disturbance and habitat loss have 
often been the primary threats to breeding populations of these species. With 
expanding human populations and resulting development, sites where colonial 
waterbirds and seabirds can nest free from encroachment are becoming rare. 
Because they are primarily fish eaters, they are also sensitive to 
bioaccumulation of pollutants through the food web. 

Colonial waterbird and seabird breeding colonies may exhibit great 
plasticity in site selection. For example, gulls and terns nest on salt-pond 
levees, and cormorants nest on towers and bridges. Herons and egrets may nest 
at sites near aquatic feeding areas in trees that are inaccessible to ground 
predators (Pratt 1983). Cormorants and gulls tend to be very site-faithful 
unless the habitat is removed or birds are continuously disturbed, but 
individuals of other species are more likely to move among colonies, depending 
on food availability and human disturbance. This may complicate estimates of 
annual nesting success unless all colonies are surveyed at the same time each 
year. Because of differing survey techniques, the remoteness of colonies, and 
the secretive behavior of some species, the best use of census data may be to 
describe colony trends and not absolute population size. The most consistent 
and comprehensive census of colonial waterbirds has been that of heron, tern, 
and gull populations in South San Francisco Bay, conducted for the last ten 
years by the staff of the San Francisco Bay Bird Observatory, San Jose State 
University, and the San Francisco Bay National Wildlife Refuge. Coverage of 
the North Bay Region, Suisun Marsh, and the Delta has generally been less 
consistent, but, in 1990, Audubon Canyon Ranch began a comprehensive annual 
inventory of heron and egret breeding colonies in the North Bay (Marin, 
Sonoma, Napa, Solano, and Contra Costa counties). 
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Table 4-1. Estimates of Numbers of Nesting Colonial Waterbirds and Seabirds 
in the San Francisco Estuary as of the 1990 Breeding Season (Sources: Carter 
et al. 1990, Stenzel et al. 1990, San Francisco Bay Bird Observatory unpubl. 
data, U.S. Fish and Wildlife Service unpubl. data). 

Species Nesting Pairs 

Double-crested cormorant 
Brandt's cormorant 
Pelagic cormorant 
Great blue heron 
Great egret 
Snowy egret 
Black-crowned night-heron 
Western gull 
California gull 
Caspian tern 
Forster ' s tern 
California least tern 
Pigeon guillemot 

4.2.3.1 Double-crested Cormorant 

Double-crested cormorants nest in fresh, brackish, and saltwater areas 
across North America. This species is a good example of an indigenous species 
that has successfully adapted to drastic human alteration of the Bay Region. 
Cormorants nest on artificial structures such as the San Francisco-Oakland 
Bridge, the Richmond-San Rafael Bridge, transmission towers adjacent to the 
San Mateo Bridge and near Antioch, and towers and duck blinds in the Napa salt 
ponds area (Carter et al. 1990). A few also nest on trees in Napa and 
Sacramento counties. Low-salinity salt ponds, particularly in the South Bay, 
receive significant use for both foraging and roosting, especially during the 
fall months (Figure 4-4). 

In the late 18009, double-crested cormorants nested on Seal Rocks near 
Lands End (Grinnell and Wythe 1927). By the early 1900s, the colony size was 
reduced to fewer than 50 pairs, due in part to human disturbance, and it 
eventually disappeared. The next most recent record was nesting in dead 
Eucalyptus trees in the Napa salt ponds in 1978 (Varoujean 1979). 

Nesting on the San Francisco-Oakland and Richmond-San Rafael bridges was 
not documented until 1984. In recent years, the Richmond-San Rafael Bridge has 
become an important breeding site for these cormorants. In 1984, fewer than 
20 nests were counted in the first bridge survey (S. Bailey and L. Feeney, 
pers.comm.). In 1988, the first year of accurate monitoring, 296 nests were 
documented, and, even though 1988 was a relatively poor reproductive year for 
cormorants overall, about 290 young fledged from this site (Carter et al. 
1989). In 1989, the colony increased by 31.4 percent to 389 active nests, and 
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Figure 4-4. Results of Monthly Aerial Surveys of South San Francisco Bay 
Salt Ponds. No Surveys Were Conducted on: 1/81;3,5,6,8-10,12/83 and 3,5- 
7,9,10,12/84. Source: California Department of Fish and Game/U.S. Fish and 
Wildlife Service (unpubl. data). 

fledging success improved to where approximately 690 chicks fledged (Rauzon et 
al. 1989). In 1990, 422 nesting pairs used the bridge, almost 10 percent more 
than in 1989, making it the fourth largest colony in the state (Carter et al. 
1990, Stenzel et al. 1991). One source of breeding cormorants on the 
Richmond-San Rafael Bridge is the Farallon Islands National Wildlife Refuge; 
birds banded as young on the Farallon Islands have been observed nesting on 
the bridge (Carter et al. 1989). 

In 1990, 465 pairs nested on the San Francisco-Oakland Bridge (P. 
Henderson, Point Reyes Bird Observatory, pers. comm.), making it the second 
largest colony on the northern and central California coasts (Carter et al. 
1990). During other surveys by Point Reyes Bird Observatory and the U.S. Fish 
and Wildlife Service in 1990 (Carter et al. 1990), 76 nests were found on 
utility towers along the San Mateo Bridge, 153 nests were found in dead trees 
and on duck blinds on the Russ Island salt ponds of Napa County, 20 nests were 
found on San Pablo Bay radar targets, 4 nests were found on a San Pablo Bay 
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beacon nearby, and 28 nests were found on a transmission tower at Donlon 
Island, near Antioch. Seventeen nests were documented at a traditional colony 
site in cottonwood trees in North Stone Lake, about 10 miles south of 
Sacramento. In 1990, the approximately 1,185 nesting pairs (Table 4-1) of 
double-crested cormorants in the Estuary comprised about 36 percent of the 
entire population occurring in the coastal region of northern and central 
California (Carter et al. 1990). In 1991, an additional colony of 26 nests 
was observed on Wheeler Island in Suisun Bay (J. Kelly, Audubon Canyon Ranch, 
pers. comm.). 

The local increase in the nesting population of double-crested 
cormorants coincides with the observed trend currently occurring throughout 
California and North America (Sowls et al. 1980, Hobson et al. 1989, Carter et 
al. 1990). Possible factors contributing to these increases include the 
decline in use of organochlorine pesticides and local reductions in 
populations of large fish such as striped bass and salmon, thus contributing 
to increased availability of small fish for foraging cormorants. In addition, 
colonization of anthropogenic structures was crucial to the introduction of 
large numbers of breeding double-crested cormorants into the Estuary. 

4.2.3.2 Other Cormorant Species 

The Brandt's cormorant is principally found along the outer Pacific 
coast from Baja California to British Columbia. Within San Francisco Bay, 
these birds are primarily transients and winter residents (Grinnell and Miller 
1944). Roosting birds have been observed at the Brothers Islands and Red 
Rock. However, during a bay-wide seabird survey, a colony of four nests was 
discovered in 1990 at Yerba Buena Island, marking the first record of their 
breeding in the Bay (Carter et al. 1990). Also at this site, two pelagic 
cormorant nests were found. The only other pelagic cormorant colony within 
the Bay is at the Needles, a rock just inside the Golden Gate Bridge near the 
north approach, where seven nests were found in 1989 (Carter et al. 1990). 
Outside the Golden Gate Bridge, in the Golden Gate National Recreation Area, 
pelagic cormorants nest at Point Bonita, Bonita Cove, and Point Diablo Bluffs 
(totalling 51 nests in 1989); 53 Brandt's cormorant nests were also documented 
at Lobos Rock at Lands End, along the south shore to the Bay entrance (Carter 
et al. 1990). Totals of 63 and 58 pairs of Brandt's and pelagic cormorants, 
respectively, were estimated to have nested within the study area during 1989- 
1990 (Carter et al. 1990). 

4.2.3.3 Great Blue Heron 

Great blue herons are found in fresh and salt water habitats from 
southern Canada and Southeast Alaska to Florida and Mexico (Palmer 1978). 
This species is a permanent resident of California and breeds in the study 
area (Grinnell and Miller 1944). During July through October, they are common 
in low-salinity salt ponds (Cogswell 1977). Great blue herons are sensitive 
to human disturbance near colony sites and have also probably been negatively 
affected by pesticide use (Jackman and Scott 1975). Although no comprehensive 
Estuary-wide surveys of great blue heron colonies have been attempted, 
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approximately 160 nesting pairs are currently believed to utilize the area 
(Table 4-1). 

State-wide periodic surveys during the late 1960s through the early 
1980s revealed a general increase in numbers. However, wide fluctuations in 
colony size, as individuals move from one colony to another, and the presence 
of widely scattered colony sites throughout the study area make it difficult 
to monitor overall trends in the great blue heron breeding population. 
Numerous historic colonies have been destroyed or abandoned as land has been 
developed and rookery trees felled. For example, at Grizzly Island Ranch 
(Solano County), a colony with an estimated 43 pairs of great blue herons in 
1977 was eliminated in 1982, when the nesting trees were removed as part of 
the development of a new duck club (California Department of Fish and Game, 
unpubl. data). 

The status of this species has been of concern to the California 
Department of Fish and Game since the early 1970s (Gould 1973). For example, 
during the 1970s and early 1980s, the rate of abandonment of rookeries within 
the Estuary exceeded the rate at which new colonies had been discovered by 
about a two to one margin (Schlorff 1982). 

In the South Bay, the most active and well-monitored colony has been at 
Bair Island near Redwood City (San Mateo County), where birds nested on coyote 
brush growing on dredge spoil deposits (Carriger and Pemberton 1908). Between 
1967 and 1969, 30 pairs nested on this island (Gill 1977). In 1971, the 
population peaked at 49 pairs, but it declined to only 7 pairs by 1984 (Stone 
and Rigney 1978). In 1989, there were 17 nests with 48 chicks (P. Woodin, San 
Francisco Bay Bird Observatory, pers. comm.). 

Trends in this colony have been influenced by the ongoing degeneration 
of the coyote brush which supports the nest sites. To offset this loss of 
nest sites, artificial platforms have been erected over the last few years. 
Great blue herons have used these structures, with use peaking in 1990 when 21 
of 22 observed nests were located on these sites (San Francisco Bay Bird 
Observatory, unpubl. data). The arrival of introduced red foxes to outer Bair 
Island was first documented during April 1991 (R. Hothem, U.S. Fish and 
Wildlife Service, pers. comm.). Subsequent visits to the island have revealed 
complete abandonment of this traditional colony site by nesting populations of 
herons, egrets, and terns. 

Great blue herons have used a variety of nesting substrates in the 
Estuary, including seven pairs that nested on old windmills and duck blinds in 
salt ponds in the Baumberg Tract (San Francisco Bay Bird Observatory 1988) and 
small numbers on transmission towers at Bair Island (R. Hothem, U.S. Fish and 
Wildlife Service, pers. comm.). Great blue herons nesting in the Delta, near 
reservoirs and in other woodland sites within the study area generally use 
trees, such as oaks, cottonwoods, redwoods, Eucalyptus, and California 
buckeye. 
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Population trends for great blue herons are difficult to characterize. 
Surveys of rookeries in the study area are inconsistent and reflect the 
scattered nesting distribution of the species, as shown by the following 
records. Known nesting sites in recent years include San Pablo Reservoir, 
which supported 11 nests in 1991, and Lake Chabot Reservoir in San Leandro, 
which had 11 nests in 1978 and 35 nests in 1990. There were nine nests in the 
Alameda Creek quarries in Fremont in 1990 and, in 1988, there were 20 nests in 
Calaveras Reservoir (J. DiDonato, East Bay Regional Park District, pers, 
comm.). In the Napa Marsh salt ponds only two nests were found in 1990 (H. 
Carter, U.S. Fish and Wildlife Service, pers. comm.), perhaps because 
double-crested cormorants had taken over the nest trees (Rauzon and Carter 
1988, Carter et al. 1990). In 1979, 10-20 pairs of herons were observed 
nesting in eucalyptus trees near Hastings Slough east of Grizzly Island (T. 
Harvey, U.S. Fish and Wildlife Service, unpubl. data). A colony existed on 
Brown's Island (Contra Costa County) in 1962, but no birds were observed at 
the site in 1989 (H. Cogswell, pers. comm.). In Sacramento County, a colony 
on North Stone Lake supported 49 nests in 1990. 

Several locations have been reported in Marin County to support nesting 
great blue herons. During 1990, the largest great blue heron colony found in 
the North Bay (32 nests), was at Stafford Lake (Marin County) near Novato (J. 
Kelly, Audubon Canyon Ranch, pers. comm. ) . In 1991, the entire colony failed 
due to predation. In 1990, one nest was located on West Marin Island (H. 
Pratt, Audubon Canyon Ranch, unpubl. data), and eight were found on DeSilva 
Island at the north end of Richardson Bay (Marin County). In 1990, 22 pairs 
nested at North San Pedro Road (Marin County), but the entire colony failed 
due to predation. At least seven pairs renested on a nearby ridge in 1990, 
and 17 nested there in 1991 (J. Kelly, Audubon Canyon Ranch, pers. comm.). 
Other miscellaneous North Bay nesting reports during 1991 include 13 nests 
from Napa County, four from Marin County, one from Solano County (Joice 
Island) and 16 from Sonoma County (J. Kelly, pers. comm.). 

4.2.3.4 Great Egret 

Great egrets breed from southern Oregon south through the Central Valley 
and into the San Francisco Estuary. The California population is isolated 
from other populations, breeding at scattered locations across the United 
States (Palmer 1978). In the Estuary, breeding great egrets outnumber great 
blue herons. Approximately 350 breeding pairs nested within the Estuary in 
1990 (Table 4-1). 

Beginning in the 1880s, great egrets were virtually extirpated in the 
Bay Area by plume hunters; the lowest population level was estimated to occur 
in 1902-03. Population recovery was first noted in the Bay Area in 1924 
(Stoner 1934), and with continued protection, the numbers of nesting egrets 
continued to build. 

In the South San Francisco Bay Area, nesting may have occurred 
historically, but it was first verified in 1977. At that time, a breeding 
population of 10 great egrets was located nesting within tules in a tidal 
marsh along Mallard Slough in Alviso. A 1990 census revealed an estimated 30 
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pairs nesting at this site (San Francisco Bay National Wildlife Refuge, 
unpubl. data). They have also nested in low numbers at Bair Island where they 
were first observed in 1987, and where 10 nests were recorded in 1990 (San 
Francisco Bay Bird Observatory, unpubl. data). As previously described, this 
species has abandoned Bair Island for nesting, following the arrival of red 
foxes. 

As with other species, colony size may vary as individuals move among 
sites. In Suisun Marsh, Grizzly Island Ranch had increasing numbers of great 
egrets in the early 1980s, with 76 pairs nesting there in 1981, until the 
rookery was destroyed in 1982 (California Department of Fish and Game, unpubl. 
data). In 1990, approximately 42 nesting pairs were observed near the mouth 
of Volanti Slough on western Joice Island where nesting has occurred at least 
since the late 1970s (B. Grewell, California Department of Water Resources, 
pers. comm.). The species was also observed nesting in 1979 near Tree Slough 
on Grizzly Island (T. Harvey, U.S. Fish and Wildlife Service, pers. comm.). 
In a 1991 survey, J. Kelly (Audubon Canyon Ranch, pers. comm.) found 197 great 
egret nests in Suisun Marsh at five sites including Tree slough (8), Volanti 
Slough (lo), Joice Island (87), Bohannan (6), and Simmons Island (86). 

Great egrets first began breeding at Oakland's Lake Merritt in 1971, 
possibly as birds were displaced from other rookeries. An estimated 33 pairs 
nested at this urban location during 1990 (S. Alavarez, City of Oakland, pers. 
comm.). Great egrets nest in the tops of buckeye trees at West Marin Island; 
ground surveys found 155 nests on the island in 1990 (R. Hothem, U.S. Fish and 
Wildlife Service, unpubl. data). The North Stone Lake colony (Sacramento 
County) had 52 great egret nests in 1990. In 1989, 35 adults were observed on 
nests on Sherman Island (Sacramento County) (H. Cogswell, pers. comm.), but 
none were found there in 1991 (J. Kelly, pers. comm.). In 1990 and 1991, 
there was a colony of about 30 pairs of great egrets in Solano County, near 
Jepson Prairie (J. Kelly, pers. comm.). 

Results of past contaminant analyses at the Audubon Canyon Ranch colony 
(Marin County) demonstrated that eggshell thinning had occurred among great 
egrets and great blue herons. In the early 1970s, egret eggshells averaged 
15.2 percent thinner than pre-1947 museum specimens. This effect was 
attributed to the use of chlorinated hydrocarbons which may have contributed 
to a decline in the mean number of young fledged from 1.4 per nest in 1967 to 
1.0 in 1970 at this location (Pratt 1972). 

4.2.3.5 Snowy Egret 

Prior to the 1880s, snowy egrets were locally common, but overharvest by 
plume hunters led to the species being considered extirpated from California 
by the early 1900s. By 1908, snowy egrets were recorded again in the state 
but Grinnell and Wythe (1927) considered them to be rare stragglers in the Bay 
Region. By 1943 they were considered fairly common in the San Joaquin and 
Sacramento Valley and from Marin County south to Mexico (Grinnell and Miller 
1944). Today, snowy egrets are considered numerous within the Estuary where 
about 950 nests were recorded in 1990 (Table 4-1). 
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Numbers of snowy egrets nesting in the South Bay colonies at Bair Island 
and Mallard Slough have ranged from more than 2,000 individuals in 1981 to an 
average 763 birds during 1984-1990 (Figure 4-5). Since, dense emergent 
vegetation at the Mallard Slough colony in the South Bay prevents counts of 
individual nests, estimates at this site are derived only from visual counts 
of total adults flushed. In 1990, 532 adults (about 266 nests) were counted 
at Mallard Slough, while at Bair Island, 185 nests were found (P. Woodin, San 
Francisco Bay Bird Observatory, pers. comm.). The future breeding status of 
this species in the South Bay remains doubtful given the recent abandonment of 
Bair Island and the threat posed by the red fox to the remaining Mallard 
Slough colony. 

West Marin Island has been a snowy egret stronghold for many years. The 
highest count of nests recorded by boat surveys was 500 in 1982; the lowest 
was 126 in 1986 (H. Pratt, unpubl. data). In 1990, 463 nests were found 
during a ground survey (R. Hothem, U.S. Fish and Wildlife Service, unpubl. 
data). Lake Merritt in Oakland supports a site which reportedly has been 
relatively stable, and where 43 nests were counted in 1990 (S. Alvarez, City 
of Oakland, pers. comm.). In 1991, snowy egrets were observed to breed for 
the first time in recent years at Brooks Island, where two nests were found 
(R. Hothem, U.S. Fish and Wildlife Service, unpubl. data). They also are 
suspected of breeding in small numbers on Red Rock; they were first noted 
there in 1988. (H. Carter and M. Rauzon, pers. comm.). In the Delta, the 
Brown's Island heronry contained about 150 adult snowy egrets in 1962, with 
about 100 nests present. No birds were present at this site in 1989 or in 
1991 (H. Cogswell, California State University Hayward, and J. Kelly, Audubon 
Canyon Ranch, pers. comm.). 

4.2.3.6 Black-crowned Night-Heron 

The black-crowned night-heron is common throughout the study area 
(Grinnell and Miller 1944). Censusing of breeding colonies is difficult 
because night-herons often nest in dense vegetation, including tules, coyote 
brush, and poison oak, and disturbance during surveys may adversely affect 
reproduction. Historic, but now abandoned, colonies occurred on Belvedere 
Island (Marin County), in Alameda, and near Alvarado (Alameda County). During 
1969-82, monitoring of active rookeries in the Estuary revealed a high of 623 
nests in 1971 and a low in 1982 of only 80 (Schlorff 1982); however, the 1982 
figure may also reflect incomplete coverage of the survey area. State-wide, 
there is concern for the night-heron population because of loss of nesting 
habitat (Gould 1973). 

Bair Island has been traditionally the largest South Bay colony for this 
species, and it is where most nest monitoring has occurred. At this location, 
the first nests of night-herons were recorded during 1970 in low-lying areas 
supporting pickleweed (Gill 1977), and, by 1977, an estimated 515 pairs nested 
in coyote brush. As with other species, significant fluctuations in nest 
numbers have been noted at this site. For example, numbers of nests ranged 
from 380 in 1978, (Stone and Rigney 1978) to 229 in 1990 (San Francisco Bay 
Bird Observatory unpubl. data). As already described, the recent arrival of 
introduced red foxes to Bair Island had caused the abandonment of this 
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SNOWY EGRETS / N I GHT-HERONS 

S N W Y  EGRET NIGHT-HERON 

Figure 4-5. Individual Nesting Egrets and Herons in South San Francisco 
Bay; No Data Available for 1983. Source: Gill (1973), Rigney and Rigney 
(1981), San Francisco Bay National Wildlife Refuge/San Francisco Bay Bird 
Observatory (unpubl. data). 

traditional colony site by herons in 1991. 

The second major breeding site in the South Bay is at Mallard Slough. 
This site was first identified in the mid 1970s and has steadily increased in 
size since then (San Francisco Bay Bird Observatory, unpubl. data). Numbers 
have ranged from 42 adults in 1978 to at least 229 in 1990. During 1990, the 
total estimated number of nesting black-crowned night-herons in the South Bay 
was about 343 pairs (Figure 4-5), which is a downward trend from ten years ago 
when about 835 nested (P. Woodin, San Francisco Bay Bird Observatory, pers. 
comm. ) . 

In the North Bay, the major black-crowned night-heron colony is at West 
Marin Island. Based on counts from boats during the 1980s., total numbers of 
night-heron nests at West Marin Island have declined from 109 nests in 1981 to 
only 37 nests in 1990 (Pratt, unpubl. data). However, boat counts of night- 
herons at this location significantly underestimated nest numbers in 1990, 
since a ground survey in late April revealed a total of 306 nests (R. Hothem, 

Current Wildlife Populations 
Page 92 



U.S. Fish and Wildlife Service unpubl. data), nearly 10 times more than were 
reported from the June boat survey. In general, boat surveys provide a useful 
population index for some easily detectable species, such as snowy and great 
egrets, but they are less reliable for estimating night-heron abundance. 

Night-herons have nested on Alcatraz Island since about 1981. In 1986, 
37 nests were located in mirror bush (Co~rosma re~ens) (Alvarez and Thomas 
1989). During an extensive search in 1990, 169 nests were found (R. Hothem, 
U.S. Fish and Wildlife Service, unpubl. data). In 1990, 60-90 night-heron 
nests were located on Brooks Island, and 40-90 were estimated to occur on Red 
Rock (R. Hothem, U.S. Fish and Wildlife Service, pers. comm.). Herons had 
been first noted nesting on Red Rock in 1988 by Point Reyes Bird Observatory 
personnel (Rauzon and Carter 1988). In 1989, Robert Crown Memorial State 
Beach in Alameda supported three nests, and there were 56 nests in Lake 
Merritt in Oakland (Alvarez and Thomas 1989). In 1990, there were 40 nests at 
Napa State Hospital and 3 at the Oak Street site in Penngrove (Solano County) 
(J. Kelly, Audubon Canyon Ranch, pers. comm.). In 1990, about 70 percent of 
the Estuary's nesting night-herons were located in the North Bay. Overall, 
more than 1,000 night-heron nests were located within the study area in 1990, 
making this species the most abundant breeding wading bird (Table 4-1). 

Nesting night-herons are vulnerable to predation by northern harriers, 
ravens, turkey vultures, and other night-herons (H. Ohlendorf, CH2M Hill, 
pers. comm.). In addition, during monitoring of nesting activities in San 
Francisco Bay, abnormal embryos and crushed eggshells have been discovered, 
suggesting that contaminant-related reproductive problems exist (U.S. Fish and 
Wildlife Service, unpubl. data). Brooks Island, a colony newly established in 
1988, is near the Levin Richmond Terminal, a U.S. Environmental Protection 
Agency Superfund clean-up site covtaining high concentrations of DDT and 
related compounds. If night-herons feed on contaminated prey in this area, 
adverse effects on their reproduction may occur. 

4.2.3.7 Other Wading Birds 

White-faced ibis are locally common summer residents, which are 
increasing in numbers in the study area. Ibis prefer to nest in dense tules 
in permanent freshwater emergent marshes (Grinnell and Miller 1944), but they 
use rice fields for feeding. During recent years, a colony near Colusa 
(Sacramento National Wildlife Refuge) has exhibited a near annual doubling of 
numbers (S. Berendzen, U.S. Fish and Wildlife Service, pers. comm). Another 
colony, also expanding outside of the study area, is located in the Spreckels 
Sugar Company ponds in Woodland (Yolo County). Within the area, individuals 
have been observed at Coyote Hills Regional Park (Alameda County) and at 
Mallard Slough in 1989 (J.E. Takekawa, U.S. Fish and Wildlife Service, pers. 
comm.), but breeding has not been documented. Contaminant studies at Carson 
Lake Wildlife Management Area in Nevada have revealed thin eggshells and lower 
production of young to be correlated with elevated levels of DDE (Henny and 
Herron 1989). The species is currently designated as a category 2 Federal 
candidate (U.S. Fish and Wildlife Service 1990a). 
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The cattle egret is among the most abundant breeding wading birds in 
California, especially around the Salton Sea (Schlorff 1982). This is an Old 
World species which has spread throughout southern North America, and the 
occurrence of cattle egrets in the study area is expected to increase. The 
species was first detected breeding within the Mallard Slough heron colony in 
1986 when two nests were discovered (P. Woodin, San Francisco Bay Bird 
Observatory, pers. corn.). The number of adults observed at the colony 
increased to a high of 18 in 1989. Perhaps as many as four pairs attempted to 
nest in 1990 (P. Woodin, San Francisco Bay Bird Observatory, pers. corn.). 
Unconfirmed reports from Lake Merritt in Oakland of an adult with a young may 
indicate breeding at that location (S. Alvarez, City of Oakland, pers. comm.). 

Little blue herons nest in small numbers at Mallard Slough. In 1987, 
only four adults were counted at that site; in 1990, one pair nested. Since 
the late 1960s, individual birds have been seen almost annually within the 
study area. 

American bitterns are primarily fresh or brackish marsh birds which nest 
in dense tules and other emergent vegetation. They are residents of the study 
area but are not commonly observed, and due to their secretive nature, their 
nests are seldom located. Elimination of permanent freshwater marsh 
throughout the study area has undoubtedly led to a major decline in abundance 
and distribution of this species. 

4.2.3.8 Large Gull Species 

The expansion of sanitary landfills in the 1g70s served to increase gull 
populations in all parts of the study area (Drury 1979 in Sowls et al. 1980). 
Gull numbers in the region have generally increased and appear stable despite 
the closing of the main dumps in the study area during the early 1980s. One 
of the first nearly Bay-wide gull population surveys was conducted prior to 
the dump closures by L. Spear (Point Reyes Bird Observatory, unpubl. data). 
Landfills surveyed included Richmond and three that have since closed: Alameda 
(closed 1980), San Leandro (1980), and Berkeley (1983). Alviso, Palo Alto, and 
Novato were also occasionally surveyed. It was estimated that 87-95 percent 
of the larger gulls (western, glaucous-winged, western x glaucous-winged 
hybrids, herring, Thayer's, and glaucous gulls) foraging at San Francisco Bay 
Area landfills were recorded during these surveys (Figures 4-6 and 4-7). It 
was also estimated that approximately 30 percent of the total large gull 
population occurring within the San Francisco Bay Region foraged at the 
landfills. 

The western gull was the major species using landfills in the early 
1980s with populations peaking in the winter months (Figure 4-6). 
Glaucous-winged gulls, winter visitors, were second in abundance at dump 
sites. Generally, glaucous-winged gulls were more likely to forage at inland 
dumps than western gulls. Several other species were also common at landfill 
sites (Figure 4-7). Thayer's gulls were prevalent at pig farms in the Delta 
until they closed in the early 1980s. About 750 Thayer's gulls also 
traditionally foraged in the Brentwood area; and 500 utilized the 
Belevedere/Tiburon area, feeding opportunistically on algae and schooling fish 
(S. Moorhouse, Woodward-Clyde Assoc., pers. comm.) 
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WESTERN / GLAUCOUS-W I NGED GULLS 
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Figure 4-6. Western and Glaucous-winged Gulls Counted During Monthly-Visits 
to the Richmond, Berkeley, Alameda and San Leandro Dumps. No Census 
Conducted in June 1980. Source: L. Spear, Point Reyes Bird Observatory, 
unpubl. data. 

4.2.3.9 Western Gull 

The western gull nests from the most southern coast of British Columbia 
to the Mexican border (Grinnell and Miller 1944) and is the most numerous 
breeding gull in California. In 1979-1980, Sowls et al. (1980) identified 170 
gull colonies along the California coast totaling 50,930 breeding birds; 
39,180 of these birds were in northern and central California, with the vast 
majority (32,000) reported nesting at the Farallon Islands, and a few reported 
nesting in San Francisco Bay. Population estimates for the current number of 
breeding western gulls in northern and central California are similar (33,760 
breeding birds), but only 22,000 were nesting on the Farallon Islands in 1989 
(Carter et al. 1990). U.S. Fish and Wildlife Service surveys found 3,264 
birds nesting in the Estuary in 1990, making the Estuary the second most 
important nesting area in northern and central California, accounting for 10 
percent of all nesting western gulls in the region (Carter et al. 1990). The 
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LARGE GULLS 

1 
Figure 4-7. Western x Glaucous-winged Hybrid (WxGW), Herring (H) and 
Thayer's (T) Gulls Counted During Monthly Visits to Richmond, Berkeley, 
Alameda and San Leandro Dumps; No Census in June 1980. Source: L. Spear, 
Pt. Reyes Bird Observ. (unpubl. data). 

number of breeding pairs at the South Farallon Islands has remained stable 
since 1959 at between 22,000 and 26,000 (Ainley and Lewis 1974, Carter et al. 
1990). 

Grinnell and Wythe (1927) listed only the colonies on the Farallon 
Islands and cliffs at Point Reyes as active Bay Area sites. No doubt, 
individual scattered nests missed detection, but major colonies such as are 
now found on Alcatraz Island, Bay breakwaters, and San Francisco piers, had 
not yet formed. Grinnell and Miller (1944) reported nests on Oakland Bay 
Bridge piers and as far north as the Carquinez Straits. Although they 
questioned the report of a colony "100 miles up the Sacramento River". In 
1990, western gulls were reported nesting as far inland as the "Mothball 
Fleet," east of the Benicia Bridge in 1990 (Carter et al. 1990). 

During 1990, 1,623 breeding pairs were estimated to occur within the 
study area, including San Francisco and San Pablo bays and the outer coast 
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from Point Bonita to Seal Rocks (Carter et al. 1990). This is about 10 
percent of the entire northern and central California population (Carter et 
al. 1990). The largest colonies within the Bay are located on Alcatraz Island 
(450 nests) and Alameda Naval Air Station breakwater (244). Other major 
colonies are Red Rock (192), Brooks Island (49), West Marin Island (48), East 
and West Brothers Islands (89), San Francisco-Oakland Bridge (21), Yerba Buena 
Island (31), and the San Francisco piers (180). Numerous pilings, piers, and 
channel markers support the remaining nesting pairs (Rauzon and Carter 1988, 
Carter el al. 1990). 

Within the study area, western gull numbers have been observed to 
increase during the last ten years. Sowls et al. (1980) included estimates 
for some existing main colonies but did not report other sites that are 
currently significant. Either they were absent, less conspicuous, or new 
sites have been colonized and overall numbers have therefore increased. A 
colony at breakwater island at the Alameda Naval Air Station became 
established around 1982 when perhaps as many as 30 pairs first bred. This 
colony has grown from over 160 pairs in 1984 to 244 in 1990 (S. Bailey, 
California Academy of Science, unpubl. data, Carter et al. 1990). 

As shown by monthly counts at Central San Francisco Bay Area landfill 
sites (Figure 4-6), western gulls were the major species present, with winter 
populations peaking in November (L. Spear, Point Reyes Bird Observatory, 
unpubl. data). During 1979-1981, populations feeding at San Francisco Bay 
Area dumps peaked in 1979 at 11,759. Populations then declined in December 
and January to lows of about 4,000 during April through August when birds 
congregate at major breeding areas such as the Farallon Islands National 
Wildlife Refuge. In spite of the closures of landfills at Alameda, San 
Leandro, and Berkeley, gull numbers remain high as evidenced by stable numbers 
on the Farallon Island National Wildlife Refuge and increased nesting activity 
within the Bay. 

4.2.3.10 California Gull 

Exhibiting a great range of habitat use, California gulls are found 
foraging over the ocean, open bays, tidal mudflats, freshwater and saltwater 
marshes, lakes, ponds, agricultural lands, lawns, and schoolyards (Grinnell 
and Miller 1944). They range from California throughout the northern, inter- 
mountain states, and into central Canada where they commonly nest on shores 
and islands of alkaline and freshwater lakes and salt ponds. 

In California, the species previously nested only on lakes in the 
northeastern plateau (Grinnell and Miller 1944). However, Dawson ('1923) 
reported California gulls breeding at an unspecified site on the Sacramento 
River. The largest colony in the State is on Negit Island in Mono Lake with 
44,000-49,000 birds breeding per year during the 1983-89 seasons; 60,000 
breeding birds were reported in 1990. 

Since the 1930s, diversions of water from four tributaries to Mono Lake 
by the City of Los Angeles Department of Water and Power have caused 
fluctuations and declines in lake water levels. This, in turn, has exposed 
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