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A century ago, creeks were dominant features of the Bay Area landscape. Their courses, marked by narrow lines of 

riparian trees, could be seen from a distance; towns were built around them; newspapers reported when big fish were 

caught in them. How many Bay Area residents realize that most of those same creeks are still here, although in modi-

fied form? Not only that, they have fish in them!

For more than two decades, Dr. Robert Leidy and his team have studied these streams. Their long-awaited data, cover-

ing 77 species in 66 watersheds, are fully compiled and analyzed here for the first time, and integrated with other 

recent field studies. This work also provides an exhaustive compilation of over 3,400 historical and archaeological re-

cords of fish occurrence. Together, these data tell a remarkable story of the effects of landscape modifications on local 

ecology and, at the same time, the persistence and resilience of our native stream fauna. 

The data show that, despite more than 100 years of human-caused landscape modifications, steelhead still return each 

year to many of these modified streams. Although non-native species are common, native fish assemblages remain wide-

spread. The contemporary field data provide a picture of the current status of local fisheries, while the historical data 

enable us to interpret what’s been lost and what might, in the future, be regained.

While Dr. Leidy’s documentation of widespread steelhead runs has catalyzed interest in restoring our local anadro-

mous fisheries, he has also described assemblages of lesser-known native species that characterized local streams. The 

tule perch and Sacramento perch that were typical of local floodplains and deltas, the resilient sculpins and California 

roaches, and the rare, diminutive hardhead each are still present. These forgotten fish remind us of the full diversity 

of stream life, and the variety of stream form and function, that we should strive to restore.

Dr. Leidy shows us that Bay Area streams have unique characteristics – distinct from those of the Central Valley and 

neighboring coast – and have an important role to play in the maintenance of ecological diversity. Describing, on the 

one hand, the losses from global extinction, local extirpation, and invasions by non-native species, and revealing, on 

the other, the extent of native species still using these highly modified systems, he inspires us to do more to protect 

and restore the watery corridors of life that weave through our landscape.

Robin Grossinger 

San Francisco Estuary Institute 

April 2007
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Composition of stream fish assemblages and environmental variables were characterized at 275 sites within twenty-three 

watersheds tributary to the San Francisco Estuary, California, from 1993-1999. In addition, historical distribution records 

for 77 native and nonnative fish species were compiled to understand historical patterns of distribution and abundance, 

and to assess the current status of fishes. Overall, thirty-three species are native to Estuary streams. Of the 33 native 

species, 24 (71%) have reproducing populations. Multivariate classification (TWINSPAN) and ordination (canonical corre-

spondence analysis) of relative abundance data identified four to five site groups with characteristic environmental con-

ditions and species assemblages. Two possible additional assemblages also were identified based on distributional and 

collection records from the Estuary, and research by others on fishes in the Sacramento-San Joaquin Province. Several of 

the identified fish assemblages are dominated almost entirely by native species. Native fishes preferred the undisturbed 

conditions characteristic of headwater and middle elevation reaches of medium or larger watersheds. The use of specific 

stream environments by native fishes suggests that a conservation strategy focused on the headwater and middle el-

evation reaches of larger watersheds may contribute toward the protection of native fish assemblages. Estuary streams 

display zoogeographic and ecological characteristics that are distinct from Central Valley streams. Ecological gradients 

as measured by stream fish assemblages generally are shorter or more compressed in Estuary streams compared to those 

of the larger Central Valley Subprovince watersheds. Although Estuary and Central Valley streams share a common pool 

of freshwater dispersant stream fishes, Estuary streams support saltwater dispersant species not typically found in the 

Central Valley. As such, Estuary streams and fish assemblages are transitional ecologically between coastal Pacific and 

Central Valley watersheds. Freshwater dispersant fishes in the Estuary are isolated geographically within individual 

watersheds, and this isolation may contribute to localized extinctions and species divergence in response to watershed 

specific conditions. This research supports the segregation of Estuary streams as a distinct zoogeographic subprovince of 

the Sacramento-San Joaquin Province.
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Western Mosquitofish I I — — I I — — — I — I I

Inland silverside — — — — — — — — — — I
I

Threespine stickleback N N N/I — N N — N — N N N N

Striped bass
I — — — — — — — — — — — I

Sacramento perch — — N/E — N/I — — — — — — — N/E?

Black crappie 
— — — — I* — — — — — I I* I*

White crappie
— — — — — — — — — — — I* —

Warmouth
— — — — — — — — — — I I* —

Green sunfish
— — — — I I — — — — I I I

Bluegill
— — — — I — — — — — I I I

Redear sunfish
— — — — I — — — — — — I* I

Largemouth bass — — — — I — — — — — I I* I

Smallmouth bass — — — — — — — — — — — I I

Redeye bass
— — — — — — — — — — — — I*

Bigscale logperch — — — — — — — — — — — — I

Shiner perch, 
— — — — — — — — — — — — N

Tule perch
— — — — N/I/E — — — — — — — N?

Yellowfin goby — — — — — — — — — — — — I

Longjaw mudsucker — — — — — — — — — — — — N

Staghorn sculpin — — — — — — — — — — — — N

Prickly sculpin
— N N/I — — — — — — — N N N

Riffle sculpin
— — — — — — — — — — N? — N?

Starry flounder — — — — — — — — — — — — N

No. native species 1 3 8 0 5 2 2 2 1 2 8 7 24

No. introduced species 3 1 0 0 13 3 0 0 0 1 11 15 24

Total species
4 4 8 0 14 5 2 2 1 3 19 22 48

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status uncertain. Emboldened font identifies populations at risk of extinction

* Primarily a reservoir species, but locally common in streams.

Online at 
www.sfei.org
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The San Francisco Estuary (hereafter also referred to as 

the Estuary or Bay-Estuary), California, is the largest estuary 

on the western coasts of North and South America in terms 

of surface area (Appendix 1). The Estuary is rich in fish spe-

cies and is characterized by some of the steepest and most 

complex environmental gradients on earth. It is also one of 

the most urbanized. Over 90% of the annual freshwater that 

discharges into the Estuary comes from the Sacramento and 

San Joaquin rivers that combined, drain the Central Valley, 

which includes 40% of the land area of California (Conomos 

et al., 1985). The approximately 66 smaller local watersheds 

that flow directly into the Estuary contribute the remaining 

10% of freshwater runoff to the Estuary (Porterfield et al., 

1961). These local tributaries also are considered part of the 

Sacramento-San Joaquin Fish Province based largely on flu-

vial connections during the late Pleistocene (Snyder, 1905, 

1908a; Hopkirk, 1973; Leidy, 1984; Moyle, 2002), before the 

Estuary, as we know it today was formed. The Sacramento-

San Joaquin Fish Province is the largest and most species rich 

of California’s six fish provinces, which are recognized large-

ly on their degree of geographic isolation and endemism 

(Moyle, 2002). Of the seventeen species of freshwater fishes 

endemic to the Sacramento-San Joaquin Province system, 

eleven are known from streams within the Estuary (Leidy, 

1984; Moyle, 2002; Leidy, this study).

Although Estuary watersheds contribute a much smaller 

volume of freshwater than the Sacramento and San Joa-

quin rivers, these streams cover a wide diversity of climatic, 

geologic, and ecological conditions that together affect the 

composition of local assemblages of stream fishes. Further-

more, while many local watersheds and streams also have 

been heavily impacted by human activities over the last 150 

years, particularly through urbanization, many streams still 

support native aquatic organisms, including fishes, and are 

therefore of considerable conservation interest. 

Despite similarities in fish faunas, streams of the Estuary 

differ from other Central Valley streams in several impor-

tant ways that affect assemblage structure (Leidy, 1984). 

First, all Estuary streams flow directly into San Francisco 

Bay, a water body that acts as a partial or complete salinity 

barrier to the movement of obligatory freshwater fishes 

between drainages. The greatest volume of fresh water 

enters the northern reaches of the Estuary, forming a sea-

sonal gradient of increasing salinity from the eastern edge 

①  
Thicktail chub, Gila crassicuada

②  
Hitch, Lavinia exilicauda

③  
California roach, Lavinia symmetricus

④  
Sacramento blackfish, Orthodon microlepidotus

⑤  
Sacramento splittail, Pogonichthys macrolepidotus

⑥  
Hardhead, Mylopharodon conocephalus

⑦  
Sacramento pikeminnow, Ptychocheilus grandis

⑧  
Sacramento sucker, Catostomus occidentalis

⑨  
Delta smelt, Hypomesus transpacificus

⑩  
Sacramento perch, Archoplites interruptus

⑪  
Tule perch, Hysterocarpus traskii

Fishes endemic to the 
Sacramento-San Joaquin Province known 
from streams of the San Francisco Estuary



13

Fishes in Streams Tributary to the San Francisco Estuary

R
.A

. 
Le

id
yof the Estuary (i.e., Delta) and northern San Francisco Bay 

(i.e., Suisun/San Pablo bays) to southern San Francisco Bay. 

During periods of increased discharges of freshwater to the 

Estuary in the spring and early summer, streams tributary 

to the northern portions of the Estuary may become inter-

connected, creating an opportunity for the movement of 

obligatory freshwater fishes between otherwise isolated 

drainages. For most of the Estuary, however, only during 

years of exceptionally high runoff from the Sacramento 

and San Joaquin rivers do San Francisco Bay surface wa-

ters become dilute enough to allow obligatory freshwater 

fishes to migrate between individual watersheds.

Second, the smaller size of Estuary watersheds may affect 

species diversity and assemblage structure. Studies of stream 

fishes have shown a positive relationship between drainage 

area and number of species (Karr et al., 1986; Oberdorff et 

al., 1995). Estuary watersheds typically have smaller water-

shed areas than most Central Valley streams and therefore 

should be expected to support fewer species. In addition, 

Estuary streams are shorter (i.e., linear distance of stream 

channel from headwaters to mouth), lower elevation, and 

have lower gradients (i.e., channel slopes) relative to Central 

Valley streams, especially those streams draining the Sierra 

Nevada. Thus, they are less likely to support distinct fish as-

semblages associated with abrupt changes in gradient.   

Third, the stream-bay tidal interface is a fluctuating transition 

zone of variable salinity waters. Unlike most other Central 

Valley streams, this estuarine transition zone supports marine, 

euryhaline, and freshwater species that respond to diel tidal 

fluctuations in depth and salinity, turbid water conditions, and 

warm water temperatures. The spatial and temporal dynam-

ics of local fish assemblages within this zone are controlled in 

large part by this complex interaction of multi-scale environ-

mental phenomena including total estuarine outflow, local 

stream discharges, tidal cycles, watershed areas, and local and 

regional geomorphic conditions. Consequently, fish species 

may occur within the same stream with separate populations, 

or sub-populations, adapted to different zones of the salin-

ity gradient. For example, there are populations of threespine 

stickleback, prickly sculpin, and tule perch, within the same 

stream that vary in distribution along a salinity gradient, from 

brackish water environments at the freshwater-tidal interface 

to freshwater habitats within middle-to-headwater elevation 

reaches (Leidy, 1984; Leidy, this study). 

Fourth, because streams that flow into the Estuary vary 

considerably in watershed size, geology longitudinal pro-

file, and local climate, there are noticeable differences in 

corresponding gradients of environmental conditions be-

tween drainages. For example, several streams flowing into 

the extreme western portion of San Pablo Bay (i.e., Marin 

County streams) have relatively small watersheds with steep 

longitudinal gradients. These are in contrast to several of 

the large drainages (e.g., Napa River, Sonoma, Coyote, and 

Alameda creeks). One might expect fish assemblage struc-

ture in the smaller-sized streams to differ from larger wa-

tersheds with more gradual longitudinal gradients.

Purpose of Current Research

Only recently have streams tributary to the Estuary received 

recognition as important repositories of aquatic biodiver-

sity, due largely to the efforts of numerous citizens groups 

interested in watershed conservation. An outcome of in-

creasing community and scientific interest in the conser-

vation of the native aquatic biota is the need to under-

stand better the status, distribution and ecology of fishes 

in watersheds within the Estuary. I conducted the first es-

tuary-wide study on the distribution and general ecology 

of stream fishes (Leidy, 1984). However, this study did not 

compare fish assemblages among sites or analyze distribu-

tion and structure relative to suites of environmental vari-

ables, including those affected by human activity. 

Thus, the purpose of this study is to characterize the fish 

communities of streams tributary to the Estuary by examin-

ing the relationships of environmental factors to the spatial 

and temporal distribution of fishes. To do so, I attempted 

to answer the following questions: (1) What is the historical 

and current status of native stream fishes? (2) Do streams 

of the Estuary contain predictable fish assemblages in re-

sponse to gradients of environmental conditions? (3) If so, 

how do they differ from other Sacramento-San Joaquin 

Province streams? (4) Are the relative abundances of native 

and nonnative fishes correlated with environmental condi-

tions in Estuary streams? and (5) What role can streams of 

the Estuary play in the conservation of native fishes within 

the larger Sacramento-San Joaquin Fish Province?
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Part II

Environmental Setting 

of the San Francisco Estuary

above
Diablo Range, Alameda 
and Santa Clara counties.

above
Large pool, upper 
Alameda Creek, Diablo 
Range, Alameda County.
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Watershed Characteristics

Location, Size, and Physiography. The San Francisco Es-

tuary is the largest on the Pacific coast of the Americas (Ap-
pendix 1). Surface area of the Estuary is approximately 1,240 

km2 (Conomos et al., 1985). It is an inland estuary that drains 

to the Pacific Ocean through the relatively narrow opening 

(approximately 4 km in width) of the Golden Gate near the 

city and county of San Francisco. The Estuary forms about 65 

km east of the Golden Gate near the confluence of the Sac-

ramento and San Joaquin rivers, which drain the northern 

and southern arms of the Central Valley of California, re-

spectively. The Sacramento and San Joaquin rivers combine 

to form a large delta (Delta), consisting of a complex maze of 

shallow sloughs and small islands, before their waters flow 

west another 35 km through Suisun Bay to Carquinez Strait. 

West and south of Carquinez Strait, the Estuary consists of 

a series of shallow embayments that extend to the Golden 

Gate. The portion of the Estuary south of the Golden Gate 

extends some 55 km south to near the city of San Jose, Santa 

Clara County. The combined San Pablo, Central, and South 

bays are collectively referred to as San Francisco Bay.

Sixty-six local watersheds surrounding the Estuary are the 

focus of this study (Appendix 1; Table 1). Estuary watersheds 

cover a maximum linear distance of 212 km from north (38°, 

39’, 34” N) to south (37°, 01’, 34” N), and 90 km from west 

(122°, 43’, 52” W) to east (121°, 24’, 24” W). Total drainage 

area for Estuary watersheds is approximately 9000 km2, ex-

cluding the Delta, or about 6% of the total drainage area 

of the Sacramento-San Joaquin rivers in the Central Valley 

(California Environmental Resources Evaluation System, 

2002). Estuary watersheds lie entirely within the boundaries 

of Contra Costa, Alameda, Santa Clara, San Mateo, San Fran-

cisco, Marin, Sonoma, Napa, and Solano counties.

Watersheds range in area from 2.8 km2 to 1813 km2. The two 

largest watersheds draining into San Pablo Bay in the north-

ern Estuary are Napa River (1103 km2) and Sonoma Creek 

(440 km2) (Appendix 1). Walnut Creek (360 km2) enters the 

northeastern Estuary draining from south-to-north into Su-

isun Bay. The largest watershed within the southern Estu-

ary is Alameda Creek (1813 km2), or about 20% of the total 

drainage area for the entire Estuary: its watershed drains 

west from the mountains and valleys of the northern Diablo 

Range and East Bay Hills (Appendix 1). Coyote Creek (917 

km2) and Guadalupe River (440 km2) are other large water-

sheds in the extreme southern Estuary. Their headwaters lie 

within the Diablo Range and Santa Cruz Mountains, respec-

tively. Both streams flow across the Santa Clara Valley before 

entering southern Francisco Bay (Appendix 1). Lastly, a series 

of watersheds flow east from the Santa Cruz Mountains into 

southern and central San Francisco Bay. These are referred 

to as “the Peninsula” region (Appendix 1). The largest wa-

tersheds of the Peninsula region are San Francisquito (109 

km2) and San Mateo creeks (80 km2).

Parallel-trending coastal and interior coastal mountains 

and hills surrounding the Estuary are oriented along a 

general northwest to southeast axis (Appendix 1). Altitude 

ranges from sea level to a maximum altitude of 1324 m at 

Mount St. Helena in the Mayacama Mountains, Napa Coun-

ty (Napa River watershed). Other prominent mountains and 

peaks include the: (1) Northern California Coast mountains, 

Marin County (maximum elevation 784 m at Mt. Tamalpais, 

various streams of the Marin Hills and Valleys region); (2) 

Diablo Range, Contra Costa County (maximum elevation 

1173 m at Mt. Diablo, Marsh, Mt. Diablo, Walnut-San Ra-

mon, and northern Alameda creeks watersheds); (3) Diablo 

Range, Santa Clara County (maximum elevation 1283 m at 

Mt. Hamilton, Alameda and Coyote creeks watersheds; and 

(4) Santa Cruz Mountains, San Mateo and Santa Clara coun-

ties (maximum elevation 1160 m at Loma Prieta, Guadal-

upe River watershed).

Average channel slopes vary with elevation. The larger 

mainstem streams on valley alluvium near the Bay-Estuary 

margin have slopes ranging from 0.02 to zero percent near 

the upper end of tidal influence. In contrast, the gradients 

of smaller headwater tributary streams generally range from 

0.3 percent near their confluence with mainstem streams to 

> 2 percent in their headwaters. Waterfalls and cascades 

that form partial or complete barriers to fish are common in 

the uppermost reaches of tributary streams, particularly in 

the hills and mountains of Marin County, the Diablo Range, 

the Sonoma and Mayacama mountains, and the Santa Cruz 

Mountains (Figures II, 1-4).  

Climate. The regional climate is Mediterranean with 

warm, dry summers (May through September) and cool, 
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intra-regional variations in climatic conditions are com-

mon over small geographic distances and are explained by 

interactions between local physiography and continental 

and maritime air masses (Conomos et al., 1985). Thus, wa-

tersheds near the Pacific Ocean are milder in winter and 

cooler, with persistent fog, in summer, than more inland 

locations (Conomos et al., 1985; Gilliam, 2002).Unless oth-

erwise cited, much of the following discussion on precipi-

tation and air temperatures is based on information com-

piled from Miles and Goudey (1997) and is summarized in 

Table 2. Approximately eighty percent of the precipitation 

that falls between November and February typically is as-

sociated with low-pressure cells (cyclones) that produce pe-

riods of rain for several days at a time. Rain is followed by 

periods of 7-to-10 days of clear weather (Conomos et al., 

1985). Rainfall generally decreases on axes from north to 

south (i.e., Marin to Santa Clara counties), as well as east 

to west (i.e., San Mateo to Contra Costa and Santa Clara 

counties). For example, for watersheds traversing the bay 

flats of Santa Clara and San Mateo counties rainfall may an-

nually average 30 cm, while rainfall amounts in the Santa 

Cruz Mountains just 10-15 km to the east may average 152 

cm, a five-fold difference. Minimum mean annual precipita-

tion ranges from 25 and 30 cm on the edge of the Central 

Valley (e.g., lower Marsh Creek watershed), and Bay Flats 

and Santa Clara Valley (e.g., lower Coyote Creek watershed), 

respectively, to 51 cm in the North Bay region, Santa Cruz 

Mountains, East Bay Hills, and western Diablo Range. Maxi-

mum mean annual precipitation ranges from 38 cm on the 

Bay Flats to 152 cm in the Santa Cruz Mountains, Marin Hills 

and Valleys, and Mt. St. Helena Flows and Valleys regions. 

The minimum annual mean daily temperature ranges from 

7º C near Mt. St. Helena (Napa River watershed) and the 

Diablo Range (headwaters of Alameda and Coyote creeks), 

to 14-15º C on the bay flats and edge of the Central Val-

ley (Table 2). Maximum annual mean daily temperature 

ranges from 13º C on the East Bay Terraces and Alluvium 

to 16-17º C in inland valley regions and the edge of the 

Central Valley. As with winter rainfall, maximum summer 

temperatures may vary greatly over short geographic gra-

dients. It is not unusual for summer temperatures in areas 

bordering the foggy Bay Flats to average 20-25º C less than 

interior valleys, even though the regions are separated by 

as little as 10 km. 

Surface Hydrology. Average annual discharges for 

streams within the Estuary range from 0.4 cubic feet per 

second (cfs) to 208 cfs (refer to various U.S. Geological Sur-

vey streamflow data recording stations at www.usgs.gov) 

(Figures II, 5-6). Annual peak flows can range from a few 

cfs in the smallest watersheds to 37,000 cfs in the Napa 

River (USACE, 1999). Variations in flows due to rainfall 

events also can be great. For example, in Coyote Creek the 

maximum discharge during January 1997 was calculated at 

5,120 cfs, while the maximum discharge during December 

1996, one month earlier, was only 436 cfs (SCVWD), San 

Jose, unpublished streamflow data). Streamflow patterns 

near stream confluences with the Estuary also are strongly 

influenced by fluvial and mixed diurnal tidal hydrology, 

that is, two low tides and two high tides during one com-

plete tidal cycle. Upstream tidal influence will vary de-

pending on channel gradient and the amount and timing 

of stream discharge in relation to tidal cycles.

Under conditions of unimpaired surface-hydrology, 

streams that traverse valley alluvial deposits may be inter-

mittent during summer with little surface water connec-

tion to smaller tributaries. Thus streams typically consist of 

dry to nearly dry alluvial reaches, which are interrupted by 

long, shallow-to-deep pools underlain by bedrock. Lower 

reaches of streams underlain by less permeable formations 

typically are perennial. Mid-to-upper reaches of tribu-

tary streams are intermittent-to-perennial in summer de-

pending on characteristics of local aquifers. Areas of cool 

groundwater discharge are important as refugia for fish 

and other aquatic organisms during summer and fall (Fig-
ures II, 7-10).

There are 44 major reservoirs of 50 acre-feet or greater 

lying within 20 Estuary watersheds, as well as thousands 

of smaller stock and irrigation ponds, groundwater re-

charge basins, and storm water detention basins (Table 3). 

Eighty-one percent of these reservoirs were constructed 

prior to 1960, with 22 reservoirs (51%) being completed 

from 1900-1950. Reservoirs have impacted the aquatic 

environments and associated native stream fishes of their 

watersheds primarily through three mechanisms: (1) modi-

fications to the amount, timing, duration, and magnitude 

of stream discharges; (2) the dams are barriers to fish mi-

gration, particularly anadromous salmonids; and (3) the 

creation of lacustrine aquatic environments not normally 
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found in the region that support nonnative fishes that mi-

grate into upstream and downstream reaches (Figures II, 
11-13). Estuary reservoirs support populations of several 

native fishes, most notably Pacific lamprey, hitch, Sacra-

mento blackfish, Sacramento pikeminnow, Sacramento 

sucker, rainbow trout, prickly sculpin, and in rare cases 

tule perch and Sacramento perch. The ecological effects of 

reservoirs on stream fishes are not specifically addressed 

in this study. 

Ecological Setting. Study area watersheds lie within 

portions of five U.S. Department of Agriculture Forest Ser-

vice ecological subregions and fourteen subregions (Miles 

and Goudey, 1997). These subregions and subsections are 

part of a national hierarchical classification based on fac-

tors such as climate, physiography, water regime, soils, 

air, hydrology, and potential natural communities. (Bailey, 

1994; Goudey, 1994; Miles and Goudey, 1997) (Table 2). 

The relatively large number of ecological subregions and 

subsections within the Estuary is an indication of the steep 

environmental gradients and great diversity of ecological 

community types traversed by study area streams. 

Species composition and dominance of riparian forest and 

woodland communities within Estuary watersheds varies 

over several environmental gradients, including elevation 

and geographic location. However, there are many similari-

ties between watersheds. In general, riparian vegetation 

at lower to mid-elevation sites is characterized by single- 

or multi-species willow stands (Salix lasiolepis, S. laevigata, 

S. exigua, S. lucida, among others), cottonwood (Populus 

fremontii, P. balsamifera), white alder (Alnus rhombifolia), 

and California bay (Umbellularia californica)(Figure II.14). 

The inner Coast Ranges of Contra Costa and Napa counties 

also support stands of Northern California black walnut 

(Juglans californica var. hindsii). The drier exterior slopes 

or terraces bordering streams typically support other 

woodland communities dominated by bigleaf maple (Acer 

macrophyllum), California buckeye (Aesculus californica), 

and several species of oak (Quercus agrifolia, Q. lobata, 

Q. douglasii, Q. kelloggii, Q. garryana, Lithocarpus den-

siflorus) (Figure 6). Intermittent streams within the drier 

eastern and southern interior portions of the Estuary also 

support stands of western sycamore (Plantanus racemosa), 

mulefat (Baccharis salicifolia), and various willow species, 

with Coulter pine (Pinus coulteri), grey pine (P. sabiniana), 

and blue oak (Q. douglasii) adjacent to high stream ter-

races (Figure II.15). 

Coast redwood (Sequoia sempervirens), Douglas-fir (Pseu-

dotsuga menziesii), and western creek dogwood (Cornus 

sericea ssp. occidentalis) are restricted to higher elevation 

sites in watersheds within the high precipitation portions 

of the central and northern California fog zone (Figure 
II.16). California bay and tanbark oak (Lithocarpus densi-

florus) often characterized woodlands upslope from coast 

redwood riparian forests. 

Plant communities adjacent to streams on bay flats imme-

diately upstream from tidal environments are dominated 

by several species of bulrush (Scirpus spp.), cattail (Typha 

spp.), sedge (Carex spp., Cyperus spp., Juncus spp.), and 

various native and nonnative grasses (Poaceae) (Figure 
II.17). Streams within heavily urbanized areas often con-

tain many nonnative plant species or are devoid of native 

riparian vegetation (Figure II.18).
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(numbers within parentheses correspond to notations on maps in Appendix 1 and Appendix 3 headings)1

Marsh Creek, Contra Costa (1) Matadero/Barron Creek, Santa Clara (35)

Mt. Diablo Creek, Contra Costa (2) San Francisquito Creek, Santa Clara/San Mateo (36)

Walnut/San Ramon Creek, Contra Costa (3) Redwood Creek/Arroyo Ojo de Agua/San Mateo (37)

Arroyo del Hambre, Contra Costa (4) Cordilleras Creek, San Mateo (38)

Canada del Cierbo, Contra Costa (5) Belmont Creek, San Mateo (39)

Rodeo Creek, Contra Costa (6) Laurel Creek, San Mateo (40)

Refugio Creek, Contra Costa (7) San Mateo Creek, San Mateo (41)

Pinole Creek, Contra Costa (8) Sanchez Creek, San Mateo (42)

Garrity Creek, Contra Costa (9) Easton Creek, San Mateo (43)

San Pablo Creek, Contra Costa (10) Mills Creek, San Mateo (44)

Wildcat Creek, Contra Costa, Alameda (11) Colma Creek, San Mateo (45)

Baxter Creek, Contra Costa (12) Presidio Creek, San Francisco (46)

Cerrito Creek, Contra Costa, Alameda (13) Mountain Lake, San Francisco (47)2

Codornices Creek, Alameda (14) Lake Merced, San Francisco (48)2

Strawberry Creek, Alameda (15) Coyote Creek, Marin (49)

Claremont Creek, Alameda (16) Arroyo Corte Madera del Presidio, Marin (50)

Temescal Creek, Alameda (17) Corte Madera Creek, Marin (51)

Glen Echo, Alameda (18) Miller Creek, Marin (52)

Sausal Creek, Alameda (19) Pacheco Creek, Marin (53)

Peralta Creek, Alameda (20) Arroyo de San Jose Creek, Marin (54)

Lion/Horseshoe Creek, Alameda (21) Novato Creek, Marin (55)

Arroyo Viejo, Alameda (22) San Antonio Creek, Marin/Sonoma (56)

San Leandro Creek, Alameda/Contra Costa (23) Petaluma River, Sonoma (57)

San Lorenzo Creek, Alameda (24) Tolay Creek, Sonoma (58)

Alameda Creek, Alameda/Santa Clara (25) Sonoma Creek, Sonoma (59)

Arroyo la Laguna, Alameda/Santa Clara (26) Schell Creek, Sonoma (60)

Lower Penitencia, Santa Clara (27) Huichica Creek, Napa/Sonoma (61)

Coyote Creek, Santa Clara (28) Napa River, Napa (62)

Guadalupe River, Santa Clara (29) Sulphur Springs Creek, Solano (63)

San Tomas Aquinas/Saratoga Creek, Santa Clara (30) American Canyon Creek (East), Solano (64)

Calabazas Creek, Santa Clara (31) Green Valley Creek, Solano (65)

Stevens Creek, Santa Clara (32) Suisun Creek, Solano (66)

Permanente Creek, Santa Clara (33)

Adobe Creek, Santa Clara (34)
1 Exclusive of the Sacramento and San Joaquin rivers.
2 Tributary to Pacific Ocean immediately south of the Golden Gate.
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Table 2. Ecological section and subsection descriptions for selected watersheds of the San Francisco Estuary, Cali-
fornia (modified from Miles and Goudey, 1997).

Section/Subsection Elevation 
(range 
m)

Mean 
annual pre-
cipitation 
(range cm)

Mean 
annual tem-
perature 
(range °C)

Water 
re-
gime1

Average 
stream 
gradient2

Watershed/stream reach examples

Central California Coast/

Suisun Hills and Valleys 0-435 38-51 13-16 I, P L-M lower Mt. Diablo; lower Walnut, 
Arroyo Hambre; lower Green Valley; 
lower Suisun 

Bay Flats < 3 30-38 14-16 I, P L lowermost reaches of Alameda, 
Coyote, Guadalupe Saratoga, Stevens, 
San Francisquito, San Mateo

East Bay Hills-Mount 
Diablo

0-1173 38-64 12-16 I, P L-H middle-to-upper Mt. Diablo; upper 
Marsh; middle Walnut-San Ramon, 
Pinole; middle-to-upper San Pablo; up-
per Wildcat; upper San Leandro; upper 
San Lorenzo

East Bay Terraces 
and Alluvium

0-183 51-76 11-13 I, P L-H lower San Pablo; lower Wildcat, El Cer-
rito, Strawberry, Temescal; lower-to-
middle San Leandro; lower-to- middle 
San Lorenzo

Santa Clara Valley 0-76 30-51 13-16 I, P L lower-to-middle reaches of: Coyote, 
Guadalupe, Saratoga, Stevens, San 
Francisquito, San Mateo 

Santa Cruz Mountains 122-610 51-152 10-14 P M-H Upper reaches of: Los Gatos, Guada-
lupe, Saratoga, Stevens, San Francis-
quito, San Mateo

Leeward Hills 61-122 38-76 10-16 I, P L-M Middle reaches of Los Gatos, Guada-
lupe, Saratoga, Stevens, San Francis-
quito, San Mateo

San Francisco Peninsula 0-305 51-64 13-14 I L-M Presidio Creek, Lake Merced

Northern California Coast/

San Pablo Bay Flats < 3 51-76 13-14 I, P L Lower reaches of: Miller, Novato, San 
Antonio, Petaluma, Sonoma, Napa

Coastal Hills-Santa Rosa 
Plain

1-274 51-102 10-14 I, P L-H Petaluma

Marin Hills and Valleys 0-794 51-152 10-15 I, P L-H Coyote, Arroyo Corte Madera del Pre-
sidio, Corte Madera, middle-to-upper 
Miller, Novato, San Antonio

Mt. St. Helena Flows and 
Valleys

1-1324 51-152 7-14 I, P L-H Sonoma, Napa; middle-to-upper Green 
Valley

Central California Coast Ranges/

Fremont-Livermore 
Hills and Valleys

30-791 38-51 13-16 I, P L-H Middle Alameda

Western Diablo Range 305-1283 51-76 11-14 I, P M-H Upper Alameda; upper Coyote

Diablo Range 305-1283 38-64 7-14 I, P M-H Upper Alameda; upper Coyote

Eastern Hills 30-610 30-51 10-16 I L-M Middle Marsh 

Northern California Coast Ranges/

Ultrabasic Complex 91-427 51-76 10-15 I, P M-H Upper Suisun

Great Valley/

Westside Alluvial Fans 
and Terraces

0-61 25-41 1-17 I L Lower Marsh

1Water regime:  I = intermittent; P = perennial.
2Stream gradient: L = 0-0.5%; M = 0.5-1.5%; H = > 1.5% .



Table 3. Major reservoirs in watersheds of the San Francisco Estuary, California (source: California Department of 
Water Resources, Division of Dam Safety, http;//damsafety.water.ca.gov ).

Reservoir Year Completed Capacity 
(acre-feet) Watershed/Tributary

Temescal 1869 200 Temescal/Temescal

San Andreas 1870 19,027 San Mateo/San Mateo

Lake Chabot 1870 504 Napa/Napa Tributary

Lower Crystal Springs 1888 57,910 San Mateo/San Mateo

Searsville 1890 952 San Francisquito/Corte Madera

Chabot 1892 10,281 San Leandro/San Leandro

Lake Frey 1894 1,075 Suisun/Wild Horse Creek

Williams 1895 160 Guadalupe/Los Gatos

Lake Herman 1905 2,210 Sulphur Springs/Sulphur Springs

Phoenix Lake 1907 612 Corte Madera/Ross

San Pablo 1919 43,193 San Pablo/San Pablo

Milliken 1924 1,980 Napa/Milliken

Calaveras 1925 100,000 Alameda/Calaveras

Lake Curry 1926 10,700 Suisun/Gordon Valley

Lafayette 1928 4,250 Walnut/Lafayette

Coyote Percolation 1934 72 Coyote/Coyote

Guadalupe 1935 3,460 Guadalupe/Guadalupe

Stevens Creek 1935 4,000 Stevens/Stevens

Calero 1935 9,850 San Francisquito/Calero

Vasona Percolation 1935 410 Guadalupe/Los Gatos

Almaden 1936 2,000 Guadalupe/Alamitos

Cherry Flat 1936 500 Coyote/Upper Penitencia

Coyote 1936 23,666 Coyote/Coyote

Suttenfield 1938 600 Sonoma/Sonoma

Lake Anza-Tilden 1938 268 Wildcat/Wildcat

Kimball Creek 1939 344 Napa/Kimball

Lake Hennessey 1946 31,000 Napa/Conn

Rector Creek 1946 4,587 Napa/Rector

Isabel Lake No. 1 1948 435 Alameda/Isabel

Austrian 1950 6,200 Guadalupe/Los Gatos

Anderson 1950 90,373 Coyote/Coyote

Novato-Stafford 1951 4,430 Novato/Novato

Lexington 1953 21,430 Guadalupe/Los Gatos

Kelly Cabin Canyon 1955 70 Coyote/Kelley Cabin Canyon

Pine Creek 1956 225 Walnut/Pine

San Felipe Ranch 1959 64 Coyote/San Felipe 

Cull Creek 1963 310 San Lorenzo/Cull

Marsh Creek 1963 4,425 Marsh/Marsh

San Antonio 1964 50,000 Alameda/San Antonio

Briones 1964 67,520 San Pablo/Bear

San Lorenzo-Don Castro 1964 380 San Lorenzo/San Lorenzo

Del Valle 1968 77,100 Alameda/Arroyo Valle

New Upper San Leandro 1977 42,000 San Leandro/San Leandro

Pine Creek Detention 1981 320 Walnut/Pine
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II.1 ▴

II.1

Lower Petaluma River, Sonoma County, a large, 
low gradient stream tributary to San Pablo Bay 
in the northern Estuary.

II.2

Mid-elevation and gradient reach of Arroyo 
Hondo Creek, Alameda County.

II.3

Low gradient, mainstem Alameda Creek, 
Niles Canyon, Alameda County.

II.2 ▴

II.3 ▴
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II.4 ▴

II.5 ▴

II.6 ▴

II.4 

Waterfall on Arroyo Aguague Creek, Upper 
Penitencia Creek watershed, Santa Clara County. 
Natural geologic formations in the Estuary often 
form barriers to the upstream movement of 
fishes even though suitable habitat may exist 
upstream from the obstruction.

II.5

High spring flows on Alameda Creek, Sunol 
Regional Park, Alameda County.

II.6

Summer low flow conditions along alluvial reach 
of Isabel Creek, upper Alameda Creek watershed, 
Santa Clara County. 
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II.10 ▴

II.9 ▴

II.8 ▴II.7 ▴

II.7

Isolated summer pool, Coyote Creek watershed, 
Henry Coe State Park, Santa Clara County.

II.8

Perennial stream reach, lower Alameda Creek, 
Niles Canyon, Alameda County.

II.9

Mid-elevation, perennial stream reach, Arroyo 
Hondo Creek, Alameda County.

II.10

Headwater, perennial stream, Calabazas Creek, 
Sonoma County. Areas of cool groundwater 
discharge are important refugia for fish and other 
aquatic organisms during summer and fall.
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II.11

San Antonio Creek, Alameda County, downstream 
from San Antonio Reservoir, depicting winter flow 
release from reservoir.

II.12 

San Antonio Creek, Alameda County, downstream 
from San Antonio Reservoir. Same view as Figure 
II.11 depicting flow conditions approximately one 
week later following cessation of flow releases 
from reservoir.

II.13

Upper Crystal Springs Reservoir, San Mateo Creek 
watershed, San Mateo County.

II.14

Arroyo de la Laguna Creek, Alameda Creek wa-
tershed, Alameda County. Riparian vegetation is 
characterized by a dense and complex overstory 
of willows (Salix spp.), cottonwood (Populus fre-
montii, P. balsamifera), and white alder (Alnus 
rhombifolia).

II.14 ▴

II.13 ▴

II.12 ▴II.11 ▴
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II.15

Arroyo del Valle Creek, Alameda Creek water-
shed, Alameda County. This site is characterized 
by western sycamore (Plantanus racemosa), 
mulefat (Baccharis salicifolia), and various willow 
species (Salix spp.).

II.16

Upper Sonoma Creek watershed, Sugarloaf Ridge 
State Park, Sonoma County. Riparian forests and 
adjacent woodlands are typically characterized 
by mixed stands of coast redwood (Sequoia sem-
pervirens), Douglas-fir (Pseudotsuga menziesii), 
California bay (Umbellularia californica), tanbark 
oak (Lithocarpus densiflorus), big-leaf maple 
(Acer macrophyllum), Oregon ash (Fraxinus 
latifolia), Pacific madrone (Arbutus menziesii), 
American dogwood (Cornus sericea), and white 
alder (Alnus rhombifolia). 

II.17

Lower Alameda Creek flood control channel, Al-
ameda County. This lower fresh-to-brackish water 
stream reach is typically dominated by several 
species of bulrush (Scirpus spp.), cattail (Typha 
spp.), sedge (Carex spp., Cyperus spp., Juncus 
spp.), native and nonnative grasses (Poaceae), 
and floating aquatic macrophytes.

II.18

Lower Corte Madera Creek flood control channel, 
Marin County.

II.18 ▴

II.17 ▴

II.16 ▴II.15 ▴
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Part III

Zoogeographic Relationships

top left
Rugged and remote Diablo Range landscape, 
Santa Clara County.

bottom left
Isolated pool embedded in an otherwise summer-
dry stream reach, upper Coyote Creek watershed, 
Diablo Range, Santa Clara County.

top right
Largely summer-dry stream reach, upper Coyote Creek 
watershed, Diablo Range, Santa Clara County.

bottom right
Summer-isolated bedrock pool, dominated by native fishes 
such as California roach (Lavinia symmetricus), Sacramento 
pikeminnow (Ptychocheilus grandis), and Sacramento sucker 
(Catostomus occidentalis), Diablo Range.

Photo: Tim Vendlinski.



Colonization of Estuary Streams by Fishes

In its present geologic setting, the San Francisco Estuary may 

best be described as a drowned river valley. As a result of 

an historical freshwater connection to the Central Valley, Es-

tuary streams are classified as part of the Sacramento-San 

Joaquin Province, one of six ichthyological provinces within 

California. The provinces are differentiated largely by fishes 

endemic to each province (see Figure 2 in Moyle, 2002). Estu-

ary streams are characterized by a depauparate freshwater 

fish fauna in terms of family, generic, and species diversity 

(Leidy, 1984). However, Estuary stream fishes exhibit a high 

degree of endemism similar to that found in the Central Val-

ley (Leidy, 1984; Moyle, 2002).   

Moyle (2002) includes Estuary streams as part of the Cen-

tral Valley Subprovince. While Estuary streams support 

most of the freshwater dispersant fishes also found in 

streams of the Central Valley, there are notable differ-

ences in species composition between the two regions 

that are attributable largely to the influence of estuarine 

and marine environments on fish community structure. 

For example, Estuary streams historically are likely to have 

supported several fishes not commonly found in Central 

Valley streams including Delta smelt, longfin smelt, coho 

salmon, Pacific staghorn sculpin, tidewater goby, longjaw 

mudsucker, shiner perch, and starry flounder. These eury-

haline marine and saltwater dispersant fishes are often 

common members of the fish assemblages in the lower, 

tidal reaches of many Estuary streams (Figure III.1). 

Presumably freshwater fishes originally colonized Estu-

ary streams by multiple routes determined by complex 

interactions between regional geology, paleoclimatol-

ogy, and paleohydrology. Today within the Estuary, the 

dynamics of stream colonization and ultimate structure 

of fish communities largely are regulated by several inter-

related physical, geochemical, and biological phenomena 

operating at multiple spatial and temporal scales, includ-

ing human-caused changes to the streams and invasions 

of alien species. Mechanisms that determine variations in 

colonization rates include interactions of the evolutionary 

and life history traits of the fishes with past and recent 

regional geologic processes, global and regional climatic 

patterns, and influences of such processes and patterns on 

sea level elevations and water salinities. 

Inter-Basin Connections 
to the Central Valley

The geological history of the Central Valley and Estuary 

regions is complex, and it is the combination of geolog-

ic complexity and climate variability that ultimately has 

shaped the zoogeography of stream fish communities. 

Stream fishes colonized Estuary streams by two possible 

routes, through the Sacramento-San Joaquin River of the 

Central Valley to which the streams were connected and 

from the Pacific Ocean.

Fossil mollusks and fishes support the conclusion that dur-

ing the Miocene, fluvial interconnections existed between 

the Snake River and central California (Smith, 1978; Taylor, 

1985). Fossil congeners of several fish taxa characteristic 

of the Sacramento-San Joaquin fish fauna of the Central 

Valley and streams of the Estuary likely arrived from the 

ancient Snake River drainage to the northeast through the 

lower Columbia River. Minckley et al. (1986, pp. 577-578) 

wrote that:

…[R]elationships of the Sacramento-San Joaquin 

fish fauna are ancient and complex. Four species, 

Ptychocheilus grandis, Orthodon microlepidotus, 

Mylopharodon conocephalus and Archoplites in-

terruptus, had congeners in Miocene Pliocene lakes 

of the Snake River Plain (G. R. Smith 1975, 1981; 

Kimmel 1975)…Kimmel (1975) further considered 

the Miocene Cottus calcatus from southern Idaho 

as likely related to C. pitensis (Pit River) or C. gu-

losus (lower Colombia River Basin, Oregon coast 

and southern California coast). These occurrences, 

along with a number of aquatic mollusks (D. W. 

Taylor 1960, 1985; Taylor and Smith 1981) support 

an aquatic connection to the Pacific of the upper 

Snake across northern California….

The four California species are further distributed as 

fossils within or near their present ranges: Orthodon 

microlepidotus, Pliocene through Holocene; Mylo-

pharodon conocephalus, Early Pleistocene through 

Holocene; Ptychocheilus grandis…, Late Pleisto-

cene through Holocene; and Archoplites interrup-

tus, Miocene, Pliocene and Holocene (Sinclair 1904; 

Jordan 1927; Casteel and Hutchison 1973l Casteel 
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and Rymer 1975; Casteel and Adam 1977). Casteel 

and Adam (1977) further reported two distinct, but 

undescribed species from Pleistocene beds near San 

Francisco. One was a cyprinid reminiscent of some 

fossils from southern Idaho, and the other a catos-

tomid of unknown affinities…

The equally (or more) distinctive Pogonichthys mac-

rolepidotus, Lavinia exilcauda, Gila crassicauda and 

Hysterocarpus traski are in Holocene deposits (mostly 

archeological sites) of the Sacramento-San Joaquin 

area (G. R. Smith 1981)…Hesperoleucus symmetri-

cus has not yet been recorded as fossils older than 

Late Pleistocene or Holocene (Casteel et al. 1977; G. 

R. Smith 1981), and Catostomus occidentalis, as with 

many specie just covered, is known only from Holo-

cene deposits. An additional freshwater embiotocid, 

Damalichthys saratogensis, is known from Pliocene-

Pleistocene strata of California (Casteel 1978). 

The Snake River - Columbia River connection to the Central 

Valley Sacramento River likely was interrupted between 10-

17 million years ago as a result of uplift and westward tilting 

of the Sierra Nevada, and rotation of the Cascade-Oregon 

Coast-Klamath Mountains subplate (Minckley et al., 1986). 

These geologic processes effectively isolated fishes from the 

Snake-Columbia River System from the Sacramento-San Joa-

quin basin. A concomitant shift in western North America 

III.1

Lower, tidal Petaluma River and floodplain, Sonoma 
County. Tidally-influenced reaches of Estuary streams 
support diverse assemblages of euryhaline marine and 
saltwater dispersant fishes.

III.1 ▴
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climate toward increasing aridity in the late Pleistocene and 

early Holocene is evidenced by an increase in the number of 

extinctions of young mollusk faunas (Taylor, 1985). Presum-

ably increased aridity also would have led to the localized 

extinction of fishes.

Connections to Adjacent Basins

Russian River Basin. Geological evidence suggests that 

native freshwater fishes may have colonized the Russian 

River basin, in part, through drainage connections with 

streams now tributary to San Francisco Bay (Snyder, 1908b; 

Moyle, 2002). Headwater tributaries to the Petaluma River, 

Sonoma County, a tributary to San Pablo Bay, are sepa-

rated by low elevation divides and short linear distances 

from the Russian River basin to the north. Shifts in flow 

directions and the intermingling of tributaries in the Rus-

sian and San Francisco Bay drainages, with a concomitant 

transfer of fishes, were possible in this extremely geologi-

cally active region (Wahrshaftig and Birman, 1965).

Pajaro-Salinas River Basin. Lowland forms of native 

fishes likely colonized the Pajaro-Salinas basin of the Mon-

terey Bay Subprovince through a former connection with 

Coyote Creek, Santa Clara County, which now flows into 

southern San Francisco Bay (Branner, 1907; Snyder, 1913; 

Moyle, 2002). Some evidence indicates that during the 

middle-to-late Pleistocene upper Coyote Creek may have 

changed course several times to flow into Llagas Creek, a 

tributary to the Pajaro River. Lowland fishes colonizing the 

Pajaro River system through Coyote Creek may have in-

cluded Sacramento blackfish, hitch, Sacramento pikemin-

now, thicktail chub, Sacramento sucker, Sacramento perch, 

and tule perch (Snyder, 1913; Moyle, 2002).

Geologic Evolution of the 
San Francisco Estuary Region 

Regional Geologic Processes. Much of the following 

discussion on the evolution of the Estuary landscape is based 

on the work of Howard (1951), Louderback (1951), and Atwa-

ter (1979). Miocene seas persisted into Pliocene times in the 

Coast Ranges in the greater Estuary area: an arm of the Pacific 

Ocean extended into the area of the then Central Valley as 

far south as present day Coalinga between the Coast Ranges 

region and Sierra Nevada (Howard, 1951; Louderback, 1951). 

The Estuary region in early Pliocene consisted of hills draining 

to the east, which separated interior basins/marine embay-

ment to the east from marine basins to the west. The ridge 

system known today as the Berkeley Hills did not exist at this 

time (Louderback, 1951). By mid-to-late-Pliocene (2-3 mya) the 

San Francisco Bay trough or basin also did not yet exist. The 

site of the present bay trough was a land barrier separating 

two large parallel structural troughs; one to the northeast, 

which received alluvial sediment, and one to the southwest 

in the area of the Santa Cruz Mountains that received marine 

deposits (Louderback, 1951). 

During late-Pliocene, crustal deformation of the Coast Rang-

es closed the arm of the Pacific Ocean south of the Bay region 

and initiated the development of a trough in the area of the 

southern San Francisco Bay (Louderback, 1951). The interior 

of California in the region of the Great Central Valley likely 

did not drain through the San Francisco Bay region until the 

early-to-mid Pleistocene approximately 1 million years ago, 

which also corresponds to the earliest known estuary  (How-

ard, 1951; Helley and LaJoie, 1979). During late Pliocene, a 

large east-west oriented structural trough formed through 

the Coast Ranges in the vicinity of Suisun Bay and the Car-

quinez Strait and likely served as the “break-through” route 

for the Sacramento River during Pleistocene times (Louder-

back, 1951). During mid-Pleistocene, large scale fault block-

ing and subsidence resulted in the development of the San 

Francisco Bay trough (Lawson, 1914; Louderback, 1951; At-

water et al., 1979). Both the Berkeley-Oakland and Marin 

Hills formed relatively steep scarps, and the Mount Ham-

ilton and Santa Cruz Ranges uplifted (Howard, 1951). The 

Sacramento River coursed through these ranges, but at that 

time likely connected to the Pacific Ocean some 15-20 km 

south of the Golden Gate. This connection was subsequently 

closed sometime between 0.5-1.0 mya as a consequence of 

uplift along the Pacific coast and subsidence at the site of 

southern San Francisco Bay (Atwater et al., 1979). 

The combined Sacramento-San Joaquin rivers cut deep can-

yons through the Bay valley; the Carquinez Canyon (Strait) 

and Golden Gate Canyon (Strait) were cut to depths of 900 

and 700 feet, respectively (Louderback, 1951). The Sacra-

mento River likely was high gradient, averaging 8 to 9 feet 

elevation drop per mile from the confluence of the Carqui-
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Canyon (Louderback, 1951). In contrast, an ancestral Coy-

ote Creek that drained the central and southern portions 

of the Bay valley and joined the Sacramento River near 

Angel Island was a much lower gradient stream, particu-

larly in the lower 12 miles where it averaged about 1 foot 

per mile change in elevation (Louderback, 1951; Atwater 

et al., 1977). Louderback (1951, p. 83) describes the smaller 

streams tributary to the main Sacramento River within the 

San Francisco Bay valley during late-Pleistocene:

A number of streams tributary to the bay, such as 

Napa Creek, Petaluma Creek, and streams from the 

Marin side of San Francisco Bay entered the main 

valley through valleys or canyons over ground that 

is 150 to 200 feet below the present sea level. Bor-

ing profiles indicate that these valleys were of open 

V-shaped form. Streams operated on a bedrock 

floor, and had not reached the stage where by me-

andering they would produce flat-floored valleys. 

In other words, the streams were still eroding, or 

down cutting, when their activity was stopped by 

changed conditions that gave rise to filling rather 

than cutting.

These high-gradient North Bay streams were confined 

within canyons directly confluent with the Sacramento 

River and therefore, there is little evidence of the devel-

opment of large alluvial features near their mouths. Con-

trastingly, streams draining into the ancestral Coyote Creek 

from the lower-gradient slopes of the hills on the eastern 

and western slopes of the Coast Ranges tended to form 

broad alluvial cones on the Bay valley floor (Louderback, 

1951). These alluvial fans are of Pleistocene and Recent 

origins, resulting in Recent times from changes in tributary 

stream base levels in response to sea level rise over the last 

8-10,000 years (Helley and LaJoie, 1979).

Global Sea Level Fluctuations. Fluctuations in global 

sea levels as interpreted from fossils and estuarine and flu-

vial sediments contained in core samples have confirmed 

the periodic submergence and emergence of the Bay and 

Estuary over at least the last 450,000 to 1 million years 

(Atwater et al., 1977, 1979). The cycle of submergence and 

emergence of ephemeral stream valleys and estuaries has 

occurred at least four times at the current site of the Bay 

during the past 1 million years, and is linked to climatical-

ly-driven global fluctuations in sea level as water was ex-

changed between oceans and continental glaciers  (Ross, 

1977; Wagner, 1977; Atwater, 1979).

Helley and LaJoie (1979, p. 18) describe the Bay region envi-

ronment prior to the most recent rise in sea level that began 

about 10,000 ybp:

During the last Pleistocene glacial advances be-

tween about 70,000 and 10,000 years ago, sea level 

stood as much as 300-400 feet (90-120 m) below its 

present elevation. The streams presently draining 

into the bay were merely tributaries of a large riv-

er flowing through the bay region from the Great 

Valley and across the broad coastal plain between 

the narrow canyon that is now the Golden Gate 

and the Farallon Islands. Camels, bison, mammoths, 

sloths, and horses roamed the broad inland valleys 

whose nearly flat floors, now partly occupied by 

the bay, were covered by fresh-water marshes and 

open coniferous woodlands consisting mainly of 

Douglas-fir (Pseudostuga menziesii) and incense-

cedar (Libocedrus decurrens), two species tolerant 

of cooler climates.

Fluctuations in sea level during the most present 

inter-glacial were dramatic. The episode of sub-

mergence that created San Francisco bay began 

about 15,000-18,000 years ago, when glaciers of 

the last ice age started their retreat. At the onset 

of glacial retreat, the Pacific Ocean lapped against 

a shoreline located near the Farallon Islands. In 

order to meet this shoreline, the combined Sacra-

mento and San Joaquin Rivers must have flowed 

through the Golden Gate and traversed an ex-

posed continental shelf. 

Most submergence that transformed this landscape 

occurred earlier than 5,000 years ago. Initial migra-

tion of shorelines brought the rising sea into the 

Golden Gate about 10,000 years ago. During the 

next few thousand years, the newborn estuary 

spread as rapidly as 30 m.yr-1 across low-lying ar-

eas in response to a rise in relative sea level that 

averaged nearly 2 cm.yr-1. Thereafter, relative sea 
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level changed more slowly because, by 5,000 years 

ago, glaciers had reached approximately their pres-

ent size. Submergence since that date has averaged 

only 0.1-0.2 cm.yr-1 and probably includes a large 

component of crustal subsidence.

Louderback (1951, p. 88) described his views on the most 

recent evolution of the Bay with regard to the interactions 

between rising sea levels and the existing riverine system:

The development of the bay was a slow process. 

In the early stages the streams must have retained 

their identities, followed the lines of their earlier 

channels, and been flanked by tidal marshes. Most 

of their load of sediment was carried to the sea. 

More than half the time from the beginning of the 

last sea-level rise to the present (possibly 8,000 to 

12,000 years) must have passed before the advanc-

ing sea water traversed Carquinez canyon to reach 

the edge of the present Suisun Bay. With increasing 

depth the bay system became a great settling basin 

for the retention of detritus carried by the tributary 

streams, although still some of the transported ma-

terial (an unknown fraction) reached the ocean. 

Evolutionary and Life History 
Constraints on Fish Movement

Mechanisms for colonization of streams by freshwater 

fishes are determined partly by evolutionary and life his-

tory constraints to the utilization of salt water or fresh 

water environments during at least part of the life cycle. 

Freshwater fishes may be classified into two broad zoo-

geographic types: euryhaline marine fish and obligatory 

freshwater fish (Moyle and Cech, 2000). Euryhaline ma-

rine fish are primarily marine but may exhibit life his-

tories that include time in freshwater. Obligatory fresh-

water fish require freshwater environments for at least 

part of their life cycle. The endemic Delta smelt is a true 

estuarine resident that does not fit well into either the 

euryhaline marine or obligatory freshwater types. Oblig-

atory freshwater fish may be classified further as either 

freshwater dispersant or saltwater dispersant depending 

on the ability to move through waters of varying salin-

ity. Freshwater dispersants are fishes that are unable 

to move large distances through waters with salinities 

greater than 25 ppt to 30 ppt, while saltwater disper-

sants are families or species that are capable of moving 

through saltwater environments (Moyle and Cech, 2000). 

Many of the Estuary’s freshwater resident cyprinids are 

intolerant of salinities greater than 5 ppt.  

Stream Migration and Freshwater 
Fish Colonization

Frequent migration of stream channels on the flatlands 

and alluvial fans bordering the Estuary presumably influ-

ences the temporal and spatial movement and coloniza-

tion of freshwater fishes. Helley and LaJoie (1979, p. 42) 

cogently describes stream channel changes on the alluvial 

fans and flatlands bordering the Estuary:

Under natural conditions, sudden changes in stream 

courses may occur on gently sloping alluvial fans 

and flat valley floors when floodwaters cut through 

natural levees or when stream channels are filled 

with flood-borne debris and the stream is diverted. 

The numerous abandoned natural stream channel 

and levee systems branching from each other and 

radiating from the heads of large Holocene alluvial 

fans indicate that stream course changes were com-

mon over the past 5,000 years or so. Many streams, 

particularly those in developed areas, have been 

artificially diverted into buried culverts or fairly 

straight lined ditches for flood control. Along many 

other streams natural levees have been built up 

and streambanks revetted. These and other flood-

control practices have virtually eliminated the pos-

sibility of sudden stream course changes.

Historically, several scenarios of freshwater fish movement 

and colonization between Estuary streams were possible un-

der conditions of frequent lateral channel migration. Move-

ment of channels provides a mechanism for the exchange 

of fishes along the lower reaches of adjacent streams, ei-

ther through the periodic mingling of channels and/or their 

floodplains, especially during periods of lower sea level. An 

additional scenario allowing for the movement of freshwa-

ter fishes between drainages is the creation during periods 

of high stream discharge of fresh-to-brackish water condi-



33

Fishes in Streams Tributary to the San Francisco Estuary

R
.A

. 
Le

id
ytions within interconnected tidal and non-tidal wetlands 

bordering the Bay. Snyder (1905, pp. 329-330) describes the 

mechanism of floodplain dispersal of stream fishes in south-

ern San Francisco Bay prior to the widespread channeliza-

tion of the streams and alteration of floodplains:

Most of the streams of this basin converge toward the 

southern end of the bay [San Francisco Bay], which is 

there bordered by extensive salicornia marshes. The 

constant wash of the tides has cut into the surface 

of these marshes a network of sloughs, to some of 

which the water from the creeks eventually finds its 

way. Before reaching the sloughs, however, this water 

often spreads out, forming large ponds. The union of 

two or more of these temporary ponds, the shifting 

of a creek channel caused by some obstruction, the 

change in the direction of a slough, or a combination 

of these conditions may form between two streams 

a continuous passage well adapted for the migration 

of fresh-water fishes. Such a union of two creeks has 

actually been observed, one of them as a result having 

become stocked with an additional species. A dense 

growth of willows recently deflected San Francisqui-

to Creek to the southward so far that a fresh-water 

passage could easily be traced through a succession 

of small ponds between it and Madera [Matadero] 

Creek. Shortly afterwards suckers (Catostomus occi-

dentalis) appeared in the latter creek, where they had 

not previously been seen, although the stream had 

not been under observation for eight years.

Historically during summer, many, if not most, of the small-

er Estuary streams, particularly those draining into central 

and southern San Francisco Bay, became dry or intermit-

tent, as characterized by isolated pools along their reach-

es, from near where they emerge from Coast Range valleys 

to form alluvial fans running down-gradient to the upper 

influence of tidal sloughs (SFEI, 2006). During summer the 

infiltration rate of surface water in streams would be ex-

pected to be moderate to high in sand and coarse grained 

Holocene alluvium and Pleistocene deposits bordering the 

Estuary, and low in fine-grained Holocene deposits (Hel-

ley and LaJoie, 1979). Well-drained, coarse-grained alluvial 

deposits typically are found where streams leave the steep-

er, hilly terrain of the Coast Ranges bordering the Estuary 

to points just upstream of areas of tidal influence. Poorly 

drained, fine-grained sediments are deposited closer to 

the tidally-influence portions of the Estuary. In a footnote 

Snyder (1905, pp. 329-330) corroborates the intermittent 

nature of surface hydrology in alluvial streams of southern 

San Francisco Bay:

Such conditions [referring to the union of two or 

more temporary ponds on the stream floodplains] 

are possible only during the height of the rainy 

season. On the approach of the dry season all the 

streams of the region rapidly shrink, both in vol-

ume and length, only one of them, Coyote Creek, 

discharging water into the bay during summer. 

Much of its bed is dry, however, for part of the year, 

the water sinking soon after leaving the moun-

tains, and appearing again about 2 miles above 

its mouth...Madera [Matadero] Creek occasionally 

becomes so reduced in size during the dry season 

that its water might be held in a few barrels and its 

entire ichthyic fauna placed in a pint cup.

As noted by Helley and LaJoie (1979) various approaches to 

flood control have eliminated the process of lateral chan-

nel migration in most flatland streams bordering the Es-

tuary. In addition, there has been fragmentation of once 

continuous floodplains, and tidal and non-tidal wetlands 

through filling, diking, ground- and surface-water pump-

ing, and urbanization. Human-induced disruption of the 

historic hydrogeomorphic processes of lateral channel mi-

gration and the commingling of local floodplains has re-

duced the probability of the exchange of freshwater fishes 

between watersheds. The loss of dispersal pathways would 

be expected to disproportionately affect those stream fish-

es with low salinity tolerances (e.g., California roach, riffle 

sculpin). A consequence of decreased pathways for disper-

sal is increased isolation of individual watersheds and their 

fish assemblages. Localized extinctions of individual species 

or assemblages may be permanent because there is no lon-

ger the possibility of natural re-colonization.

Local Streamflow Patterns 
and Freshwater Fish Colonization

Movement of freshwater fishes under natural flow condi-

tions within a watershed is determined by several factors 
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including species’ life histories, and habitat preferences 

and availability. The Mediterranean climate of the Estu-

ary results in distinct seasonal patterns in streamflow af-

fecting fish movement. Because eighty percent of the pre-

cipitation falls between November and February, stream 

discharges and surface water connections typically are 

greatest during winter and early spring. During these 

months fish have the greatest opportunities for coloni-

zation. Many streams have natural barriers that impede 

the upstream migration of fishes to reaches with suitable 

habitat. For example, tectonic activity along the numer-

ous faults in the Estuary region has created cascades and 

waterfalls in coastal foothills and mountains that impede 

the upstream migration of fishes such as anadromous 

rainbow trout. 

Under conditions of natural surface-hydrology, the lower 

reaches of many streams within watersheds that traverse 

valley alluvial deposits are intermittent during summer. 

Thus streams typically consist of dry-to-nearly-dry alluvial 

reaches with little surface water connection to smaller 

tributaries, interrupted by long, deep pools underlain by 

bedrock. The lower reaches of streams underlain by less 

permeable formations typically are perennial. The mid-

to-upper reaches of tributary streams are intermittent-to-

perennial in summer depending on characteristics of local 

aquifers. Areas of groundwater discharge become impor-

tant as refugia for fish and other aquatic organisms during 

summer and fall.

Uplift associated with faulting also exposes bedrock and 

creates zones of groundwater discharge that affects 

the distribution and movement of fishes seasonally. As 

streams dry throughout the summer and fall, isolated, 

bedrock pools persist along fault zones where they func-

tion as dry-season refugia for fishes and other aquatic or-

ganisms. For example, in the headwaters of the Coyote 

Creek watershed, one such isolated, bedrock pool approx-

imately 50 ft2 in total surface area contained California 

roach, Sacramento pikeminnow, Sacramento sucker, and 

riffle sculpin, as well as foothill yellow-legged frog (Rana 

boylii), red-legged frog (R. aurora), western pond turtle 

(Clemmys marmorata), and western aquatic garter snake 

(Thamnophis couchii) (Figure III.2). Presumably, fish may 

disperse from these pools following the reestablishment 

of surface water connections during the rainy season.

Construction and operation of water storage and flood 

control reservoirs, and the management of streams 

flows for irrigation and the recharge of groundwater 

basins also have affected the dispersal and colonization 

dynamics of freshwater fishes in Estuary streams. Two 

types of activities that have changed historical hydro-

logic conditions and presumably the patterns of disper-

sal and colonization dynamics of freshwater fishes are: 

(1) increased spring through fall flows from reservoir 

releases for groundwater recharge, water conveyance 

to users, and flood control; and, (2) decreased spring-

summer stream flows due to reservoir storage and local-

ized groundwater pumping.

Some reservoirs, particularly in Santa Clara and Alameda 

counties, are managed to augment stream flows down-

stream to recharge groundwater aquifers, deliver wa-

ter for domestic or irrigation uses, or increase the flood 

storage capacity of reservoirs in anticipation of winter 

runoff. These activities change the hydrology of stream 

reaches below the reservoir from historically intermit-

tent or dry conditions during late spring and summer 

to conditions of perennial surface flow. In addition, re-

charging groundwater aquifers typically requires the 

instream construction of a series of “spreader dams” to 

impound surface water from the reservoir releases and 

allow aquifers to be recharged. A similar practice is to 

use abandoned gravel quarry pits within or adjacent to 

the stream channel as percolation ponds. 

Water augmentation practices directly affect the dis-

persal and distribution of freshwater stream fishes. 

Stream reaches that historically contained primarily na-

tive fishes adapted to intermittent conditions now sup-

port habitat conditions suitable for species that prefer 

perennial flows. In addition, spreader dams and quarry 

ponds create conditions for species that prefer lacus-

trine environments. The extension of perennial flow 

conditions and lacustrine environments along lower 

Alameda and Coyote creeks have provided opportuni-

ties for colonization by nonnative fishes such as centrar-

chids, ictalurids, carp, golden shiner, fathead minnow, 

western mosquitofish, and inland silverside (Figure 
III.3). Native fishes that do well in these conditions in-

clude adult Sacramento suckers, Sacramento blackfish, 

and prickly sculpin.
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stream range extension of a native fish. On Stevens Creek, 

Santa Clara County, reservoir releases have extended the 

range of rainbow trout by changing a historically inter-

mittent stream reach to perennial flows (Smith, 1998). The 

mechanism that allows this range extension may be that in-

creased summer flows result in conditions characterized by 

high dissolved oxygen and abundant food resources even 

though water temperatures are not optimum for rainbow 

trout (J. Smith, SJSU, personal communication, 2001).

Spring-peak and summer stream flows may also be de-

creased due to reservoir storage and localized groundwater 

pumping practices, respectively. Among other impacts these 

activities may result in the partial or complete dewatering of 

naturally perennial or intermittent stream reaches. Stream 

dewatering decreases or eliminates useable habitat for fish-

es, and results in increased fish mortality. Decreased spring-

peak flows may favor the colonization of non-native fishes 

(Brown and Fork 2002).

Estuarine Salinity Gradients and 
Freshwater Fish Movement

Temporal and spatial variation in Estuary salinities ulti-

mately is controlled by regional climatic patterns and their 

influence on precipitation. Paleosalinities derived from fos-

sil mollusk shells contained in sediment cores beneath San 

Francisco Bay indicate periodic climate-driven spatial varia-

tions in estuarine salinity over the past 5,900 years (Ingram 

et al., 1996). The data suggest that the period from 3,700 

ybp to 5,100 ybp was significantly wetter than the past 

2,400 years, when the average annual freshwater inflow 

approached the estimated modern pre-diversion corrected 

Delta flow value of 1100m3/s (Ingram et al., 1996).

Fishes exhibit differing tolerances to salinity (Moyle and 

Cech, 2000). As a consequence, floods and droughts can 

influence stream fish community structure within the Estu-

ary. Salinity controls the daily and seasonal movement of 

fishes, colonization dynamics, and ultimately the distribu-

tion of fishes in Estuary streams. Salinity of the freshwater 

portions of streams flowing into the Estuary above the in-

fluence of the tides typically is less than 0.5 ppt, and only 

rarely as high as 2 ppt. Salinity therefore, is not usually a 

controlling factor affecting within-watershed movement 

of resident freshwater stream fishes above the tidal zone. 

However, salinity is a major factor in determining stream fish 

community structure and the seasonal movement of fishes in 

estuarine environments where freshwater mixes with higher 

salinity waters. Salinity acts as a barrier to the dispersal of 

many freshwater fishes effectively isolating populations of 

fish in different drainages from one another. Salinity may act 

as a barrier to the movement of stream fishes on daily, sea-

sonal, or longer time scales (i.e., decadal), depending on sev-

eral physical factors, most notably total estuarine outflow.      

Delta Outf low. Ninety percent of the annual freshwater 

discharging into the Estuary comes from the Central Valley 

through the Sacramento-San Joaquin River Delta. The com-

bined Sacramento and San Joaquin rivers  system is the wa-

tershed for about 40% of California (Conomos et al., 1985). 

River inflow through the Delta (Delta outflow) has been 

shown to be the most important factor in controlling ob-

served variability in estuarine salinity at any single location 

in the Estuary (Peterson et al., 1989; Peterson et al., 1996), 

although it is strongly influenced by tidal mixing. The Estu-

ary is the mixing environment for Pacific Ocean waters (sa-

linity approximately 33 ppt) and fresh water entering from 

the Central Valley (salinity approximately 0.1 ppt; Conomos, 

1979). Estuarine salinity may vary on several timescales: 

hours to days owing to tidal fluctuations and winds; month-

ly; seasonally (i.e., winter-spring and summer-fall), annually, 

and over hundreds to thousands of years (Peterson et al., 

1995; Ingram et al., 1996). For example, salinity may vary 

as much as 10 ppt between winter-spring and summer-fall 

(Peterson et al., 1995). 

During late-spring and summer (late-May to October) Delta 

flow is typically low, and flow from local streams is negli-

gible, allowing salinities to increase throughout the Estuary, 

especially southern San Francisco Bay. There is an increas-

ing salinity gradient from the Delta, to Suisun, San Pablo, 

Central, and southern San Francisco bays that may persist 

for long periods depending on Delta outflow. Droughts and 

floods affect the magnitude and persistence of the salinity 

gradient throughout the Estuary, which in turn, can alter 

fish community patterns.  For example, during a “wet” win-

ter and spring salinities throughout the Estuary may drop 

below 2 ppt, at least in surface waters, allowing freshwater 
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III.2

Isolated bedrock pool, Kelley Cabin Creek, 
Henry Coe State Park, Santa Clara County. 
Small bedrock pools embedded within 
otherwise summer-dry reaches of stream are 
often fed by groundwater along fault zones, 
and function as important refugia for diverse 
assemblages of native fishes, amphibians, 
and reptiles. 

III.3

Coyote Creek, downstream from Anderson 
Dam, Santa Clara County.  This reach of 
Coyote Creek is naturally intermittent in 
summer, but under current management 
practices receives supplemental flow 
releases from Anderson Reservoir partly for 
groundwater aquifer recharge. 

III.3 ▴

III.2 ▴
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vironments, and presumably between watersheds. In south-

ern San Francisco Bay during “wet” years, fishes such as 

Sacramento blackfish, Sacramento splittail, hitch, common 

carp, goldfish, Sacramento sucker, fathead minnow, thread-

fin shad, and prickly sculpin, that are typically restricted 

to the freshwater environments of Coyote Creek and the 

Guadalupe River also occur in tidal waters (Stevenson et al., 

1987; Baxter et al., 1999). There are anecdotal accounts of 

the huge 1862 flood stating that a brackish plume of wa-

ter from San Francisco Bay reached the Farallon Islands and 

freshwater fishes were found throughout tidal portions of 

the Estuary (Snyder, 1905; Young, 1929).

Local Flow. Stream discharges from the 65 named and ad-

ditional unnamed local watersheds account for 10% of the 

average annual freshwater inflow to the Estuary (Porterfield 

et al., 1961). While smaller tributary streams can create local 

estuaries at a small scale (Grossinger, 1995), they typically do 

not have a large effect on the salinity gradient of receiving 

bays. However, runoff from larger watersheds (e.g., Napa 

River, Napa County; Alameda Creek, Alameda County; Coy-

ote Creek, Santa Clara County) and from sewage-enhanced 

freshwater discharges to southern San Francisco Bay can 

result in localized reductions in surface salinities near the 

mouths of streams (Conomos et al., 1985). Historically, under 

conditions of lateral stream channel migration and the com-

mingling of local floodplains of adjacent watersheds, aver-

age to above average discharges from local streams during 

winter and spring months presumably would have provided 

dispersal routes for freshwater fishes between watersheds. 

Summary

The frequency of exchanges of freshwater fishes between 

watersheds is controlled largely by several interacting bi-

otic and abiotic factors including: 1) the effects of Delta 

and local flow on Estuary surface salinities; 2) fish species 

composition within, and the geographic location of, wa-

tersheds; 3) the amount, timing, duration and magnitude 

of stream discharge; 4) the height of the tides; 5) local 

geologic controls on channel movement and floodplain 

width; and, 6) species’ life history constraints. However, 

the frequency of movement of freshwater dispersant fish-

es between watersheds of varying sizes is unknown. 

Dynamics of stream colonization by freshwater fishes in the 

Estuary likely varied greatly between glacial and intergla-

cial ages. Prior to the onset of the most recent interglacial 

age beginning some 10,000-15,000 ybp streams tributary 

to the present-day Estuary flowed into an ancient Sacra-

mento-San Joaquin River which itself flowed to its mouth 

somewhere near the present Farallon Islands. Geological 

and paleontological evidence (i.e., fossil pelecypods and 

foraminifers) from estuarine sediments under southern 

San Francisco Bay suggests that a late Wisconsin period 

trunk stream, possibly an ancestral Coyote Creek, flowed 

north-receiving discharges from smaller streams draining 

easterly and westerly from the Coastal Ranges (Atwater 

et al., 1977). The southern trunk stream likely joined an 

ancestral Sacramento-San Joaquin River north and east of 

Angel Island, thence flowed through the Golden Gate (At-

water et al., 1977). 

Estuary streams tributary to the Sacramento-San Joaquin 

River prior to the most recent interglacial period could 

be colonized directly. For example, the east and west side 

tributaries that currently flow into southern San Francisco 

Bay presumably would have been confluent with an an-

cient Coyote River that was connected to the Sacramento-

San Joaquin River near Angel Island. Prior to modern flood 

control projects, geograpically adjacent streams could in 

many cases, established temporary hydrologic connections 

through broad seasonal flooding of the lowlands (Snyder, 

1905; Grossinger 1995). However in their present-day con-

figurations the transfer of freshwater dispersant fishes 

between watersheds likely happens infrequently, except 

during periods of high Delta outflow and/or local stream 

discharges, especially in central and southern portions of 

the Estuary.
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Part IV

Methods

top left
Upper Smith Creek, Alameda Creek watershed, 
Santa Clara County. 

bottom left
Recording field data, San Felipe Creek, Santa 
Clara County. Photo: Tim Vendlinski.

top right
Biologists identifying fish species collected from Sonoma 
Creek, Sonoma County. Photo: Tim Vendlinski.

bottom right
Measuring Sacramento pikeminnow (Ptychocheilus grandis), 
Alameda Creek, Alameda County.
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Historical and Recent Distributional 
Records

A goal of this study was to document the past distribution 

and current status of stream fishes within each watershed 

of the Estuary. I collected historical and recent records on 

the distribution of stream fishes in the San Francisco Es-

tuary from published literature, unpublished reports and 

studies, field notes, public agency files, and specimens 

housed at museums and universities, and through inter-

views with individuals knowledgeable about fishes within 

particular streams or watersheds. I treated pre-1981 re-

cords as historical information for purposes of this study. 

Information on the historical and current distributions of 

native and nonnative fishes is summarized in individual 

species accounts, Tables 4 and 5 in V. Results and Appen-
dices 2 and 3. 

Because historical records varied widely in the quality 

and reliability of the information, I developed criteria to 

assess the relative reliability of historical and recent re-

cords to confirm the presence or absence, and status, of 

fishes within Estuary streams (refer to criteria in Leidy et 

al., 2005b). These assessment criteria were used to assess 

the reliability of a particular record to indicate the rela-

tive probability of the historical and/or current existence 

of a species within a watershed. Accurate identification 

of certain fishes (e.g., cottids, juvenile cyprinids) is often 

difficult and, therefore, it is likely that some original his-

torical records are based on misidentified specimens. 

Common and scientific names for fishes discussed in this 

report are presented in Tables 4 and 5  in V. Results. I use 

common names mostly, except in instances where the use 

of a scientific nomenclature clarifies taxonomic and/or sys-

tematic relationships among taxa, such as when discussing 

original species descriptions.

Sampling Design

Fish Sampling. Abundances of stream fishes were docu-

mented at 270 sites within 23 Estuary watersheds between 

1993 and 1999. The primary goals of fish sampling were: 

(1) to document the present distribution and abundance 

of native stream fishes by recording the presence, and 

relative abundance of fish species at a particular sampling 

location; and (2) assess how gradients in environmental 

conditions might affect species distributions and the struc-

ture of stream fish assemblages. Stream locations known 

to contain native fishes based on historical records were 

sampled to document species distribution and abundance. 

Additional sites were sampled in habitats where historical 

information was incomplete. Sampling sites were strati-

fied to maximize the diversity of habitat types in different 

geomorphic settings to ensure representative sampling of 

fish assemblages. Stream reaches were typically sampled 

above the influence of diel tidal fluctuations, except for six 

sites sampled within the tidally influenced, brackish-water, 

Napa River – Sonoma Creek marsh complex.  At each site an 

effort was made to sample the full range of habitat types 

(e.g., riffle, run, pool) within representative stream reaches 

and geomorphic settings (e.g., high-elevation, high-gradi-

ent, bedrock controlled; low-elevation, low-gradient, al-

luvial unconsolidated bottom). I typically included two re-

peating geomorphic sampling units (e.g., pool, riffle, run). 

A minimum of 30m was sampled at all sites. 

Sampling techniques were based on site-specific physical 

characteristics and conditions, and the method employed 

was the one that would sample a site most thoroughly.  Fish 

sampling typically relied on one or more of the following 

techniques: electrofisher, minnow or beach seine, or dip net. 

A mid-water trawl was used to sample sites in the Napa River 

and Sonoma Creek marsh complex. Sampling with a Smith-

Root Type XI backpack electrofisher was the most frequently 

employed method, primarily in reaches with depths of less 

than one meter (m) and with water velocities of less than 

three second feet. Single-pass electrofishing was conducted 

in a downstream to upstream direction for a minimum dis-

tance of 30 m. Isolated pools less than 30 m in length char-

acterized some sampling locations. In this situation, multiple 

pools were sampled until a minimum of 30 m distance was 

sampled. Distances of greater than 30 m were electrofished 

when either no, or few, fishes were collected within the first 

30 m sampled. This additional sampling effort was directed 

at ensuring the presence or absence of species. An effort was 

made to sample all habitats within a reach with equal effort 

(i.e., sampling time and area sampled); however, habitats 

immediately adjacent to stream banks often received more 

intensive sampling because these areas typically provided 

the most heterogeneous habitat for fishes, as measured by 
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at the upstream and downstream ends of the sampling site 

if physical conditions (e.g., high water velocities, poor wa-

ter clarity) warranted their use. Either two or three person 

crews conducted electrofishing, with all members of the 

crew collecting stunned fish by dip net.

Minnow and/or beach seine were typically used for sampling 

at depths greater than one meter. Sampling effort varied 

between these methods although an effort was made to 

conform to the minimum 30 m length of stream sampling 

distance. A student minnow seine was used to depths of 1 m 

while depths of 1 m - 2 m were sampled with a beach seine. 

Student and beach seines were constructed of 6-mm mesh 

and were 1.5 m x 2 m and 2 m x 4 m in depth and width, 

respectively.  Very shallow habitats (typically < 5 cm depth) 

where electrofishing and larger nets were not effective were 

either sampled with small size mesh dip nets (4-6 mm mesh), 

or fish were identified and counted visually. 

All fish were identified using one or both of the following 

references: Moyle  (2002); Page and Burr (1991). All col-

lected fish were released, except in a few instances where 

specimens were collected and preserved in 70% isopropyl 

alcohol for later identification.

Environmental Sampling and Variables. At each col-

lection site 21 physical, biotic, and water quality variables 

were measured or calculated including: 

1.	 elevation (m), from digitized USGS 7.5′ scale 

topographic maps; 

2.	 stream order, after Strahler (1957); 

3.	 percent channel gradient, from field measurement; 

4.	 the total number of species;  

5.	 the percentage native fish species in the sample; 

6.	 floodplain width (m);

7.	 bankfull width (m);

8.	 wetted-channel width (m); 

9.	 water temperature (° C); 

10.	channel confinement, calculated as floodplain 

width divided by bankfull width;

11.	conductivity (umhos);

12.	maximum water depth (cm); 

13.	average water depth (cm); 

14.	stream discharge (cfs); 

15.	water clarity (1-5 visual scale, where 1 = crystal 

clear and 5 = extremely muddy); 

16.	percentage canopy coverage, as the percent-

age the wetted channel covered by a vertical 

projection of the riparian vegetation onto the 

water surface; 

17.	percentage of habitat consisting of riffle or 

pool (Flosi and Reynolds, 1994); 

18.	instream shelter rating for protection from 

stream velocity as provided by stream hydrau-

lics, such as boulders, submerged vegetation, 

coarse woody debris, channel configuration, 

back-eddies (0-2 scale, where 0 = none, exposed 

to current, 1 = moderate, adjacent to current 

with slight protection, and 2 = major, complete 

current protection); 

19.	visual isolation or reduction in horizontal line-

of-sight (0-2 scale, 0 = none, open, 1 = moder-

ate, partially obscured, and 2 = major, mostly 

obscured); 

20.	light reduction provided by turbidity, overhang-

ing or submerged vegetation, undercut banks 

(0-2 scale, 0 = none, bright, 1 = moderate, par-

tially shaded, and 2 = major, dark); and 

21.	percentage substrate as silt/clay/mud, sand, 

gravel, cobble, boulder, and bedrock (according 

to the Wentworth particle-size scale).
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Measurements of substrate composition and water depths 

were taken at 9-15 points at equal intervals of three mea-

surements per transect along three to five equally spaced 

transects, established perpendicular to stream flow within 

the sampled reach. Percentage substrate composition first 

was visually estimated independently, and then confirmed 

collectively, by two observers centered on 1 m2 quadrat at 

each sampling point. 

Data Analysis

Statistical analyses were performed on data collected at 154 

of the sample sites. The remaining 126 sample sites were 

omitted from statistical analyses due to spatial autocorrela-

tion among sites, incomplete sampling, or because sampling 

was not conducted during the months of April through Sep-

tember of a given year. However, data in these samples was 

used to discern general distributional patterns and ecologi-

cal relationships among fishes. To reduce any statistical ef-

fects of rare species, only species collected from a minimum 

of 5% of the sites and comprising at least 10% of the sample 

abundance at one or more individual sites were included in 

the analyses. Fifteen species, nine native (hitch, California 

roach, Sacramento pikeminnow, Sacramento sucker, rain-

bow trout, threespine stickleback, prickly sculpin, riffle scul-

pin, and tule perch) and seven nonnative (common carp, 

inland silverside, rainwater killifish, western mosquitofish, 

striped bass, green sunfish, and yellowfin goby), were in-

cluded. An additional 19 species that were collected during 

this study were not used in the statistical analyses due to 

their rarity. Species abundance data were log10(x+1) trans-

formed to down-weight the effect of occasional high abun-

dances. Environmental variables expressed as percentage 

data were transformed to arcsine square root to improve 

normality and homoscedasticity. 

I determined changes in native stream fish assemblages 

along longitudinal gradients from the higher elevation 

coastal foothills down-gradient to the alluvial plains adja-

cent to the bay estuary for several watersheds of varying 

size. I utilized historical records and samples made during 

this study to discern whether longitudinal patterns were 

best described by species addition and/or replacement.    

Two-way indicator species analysis (TWINSPAN), which is 

a divisive clustering method originally developed by Hill 

(1979), was used to classify species and sampling site data 

(Pisces Conservation LTD, Version 2.1). TWINSPAN forms 

pseudospecies that are analogous to separate variables for 

the abundance levels of a species. TWINSPAN takes species 

sample abundances and, using reciprocal averaging, orders 

the samples so that similar clusters (i.e., site groupings and 

species groupings) are proximate to each other. TWINSPAN 

ordination was limited to two sequential divisions produc-

ing 4 groups, because further divisions produced groups 

often containing no or one species. 

Fish assemblages were related to environmental vari-

ables by canonical correspondence analysis [CCA] using 

the CANOCO 4.0 program (ter Braak, 1996; ter Braak and 

Smilauer, 1998), and ECOM (Ordination and Classification 

of Biological and Environmental Data, Version 2.1, Pisces 

Conservation Ltd., 2002). CCA is a direct gradient analysis 

technique that ordinates sites (samples) in terms of their 

biological components, optimized in relation to the influ-

ence of environmental factors. CCA depicts sites and spe-

cies in an ordination plot containing vectors, representing 

environmental gradients that can be used to interpret the 

similarity between sites in terms of their species composi-

tion and species in terms of their environmental require-

ments. The length and direction of the vectors indicate the 

importance of the environmental variable and the correla-

tion of the environment with species composition, respec-

tively (Palmer, 1993). The location of the sites in relation 

to the arrows indicates the environmental characteristics 

of the sites, while the location of species relative to the ar-

rows denotes the species preferences (Palmer, 1993). I ran 

CCA in the forward selection mode, and the significance 

of each of the nineteen variables was determined in a se-

quential manner using a Monte-Carlo forward selection 

process prior to inclusion in the final model (p < 0.05).  

To better discern patterns in fish assemblage structure 

among sampling sites, CCA was performed independently 

on data from all 154 statistical sites, as well as from a sub-

set of 42 sampling sites combined from the Napa River and 

Sonoma Creek watersheds. The Napa River (1103 km2) and 

Sonoma Creek (440 km2) are the two largest watersheds 

draining into San Pablo Bay in the northern Estuary and 

their combined drainage area represents 17% of the total 

drainage area for all Estuary watersheds (9000 km2) con-
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watersheds are proximate to one another within the Mt. 

St. Helena Flows and Valleys ecological subsection (Appen-
dix 1; Table 2). 

Species Accounts

The historical distribution and current status of each fish 

species with records of occurrence in Estuary streams is 

provided (see V. Results and Appendix 3). For the nine 

and seven most commonly collected native and nonnative 

species, respectively, I calculated Pearson product moment 

correlations between species rank abundances and each 

environmental variable. To be significant at the 5% level 

a parameter should have a P <0.05. Correlations between 

species rank abundances, the percentage of native fishes, 

and the total number of species at each site is not statisti-

cally independent and therefore were used for descrip-

tive purposes only (Moyle and Nichols, 1973; Brown and 

Moyle, 1993).

For the remaining species either not collected during this 

study or collected at less than 5% of the sampling sites, I 

provide a discussion of their ecology based on available 

data and personal observations from this study, and/or 

from information contained in the literature and other 

sources. Finally, I make recommendations for further re-

search, monitoring, and/or management actions for spe-

cies of conservation interest. 
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Part V

Results

top left
Alameda Creek, Niles Canyon, Alameda County.

bottom left
TNC biologist Larry Serpa, Upper Smith Creek, 
Alameda Creek watershed, Santa Clara County.

top right
Indian Creek, Alameda Creek water-
shed, Alameda County.

bottom right
Miller Creek, Marin County.
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Notable Historical Collections 
and Research, 1854-2006

The majority of pre-1900 references comprised collections 

made either from San Francisco fish markets or from sev-

eral of the larger watersheds (e.g., Alameda and Coyote 

creeks, Napa River)(Appendix 2). The first scientific descrip-

tions for several freshwater taxa, some endemic to Califor-

nia’s Sacramento-San Joaquin Fish Province, were based on 

these “market” fish (e.g., green and white sturgeon, Sacra-

mento blackfish, hardhead), many by W.O. Ayres and W.P. 

Gibbons from the California Academy of Sciences in San 

Francisco (Ayres, 1854a, b, c, d, 1855a, b, c, 1862; Gibbons, 

1855). The primary sources for market fish were often not 

clearly stated in these early species’ descriptions. In several 

instances, reference is made to fish being collected from 

lakes and rivers within the Central Valley and subsequently 

transported to San Francisco markets. In only a few cases 

are streams tributary to the Estuary mentioned specifically 

as the source of market fish, although undoubtedly these 

streams contributed certain species during seasonal migra-

tions (e.g., steelhead).

There are several other notable collections from the Estuary 

prior to 1900. The famous Harvard ichthyologist Alexander 

Agassiz, in collaboration with T. G. Cary, provided perhaps the 

earliest pre-urbanized glimpse of the assemblage structure of 

a small Estuary stream with their collections between 1854 and 

1860 from San Mateo Creek, San Mateo County (records and 

specimens housed at the Museum of Comparative Zoology, 

Harvard University). Agassiz and Cary collected coho salmon, 

rainbow trout/steelhead, California roach, Sacramento sucker, 

and possibly threespine stickleback from San Mateo Creek. 

Riffle sculpin was also described from San Mateo Creek during 

this period (Girard 1854a; see also USNM 290 in Appendix 2).  

These six fishes formed an assemblage very similar to the one 

that exists today with the exception of coho salmon, which 

has been extirpated from the watershed, along with the pos-

sible extirpation of riffle sculpin.

There are several references to fishes collected from Estu-

ary watersheds during the 1850s as part of the natural his-

tory surveys of the western United States often sponsored 

by the federal government in affiliation with major muse-

ums and research institutions, including surveys for a Pa-

cific route for the transcontinental railroad (Girard, 1854a, 

b, 1856a, b, 1857a, b, 1858, 1859). During the mid-to-late 

1890s, John O. Snyder, Charles H. Gilbert, and others, from 

Stanford University conducted surveys of Pacific coastal 

watersheds that included several streams in the southern 

Estuary (e.g., Alameda, Coyote, Guadalupe, Saratoga, Ste-

vens, Adobe, Matadero, and San Francisquito creeks) and 

the Napa River watershed (Snyder, 1905, 1908, 1913; CAS, 

fish collection and accession files). One of the most widely 

referenced historical studies for the Estuary is Snyder’s de-

scriptions and compilation of fishes from several water-

sheds in the southern Estuary (Snyder, 1905). 

There were several other notable collection efforts of fishes 

from Estuary streams from 1900-1960, including collections 

made in the early 1920s by Carl Hubbs and later during 

the 1930s-1940s by Robert R. Miller, both of the University 

of Michigan (University of Michigan, Museum of Zoology, 

Fish Division). Interestingly, Hubbs, who was perhaps was 

the greatest ichthyologist of the 20th Century, collected 

two California endemic fishes, Sacramento perch and tule 

perch, from lower Coyote Creek, Santa Clara County, while 

studying the life histories of Pacific lamprey and the poorly 

documented western brook lamprey (Hubbs 1925; CAS and 

University of Michigan fish collections). Hubb’s life history 

observations of western brook lamprey remain one of the 

few studies of this species. 

Beginning in the late-1920s and continuing through the 

1960s, William Follett, of the California Academy of Sci-

ences, made collections documenting occurrences of na-

tive fishes in several Estuary streams, most notably Alam-

eda and Coyote Creeks, Alameda and Santa Clara counties 

(Follett, 1974; CAS, fish collection and accession files). 

Follett’s collections ultimately provided important distri-

butional data for one of the first studies specifically fo-

cused on the status of regionally declining native fishes 

in the Estuary (Aceituno et al., 1976a, b). Also, during the 

1920s and 1930s there were several pioneering studies of 

the life histories of native cyprinids. Donald Fry, Jr., of the 

CDFG, conducted research into the life history of Califor-

nia roach, based, in part, on observations and specimens 

collected from Coyote and Guadalupe Creeks, Santa Clara 

County, and San Anselmo Creek, Marin County (Fry, 1936). 

This study was based on research conducted by Fry from 

1926-1928 while a graduate student under J.O. Snyder, at 

Stanford University. During the late-1920s, research on the 



47

Fishes in Streams Tributary to the San Francisco Estuary

R
.A

. 
Le

id
ylife history of Sacramento pikeminnow was conducted by 

Alan Taft, also of the CDFG (Taft, 1928; Taft and Murphy, 

1950). This research was based primarily on observations 

and fish collected from Coyote Creek, Santa Clara County. 

As in the case of Donald Fry, discussed above, the study 

was based on research conducted by Taft while a graduate 

student under J. O. Snyder.   

Throughout the late-1930s and 1940s Leo Shapovalov, 

CDFG, conducted surveys of streams throughout the Estu-

ary. Shapovalov’s work primarily focused on the manage-

ment of rainbow trout/steelhead populations. However his 

observations, often detailed in prodigious field notes, also 

contained important information on the presence of other 

native fishes, often from poorly sampled streams in remote 

locations. Of note are Shapovalov’s field notes and reports 

on fishes, particularly rainbow trout/steelhead, in several Al-

ameda, Santa Clara, and Napa County reservoirs (Shapovalov, 

1937, 1939, 1940, 1942, 1944a, b, c, 1945, 1946a). For ex-

ample, Shapovalov’s creel census reports for Stevens Creek 

and Reservoir, Santa Clara County, often included observa-

tions of spawning runs of steelhead downstream from the 

dam, as well as populations of “resident” rainbow trout up-

stream from the reservoir. Shapovalov was one of the first 

biologists to note that populations of landlocked rainbow 

trout trapped above recently constructed reservoirs often 

retained anadromous life history behaviors, as exhibited by 

annual spawning migrations from the reservoir into tribu-

tary streams. Notably, Shapovalov (1946b) also confirmed 

the presence of coho salmon in the Arroyo Corte Madera 

del Presidio watershed in Marin County.

During the 1940s-1950s several other surveys provided im-

portant information on the distribution of native fishes in 

Estuary streams. As a graduate student at the University 

of California, Berkeley, Garth Murphy studied geographic 

variation in the morphology of coastal populations of the 

endemic California roach, including variation in populations 

from several Estuary streams (Murphy, 1943, 1948). Murphy’s 

research also provided important information on the distri-

bution and structure of native species assemblages in several 

Estuary streams, most notably Alameda and Coyote creeks, 

and the Napa River, during a period of increasing urban-

ization of the Estuary. As biologists with the CDFG, Garth 

Murphy and Brian Curtis documented changes in stream fish 

assemblages in Conn Creek, a tributary to the Napa River, 

before, during, and after the construction of Lake Hen-

nessey beginning in the mid-1940s (Curtis, 1945a, b, c; Mur-

phy, 1946, 1949; Murphy and Pintler, 1950). These studies 

provided insights into the effects of the construction of a 

reservoir on the fishes of a small coastal California stream, 

particularly populations of steelhead.

During the mid-1950s, Donald and Helen Simpson made 

collections of native fishes in Coyote Creek, Santa Clara 

County, and in several small Marin County tributaries to 

the Estuary (CAS, fish collection and accession files). Also 

during this period Terrence Merkel, a biologist with the 

CDFG, collected in several streams of the southern Estu-

ary, most notably Coyote and Upper Penitencia creeks, and 

the Guadalupe River (CDFG, stream survey files, Yountville; 

CAS, fish collection and accession files).

In the early 1960s, the CDFG published an historical review 

of the fish and wildlife resources of the San Francisco Bay 

area (Skinner, 1962). Skinner’s report was the first to at-

tempt summarize what was known about fishes in the Es-

tuary, particularly game species. Skinner (1962) identified 

several watersheds in the Estuary that historically and re-

cently (ca. 1950s-1962) supported spawning runs of steel-

head and coho salmon. In addition, Skinner (1962) con-

tained perhaps the first attempted classification of Estuary 

streams based largely on water temperature for purposes 

of fisheries management. 

Perhaps the most important contribution to understanding 

the status and ecology of native stream fishes in the Estuary 

was the graduate research of John Hopkirk at the University 

of California, Berkeley, during the late-1950s and 1960s, into 

morphological variation and endemism in fishes of the Clear 

Lake region (including some streams tributary to the Estu-

ary) of north-central California (Hopkirk, 1962, 1967, 1973). 

In addition to providing an extensive review of the distribu-

tional status of native stream fishes in the Estuary region, 

Hopkirk was one of the first researchers to integrate the 

fields of systematics and functional morphology with the 

ecology of stream fishes. Hopkirk’s classic research remains 

some 40 years later a benchmark for studies in the ecology 

and conservation of native stream fishes. 

Much of the research into native fishes in California and 

the Estuary during the 1950s-1960s is attributable to Paul 
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Needham and his students at the University of Califor-

nia, Berkeley. In their now classic study on morphologi-

cal variation in coastal populations of rainbow trout in 

Mexico and California, Paul Needham and Richard Gard 

included specimen and habitat descriptions from upper 

San Pablo Creek near Orinda, Contra Costa County, along 

with insights into the occurrence of salmonids in adjoin-

ing Estuary watersheds (Needham and Gard, 1959). Need-

ham along with several U.C. Berkeley graduate students 

(most notably John Hopkirk, William Matthews, and Rob-

ert Behnke, among others) also collected fishes in several 

Estuary watersheds during field trips for the ichthyology 

course. Watersheds from which fishes were documented 

included the tidal portions of the Napa River and tributar-

ies such as Tulucay Creek, as well as Lake Anza, Tilden Re-

gional Park, and Lake Temescal in the Oakland Hills. Inter-

estingly, these latter reservoir sites contained introduced 

populations of the endemic hitch and Sacramento perch, 

species of conservation concern today (Appendix 2). 

The distributional status of fishes in the smaller Estuary 

watersheds remained poorly understood until the 1970’s 

when the CDFG inventoried many Estuary watersheds 

(CDFG, stream survey files, Yountville). Although broad in 

geographic coverage the surveys were primarily “qualita-

tive”, consisting largely of visual walking or driving inspec-

tions of several points along a stream. With few exceptions 

(some surveys by Gary Scoppettone), the surveys were fo-

cused on determining the population status of rainbow 

trout/steelhead and therefore, other non-game, native 

fishes were generally overlooked or given cursory mention. 

Unfortunately, streams containing no or “marginal” habi-

tat for rainbow trout/steelhead were typically discounted 

as of minimal importance to aquatic resources. 

Graduate research on fishes of the Petaluma River by Mi-

chael Caywood at Sacramento State University during the 

early 1970s was one of the earliest assessments of the struc-

ture of fish assemblages in the tidal waters and wetlands 

of a large Estuary stream (Caywood, 1974). Caywood’s ob-

servations of the use of tidal marshes by Sacramento split-

tail provided important insights into the ecology of this en-

demic cyprinid. From 1973-1978, the CDFG also conducted 

fisheries surveys in the tidal sloughs and wetlands of the 

Napa River (CDFG, 1979). These surveys identified the pres-

ence of over 18 species of native fishes, including several 

regionally uncommon or declining taxa such as Sacramento 

splittail, Delta smelt, rainbow trout/steelhead, and Sacra-

mento perch, among others.

An exception to the above focus on the management of 

rainbow trout/steelhead populations, were the studies of 

native fishes in Alameda and Coyote creeks by Aceituno 

et al. (1976a) and Scoppettone and Smith (1978). Along 

with the pioneering research of Moyle and Nichols (1973, 

1974), and Moyle et al. (1982) in the Central Valley, these 

studies were some of the first in California to specifically 

focus on the ecology of native streams fishes and discuss 

their conservation. As such, they not only provided impor-

tant information on the distribution of native fishes in the 

two largest Estuary watersheds, but also contributed to an 

important paradigm shift to viewing streams as important 

repositories of aquatic biodiversity.

The first systematic effort to document the historical oc-

currence and recent status of fishes in Estuary streams was 

during 1981-1982 (Leidy, 1984). Leidy (1984) compiled ap-

proximately 1,775 historical references to native and non-

native stream fishes, and sampled 457 sites on 175 streams 

(51 watersheds). This study serves, in part, as an update to 

Leidy (1984).

Archaeological research on Native American middens has 

provided some of the most important insights into the 

composition and structure of pre-European stream fish as-

semblages in the Estuary. Gobalet (1990a, b, 1992, 1994) 

and Gobalet et al. (2004) have clarified the distributional 

status of native fishes in several watersheds, including sev-

eral extinct and/or regionally declining species. For exam-

ple, Gobalet (1990b, 1992) confirmed the native status of 

Sacramento perch in the Alameda Creek watershed, and 

Sacramento splittail for several other Estuary watersheds. 

Other important contributions based on archaeological re-

search to our understanding of pre-European fish faunas 

include: Schultz (1978, 1986) for the Napa River and Alam-

eda Creek; Casteel (1973, 1978), Casteel and Rymer (1975), 

and Casteel and Adam (1977); Quinn (2002) for the Napa 

River; and Silliman (2002) for the Petaluma River.

Several recent ecological history projects have provided 

useful information on past aquatic habitats, as well as 

fish distributions and abundances in Estuary streams (e.g., 
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ecology when combined with prehistoric and recent ar-

chaeological research often allows for the reconstruction 

of fish communities prior to modern extirpation of fishes 

in separate watersheds. As such, historical ecology plays 

an increasingly important role in establishing reference 

conditions necessary for the restoration and monitoring 

of native fish assemblages. 

General Distribution Patterns of Fishes

Historical and Recent Records. My search documented 

the presence of 77 species of fishes either historically or re-

cently recorded from Estuary streams, including 33 native 

and 44 nonnative species (Tables 4 and 5). Twenty-four fami-

lies were represented in the historical and current records 

including Petromyzontidae, Anguillidae, Acipenseridae, Clu-

peidae, Cyprinidae, Catostomidae, Characidae, Ictaluridae, 

Osmeridae, Salmonidae, Atherinopsidae, Fundulidae, Poe-

ciliidae, Atherinopsidae, Adrianichthyidae, Gasterosteidae, 

Cottidae, Moronidae, Centrarchidae, Percidae, Cichlidae, 

Embiotocidae, Gobiidae, and Pleuronectidae. 

I found approximately 3,400 historical documents for native 

fishes for the period 1854-1981 (Appendix 2). These records 

represent a 49% increase in the total number of records (n = 

1,760) presented for native species by Leidy (1984). Greater 

than 50% of the historical records for native fishes came 

from the five watersheds with the greatest areas; Alameda 

Creek, Coyote Creek, Guadalupe River, Sonoma Creek, and 

the Napa River. Rainbow trout/steelhead had the greatest 

total number of historical and recent records, presumably 

because of its widespread distribution and longstanding 

popularity as a game fish with the public and fisheries man-

agement agencies. Historical and recent records for threes-

pine stickleback were found for 81% (n = 55) of Estuary wa-

tersheds, due in large part to the presence of fresh, brackish, 

and saltwater populations. 

Of the 33 native fishes from Estuary streams, three species 

(9%) are now presumed extinct either globally (i.e., thicktail 

chub), or within the study area (i.e., coho salmon and tide-

water goby), while four species (12%) are of unknown sta-

tus (i.e., western brook lamprey, tui chub, speckled dace, and 

coastrange sculpin) (Tables 4 and 6). The remaining 26 na-

tive species (79%) are present in Estuary watersheds in vary-

ing abundances. Some species occur occasionally as strays, or 

transient migrants, others are uncommon and/or restricted 

geographically to a few watersheds and/or stream reaches, 

and some are locally common and/or widespread (Table 6). 

Of the 44 species of nonnative fishes, all but nine have re-

producing populations (Table 5, Appendix 3). These nine 

species (i.e., American eel, pacu spp., lake whitefish, Atlantic 

salmon, brook trout, lake trout, Japanese rice fish, rock bass, 

and Jack Dempsey) were introduced but failed to establish 

viable populations. The status of two nonnative species (i.e., 

yellow bullhead and brown trout) is unknown, although the 

single record from an Estuary stream for yellow bullhead is 

most likely based on misidentified black bullhead (P. Moyle, 

UCD, personal communication, 2004).

Fifty-two percent (n = 17) of the Estuary’s 33 native stream 

fish species are either euryhaline marine and/or estuarine 

resident (Tables 4 and 7). Euryhaline marine fish comprise 

three families and 6 species. In addition, 46% (n = 15) of 

the Estuary’s obligatory freshwater fish species are salt-

water dispersant (Table 7). Saltwater dispersant species, 

exclusive of euryhaline marine taxa, are represented by 

six families: the Petromyzontidae (3 species), Acipsenseri-

dae (2), Osmeridae (1), Salmonidae (5), Gasterosteidae (1), 

Cottidae (2), Embiotocidae (1), and Gobiidae (1). There 

are 12 species of freshwater dispersant fishes represented 

by only four families: the Cyprinidae (9 species), Catos-

tomidae (1), Centrarchidae (1), and Cottidae (1) (Table 5). 

Interestingly, Sacramento perch (historically) and Sacra-

mento sucker have tidal as well as non-tidal riverine pop-

ulations in the Estuary and therefore may be considered 

saltwater dispersant unlike other Central Valley popula-

tions (Appendix 2).  

I was able to locate approximately 355 historical records, 

or about 10% of the total number of records, for native 

freshwater stream fishes in the Estuary prior to 1900, not 

including prehistoric/early historic records based on ar-

chaeological evidence (Appendix 2). Archeological evi-

dence for stream fishes in Estuary streams comprised an-

other approximately 100 records (Wolff, 1971; Casteel, 

1973, 1978; Casteel and Rymer, 1975; Casteel and Adam, 

1977; Schulz, 1978, 1986; Gobalet, 1990a, b, 1992, 1994; 

Quinn, 2002; Gobalet, et al., 2004; Appendix 2).
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Fish Sampling. Of the 39 fish species collected during 

1993-1999, 46% (18) were native and 54% (21) nonnative 

to the Estuary (Table 8). Sixteen families were represented 

in the sampling. The nine native species retained in the sta-

tistical analyses were from six families including Salmonidae 

(1 species), Cyprinidae (3), Catostomidae (1), Gasterosteidae 

(1), Embiotocidae (1), and Cottidae (2). The seven nonnative 

species retained for analysis are represented by the families 

Cyprinidae (1 species), Poeciliidae (1), Atherinopsidae (1), 

Centrarchidae (2), Cyprinodontidae (1), and Gobiidae (1).

The number of species collected at a site ranged from one (at 

27 sites) to 11 (at one site). The greatest number of native 

species was recorded from streams with the largest water-

shed areas, including Alameda Creek (1813 km2, 11 species), 

Coyote Creek (833 km2, 13 species), Napa River (1103 km2, 13 

species), and Sonoma Creek (440 km2, 11 species). With the 

addition of nonnative species, I recorded 16-23 species with-

in the four largest watersheds. Only threespine stickleback 

was collected from all watersheds (37% of sampled sites). 

Other geographically widespread, commonly collected spe-

cies include native fishes such as California roach (59% of the 

collection sites), rainbow trout/steelhead (48%), Sacramento 

sucker (45%), prickly sculpin (27%), riffle sculpin (16%), and 

Sacramento pikeminnow (16%) (Tables 4 and 8). Green sun-

fish was the most commonly collected nonnative fish (15%), 

followed by western mosquitofish (8%), common carp, and 

yellowfin goby (5% each) (Tables 5 and 8).

Twinspan Site and Species Groups

The first TWINSPAN division separated native from nonnative 

species, with several exceptions (Figure V.1). Nonnative spe-

cies groups were associated primarily with the lower main-

stem sites except for the presence of hitch, prickly sculpin 

and threespine stickleback. The second TWINSPAN division 

identified three distinct groups that differed significantly for 

several environmental variables (Table 9). 

The first species group in the second division was associ-

ated with upper mainstem and tributary sites and con-

tained two native fishes, rainbow trout and riffle sculpin 

(Figure V.1). Upper tributary sites were narrow, low order, 

moderate-to-high gradient streams, with a high percent-

age of riparian canopy coverage, and dominance by larger 

size-class substrates (i.e., large gravel, cobble, boulder and 

bedrock) (Table 9). Upper tributary sites had high water 

clarity and low specific conductance and water tempera-

tures compared to downstream sites.

The second group within the second division contained 

four native fishes including California roach, Sacramento 

pikeminnow, Sacramento sucker, and tule perch, (Figure 
V.1, Table 8). These species were typically associated with 

middle mainstem and lower large tributary sites and regu-

larly contained low abundances of species characteristic of 

upper tributary and large lower mainstem sites (discussed 

below). Environmental conditions at middle mainstem and 

lower large tributary sites were intermediate between up-

per tributary and lower large mainstem sites. Compared 

to upper tributary sites, middle mainstem and lower large 

tributary sites had greater channel widths, greater maxi-

mum depths (because of deeper pools), finer substrates, 

less overhead riparian canopy coverage, and higher water 

conductivities and water temperatures (Tables 8 and 9).

The third group contained two native species (i.e., threespine 

stickleback and prickly sculpin) typical of lower small to large 

mainstem sites (Figure V.1). As such, these native fishes often 

showed broad overlap in their distribution and habitat use 

with the mostly nonnative fishes comprising the fourth TWIN-

SPAN group (discussed below). Threespine stickleback and 

prickly sculpin often were the only native fishes recorded from 

mainstem sites with watersheds with small drainage areas.

The fourth group contained seven nonnative species (i.e., 

common carp, rainwater killifish, mosquitofish, inland sil-

verside, green sunfish, striped bass, and yellowfin goby) 

and one native species, hitch, typical of large lower main-

stem sites (Figure V.1). Lower mainstem sites were high or-

der, low gradient streams with low water clarity, low ripar-

ian canopy coverage, and high conductivity. In addition, 

lower mainstem sites had the greatest maximum depths of 

pools, and silt-sand substrates (Table 9). 

CCA Fish Assemblages - Environmental 
Relationships

Full Data Set (n=154). Results of the CCA relating fish 

species composition to environmental variables are pre-
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process retained seven of the original nineteen variables 

in the model (Table 10). The seven variables retained and 

considered important in the species ordination include 

maximum depth, channel gradient, stream order, conduc-

tivity, canopy coverage, dominant substrate, and wetted 

channel width (P < 0.05).

Axes 1 and 2 of the CCA accounted for 24% of the species 

variation (15% and 9%, respectively) and 64% of the joint 

variance in species and environmental variables (Table 
10). The full model (three axes) explained 31% of the spe-

cies variation. Important variables in categorizing sites on 

axis 1 were channel gradient, conductivity, dominant sub-

strate, and wetted channel width, while maximum depth, 

channel gradient, stream order, canopy coverage, and 

wetted channel width were important on axis 2 (Table 
10, Figure V.3). Important variables on axis 3 were stream 

order, dominate substrate, and wetted channel width. 

High conductivity, low gradient, unconfined channels 

with deep pools with silt-sand substrates, and low water 

clarity characterized lower mainstem sites. In contrast, up-

per mainstem and tributary sites were typically medium-

to-high gradient, narrow, well shaded streams with low 

conductivity, and large-size class substrates (i.e., course 

gravel, cobble, boulder, and bedrock). Middle mainstem 

sites had a wide range of environmental conditions char-

acteristic of both lower mainstem and lower large tribu-

tary sites. 

The first canonical axis separated native and alien spe-

cies. Seven nonnative and two native species, comprising a 

lower mainstem species group (i.e., yellowfin goby, striped 

bass, tule perch, inland silverside, rainwater killifish, west-

ern mosquitofish, common carp, green sunfish, and hitch), 

were separated from a native species group characteristic 

of the upper mainstem and tributary sites (i.e., rainbow 

trout and riffle sculpin), and middle mainstem and lower 

large tributary sites (i.e., California roach, Sacramento pike-

minnow, Sacramento sucker, threespine stickleback, prickly 

sculpin, and tule perch)(Figure V.2). Striped bass and yel-

lowfin goby, rainwater killifish, tule perch, and inland sil-

verside are species more characteristic of lower tidal riv-

erine environments. Western mosquitofish, common carp, 

green sunfish, and hitch appear more toward the center 

of the ordination diagram and occur more commonly in 

the non-tidal portions of lower mainstem riverine habitats. 

The second axis identified a group three nonnative species 

(i.e., rainwater killifish, striped bass, and yellowfin goby) 

and one native species (i.e., tule perch) that are euryhaline 

and most abundant in the brackish, lower reaches of the 

tidal sections of streams. 

The center portion of the ordination diagram in Figure 
V.2 (i.e., axes 1 and 2, values near 0) depicts a continuous 

gradient of overlapping species occurrences comprised 

primarily of these native species, indicating the relatively 

broad distribution under different environmental condi-

tions. Thus, while Sacramento pikeminnow, Sacramento 

sucker, California roach, tule perch and hitch often char-

acterized the middle-mainstem and lower large tributary 

reaches of streams, these species also co-occurred with 

nonnative fishes at lower mainstem sites. Similarly, Cali-

fornia roach and juvenile Sacramento sucker also co-oc-

curred at widely varying abundances in upper mainstem 

and tributary sites with rainbow trout. Prickly sculpin and 

threespine stickleback displayed the broadest distribu-

tions, often occurring from headwater to lower riverine 

sites. In a few watersheds, tule perch and riffle sculpin 

were broadly distributed throughout lower mainstem and 

large tributary sites. 

The CCA species ordination displays overall consistency with 

the TWINSPAN species groups with one notable exception 

(refer to Figure V.1, Table 9). As discussed above, the CCA 

suggests that TWINSPAN Group 4 should be split into two 

groups, because rainwater killifish, striped bass, yellowfin 

goby, and tule perch are euryhaline and are most abundant 

in the brackish reaches of the tidal sections of stream. The 

remainders of Group 4 (i.e., hitch, common carp, western 

mosquitofish, and green sunfish) are restricted to freshwa-

ter reaches of lower large mainstem sites.

Napa River – Sonoma Creek Data Set (n = 42). Six of 

the original nineteen CCA model variables were retained 

(Figure V.4, Table 11). The six variables that were impor-

tant in the species ordination include channel gradient, 

stream order, canopy coverage, dominate substrate, wet-

ted channel width, and conductivity (P < 0.05).

Axes 1 and 2 of the CCA accounted for 31% of the species 

variation (23% and 8%, respectively) and 88% of the joint 
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variance in species and environmental variables (Table 
11). The full model (three axes) explained 38% of the spe-

cies variation. 

The first canonical axis separated two nonnative and one 

native species (i.e., striped bass, yellowfin goby, and tule 

perch) comprising an estuarine, lowermost-large main-

stem species group from two other species groups: 1) the 

mostly native assemblage (i.e., hardhead, California roach, 

Sacramento pikeminnow, Sacramento sucker, threespine 

stickleback, prickly sculpin, tule perch, and bluegill) found 

in middle mainstem/lower large tributary sites; and 2) the 

native species group (i.e., rainbow trout, riffle sculpin) 

characteristic of the headwater or uppermost tributary 

sites (Figure V.4). Important environmental variables cat-

egorizing sites on axis 1 were stream order, dominant sub-

strate, wetted-channel width, and conductivity (Table 11). 

The ordination is consistent with the occurrence of tule 

perch within the estuarine, lowermost-large mainstem, as 

well as middle mainstem/lower large tributary sites. 

The second canonical axis separated yellowfin goby and 

striped bass characteristic of estuarine, lowermost-large 

mainstem sites (Figure V.4). Channel gradient and channel 

width were the most important environmental variables on 

axis 2 (Table 11). Variables important on axis 3 included gra-

dient, stream order, canopy coverage, and conductivity. 

Low conductivity and water temperature, high water clar-

ity, shallow pools and riffles, with course substrates (i.e., 

gravel-cobble-bedrock), and high riparian canopy cover-

age (i.e., shading) characterized headwater/uppermost 

tributary sites (Table 12, Figure V.5). Contrastingly, large, 

lowermost mainstem sites were typically low gradient, 

wide channel environments, with deep, silt-sand substrate, 

pools, with high conductivity and water temperature, low 

water clarity, and low canopy coverage (Table 12, Figure 
V.3). Middle mainstem and lower large tributary sites were 

intermediate (“average”) in environmental conditions be-

tween headwater and lowermost mainstem sites. Like low-

ermost, large mainstem sites, middle mainstem sites were 

low gradient, with relatively wide channels containing 

deep pools with sand-gravel substrates, and low overhead 

canopy cover (Table 12). Conductivity and water tempera-

ture were also typically high. However, middle mainstem 

and lower large tributary sites often had high water clarity, 

low discharge, and complex cover, which was more similar 

to headwater sites.

The native hardhead was restricted to middle mainstem 

sites on the Napa River and is more separated in ordina-

tion space from the other mainstem species, indicating 

somewhat different habitat requirements. The tule perch 

is located in the ordination diagram between the middle 

mainstem and lowermost, large mainstem groups, which 

indicates its occurrence at sites in both habitat types (Fig-
ure V.3). Species located in the center portion of the or-

dination diagram were often present, but in lower abun-

dances, in headwater/uppermost tributary, as well as the 

lowermost, large mainstem sites. 

Temporal Changes in Assemblage Structure

Watershed/Landscape-Level Changes. Comparisons of 

historical distribution records with recent collections show 

a dramatic change in the occurrence of fishes within many 

reaches of Estuary watersheds from dominance by native 

species assemblages to dominance by nonnative species (see 

Leidy, 1984, Tables 3, 4 and 5). For example, within the Al-

ameda Creek watershed, native fish assemblages remained 

largely intact (n = 21-22 native species) until the early 1950s 

when the presence of nonnative fishes began to increase 

dramatically in collections (Table 13). By the 1960s, native 

fishes accounted for about 60 percent of the species pres-

ent within the watershed. From the 1970s to the present, 

native fishes have comprised between 42-44 percent of the 

species recorded. From 1993-2003 the total number of fish 

species, increased (m-39) and the percentage of the species 

composed of native fishes has remained was 46 percent.

Species Distribution, Ecology, 
and Conservation Status

Individual species accounts follow below. Pearson product 

moment correlations between species rank abundances and 

each environmental variable are discussed for the nine and 

seven most abundant native and nonnative species collected 

during this study, respectively (Tables 14 and 15). 



53

Fishes in Streams Tributary to the San Francisco Estuary

R
.A

. 
Le

id
y

V.1

Division 2 species groups and site groups from TWINSPAN 
analysis for streams of the San Francisco Estuary, California. 
Refer to Table 8 for species code.

upper mainstem and 
headwater tributary

middle mainstem and
lower large tributary

lower small to
large  mainstem 

estuarine and 
lower large mainstem

Onmy, Lasy, Ptgr

Caco, Hytr, Cogu

Laex, Gaac, Coas

CYCA, LUPA, GAAF, 
MEBE, LECY, MOSA, ACFL

Onmy, Cogu

Lasy, Ptgr, Coac, Hytr

Gaac, Coas

Laex

CYCA, LUPA,  GAAF,
MEBE, LECY,  MOSA, ACFL

TWINSPAN division Level 2 groupGroup
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version February 12, 2007

Figure V.b. Plot of species scores on axes 1 and 2 of the canonical correspondence analysis, San Francisco Estuary,

California (n = 154). Numbers following species code refer to Level-2 TWINSPAN groups. Refer to Table 5.4 for

species codes.

version February 12, 2007

Figure V.c. Plot of site scores on axes 1 and 2 of the canonical correspondence analysis, San Francisco Estuary,

California (n = 154). V.2

Plot of species scores on axes 1 and 2 of the canoni-
cal correspondence analysis, San Francisco Estuary, 
California. Refer to Table 8 for species codes.	

V.3

Plot of site scores on axes 1 and 2 of the canoni-
cal correspondence analysis, San Francisco Estuary, 
California.	

V.2 ▴

V.3 ▴
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version February 12, 2007

Figure V.d.. Plot of species scores on axes 1 and 2 of the canonical correspondence analysis, Napa River and Sonoma

Creek watersheds, San Francisco Estuary, California (n = 42). Refer to Table 5.4 for species codes.

version February 12, 2007

Figure V. e. Plot scores on axes 1 and 2 of the canonical correspondence analysis, Napa River and Sonoma Creek

watersheds, San Francisco Estuary, California (n = 42). Numbers refer to individual sampling sites.

V. 4

Plot of species scores on axes 1 and 2 of the canoni-
cal correspondence analysis, Napa River and Sonoma 
Creek watersheds, San Francisco Estuary, California. 
Refer to Table 8 for species codes.	

V. 5

Plot of site scores on axes 1 and 2 of the canonical 
correspondence analysis, Napa River and Sonoma 
Creek watersheds, San Francisco Estuary, California.

V.4 ▴

V.5 ▴
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Fishes in Streams Tributary to the San Francisco Estuary
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Fishes in Streams Tributary to the San Francisco Estuary
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San Francisco Estuary, California.

Population Abundance

Geographic 
Distribution 
in Estuary

Zero/Extinct Low Moderate-to-High Unknown

None/Extinct thicktail chub1

coho salmon

tidewater goby2

Narrow/Restricted green sturgeon2

hardhead1

splittail1, 2, 3

Delta smelt2, 3

Sacramento perch1, 2

hitch1, 2

Sacramento blackfish1

splittail1, 2, 3

chum salmon

pink salmon

eulachon

Widespread chinook salmon2

longfin smelt2, 3

rainbow trout/steelhead3

tule perch1, 4

white sturgeon2

California roach1

Sacramento pikeminnow1

Sacramento sucker1

rainbow trout/steelhead3

threespine stickleback2

prickly sculpin2

riffle sculpin1

staghorn sculpin2

tule perch1, 2, 4

shiner perch2

longjaw mudsucker2

starry flounder2

Pacific lamprey2

river lamprey2

Unknown western brook lamprey

tui chub5

speckled dace1

coastrange sculpin1

1Freshwater dispersant.
2Primarily estuarine resident (i.e., tidally-influenced riverine environments), or known to maintain estuarine and non-estuarine stream populations. 
3Population abundances (i.e., the number of individuals within a population) are known to vary greatly depending on amount of total Estuary outflow 
and/or local streamflow conditions.
4Tule perch exhibit low to moderate-to-high population abundances in the southern and northern Estuary, respectively.
5Introduced to Estuary. Native to other portions of the upper Sacramento River basin.
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Table 7.  Classification of native stream fishes of the San Francisco Estuary, California, by zoogeographic type1 

Zoogeographic Type
Taxon

No. Families (%) No. Species (%)

(a) Euryhaline marine2 3 (25) 6 (18)

(b) Obligatory freshwater 9 (75) 27 (82)

(c) Freshwater dispersants 3 (25)3 12 (36)

(d) Saltwater dispersants 6 (50) 15 (46)

Total families (a + b) 12 (100)

(e) Total saltwater dispersant species (a + d) 21 (64)

(f) Total freshwater dispersant species (c) 12 (36)

Total fish species (a + b or e + f) 33 (100)
1Zoogeographic types are defined in the text and follow Moyle (2002).
2Included in family total are Osmeridae, Gobiidae, and Pleuronectidae.
3Cottus gulosus and Hysterocarpus traskii are freshwater dispersant and are members of the Cottidae and Embiotocidae, respectively, families which include 
largely saltwater dispersant species.
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collected in streams of the San Francisco Estuary, California (1993-1998) (n = 154). 

Scientific name Common name Origin Species 
code

Number of sites 
(percentage)

TWINSPAN 
groupings

Lampetra tridentata Pacific lamprey N (1) 3(2) -

Lampetra ayresii river lamprey N (1) 1(<1) -

Oncorhynchus mykiss rainbow trout N Onmy 82(53) UM/HT

Oncorhynchus tshawytscha Chinook salmon N (1) 2(1) -

Lavinia symmetricus California roach N Lasy 89(58) MM/LLT

Lavinia exilicauda hitch N Laex 11(7) LLM

Ptychocheilus grandis Sacramento pikeminnow N Ptgr 24(16) MM/LLT

Mylopharodon conocephalus hardhead N Myco1 2(1) -

Pogonichthys macrolepidotus Sacramento splittail N (1) 1(<1) -

Orthodon microlepidotus Sacramento blackfish N CYCA 2(1) -

Siphateles bicolor tui chub I (1) 1(<1) -

Cyprinus carpio carp I (1) 8(5) E/LLM

Carassius auratus goldfish I (1) 2(1) -

Notemigonus crysoleucas golden shiner I (1) 1(<1) -

Cyprinella lutrensis red shiner I (1) 1(<1) -

Pimephales promelas fathead minnow I (1) 1(<1) -

Catostomus occidentalis Sacramento sucker N Caoc 70(45) MM/LLT

Ameiurus melas black bullhead I (1) 2(1) -

Gambusia affinis western mosquitofish I GAAF 15(10) E/LLM

Menidia beryllina inland silverside I MEBE 4(3) E/LLM

Gasterosteus aculeatus threespine stickleback N Gaac 68(44) LS to LM

Morone saxatilis striped bass I MOSA 7(5) E/LLM

Lepomis cyanellus green sunfish I LECY 22(14) E/LLM

Lepomis machrochirus bluegill I LEMA1 3(2) -

Lepomis microlophus redear sunfish I (1) 2(1) -

Lepomis gibbosus pumpkinseed I (1) 2(1) -

Micropterus dolomieu smallmouth bass I (1) 3(2) -

Micropterus salmoides largemouth bass I (1) 2(1) -

Lucania parva rainwater killifish I LUPA 6(4) E/LLM

Percina macrolepida bigscale logperch I (1) 1(<1) -

Hysterocarpus traskii tule perch N Hytr 7(5)  MM/LLT

Cottus asper prickly sculpin N Coas 44(29) LS to LM

Cottus gulosus riffle sculpin N Cogu 30(19) UM/HT

Leptocottus armatus staghorn sculpin N (1) 3(2) -

Gillichthys mirabilis longjaw mudsucker N (1) 1(<1) -

Acanthogobius flavimanus yellowfin goby I ACFL 8(5) E/LLM

Tridentiger bifasciatus shimofuri goby I (1) 1(<1) -

Tridentiger trigonocephalos chameleon goby I (1) 3(2) -

Platichthys stellatus starry flounder N (1) 1(<1) -

TWINSPAN codes:  UM/HT = upper mainstem/headwater tributary; MM/LLT = middle mainstem/lower large tributary; LS to LM = lower small to large main-
stem; E/LLM = lower large mainstem.

(1) Not included in TWINSPAN analysis. Collected at <3 percent of sample sites.
1Retained for Napa River-Sonoma Creek statistical CCA analysis only.
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Table 9.  Environmental variable mean values and standard deviation (in parentheses) for the four TWINSPAN site 
groups for streams of the San Francisco Estuary, California (1993-1998) (n = 154).. TWINSPAN site groups 3 and 
4 combined below (see discussion in text).

Variable

TWINSPAN site groups 3 and 4

Estuarine/lower small to large 
mainstem 
(n=64)

TWINSPAN site group 2

Middle mainstem/lower large 
tributary  
(n=33)

TWINSPAN site group 1

Upper mainstem/headwater 
tributary 
(n=52)

Elevation (m) 20.0 (19.0) 156.5 (141.3) 193.9 (189.0)

Stream order (1-6) 4.0 (1.1)a 3.5 (0.7)a 2.5 (0.9)

Channel gradient (%) 0.006 (0.005) 0.03 (0.02) 0.06 (0.05)

Mean wetted channel (m) 6.5 (4.4)a 5.2(2.4)a 3.4 (1.8)

Discharge (cfs) 4.9 (7.2)a 3.4 (3.8)a 1.3 (1.4)

Mean depth (cm) 37.8 (19.1) 32.7 (15.8) 25.0 (12.0)

Maximum depth (cm) 85.7 (50.3)a 77.7 (38.1)a 64.5 (35.3)

Water clarity (1-5) 3.0 (1.2)b 1.6 (0.1)a 1.2 (0.6)a

Canopy coverage (%) 20.0 (15.9) 41.3 (29.0) 59.2 (31.3)

Riffle (%) 18.1 (10.2) 20.1 (30.9) 20.1 (19.7)

Pool (%) 80.7 (22.5) 76.8 (33.6) 77.8 (23.2)

Cover rating (0-2) 0.9 (0.3) 1.29 (0.4)a 1.4 (0.4)a

Mean dominant substrate 1.8 (0.8) 2.9 (1.1) 3.9 (0.9)

Water temperature (oC) 19.5 (3.2)a 17.5 (2.6)a 15.9 (2.7)

Conductivity (umhos) 491.8 (280.5) 332.2 (124.8)  209.0 (112.4)

Confinement 3.1 (2.0) 1.8 (1.1)b 1.3 (0.6)b

Note: Bold variables have significant differences between site groups (one-way ANOVA, = 0.05). Variables within rows with the same superscript letter were 
not significantly different.

Table 10.  Summary statistics of canonical correspondence analysis relating fish abundance and environmental 
variables for sites on streams within the San Francisco Estuary, California. 

Variable Axis 1 Axis 2 Axis 3

Eigenvalue 0.565 0.321 0.237

Species-environment correlations 0.934 0.851 0.791

Cumulative percentage variation

Explained by species data only 14.9 24.3 31.3

Explained by species-environment     relation 38.8 63.5 81.7

Environmental variable Canonical coefficient

Environmental variable

Maximum depth -.09 0.591 -0.35

Channel gradient 0.281 0.501 -0.26

Stream order -0.07 -0.271 -0.911

Conductivity -0.271 -0.23 0.23

Canopy coverage 0.22 0.241 0.31

Dominate substrate 0.321 0.46 -0.501

Wetted-channel width 0.651 0.43 0.691

1T-value for the canonical coefficient > 2.1, indication variable made an important contribution to a canonical axis (ter Braak, 1996).

Note: Total inertia = 3.394.
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variables for sites on streams within the Napa River and Sonoma Creek watersheds, Napa and Sonoma counties, 
San Francisco Estuary, California (n = 42).

Variable Axis 1 Axis 2 Axis 3

Eigenvalues 0.627 0.370 0.112

Species-environment correlations 0.871 0.732 0.716

Cumulative percentage variation

Explained by species data only 22.6 30.7 36.7

Explained by species-environment relation 55.3 88.4 92.5

Environmental variable Canonical coefficient

Environmental variable

Channel gradient 0.043 0.8111 -0.5201

Stream order -0.3521 -0.380 -0.5901

Canopy coverage 0.187 -0.226 -1.191

Dominate substrate 0.3151 -0.177 0.179

Wetted-channel width -0.3931 0.5001 -.6701

Conductivity -0.5311 -0.440 1.021

1T-value for the canonical coefficient > 2.1, indication variable made an important contribution to a canonical axis (ter Braak, 1996).

Note: Total inertia = 2.0.

Table 12.  Environmental variable mean values and standard deviation (in parentheses) for three site groups for streams 
within the Napa River and Sonoma Creek watersheds, San Francisco Estuary, California (1993-1996) (n = 42). 

Variable
Lowermost large 
mainstem 
(n=5)

Middle mainstem/lower 
large tributary 
(n=22)

Headwater/uppermost 
tributary 
(n=15)

Elevation (m) 1.0 (0) 42.4 (53.2) 206.6 (97.3)

Stream order (1-6) 6.0 (0)a 4.6 (0.9)a 2.6 (0.5)

Channel gradient (%) 0.001(0.001)a 0.008 (0.006)a 0.06 (0.04)

Mean wetted channel width (m) 19.4 (3.6) 6.8 (3.3) 3.7 (1.8)

Discharge (cfs) 12.4 (2.7) 2.4 (2.2)a 2.2 (1.3)a

Mean depth (cm) 103.4 (23.1) 42.1 (32.0) 23.1 (5.4)

Maximum depth (cm) 152.0 (36.1) 72.7 (78.1) 59.4 (24.5)

Water clarity (1-5) 3.8 (0.4) 2.0 (0.9)a 1.1 (0.5)a

Canopy coverage (%) 1.1 (2.2) 38.4 (26.6)a 73.0 (14.8)

Riffle (%) 0 (0) 13.0 (12.9) 25.3 (19.1)

Pool (%) 100 (0)a 87.0 (15.1)a 74.7 (19.1)

Cover rating (0-2) 0.48 (0.19) 1.30 (0.3)a 1.63 (0.3)a

Mean dominant substrate 1.0 (0) 2.9 (0.9) 4.2 (0.8)

Conductivity (uhmos) 570.0 (405.6) 214.5 (135.4) 140.5 (68.8)

Water temperature (oC) 21.2 (0.6)a 19.6 (2.6)a 15.2 (1.3)

Confinement 3.1 (2.0) 1.8 (1.1)b 1.3 (0.6)b

Note: Bold variables have significant differences between site groups (one-way ANOVA, = 0.05). Variables within rows with the same superscript letter were 
not significantly different.
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Table 13. Changes in the fish fauna of the Alameda Creek watershed, 1865-2002, Alameda-Santa Clara counties, 
San Francisco Estuary, California.

Common Name Period of Record 
1855-1860 

(1)  
1895-1912 

(2)
1927-1948 

(3)
1953-1958 

(4)
1961-1969 

(5)
1972-1978 

(6)
1981-1987 

(7)
1992-2002 

(8)
Native Species
Sacramento splittail X P P X
River lamprey P P P P X
Coho salmon P P P X X
Chinook salmon X ? ? ? ? ? ? X
Speckled dace P X X ? ? ? ? ?
Riffle sculpin P P X ? ? ? ? X
Hardhead P P X P X P P X
Tule perch X X X P P X X X
Shiner perch P P P P P X X X
Pacific lamprey X P X X P X X X
Hitch P X X X X X X X
California roach X X X X X X X X
Sacramento blackfish P P X X X X X X
Sacramento pikeminnow P X X X X X X X
Sacramento sucker X X X X X X X X
Rainbow trout P X X X X X X X
Threespine stickleback X P X X X X X X
Sacramento perch X P X X X X X X
Prickly sculpin X X X X X X X X
Staghorn sculpin P P P P P X P X
Longjaw mudsucker P P P P P X X X
Starry flounder P P P P P P P X
Nonnative Species
Smallmouth bass X P X X X X X
Brown trout X X
Common carp X X X X X
White catfish X P X P X
Brown bullhead X X X X X
Mosquitofish X X X X X
Black crappie X X X X X
Green sunfish X X X X X
Bluegill X X X X X
Largemouth bass X X X X X
Goldfish X X X X X
Golden shiner X X X X X
Rainwater killifish X P X X X
Threadfin shad X X X
Channel catfish X P X
Black bullhead X X X
Inland silverside X X X
Striped bass X X X
Redear sunfish X P X
Bigscale logperch X X X
Yellowfin goby P P X
Redeye bass X
Tui chub X
Total number of species 22 22 23 29 30 36 36 39
Number Native Species 22 21(+ 1?) 21(+ 1?) 19(+ 3?) 18(+ 3?) 16(+ 3?) 16(+ 3?) 18(+ 1?)
Percent native species 100 95 91 66 60 44 44 46
Abbreviations: X, present; P, not recorded but likely present; ?, status uncertain; 
       shading denotes species with reproducing populations primarily restricted to elevations below 100 m.

Sources:  (1) A. Agassiz fish collections, circa 1855-1860 (MCZ 6760, 8889-8890, 13621); Schultz (1986); Gobalet (1990b); (2) J. O. Snyder fish collections, 1898 
(CAS 105003, 105929, 115974, 115980, 115974, 137004, 137823, 137846, 116172, 116872, 166230, 168823, MNHN 1901-0203 to 0209); F. S. Curtis fish col-
lections, 1912 (ANSP 38897, 38898); (3) W. I. Follett fish collections, 1927, as cited in Follett (1974), and CAS 11666, 72450, 73510, 159793; Seale (1934), and 
CAS 6840, 7383, 7406, 7446; L. Shapovalov fish collection, 1938 (CAS 24720, 73763); CDFG, unpublished stream survey files, 1934-1938, Yountville, CA; C. E. 
Holladay fish collection, 1943 (CAS 20925-20927); Murphy (1948); R. R. Miller and G. Murphy fish collections, 1939 (UMMZ 133179-133182); (4) W. I. Follett 
and G. M. Peckham fish collections, 1953-1958, as cited in Follett (1974), and CAS 25736, 25739, 26155-26162, 26164-26166, 26255-26260, 26285-26289, 26290-
26293, 26371, 26724-26730, 26747, 39639, 39825, 73174, 73257, 79646; CDFG, unpublished stream survey files, 1955-1958, Yountville, CA; (5) Alameda Creek 
Alliance (2000) unpublished historical photos dated 1964, Canyon, CA; Hopkirk (1962, 1967, 1973), and CAS 17865-17866, 22878-22880, 22883-22884, 24701, 
24714-24715, 72857, 73293; University of California, Berkeley, G. Barlow ichthyology class unpublished fish survey records, 1967-1969 (CAS 53102, 59173); 
C. Swift fish collections and field notes, 1967 (LACM 37726.001-008,, FLMNH 15194-15198); (6) C. Swift fish collection, 1970 (LACM 37724.001); W. I. Follett 
fish collection, 1972, as cited in Follett (1974), and CAS 66220, 66040; Aceituno et al. (1976), specimens housed at LACM; Scoppettone and Smith (1978); 
CDFG, unpublished stream survey files, 1972-1976, Yountville, CA; (7) R. A. Leidy fish collections, 1981,as cited in Leidy (1984); C. Swift fish collection, 1981 
(LACM 42661.004); A. Launer fish collections, 1984 (MCZ 78127-78131, 95251, 95256-95259); (8)  R. A. Leidy fish collections 1992-1998; EBRPD, 1995-2001, 
unpublished stream and reservoir surveys, Oakland, CA; Murphy and Sidhom (1995); Trihey and Associates, Inc. (1999); Applied Marine Sciences and Hagar 
Environmental Science (2000).
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Pacific lamprey, Lampetra tridentata 

Guadalupe River, Santa Clara County

Thicktail chub, Gila crassicauda 

Coyote Creek, near Gilroy Hot Springs, Santa Clara County

California roach, Lavinia symmetricus 

San Felipe Creek, Santa Clara County

Sacramento splittail, Pogonichthys macrolepidotus

Native Species Accounts

Hardhead, Mylopharodon conocephalus 

Napa River, Napa County

Sacramento pikeminnow, Ptychocheilus grandis 

Alameda Creek, Alameda County

V.6 (page 78) V.7 (page 83)

V.8 (page 87) V.9 (page 90)

V.10 (page 92) V.11 (page 94)

Photo: Melissa Moore SU21031, collected circa 1898 by J.O. Snyder 
Photo: Jon David Fong, CAS

Photo: Tim Vendlinski Photo: Ted Sommer
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Rainbow trout, Oncorhynchus mykiss 

Smith Creek, Santa Clara County

Chinook Salmon, Oncorhynchus tshawytscha 

Guadalupe River, Santa Clara County

Pink salmon, Oncorhynchus gorbuscha 

Guadalupe River, Santa Clara County

Chum salmon, Oncorhynchus keta 

Guadalupe River, Santa Clara County

Rainbow trout, Oncorhynchus mykiss 

Sonoma Creek, Sonoma County

Sacramento sucker, Catostomus occidentalis 

Marsh Creek, Contra Costa County

V.12 (page 97) V.13 (page 101)

V.14 (page 102) V.15 (page 103)

V.17 (page 103)

Photo: David Salsbery

Photo: David Salsbery Photo: David Salsbery

V.16 (page 103)
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Sacramento perch, Archoplites interruptus 

Contra Costa Mosquito and Vector Control District 

Tule perch, Hysterocarpus traskii 

Napa River, Napa County

Prickly sculpin, Cottus asper 

Milliken Creek, Napa County

Riffle sculpin, Cottus gulosus 

San Felipe Creek, Santa Clara County

P E T R O M Y Z O N T I D A E  ( L A M P R E Y S )

Lampetra spp., 

unidentified lampreys

Distribution. I found several historical and recent records 

for the occurrence of unidentified lampreys from at least four 

Estuary watersheds, including Coyote Creek and the Guada-

lupe River, Santa Clara County, the Napa River, Napa County, 

and Green Valley Creek, Solano County (Appendix 2). Lam-

preys can be difficult to identify to species, especially larvae 

or ammocoetes (refer to discussion under Lampetra ayresii, 

L. richardsoni, and L. tridentata, below). Because the Pacific 

lamprey is presumably the most common lamprey species in 

the Estuary, ammocoetes are routinely ascribed to this spe-

cies, without careful identification. This, no doubt, has led 

to misidentification of the three species, particularly because 

there seems little justification to reject the occurrence of a 

particular species from a watershed based on habitat and life 

history requirements alone. For example, western brook and 

Pacific lamprey larvae have been collected during the same 

sampling visit in lower Coyote Creek (Hubbs, 1925). Similarly, 

river and Pacific lamprey have been documented from within 

the same watersheds; Alameda and Sonoma creeks, and the 

Napa River.  Only careful examination of specimens by biolo-

gists familiar with lamprey morphology along with additional 

biochemical and taxonomic research on these species is likely 

to remedy the confused state of lamprey identification.    

V.18 (page 109) V.19 (page 109)

V.20 (page 111) V.21 (page 115)

Photo: Tim Vendlinski

Photo: Chris Miller
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Lampetra ayresii (Günther, 1870), 

river lamprey

Historical Distribution and Status.  During a Febru-

ary 5, 1855 meeting at the California Academy of Natural 

Sciences (CANS), Dr. William Ayres presented a description 

of a specimen of lamprey collected in San Francisco Bay in 

November 1854 as Petromyzon plumbeus (= Lampetra ay-

resii), a form “apparently quite distinct from any previously 

recognized type of this genus” (referenced as Ayres, 1855b, 

p. 28). Ayres (1855b, p. 28) stated further that he had “not 

been able, as yet, to ascertain the occurrence of Lampreys 

in any of the rivers of California,” an indication that at that 

time there was confusion regarding the zoogeography and 

taxonomy of lampreys. However, Ayres (1855b) was able 

to distinguish L. plumbeus from Petromyzon tridentatus (= 

Lampetra tridentata), based on the arrangement of teeth, 

fin morphology, color, and size. The former species was de-

scribed as being “undoubt[e]dly always a small fish.”  Subse-

quently, Günther (1870) described Petromyzon plumbeus as 

Petromyzon ayresii, and still later Jordan et al. (1930) adopt-

ed Lampetra ayresii.  Vladykov and Follett (1958) confirmed 

Lampetra ayresii as a taxon distinct from the European river 

lamprey (Lampetra fluviatilis).    

I was able to locate only nineteen historical records (includ-

ing probable duplicates) of river lamprey from the Estuary, 

all but one record from either “San Francisco” or the San 

Francisco Bay portion of the Estuary (Appendix 2). Jordan 

and Gilbert (1881, p. 30) recorded Ammocoetes plumbeus 

(= L. ayresii) as occurring in coastal streams from San Fran-

cisco northward where it “doubtless ascends most of the 

coast streams in the spring.”  Historical collection records 

for open water and estuarine habitats suggest that river 

lamprey is uncommon, but geographically widespread 

within the Estuary, including Marin, San Francisco, Contra 

Costa and Alameda counties. Specifically, historical trawl 

records exist for the occurrence of river lamprey within the 

Estuary for San Pablo Bay, Carquinez Strait, and southern 

San Francisco Bay (Ganssle, 1966; Messersmith, 1966).    

Recent records indicate river lamprey occur in the lower 

Sacramento-San Joaquin River system and Delta, including 

Suisun Bay, and southern San Francisco Bay, but its abun-

dance there is not well documented (Wang, 1986; Steven-

son et al., 1987; Moyle, 2002; and P. Moyle, UCD, personal 

communication, 2001). Over 250 occurrences of river lam-

prey have been documented within a broad geographic 

area in the Estuary encompassing the study area based on 

annual mid-water and otter trawl samples by the CDFG 

between 1980 and 2004 (Baxter et al., 1999; IEP; 2005). The 

broad geographic distribution of river lamprey in open 

water and estuarine habitats suggests that adults under-

going spawning migrations may enter suitable streams 

throughout the Estuary, but may not be detected easily 

because of the relative scarcity and difficulty in collection 

and identification.   

Confirmed records of river lamprey within Estuary streams 

are few.  In 1966, Hopkirk (1967, 1973) documented the 

collection of a single, “transformed young” river lamprey 

collected in Alameda Creek near Niles, Alameda County 

(CAS Acc. 1966-VI: 20, 2/22/66).  Spawning runs of the 

river lamprey have been observed in Sonoma Creek, So-

noma County, and the Napa River, Napa County (J. Wang, 

personal communication, 1986 and 1998). A single trans-

formed juvenile was collected during this study in a tid-

ally-influenced reach of the Napa River downstream from 

the Imola Street Bridge, lending support to several general 

references by the CDFG for the occurrence of river lam-

prey in the Napa River (CDFG, river and stream survey files, 

memoranda, Yountville). 

Ecology.   Little information on the ecology of river lam-

prey from study area streams or other parts of California 

is available (Moyle, 2002).  Presumably, general life history 

requirements of this micropredator are similar between 

populations from the study area and those better-studied 

populations in the northern portions of its range. Differ-

ences in the timing of life history events attributable to 

regional differences in water temperatures are probable; 

however, what collection records exist suggest that river 

lamprey prefer the lower reaches of larger riverine envi-

ronments for spawning and rearing within the study area 

(Moyle, 2002). For example, river lamprey has been re-

corded from the lower reaches of three of the four largest 

streams within the study area as measured by watershed 

area and annual discharge: the Napa River, Napa County; 

Sonoma Creek, Sonoma County; and Alameda Creek, Al-

ameda County.  In addition, the Napa River and Alameda 

Creek collection locations are characterized by silt-sand 

substrates, habitats often favored by developing ammo-
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river lamprey above a dam in upper Sonoma Creek, and 

suggested that river lamprey can remain in fresh water for 

their entire life cycle.

Conservation Status and Recommendations. Moyle 

(2002) suggests that river lamprey populations appear to be 

declining, but are still at levels that do not yet appear to 

warrant special management other than close monitoring.  

There is scant information on the distributional and pop-

ulation status of river lamprey in the Estuary, especially in 

tributary streams.  Whether populations of river lamprey are 

threatened in California and the Estuary is not known.  The 

presumed preference of river lamprey for the lower reach-

es of streams makes this species potentially vulnerable to 

the adverse effects of urbanization, particularly poor water 

quality conditions. As with all lamprey species in California, 

there is a critical need to better understand the distribution, 

systematics, and ecology of the river lamprey.   

Lampetra richardsoni  Vladykov and Follett, 1965, 

western brook lamprey

Historical Distribution and Status. Within the Sacra-

mento-San Joaquin Province, the non-predatory western 

brook lamprey is known primarily from the Sacramento Riv-

er, its tributaries, and the Russian River and Clear Lake drain-

ages (Moyle, 2002). Western brook lamprey has been record-

ed in streams above lakes and reservoirs (Moyle, 2002). 

I found only two historical records, both from the same 

watershed, for western brook lamprey within the Estu-

ary (Appendix 2). The two records (as Lampetra planeri) 

are based on collections made by Carl Hubbs in 1922 and 

1923 from lower Coyote Creek, Santa Clara County (Hubbs, 

1925).  The specimens were ammocoetes, some transform-

ing, from “inside [the] city” of San Jose and “at San Jose” 

(UMMZ 61003, 1 October 1922, 112: 34-171 mm TL and 

UMMZ 61004, 23 May 1923, 2: 94-172), respectively.  Carl 

Hubb’s collections were for a study of the life histories of 

lampreys including Entosphenus tridentata (= Lampetra tri-

dentata), which also was collected from the same samples 

as western brook lamprey.  Hubbs (1925, p. 592) notes, “As 

two species [i.e., L. tridentata and L. richardsoni] of lam-

preys occur in Coyote Creek, difficulty was encountered in 

identifying these young ammocoetes.”

A single unidentified Lampetra ammocoete was collected 

in 1995 as part of this study in Coyote Creek within the city 

of San Jose (28 July 1995, 1: 110 mm TL), presumably near 

the location of Hubbs’ earlier collections.  The only con-

firmed recent records for its occurrence in the Estuary are 

four specimens collected by the CDFG in the Delta and Su-

isun Bay in 1998 (IEP, 2005). The collection from the Delta 

and Suisun Bay are puzzling and may be misidentifications 

given that western brook lamprey are typically thought 

to be non-migratory, remaining in their natal streams for 

their entire life cycle (Moyle 2002).  It is uncertain wheth-

er the Coyote Creek collections of western brook lamprey 

are an isolated occurrence, or whether the species is more 

widespread in study area streams but has been confused 

with other lampreys.  The difficulty in identifying lamprey 

species from ammocoetes as described by Hubbs (1925), 

combined with the lack of serious study of lampreys with-

in the study area, suggest that western brook lamprey 

may be more widely distributed than collection records 

indicate.  It also suggests that records ascribed to Pacific 

lamprey and river lamprey, especially those based on ob-

servation of adults during spawning migrations, or those 

that are based solely on the identification of ammocoetes 

may potentially be western brook lamprey. No western 

brook lampreys were collected during widespread annual 

sampling in the open waters of the Estuary by the CDFG 

between 1980 and 1995, even though many specimens of 

river and Pacific lampreys were collected (Baxter et al., 

1999). However, four specimens of lamprey identified as 

western brook lamprey were collected from Suisun Bay 

and the Delta in 1998 (IEP, 2005). It is possible that these 

1998 lamprey collections are based on misidentification, 

given the absence of previous collections from the region 

and that western brook lamprey typically do not stray 

from natal streams.    

Ecology.  Hubbs’ (1925) research on lampreys from Coy-

ote Creek is one of the few studies of western brook lam-

prey in the Sacramento-San Joaquin Fish Province.  Hubbs 

(1925, p. 595) stated that “Spawning here [Coyote Creek] 

apparently takes place earlier than in Germany or Holland 

[stated as May], for larvae of the year were found to be 

about 10 to 20 mm long on May 23, 1923”.  Based on lim-

ited data, Hubbs (1925) estimated the lifespan of brook 

lamprey in Coyote Creek to be at least 4 years, but not less 

than 3 years.  
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Western brook lamprey are non-parasitic and do not mi-

grate out of their natal streams (Moyle, 2002). Adult lam-

preys may move upstream to build nests and spawn in 

gravel substrates. Ammocoetes subsequently are flushed 

downstream into pools and backwaters, which are char-

acterized by silt or sand substrates (Moyle, 2002).  Lower 

Coyote Creek supports large, deep pools dominated by silt 

and sand substrates within the city of San Jose, habitat 

conditions favored by lamprey ammocoetes.  Hubbs likely 

encountered similar pool and substrate conditions during 

1922 and 1923 when he sampled in the same region.

Conservation Status and Recommendations. The 

distributional and population status of western brook 

lamprey in the Estuary is the least understood of the three 

lamprey species. Whether populations of western brook 

lamprey are extirpated, threatened with localized extinc-

tion, or widespread within the Estuary is not known. If 

extant, populations of western brook lamprey within the 

lower reaches of Coyote Creek would be particularly vul-

nerable to the adverse effects of urbanization, particularly 

poor water quality conditions known to occur there. As 

with other lamprey species in California, there is a need 

to better understand the distribution, systematics, and 

ecology of the western brook lamprey. A priority research 

project within the Estuary would be to determine the sta-

tus of western brook and Pacific lampreys in lower Coyote 

Creek near where Hubbs conducted his early research on 

this species (M. Moore, SCVWD, personal communication, 

2005). As with the other three species of lamprey known 

to occur in the Estuary, Moyle (2002) suggests that west-

ern brook lamprey populations appear to be declining, but 

are still at levels that do not yet appear to warrant special 

management other than close monitoring.

Lampetra tridentata (Gairdner, 1836), 

Pacific lamprey (Figure V.6)

Historical Distribution and Status. On April 16, 

1855, at a meeting at the CANS, Dr. William Ayres pre-

sented a description of a specimen of lamprey collected 

in San Francisco Bay “…of a type quite distinct from [Pet-

romyzon] plumbeus [= Lampetra ayresii] (Ayres, 1855b, p. 

44). Ayres (1855b) described his specimen as Petromyzon 

ciliatus [now considered synonymous with Lampetra tri-

dentata]. Ayres (1855b, p. 44) speculated “…in the parts 

of the rivers accessible from the tide-waters of the Bay, 

the Lampreys [referring to all lamprey species] would in 

all probability be found in them, perhaps in considerable 

numbers.”  Not long after Ayres’ description, in some of 

the earliest documented collections of fish from Estuary 

streams, Alexander Agassiz and T. G. Cary collected Pacific 

lamprey (listed as Ichthyomyzon trideus and I. tridentatus) 

in 1860 from Alameda (MCZ 8889-8890) and San Mateo 

(MCZ 25124) creeks (Appendix 2). 

Pacific lamprey is the most common of the three lamprey 

species recorded from the study area and it is probably 

more common than historical records indicate. I found 43 

historical records for the Estuary from museums and CDFG 

files, including 28 references from five geographically 

widespread watersheds (Appendices 2 and 3).  Historical 

trawl records confirm the occurrence of Pacific lamprey in 

San Francisco Bay (Alpin, 1967), San Pablo Bay (Ganssle, 

1966), and Carquinez Strait (Messersmith, 1966).

In addition to the collections by Agassiz in 1860, noted 

above, there are five historical records from the Alameda 

Creek watershed (Appendix 2). Although not recorded 

from the Alameda Creek drainage by Snyder (1905), there 

are several records for L. tridentata from Alameda Creek 

for Niles Canyon between 1955 and 1957 (CAS, fish col-

lection and accession files), and again in 1973 (Aceituno 

et al., 1976a).  Large numbers of this species were also 

observed congregating during high stream discharges in 

the winter of 1980-1981 at the foot of the Alameda Creek 

Diversion Dam to Calaveras Reservoir in the upper Alam-

eda Creek drainage, some 50 km upstream from San Fran-

cisco Bay (EBRPD, unidentified park staff, personal com-

munication, 1981).  This record for the upper Alameda 

Creek drainage suggests that lampreys are able to pass 

over the concrete barrier at the Bay Area Rapid Transit 

(BART) crossing below Niles and the Old Spring Valley Wa-

ter Company Diversion Dam (removed in 2006) in Niles 

Canyon during spawning migrations.  

Snyder (1905) first recorded Pacific lamprey from the Coy-

ote Creek drainage, followed by several records from low-

er Coyote Creek from 1922-1923 (Hubbs, 1925). Carl Hubb’s 

collections were for a study of the life histories of lampreys 

including Lampetra planeri (= L. richardsoni), which also 

was collected from the same samples as Pacific lamprey. 



79

Fishes in Streams Tributary to the San Francisco Estuary

R
.A

. 
Le

id
yThere are several records in the 1930s-1940s, and again 

from the late-1970s in the lower watershed near Milpitas 

(CAS fish collection; Scoppettone and Smith, 1978). There 

are also several records from 1978-1980 for Upper Peni-

tencia Creek, a major tributary to lower Coyote Creek (Pitt 

and Bozeman, 1982).

Snyder (1908) first recorded L. tridentata in the Napa River 

at Calistoga from specimens likely collected in 1897.  There 

were also collections made in 1945 of this species from 

Conn Creek upstream of its confluence with Sage Creek and 

in Chiles Creek, upstream from the proposed dam site for 

Lake Hennessey (Curtis, 1945b; CAS, fish collection). Mur-

phy (1949, p. 5) observed that following the construction 

of Conn Dam (Lake Hennessey) in 1945, “Certain evidence 

indicates that the Pacific lamprey may have established a 

land-locked population in the lake. Anglers have reported 

catching fish with ‘5-8 inch eels’ attached, and the writer 

has seen several trout bearing scars thought to be caused 

by lampreys.” The relatively small size of these feeding 

landlocked lampreys is somewhat perplexing, suggesting 

that either they are from a “stunted” reservoir popula-

tion, or more likely, that they are misidentified river lam-

prey (P. Moyle, UCD, personal communication, 2004).   

Following a wine spill in the Napa River below the Pope Street 

Bridge in mid-October 1979, many intoxicated and dead adult 

Pacific lampreys were collected (CDFG, river and stream sur-

vey files, Yountville). Other historical records for watersheds 

in the northern Estuary include Corte Madera Creek, Marin 

County and Suisun Creek, Solano County (Appendix 2).  

More recently, Baxter et al. (1999) and the IEP (2005) docu-

mented over 400 specimens of Pacific lamprey in the Estu-

ary over a broad geographic area based on annual mid-

water and otter trawl samples by the CDFG between 1980 

and 2004.  As with river lamprey, the broad geographic 

distribution of Pacific lamprey in open water and estua-

rine habitats suggests that adults undergoing spawning 

migrations may enter suitable streams throughout the 

Estuary and the Central Valley, but may not be detected 

easily because of the relative scarcity and difficulty in col-

lection and identification.

Beginning in the late-1980s, several fish monitoring stud-

ies confirmed the presence of Pacific lamprey within the 

Coyote Creek watershed. The presence of Pacific lamprey 

in lower Coyote Creek was confirmed in 1987 (HRG, 1989). 

From 1997-2000, seasonal sampling in lower Coyote Creek 

below Montague Expressway Bridge with a fyke-net trap 

designed to capture downstream migrating salmonid 

smolts, recorded over 1,200 Pacific lamprey ammocoetes 

and adults (SCVWD, 2001). Another 1998 fish monitoring 

study on the lower and middle reaches (between river mile 

5.6-15.2) of Coyote Creek documented the occurrence 18 

juvenile lampreys thought to be either Pacific lamprey or 

western brook lamprey (Cressey, 1998). Fish sampling be-

tween May-October 1999 documented numerous Pacific 

lamprey ammocoetes and juveniles in lower Coyote Creek, 

as well as Coyote Creek upstream from Anderson Reser-

voir near Gilroy Hot Springs (Demgen and Dorsey, 2000). 

Documentation of Pacific lamprey upstream from Coyote 

Reservoir is notable because this landlocked population 

has presumably persisted since completion of the reservoir 

in 1936. More recently, Pacific lamprey has been recorded 

from Upper Penitencia Creek near Hwy. 680 and from near 

the entrance to Alum Rock Park (SCVWD, 2004, 2005). 

Pacific lamprey also occurs in the Guadalupe River water-

shed, Santa Clara County (M. Moore, SCVWD, personal 

communication, 2006; SCVWD, 2003, 2005). During 2004, 

monitoring of an out-migrant trap on the lower mainstem 

Guadalupe River by SCVWD biologists recorded more than 

60 adult Pacific lampreys (SCVWD, 2004a). Pacific lamprey 

has also been recorded from Alamitos Creek, a major trib-

utary to the Guadalupe River (SCVWD, 2004b). 

There are recent records for Pacific lamprey from the Al-

ameda Creek watershed. An October 1998 electrofishing 

survey recorded sixteen Pacific lamprey ammocoetes with-

in several reaches of Alameda Creek from the confluence 

of Calaveras Creek downstream to the Sunol Valley-West-

ern Pacific Bridge in Niles Canyon (Trihey and Associates, 

Inc., 1999).  Adult lampreys have also been observed in 

1998 in upper Alameda Creek within Sunol Regional Wil-

derness (SFPUC, 1998). Nine ammocoetes attributed to Pa-

cific lamprey were also collected by electrofishing in Au-

gust 2001 prior to removal the swimming dams in Sunol 

Regional Park (Pete Alexander, EBRPD, unpublished fish 

survey notes, 2001).  Pacific lamprey have also been ob-

served during spawning migrations as recently as 1996 at 

the base of the drop structure located below Niles Canyon 
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at the Bay Area Rapid Transit bridge crossing (P. Alexan-

der, EBRPD, personal communication, 2002). An April 2002 

chemical spill into Alameda Creek within Sunol Valley 

killed a minimum of 24-36 adult lampreys, thought to be 

Pacific lamprey (Jeff Miller, ACA, and Mike Mullen, USGS, 

personal communication, 2002, as cited in Klamath-Siskiy-

ou Wildlands Center et al., 2003: 21). Pacific lamprey have 

been collected regularly between 2000-2004 during fish 

population monitoring in Alameda Creek from its conflu-

ence with Calaveras Creek downstream to near the Su-

nol Valley Water Treatment Plant  (SFPUC, 2002a, 2002b, 

2004a, 2005, 2006), and in Niles Canyon (SFPUC, 2002c).     

There are several recent records of unidentified “lam-

preys” from the Napa River watershed that may be Pa-

cific lamprey, including the mainstem Napa River (CDFG, 

river and stream survey files, 27, 30/Mar/1987, 27/Oct/1988) 

and Huichica Creek (CDFG, river and stream survey files, 

6/Apr/1983, 12/Sept/1985, 27/Jul/1988, Yountville). Wang 

(1986) identified Pacific lamprey as occurring in the Napa 

River below Boyes Spring Historical Park Dam. Pacific lam-

prey has also been collected in the lower Napa River near 

Mare Island in 1996 (IEP, 2005). 

Other scattered observations for Pacific lamprey during 

spawning runs exist for Walnut Creek upstream from the 

Concord Avenue Bridge, Contra Costa County, and So-

noma Creek, Sonoma County (Wang, 1986). The presence 

of Pacific lamprey in Sonoma Creek has been confirmed as 

recently as 2002 (The Sonoma Ecology Center, unpublished 

fish sampling data, 2002). 

Pacific lamprey were found at only four sample sites dur-

ing this study, including: 1) Sonoma Creek, 100 m down-

stream from Madrone Rd. bridge (4/Aug/1993, 3: 150-170 

mm TL), and opposite the Sonoma Creek Ecology Center 

at the Sonoma State Hospital (R. Leidy, USEPA, personal 

observation, 31/Oct/2001, 1: 200 mm TL; 2) Conn Creek, 

at the confluence of Rector Creek in the Napa River wa-

tershed (21/Jul/1994, 1: 130 mm TL); and 3) lower Coyote 

Creek, opposite Empire St., at Fred Watson Park, San Jose 

(28/Jul/1995, 1: 110 mm TL).

Ecology.  Hubbs (1925) studied Pacific and western brook 

lampreys from Coyote Creek.  Based on limited data, 

Hubbs (1925, p. 594) postulated that it was “…improb-

able that Entosphenus tridentatus metamorphoses before 

the fall of its third year.” Observations of migrating adult 

Pacific lampreys are few but they have been observed mi-

grating upstream to spawn as early as January and Feb-

ruary in the Alameda Creek watershed (EBRPD, uniden-

tified park staff, personal communication, 1981). Adult 

lampreys typically migrate upstream to build nests and 

spawn in gravel substrates (Moyle, 2002). Wang (1986) 

observed Pacific lampreys constructing a nest and spawn-

ing in gravel in riffle areas with swift water velocities in 

lower Walnut Creek. 

Moyle (2002) suggests that Pacific lamprey may spawn 

more than once based on the capture of live adult lam-

preys in downstream migrant traps on the Santa Clara 

River, Southern California.  The collection of adult Pacific 

lampreys in downstream migrant traps in lower Coyote 

Creek and the Guadalupe River, Santa Clara County, sup-

ports Moyle’s (2002) suggestion (SCVWD, 2001, 2004b). 

Over 500 adult Pacific lampreys were collected from Coy-

ote Creek in downstream migrant traps during April-June 

2000 (SCVWD, 2001). In addition, the capture of numer-

ous larval lampreys in these same traps on Coyote Creek, 

suggests that ammocoetes subsequently are flushed, or 

perhaps migrate, downstream into suitable rearing envi-

ronments such as pools and backwaters, characterized by 

silt or sand substrates.  

The behavior and biology of landlocked populations is 

poorly understood. In Hennessey Reservoir, Napa River wa-

tershed, adult lampreys presumably preyed on landlocked 

rainbow trout that, along with other reservoir fishes, were 

found with scars presumably caused by feeding lampreys 

(Murphy, 1949).

Conservation Status and Recommendations. Popu-

lation sizes and trends for Pacific lamprey within Estuary 

streams are unknown. There are historical and recent re-

cords for Pacific lamprey from the open waters of the Es-

tuary and nine watersheds over a wide geographic area 

within the study area.  An additional watershed, Green 

Valley Creek, Solano County, has collection records for an 

unidentified lamprey species that may be Pacific lamprey, 

as well. Presumably, Pacific lamprey is more common in 

the Estuary than either river or western brook lamprey; 

however, confusion in the identification of these species, 
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tive statements on their population status risky.  It appears 

that Coyote Creek and the Guadalupe River, Santa Clara 

County, the Napa River, and Alameda Creek support the 

largest populations given that Pacific lamprey has been 

recorded in these watersheds periodically for over 100 

years.  Downstream migrant trapping in Coyote Creek and 

the Guadalupe River indicates that Pacific lamprey may be 

locally common in these lower stream reaches (SCVWD, 

2001, 2004b).

Lampreys may be susceptible to poor water quality condi-

tions in urbanized environments. As with other lamprey 

species in Estuary, there is a critical research need to bet-

ter understand the distribution, systematics, and ecology 

of the Pacific lamprey. A priority research project within 

the Estuary would be to determine the status of Pacific 

lamprey in the Estuary along with river and western brook 

lamprey. In addition, as is the case with rainbow trout/

steelhead in some watersheds, there appear to be “land-

locked” populations of Pacific lamprey upstream from 

several reservoirs (e.g., Anderson and Coyote reservoirs 

on Coyote Creek, Santa Clara County and Lake Hennessey, 

on Conn Creek, Napa County, among possibly others).  

Research on the status and biology of these landlocked 

populations would also contribute to their conservation 

in watersheds fragmented by dams and reservoirs. As with 

the other three species of lamprey known to occur in the 

Estuary, Moyle (2002) has placed Pacific lamprey popula-

tions on a “watch list.” Although populations appear to 

be declining, the status of Pacific lamprey in the Estuary is 

poorly documented.  Pacific lamprey is often an ecological 

associate of rainbow trout/steelhead in Estuary streams.  

Therefore, implementation of management actions aimed 

at restoring steelhead (i.e., barrier removal, protection of 

spawning and rearing habitat, sufficient instream flows) 

should also benefit lamprey populations.  

A C I P E N S E R I D A E  ( S T U R G E O N S )

Acipenser spp., 

unidentified sturgeons

Distribution. I located ten historical records of either 

green and/or white sturgeon in San Francisco Bay and 

from six Estuary watersheds (Appendices 2 and 3). All six 

watershed records were based on the identification of 

elements from archaeological or midden sites. Numer-

ous sturgeon remains have been found at archaeological 

sites in the East Bay likely very near the site of capture 

(Gobalet, 1994; Gobalet et al., 2004).  The remains of some 

very large sturgeon have been found inland at archaeo-

logical sites on streams too small to accommodate these 

individual fishes implying the transfer of these fishes to 

inland sites (Gobalet, 1992; Gobalet et al., 2004). It is quite 

probable that sturgeon were caught at sites adjacent to 

the tidal portions of the Napa River, where white sturgeon 

are currently known to occur (Schulz, 1978; CDFG, river 

and stream files, Yountville).  

Acipenser medirostris Ayres, 1854, 

green sturgeon

Historical Distribution and Status. Ayres (1854c) first 

described Acipenser medirostris from San Francisco Bay.  

Other records of Acipenser medirostris from “San Fran-

cisco” in the 1850’s include several specimens described 

by Alexander Agassiz as different holotypes (A. agassizii, 

MCZ 24022; A. oligopeltis, MCZ 24038; A. alexandri, MCZ 

24029, A. putnami, MCZ 24023) and collections by T.G. 

Cary in 1854 and 1857 (MCZ 24031, 24036).  There are 

additional records from San Francisco for the mid- to late- 

19th Century (NMNH 00001005, 00027223).  These few his-

torical records of its occurrence in the study area indicate 

that Acipenser medirostris was occasionally found in San 

Francisco fish markets; however, Lockington (1879, p. 51) 

noted that this species was “abundant in the [San Fran-

cisco] Bay and rivers and creeks flowing into it, not on the 

market.”  The San Francisco Estuary, including San Pablo 

Bay, Suisun Bay, and the Delta, and the Sacramento and, 

possibly, San Joaquin rivers support the southern-most 

reproducing populations of green sturgeon; where they 

are considered uncommon, especially when compared to 

white sturgeon (Jordan and Gilbert, 1883; Moyle et al., 

1992; Adams et al., 2002).  Within the entire Estuary, adult 

green sturgeon mean annual abundance for the years 

1954-1998 was estimated at between 198 to 1,906 fish, in-

cluding an estimate of 418 fish for 1998 (Mills and Fisher, 

1994; CDFG, 1999, as cited in Environmental Protection In-

formation Center et al., 2001).   Within California, outside 

of the Estuary, spawning streams include the Klamath and 

Trinity Rivers (Moyle, 2002).  
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I found approximately 23 historical records for green stur-

geon, all from either “San Francisco” or portions of San 

Francisco Bay. More recent records for the occurrence of 

green sturgeon in the Estuary are few but geographically 

widespread and include Suisun, San Pablo, and Central 

and South San Francisco bays, and the Sacramento-San 

Joaquin Delta (Chadwick, 1959; Skinner, 1962; Ganssle, 

1966; Radtke, 1966; Alpin, 1967; Miller, 1972; Green, 1975; 

Kohlhorst, 1976; Stevenson et al., 1987; Baxter et al., 1999; 

CAS, fish collection).  Open water sampling in the Estuary 

by the California Department of Fish and Game between 

1980 and 2004 documented fewer than 75 occurrences of 

green sturgeon, with catches ranging between 0 and 8 in-

dividuals per year (Baxter et al., 1999; IEP, 2005).       

Apparently, there are no confirmed records of green stur-

geon from study area streams although the lower Napa 

River marshes and Petaluma River are contiguous with San 

Pablo Bay where they are known to occur (Moyle, 2002).  

As with white sturgeon, green sturgeon likely occasion-

ally occurs in the lowermost tidal reaches of larger streams 

such as the Napa River-Sonoma Creek marsh complex and 

possibly at the mouth of the Petaluma River. 

Ecology.  Little is known about the ecology of green 

sturgeon within the Estuary.  Adults are primarily ma-

rine, spending limited time within the Estuary (Moyle et 

al., 1992).  Spawning is thought to occur in the main stem 

Sacramento River and some of its larger tributaries in rela-

tively deep, high-velocity water (Moyle et al., 1992).  Most 

individuals that have been tagged in San Pablo Bay are 

recovered outside the Estuary in open marine environ-

ments (Chadwick, 1959; Miller, 1972).  Green sturgeons are 

benthic feeders and within the Sacramento-San Joaquin 

Delta feed on opossum shrimp (Neomysis mercedis) and 

amphipods (Corophium sp.)(Radtke, 1966).

Conservation Status.  Moyle (2002) expressed concern 

over the conservation status of green sturgeon, primarily 

because of the overall lack of information on this species 

life history, and its seemingly low abundance and limited 

distribution in terms of the number of viable populations. 

Within California, Moyle (2002) considers green sturgeon 

a species of special concern that warrants special man-

agement actions to keep it from becoming threatened or 

endangered. In June 2001, the Environmental Protection 

Information Center et al. (2001), petitioned the National 

Marine Fisheries Service (NMFS) to list the North Ameri-

can green sturgeon as an endangered species under the 

Federal Endangered Species Act (ESA) (16 U.S.C. §§ 1531-

1544). On April 6, 2005, following a federal court ruling, 

the NMFS proposed listing green sturgeon populations 

south of the Eel River, including the Estuary and Sacra-

mento-San Joaquin River as threatened under the ESA (70 

Federal Register 17386).  

Acipenser transmontanus Richardson, 1836, 

white sturgeon

Historical Distribution and Status. During an 1854 

meeting at the CANS William O. Ayres presented speci-

mens of Acipenser brachyrhynchus (= A. transmontanus), 

noting the locality of the species as “San Francisco Bay; San 

Pablo Bay; Suisun Bay; Lower Sacramento and San Joaquin 

rivers” (Ayres 1854c, p. 16). Lockington (1879, p. 51) noted 

that this species was found in the San Francisco “market, in 

abundance.”  Eigenmann (1890, p. 55) described Acipenser 

transmontanus as “Entering all large streams from the Sac-

ramento to the Fraser River”.

White sturgeon is more common than green sturgeon with-

in the Estuary.  White sturgeon is found in the Pacific Ocean 

from the Gulf of Alaska to northern Baja, Mexico, with 

spawning populations only known from the Sacramento Riv-

er system (California), the Columbia River (Washington), and 

the Fraser River (British Columbia, Canada)(Moyle, 2002).  It 

is locally common in the open waters of the Estuary.

Open water sampling in the Estuary by the CDFG from 

1980 and 2004 documented over 800 occurrences of white 

sturgeon, with catches ranging between 0 and 88 individu-

als per year (Baxter et al., 1999; IEP, 2005).   White stur-

geon is most abundant in Suisun and San Pablo bays, and 

the West Delta, however it is also found in the Central and 

South bays (Stevenson et al., 1987; Baxter et al., 1999; IEP, 

2005).  White sturgeon does not occur in the freshwater, 

non-tidal reaches of Estuary streams. However, it may oc-

casionally be found in tidal riverine and estuarine habi-

tats of larger tributary streams such as Coyote Creek and 

the Guadalupe River, Santa Clara County; the Napa River, 

Napa County; and Sonoma Creek and the Petaluma River, 

Sonoma County (Stevenson et al., 1987; CDFG, river and 
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juvenile and adult white sturgeon were collected by CDFG 

in the tidal portions of the Napa River between the South-

ern Pacific Railroad Bridge below Cuttings Wharf and the 

Imola Bridge, and at the mouth of Suscol Creek, respec-

tively (CDFG, river and stream files, Yountville). I did not 

collect white sturgeon during this study largely because I 

did not sample its preferred habitats.

Ecology.  Adults are primarily estuarine (Moyle et al., 

1995).  Spawning is thought to occur in the main stem Sac-

ramento River and some of its larger tributaries in rela-

tively deep, high-velocity water (Moyle et al., 1995).  Most 

individuals that have been tagged in San Pablo Bay are 

recovered outside the Estuary in open marine environ-

ments (Chadwick, 1959; Miller, 1972).  White sturgeons are 

benthic feeders and within the Sacramento-San Joaquin 

Delta feed on opossum shrimp (Neomysis mercedis) and 

amphipods (Corophium sp.)(Radtke, 1966).

Conservation Status. Moyle (2002) assesses white stur-

geon populations as stable or increasing, after being deci-

mated by over harvesting between the 1860s and 1901. 

Moyle (2002) attributes recovery of their populations to 

their high fecundity and lengthy life span (may live up to 

nearly 50 years), coupled with proper management of the 

commercial and sport harvest.

C Y P R I N I D A E  ( M I N N O W S )

Siphatales bicolor (Girard, 1856), 

tui chub

Historical Distribution and Status.  The tui chub is 

not native to streams of the Estuary.  It is discussed here 

because it is native to other regions within the Sacramen-

to-San Joaquin Fish Province outside the Central Valley. It 

has been transplanted into ponds and reservoirs through-

out California. Ayres (1862, p. 163, at a meeting of CANS, 

3/Feb/1862) references eight species of freshwater fish, in-

cluding Algansea formosa [= Siphatales bicolor], “…caught 

[by fisherman] at all the various points in the bay, at which 

salt water fishes only have previously been found”. Pre-

sumably, these fish were transported to San Francisco Bay 

from rivers and streams during the great floods of 1861-

1862. Historical descriptions of tui chubs thought to occur 

in the Sacramento-San Joaquin Valley are based on several 

poorly preserved specimens, possibly from a mislabeled 

collection (C. L. Hubbs, UMMZ, personal communication, 

as cited in Moyle, 2002, p. 123).  An alternative explana-

tion could be that these early descriptions of tui chub from 

the Sacramento-San Joaquin system were cyprinid hybrids 

or thicktail chubs.     

In 1997, I collected several adult tui chubs from a small 

reservoir in Horse Valley, at the headwaters of Smith Creek 

(elevation 835 m) within the Alameda Creek drainage, 

Santa Clara County.  However, the date and source of the 

introduction of tui chub into the reservoir is unknown.  Tui 

chubs were not collected during this study at a sampling 

site immediately downstream from the reservoir.

Ecology.   Tui chub occur in a wide variety of habitat 

types including large rivers, small streams, lakes, reser-

voirs, soughs, and isolated springs (Moyle, 2002).  During 

this study it was collected from a small (approximately 3 

ac), permanently ponded, warm (18° C) reservoir with a 

silt substrate and extensive beds of floating and emergent 

aquatic macrophytes.  These habitat characteristics repre-

sent conditions typical for tui chub within its native range 

(Bond et al., 1988).  No other fish species were collected 

from the reservoir.

Conservation Status. Tui chub is native to California; 

however it has been introduced into stock ponds, reser-

voirs, and lakes outside its historic range. 

Gila crassicauda (Baird and Girard, 1854), 

thicktail chub (Figure V.7)

Historical Distribution and Status.  This endemic cyp-

rinid was last collected from the Sacramento-San Joaquin 

Delta near Rio Vista in 1957, and is now considered extinct 

(Mills and Mamika, 1980). Thicktail chub was one of the 

most common minnows in the Central Valley of California 

as evidenced by its abundant remains in Native American 

middens (Gobalet et al., 2004) and occurrence in 19th cen-

tury San Francisco fish markets (Moyle, 2002).  

Ayres (1854a) provided the earliest descriptions of Gila 

crassicauda as Leuciscus gibbosus, and soon after recon-

firmed this cyprinid as Lavinia gibbosa (Ayres 1854b), based 
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primarily on specimens from San Francisco fish markets.  

These market fish apparently had been collected near 

Stockton in the Central Valley (Ayres, 1854a).  Interest-

ingly, remains of thicktail chub have also been excavated 

from 19th century Chinese privies in the Mission District of 

San Francisco (K. Gobalet, CSUB, personal communication, 

2006). The species was also described in 1854 by Baird and 

Girard as Lavinia crassicauda from specimens originally ob-

tained from the “Rio San Joaquin and tributaries” in the 

Central Valley (Girard 1854a, p. 137).  Miller (1963) pub-

lished several additional records of thicktail chub, also ob-

tained from San Francisco markets that may have been col-

lected from the Central Valley (listed in Miller, 1963, p. 28 

as: “MCZ 18918 (2), 193 and 208 mm, San Francisco, Cory, 

1862; UMMZ 87276-77 (2), 222 and 267, San Francisco, Cory 

and L. Agassiz, 1854 and 1857”).  

I located 18 historical records for the Estuary, including ap-

proximately ten records not listed in Miller (1963). Ten of 

the records are from  “San Francisco,” or “markets,” or “San 

Pablo Bay,” two records are from Coyote Creek, Santa Clara 

County, and two records are from archaeological sites (Ap-

pendices 2 and 3). Within study area streams, thicktail chub 

was known only from Marsh Creek (Gobalet, 1992), Walnut 

Creek (Gobalet et al., 2004), possibly Temescal and/or Straw-

berry creeks (Gobalet et al., 2004); Alameda Creek (Gobalet 

et al., 2004), Coyote Creek (Snyder, 1905; Gobalet et al., 

2004), and the Napa River (Gobalet et al., 2004).  Two locali-

ties are known for the occurrence of thicktail chub in Coyote 

Creek.  There are two specimens (85 and 102 mm) from Coy-

ote Creek, where J. O. Snyder collected it in the Mt. Hamilton 

Range foothills near Gilroy Hot Springs presumably in 1898 

(CAS 121031). Snyder (1905, p. 338) also lists thicktail chub 

as occurring “near [the] mouth” of Coyote Creek.  The loca-

tion of thicktail chub for Alameda Creek is for sites adjacent 

to Arroyo de la Laguna Creek near present day Pleasanton 

(K. Gobalet, CSUB, personal communication, 2006). Thicktail 

chub also has been collected with several other freshwater 

fishes from the surface waters of San Francisco Bay during 

periods of high discharges from the Sacramento and San 

Joaquin rivers (Ayres, 1862; Snyder, 1905).  

Ecology.   There is very little information on the life history 

of thicktail chub primarily because it was already extremely 

rare prior to the initiation of serious study (Moyle, 2002).  

Existing collection records and the examination of gross 

morphology and anatomy suggest that thicktail chub was 

adapted to estuarine and riverine sloughs and channels and 

to low-elevation lacustrine environments (e.g., Tulare Lake 

within the San Joaquin Valley, Kern County) where it fed on 

aquatic invertebrates and small fishes (Miller, 1963; Gobalet 

and Fenenga, 1993; Siefkin, 1999; Moyle, 2002).

The single specimen of thicktail chub identified from re-

mains at an archaeological site on the lower Napa River 

likely was from an estuarine environment similar to pres-

ent conditions (Schulz, 1978).  Thicktail chub was identified 

with the remains of nine other native fish species at the 

archaeological site on the Napa River, including sturgeon 

sp., Sacramento pikeminnow, Sacramento splittail, Sacra-

mento blackfish, hitch, Sacramento sucker, and Sacramen-

to perch (Schulz, 1978; Gobalet et al., 2004).  Fishes identi-

fied at the archaeological site are evidence that thicktail 

chub utilized freshwater, tidal estuarine habitats. Simi-

larly, thicktail chub is listed as occurring near the mouth 

of Coyote Creek (Snyder, 1905).  In addition to thicktail 

chub, Snyder (1905) lists 12 other native fishes as occurring 

near the mouth of Coyote Creek, including species typical 

of low-elevation riverine and/or estuarine habitats such 

as Sacramento sucker, Sacramento blackfish, hitch, Sac-

ramento splittail, threespine stickleback, tule perch, and 

prickly sculpin.  Finally, thicktail chub remains were recov-

ered in Alameda Creek with other lowland riverine species 

including Sacramento sucker, hitch, Sacramento blackfish, 

hardhead, Sacramento pikeminnow, Sacramento perch, 

and tule perch (Gobalet et al., 2004).  

The collection record for Coyote Creek near Gilroy Hot 

Springs also suggests that thicktail chub occurred in 

smaller, low-gradient, intermittent foothill streams.  

Stream reaches near Gilroy Hot Springs are character-

ized by shallow riffles with gravel-cobble substrates and 

by moderately deep pools with sand-boulder dominated 

substrates.  Other native fishes collected near Gilroy Hot 

Springs during this study that likely occurred historically 

with thicktail chub include California roach, hitch, Sacra-

mento pikeminnow, Sacramento sucker, prickly sculpin, 

and riffle sculpin.

The preferred spawning substrate of thicktail chub is un-

known. Miller (1963) presents evidence for hybridization 

between thicktail chub and hitch noting the preference of 
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silt-sand substrates.  There are observations by others of 

the apparent successful reproduction of hitch and hitch 

- California roach hybrids in the absence of gravel sub-

strates (Miller, 1963).  The collection of two thicktail chub 

juveniles (85 and 102 mm) from near Gilroy Hot Springs 

supports the view that in addition to its possible repro-

duction in the absence of gravel, this species also spawned 

in gravel-cobble substrates. Hitch, California roach, and 

their hybrids were collected during this study in Coyote 

Creek as well as in Alameda Creek, Alameda County, in 

stream reaches characterized by sand-gravel substrates 

similar to sites near Gilroy Hot Springs.  Like hitch, it is 

possible that thicktail chub may have moved seasonally 

from lowland slough and riverine habitats within the Coy-

ote Creek drainage to spawn in gravel-cobble riffles typi-

cal of stream habitats near Gilroy Hot Springs. 

Conservation Status. Extinct. Moyle (2002) hypothesiz-

es that the thicktail chub likely became extinct because of 

their inability to adapt to extensive habitat modifications 

to lowland aquatic habitats, as well as predation from 

non-native fishes such as striped bass and largemouth 

bass. While habitat modification and predation may ex-

plain the extirpation of the thicktail chub from some his-

torical habitats, these mechanisms seem insufficient to ex-

plain its disappearance from other relatively undisturbed 

aquatic environments.  

Lavinia exilicauda Baird and Girard, 1854, 

hitch

Historical Distribution and Status.  Charles Girard 

(1854a) first described Lavinia exilcauda from specimens col-

lected by Dr. L. A. Heermann in the Sacramento River dur-

ing the surveys for a Pacific railroad route. Girard (1854b) 

also described Leucosomus occidentalis (= Lavinia exilicauda) 

from specimens obtained from W. P. Trowbridge from two 

streams in the San Joaquin Valley.   In the same year, Ayres 

(1854b) described Lavinia compressa (= L. exilicauda) from 

specimens taken in a San Francisco fish market; these fish 

were originally collected from the lower Sacramento and 

San Joaquin rivers.  Hitch were collected with other fresh-

water fishes from the surface waters of San Francisco Bay in 

December and January 1861-62, following unusually heavy 

floods (Ayres 1862, p. 163).

I was able to find approximately 200 historical records for 

the occurrence of hitch within Estuary watersheds (Appen-
dix 2). Historical records prior to 1981 indicate that hitch 

occurred within 15 geographically widespread watersheds 

(Appendix 3).  However, populations in two or three of 

these watersheds (i.e., Wildcat and Temescal creeks, and 

possibly San Leandro Creek) likely were the result of intro-

ductions, and records for two other watersheds are based 

on archaeological evidence (Gobalet, 1990a, 1992). The 

earliest historical records of hitch from Estuary streams 

are for the Napa River in 1897, and Alameda and Coyote 

(Santa Clara County) creeks in 1898 (Snyder, 1905; Snyder, 

1908; CAS,  fish collection and accession files).  Other pre-

1950 records for Estuary streams include Alameda Creek 

(Seale, 1934; Murphy, 1948), Marsh Creek (1927, SU 60216; 

1939, R.R. Miller and J. Davis, UMMZ 133178; 1945, CAS 

17931) and Suisun Creek (1940, T. Rodgers, UMMZ 131516).  

Alameda and Coyote creeks had the greatest number of 

historical records.  

Gobalet et al. (2004) identified hitch from an archaeologi-

cal site on the west bank of the Napa River on the north-

ern edge of the City of Napa.  Prehistoric occupation of 

the site began in the Central California Middle Period (ca. 

2000 years ago) and lasted into late prehistoric/early his-

toric times (Schulz, 1978).  Quinn (2002) identified a mini-

mum of eleven hitch from fish remains recovered from an 

archaeological site near the confluence of Tulacay Creek 

and the Napa River.  Gobalet (1990a, 1990b, 1992) and 

Gobalet et al. (2004) also identified hitch from archaeo-

logical sites adjacent to Marsh, Walnut, San Pablo, Wild-

cat, Temescal/Strawberry, Alameda, and Coyote creeks, 

and the Guadalupe River. Interestingly, several of these 

archaeological sites are adjacent to streams that currently 

support populations of hitch.

Hitch also maintain populations in several Estuary reser-

voirs where they have become established either through 

intentional introduction and/or when populations were 

trapped following the damming of streams. For example, 

hitch recorded from Coyote and Anderson reservoirs, San-

ta Clara County, likely became established from popula-

tions residing in Coyote Creek (Appendix 2).  In Del Valle 

Reservoir (Alameda Creek watershed) hitch may have 

been established from stream populations and/or through 

water transfers into the reservoir from the Central Valley. 
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Finally, populations in Lake Anza (Wildcat Creek water-

shed), Lake Temescal (Temescal Creek watershed), Upper 

San Leandro Reservoir (San Leandro Creek Watershed), 

and possibly Searlsville Lake (San Francisquito Creek wa-

tershed) probably resulted from intentional introductions, 

possibly as forage fish (Appendix 2). The current status 

of hitch in most Estuary reservoirs is poorly known and 

some reservoir populations are no longer present (e.g., 

Lake Anza).

Hitch have been recorded only occasionally from the tidal 

waters of the Estuary, a likely indication of its ability to 

tolerate moderate salinities in the lowermost, tidally-influ-

enced reaches near the mouths of streams (Stevenson et 

al., 1987; Baxter et al., 1999; IEP, 2005; this study).  There 

are several collections from the late-1970s and early-1980s 

from the tidally affected portions of several watersheds in 

the southern Estuary, including Coyote, Stevens and Sara-

toga creeks, and the Guadalupe River (CDFG, river and 

stream survey files, 1978, Yountville; Leidy, 1984; Stevenson 

et al., 1987).  

In 1981, I collected hitch from eight Estuary watersheds com-

prising eleven percent of the 457 stations sampled (Leidy, 

1984).  During the present study, I collected hitch from three 

watersheds at 25 (9%) of the 275 sites sampled. Several wa-

tersheds that contained hitch in 1981 were not re-sampled 

during the present study; however, recent sampling by oth-

ers confirmed its presence in at least four of these water-

sheds. Currently, hitch maintain populations in a minimum 

of thirteen watersheds over a broad geographic region of 

the Estuary (Appendix 3). Hitch remains locally abundant in 

the lower-gradient and elevation reaches of at least seven 

watersheds; Marsh, Walnut, Rodeo, San Leandro (upstream 

from Upper San Leandro Reservoir), Alameda, Coyote, and 

San Tomas Aquino/Saratoga creeks, and the Guadalupe Riv-

er (this study; SCVWD, 2003, 2004a, b).  

It is interesting to note that hitch appear to be extremely 

rare in watersheds flowing into northern San Pablo Bay, 

even though suitable habitat appears to be present in the 

Napa River, Petaluma River, and Sonoma Creek.  The only 

historical or recent record I found for its occurrence from 

northern San Pablo Bay is a record for the Napa River by J. 

O. Snyder in 1897, and a general reference to its presence 

in the Napa River by Murphy (1948).  

Ecology.  Hitch were members of the mixed native fish-

es/middle mainstem-lower large tributary and mixed na-

tive-nonnative fishes/lowermost small to large mainstem 

assemblages.  Their abundance was positively correlated 

with stream order, water temperature, percent open cano-

py, percent pool habitat, and the total number of species, 

and negatively correlated with water clarity, dominant 

substrate size, and percent native species (Table 14).  Hitch 

typically occurred in high densities in unshaded pools with 

warm water temperatures, low water clarity, and silt-sand 

substrates (Table 14). 

Within Alameda and Coyote Creeks, hitch occupied two 

general habitat types.  Within the middle elevation reach-

es of Alameda and Coyote creeks (elevation range 20-50m) 

hitch could be found utilizing riffle habitats, often with 

California roach, and hitch-California roach hybrids, while 

at lower elevations (3-20m) hitch were locally abundant in 

pools.  In Alameda and Arroyo de la Laguna creeks within 

and upstream from Niles Canyon, and the middle reaches 

of Coyote Creek, large-sized adult hitch (> 280 mm FL) 

were observed utilizing undercut banks bordering pools 

at depths greater than 1m, while schools of smaller hitch 

(<125 mm FL) were found along pool edges.       

The CCA ordination indicated that of native fishes, hitch 

were most likely to occur at sites where environmental con-

ditions also favored nonnative species (Figure 2).  Hitch was 

found with the lowest percentage (66%) of native fishes of 

any native species and its abundance was negatively corre-

lated with the abundance of other native fishes.  Hitch was 

found at the lowest mean elevation (12 m) of any native 

species with the exception of tule perch. At low elevation 

sites we collected hitch with a total of ten nonnative species, 

most often golden shiner, inland silverside, and green sun-

fish.  At these low elevation sites, native species most often 

collected with hitch included Sacramento sucker and prickly 

sculpin.  However, at mid-elevation sites, hitch was most 

commonly associated with other native fishes including Cali-

fornia roach, Sacramento sucker, Sacramento pikeminnow, 

and prickly sculpin. Nonnative fishes were collected far less 

frequently with hitch than native fishes at mid-elevation 

sites. The most frequently encountered nonnative fishes 

found with hitch at mid-elevation sites, included green sun-

fish, common carp, western mosquitofish, inland silverside, 

and largemouth bass.   
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ameda, Walnut, Coyote, and possibly Saratoga/San Tomas 

Aquino creek watersheds, and at least one natural hybrid 

between hitch and blackfish has been noted in a collec-

tion of hybrids from Alameda Creek (Miller, 1945; Hopkirk, 

1973; Leidy, 1984; SCVWD, 2004b; this study).  Interest-

ingly, hitch and roach were collected together in varying 

abundances at all but one site (n = 24). The extent of natu-

ral hybridization between hitch and California roach in Es-

tuary streams, and the over all effects of hybridization on 

the population genetics of these species are unknown. 

The ecology of hitch occurring in Estuary reservoirs (i.e., 

reservoir-affected/lacustrine assemblage) is also poorly 

understood. Hitch from Coyote and Anderson reservoirs 

consist almost entirely of large-sized adults, while popula-

tions in Coyote Creek are characterized by multiple age 

classes (Leidy, 1984; this study, Appendix 2).  Presumably 

adult hitch reside in the reservoirs and spawn in tributary 

streams, a behavior known to occur in other Central Valley 

reservoirs (Moyle, 2002). Populations of hitch introduced 

into Anza and Temescal lakes (Wildcat Creek and Temescal 

Creek watersheds, respectively), became so large during 

the 1940s-1950s that the lakes were chemically treated to 

remove the fish (P. Needham, U.C. Berkeley, ichthyology 

class field notes from the 1950s, Appendix 2). However, 

chemical treatment was ineffective as hitch were able to 

quickly reestablish large populations in these lakes. Inter-

estingly, hitch no longer occur in Lake Anza.   

Conservation Status and Recommendations. With the 

exception of some tributaries to northern San Pablo Bay, 

hitch is geographically widespread and locally abundant in 

at least seven watersheds. The total number of watersheds 

where hitch occur is not large, (13 out of 65 total water-

sheds).  Therefore, watersheds that do support hitch are crit-

ical to their conservation within the Estuary region. Moyle 

(2002) notes that hitch should be placed on the “watch list” 

because populations appear to be declining. Hitch tend to 

utilize the middle-to-lower reaches of larger streams in the 

Estuary, aquatic environments that are also favored by non-

native fishes, and that are most threatened by the adverse 

effects of urbanization.  For these reasons, hitch populations 

in Estuary watersheds should be carefully monitored, and 

the lower reaches of streams where hitch occur should be 

managed to protect their populations. Monitoring could 

include research on the degree of hybridization between 

sympatric populations of hitch and California roach in Alam-

eda and Coyote creeks, where hybridization between these 

two cyprinids is known to occur. In lower Coyote Creek, hitch 

occur in stream reaches with the nonnative red shiner, an 

aggressive invader that was first detected in lower Coyote 

Creek in the mid-1980s.  Research on the potential adverse 

effects of red shiner on hitch, and other native cyprinids in 

Coyote Creek is also recommended. 

Lavinia symmetricus (Baird and Girard, 1854), 

California roach  (Figure V.8)

Historical Distribution and Status.  Girard (1854a) 

first described Lavinia symmetricus as Pogonichthys sym-

metricus from specimens obtained by Dr. L. A. Heerman, 

near Fort Miller on the San Joaquin River.  Snyder (1905, 

1908) described two species of Rutilus (= Hesperoleucus/

Lavinia) as occurring in streams tributary to the Estuary.  

Hesperoleucus symmetricus was found in streams in the 

southern Estuary in Alameda, Santa Clara, and San Mateo 

counties, while Hesperoleucus venustus occurred in the 

Napa River watershed in the northern Estuary.  Murphy 

(1948) concluded that Snyder’s geographic groupings of 

species of Hesperoleucus were valid, but should be rele-

gated to subspecific status.  Hopkirk (1973) considered H. 

symmetricus and H. venustus to be the same species. Moyle 

adopted Lavinia for Hesperoleucus because of similarities 

with the closely related congener Lavinia exilcauda.  Moyle 

(2002) also recognized Lavinia symmetricus symmetricus as 

occurring in the Sacramento-San Joaquin River drainages, 

except the Pit River, and in tributaries to the Estuary.

Some of the earliest known collections of California roach 

in California were made from the Estuary.  There are col-

lections of California roach by A. Agassiz and T. G. Cary 

from San Francisco and “vicinity” from 1854-1860 (UMMZ 

87089, MCZ 1980).  These records correspond with a se-

ries of collections of California roach made by the same 

individuals from San Mateo Creek from 1857-1860 (UMMZ 

87106, MCZ 1971, 1980). Other early records for Estuary 

watersheds include: Alameda Creek (listed as “Arroyo 

Crista Blanca, Livermore”, 9/1912, F. S. Curtis, ANSP 38897); 

Napa River and Conn Creek (1897, Snyder 1908); San Fran-

cisquito, Madera, San Antonio, Campbell, Guadalupe, 

Coyote, Alameda, Arroyo Honda, and Isabel creeks (1898, 



Part V   results –  native species accounts

88
Snyder, 1905); Guadalupe Creek [River] (9/30/1922, C. L. 

Hubbs, UMMZ 63408); San Anselmo Creek (1927, LACM 

31705.001); and Walnut Creek (1939, R. R. Miller and J. 

Davis, UMMZ 133183).

There are records for the occurrence of California roach 

from 35 watersheds (Appendices 2 and 3). During 1981, 

roach were the most commonly collected native species, 

being recorded from 169 (37%) of the 457 stations sam-

pled (Leidy, 1984).  Roach were also the most abundant 

and widely collected fish during this study, occurring at 

161 (59%) of the 275 sample sites. Roach is rarely collected 

in the open waters of the Estuary, a likely indication of 

its preference for low salinity, small stream environments 

(Moyle, 1976a; Baxter et al., 1999).  Roach hybridize with 

hitch in Coyote, Alameda, Walnut, and possibly Sara-

toga/San Tomas Aquino creeks (Miller, 1963; Leidy, 1983; 

SCVWD, 2004b; this study).  

Ecology.   The abundance of roach was positively corre-

lated with stream order, water temperature, percent open 

canopy, total number of species, and the percent native 

fishes (Table 14).  Roach were often the most abundant 

fish where collected.  The location of roach near the cen-

ter of the CCA ordination indicates their generally broad 

tolerance for environmental conditions (Figure 2).  Roach 

typically were found in large numbers in the shallow pools 

of small-to-medium sized streams, with high water clar-

ity, warm water temperatures, and sand-gravel dominated 

substrates under an open riparian canopy (Table 14).  

Roach most commonly occurred with other native species, 

with the number of native species varying with elevation 

and stream order.  For example, in first and second order 

headwater reaches (rainbow trout/upper mainstem-head-

water tributary assemblage), roach typically occurred 

with various combinations of rainbow trout, riffle sculpin 

or prickly sculpin, and juvenile Sacramento sucker.  In the 

small, warm, intermittent streams, California roach oc-

curred with juvenile Sacramento sucker and occasionally 

green sunfish. In third through fifth order stream reaches 

(mixed native fishes/middle mainstem-lower large tribu-

tary assemblage, Figure 1) roach occurred with 3-6 native 

species, including Pacific lamprey, Sacramento pikemin-

now, hardhead (Napa River), Sacramento sucker, prickly 

sculpin, riffle sculpin, and tule perch.  

Roach were collected in lower abundances in streams 

dominated by nonnative fishes (mixed native-nonnative 

fishes/lower small to large mainstem assemblage), includ-

ing Walnut, Alameda, and Coyote creeks. When collected 

with nonnative fishes, roach were typically found along 

the shallow margins of pools.

Conservation Status and Recommendations. Moyle 

(2002) observed that many isolated populations of roach 

are threatened with extirpation because of habitat altera-

tion and nonnative fishes.  Roach are a freshwater disper-

sant species and therefore are virtually isolated in Estuary 

watersheds.  Although roach populations are geographi-

cally widespread in the Estuary, their status should be 

closely monitored and streams managed for the native fish 

communities that contain them. Consideration should be 

given to the reintroduction of roach into watersheds with 

suitable habitats in which they historically were present.  

Sources of roach for reintroduction may include water-

sheds immediately adjacent to those earmarked to receive 

the transplant. 

Orthodon microlepidotus (Ayres, 1854), 

Sacramento blackfish

Historical Distribution and Status.  Ayres (1854a, b) 

first described Orthodon microlepidotus as Leuciscus mi-

crolepidotus, and in the same year reconfirmed this cyp-

rinid as Gila microlepidota, based on specimens from San 

Francisco fish markets.  These market fish apparently had 

been collected in the Sacramento and San Joaquin rivers of 

the Central Valley (Ayres, 1854a).  Following heavy flood-

ing during December and January 1861-1862, blackfish 

was commonly collected in San Francisco Bay (Ayres, 1862, 

p. 163).  In a series of related publications, Girard (1856a, 

1857a, b, 1858) summarized various collections of fresh-

water fishes made during surveys primarily by Dr. John S. 

Newberry.  In these publications Girard notes the locality 

of blackfish as “San Francisco.”  Presumably these fish were 

also collected in Central Valley streams and subsequently 

transported to San Francisco fish markets.  Snyder (1905) 

recorded blackfish from collections made in 1898 in Coy-

ote Creek, Santa Clara County, near the mouth and further 

upstream near San Jose.

Sacramento blackfish have been identified from fish re-
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and palentological sites bordering the Estuary. Gobalet 

(1992) identified blackfish from a site adjacent to lower 

Marsh Creek, which dates from A.D. 1000-1500. These 

fish likely were collected by Native Americans either from 

Marsh Creek or nearby Suisun Bay. Gobalet et al. (2004) 

and Quinn (2002) found blackfish remains from the lower 

Napa River. Gobalet et al. (2004) also noted the occurrence 

of blackfish from archaeological sites nearby Strawberry 

and Temescal creeks, and from the Walnut, and Alam-

eda creek watersheds. Blackfish remains have also been 

recovered from late-19th century midden materials from 

San Francisco and San Jose (K. Gobalet, unpublished data, 

2006). Casteel (1973), Casteel and Adam (1977), and Casteel 

(1978), described fossil blackfish from various ages during 

the Pleistocene from Alameda and Santa Clara counties. 

There are historical records for Sacramento blackfish from 

at least six Estuary watersheds (Appendices 2 and 3).  These 

geographically widespread watersheds include: Walnut 

Creek, Contra Costa County; Alameda Creek, Alameda 

County; Coyote Creek and the Guadalupe River, Santa Clara 

County; the Petaluma River, Solano County; the Napa River, 

Napa County; and Suisun Creek, Solano County.  The ma-

jority of historical records for blackfish are from Alameda 

and Coyote creeks. Within Alameda Creek, blackfish were 

commonly collected from the 1930’s to the 1970’s within 

and downstream from Niles Canyon (Appendix 2).  Begin-

ning in the 1890s and continuing through the 1980s, black-

fish were commonly collected in Coyote Creek from Coyote 

Lake downstream to the mouth (Appendix 2).      

Sacramento blackfish rarely occurs in the surface waters of 

the Estuary although it does regularly occur in low numbers 

in the tidal reaches of larger streams. Gannsle (1966) and 

Messersmith (1966) noted blackfish in Carquinez Strait. Bax-

ter et al. (1999) recorded a single specimen of blackfish in the 

open waters of the Estuary based on beach seine, midwater 

trawl, and otter trawl samples between 1980 and 1995 by 

CDFG. Blackfish are rarely collected in Suisun Marsh, usually 

when water salinities are low (P. Moyle, UCD, personal com-

munication, 2004). Sacramento blackfish has been recorded 

from the tidal sloughs of Coyote Creek and the Guadalupe 

River, Santa Clara County; the Napa River, Napa County; and 

the Petaluma River, Solano County (Stevenson et. al., 1987; 

CDFG, river and stream files, Yountville).  

Sacramento blackfish have successfully established popula-

tions in flood detention ponds, abandoned aggregate pits, 

recharge basins and larger flood control and water stor-

age reservoirs throughout the Estuary, where they were 

presumably trapped following the damming of streams 

(Appendix 2).  For example, blackfish that have been re-

corded from Coyote and Anderson reservoirs, Santa Clara 

County, likely became established from populations resid-

ing in Coyote Creek (Appendix 2).  In the Alameda Creek 

watershed, abandoned sand and gravel pits near Niles and 

in the Livermore Valley contain blackfish. The presence of 

Sacramento blackfish in Lake Merced, San Francisco, prob-

ably resulted from intentional introductions. However, the 

presence of blackfish along with several other native fishes 

in Lake Merced also suggests that fish may have colonized 

this natural coastal lake during past periods of lower sea 

level when Lake Merced may have been connected to the 

ancestral Sacramento River. 

During 1980-1981, Leidy (1984) collected blackfish from 

three watersheds, including Walnut and Coyote creeks, 

and the Petaluma River. As in 1981, Sacramento blackfish 

were collected from only 3 (1%) sites during this study, 

including Alameda and Matadero creeks, and the Peta-

luma River.  I found a single reference to the collection 

of blackfish in lower Coyote Creek during the 1990s, even 

though there has been several extensive fish sampling ef-

forts there since 1990 (Buchan et al., 1999).   

Ecology.  Sacramento blackfish inhabit deep, warm pool, 

backwater, and sluggish slough habitats characteristic of 

large, low-elevation streams (Moyle, 2002; Smith, 1977).  

Habitat conditions observed for blackfish during this study 

are similar to conditions in other Sacramento-San Joaquin 

Fish Province streams.  During 1981, I collected numerous 

juvenile blackfish in Coyote Creek and the Petaluma River 

from large, deep (mean water depth 1.6 m) pools, with silt-

sand substrates, and large amounts of cover, such as over-

hanging riparian vegetation, emergent and floating aquatic 

macrophytes, and submerged coarse woody debris (Leidy, 

1984). Habitats where I collected blackfish during this study 

were similar to 1981. Blackfish are most abundant within the 

mixed native-nonnative fishes/lower small to large mainstem 

assemblage. Following a large winter storm during Febru-

ary 1997, I collected a single adult blackfish from Matadero 

Creek, a small tributary in the southern Estuary.  This water-
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shed does not support suitable lowland habitat for this spe-

cies. This blackfish was likely migrating into Matadero Creek 

in response to peak stream discharges.

During 1981 and this study, I found blackfish in assemblag-

es dominated by nonnative fishes, including white catfish, 

black bullhead, brown bullhead, green sunfish, largemouth 

bass, golden shiner, common carp, western mosquitofish, 

and inland silverside (Leidy, 1984).  Native species commonly 

collected with blackfish in both studies included threespine 

stickleback, hitch, Sacramento pikeminnow, and Sacramen-

to sucker. Sacramento blackfish are known to hybridize with 

hitch in Alameda Creek (Hopkirk, 1973).

In reservoirs blackfish occur with mostly nonnative cen-

trarchids and catfishes, but may be found also with other 

native fishes known to colonize reservoirs including hitch, 

Sacramento sucker, and prickly sculpin (i.e., the reservoir 

affected/lacustrine assemblage of Smith, 1982). Because 

blackfish typically spawn in beds of aquatic macrophytes, 

populations established in reservoirs with sufficient shal-

low-water habitat are able to persist (Moyle, 2002).     

Conservation Status and Recommendations. Black-

fish are found in at least seven geographically widespread 

Estuary watersheds, and may be present in the lower reach-

es of other large, poorly sampled Estuary streams.  Black-

fish are abundant where found and have adapted well 

to some human altered environments such as detention 

basins, ponds, reservoirs and earthen flood control chan-

nels. Their ability to thrive in lake-like conditions often 

characterized by high water temperatures, low dissolved 

oxygen, and turbid water has allowed them to maintain 

populations in modified channels in aquatic environments 

adversely affected by urbanization and agriculture.  Moyle 

(2002) rates Sacramento blackfish as stable or increasing in 

California.  Blackfish populations in Estuary streams also 

appear to be stable.

Pogonichthys macrolepidotus (Ayres, 1854), 

Sacramento splittail (Figure V.9)

Historical Distribution and Status. Sacramento split-

tail is an endemic California cyprinid, historically occurring 

throughout Central Valley lowland riverine habitats, in-

cluding the San Francisco Estuary (Moyle, 2002).  There are 

three type localities of Sacramento splittail all from 1854.  

Ayres (1854a) provided the first description of Pogonich-

thys macrolepidotus as Leuciscus macrolepidotus, based on 

specimens from San Francisco fish markets.  These market 

fish apparently had been collected in the Central Valley 

(Ayres, 1854a).  The species was also described by Baird 

and Girard as Pogonichthys inaequilobus, from specimens 

obtained from the San Joaquin River by Dr. L. A. Heermann 

(Girard, 1854b, p. 136).  Baird and Girard also described 

Pogonichthys macrolepidotus as Pogonichthys argyreiosus 

“from the Presidio, on the Bay of San Francisco…”  (Girard, 

1854b, p. 153).  The “Presidio” collection was likely from 

tidal, brackish marshes near the present day location of 

Crissey Field in the Presidio (currently within the Golden 

Gate National Recreation Area, San Francisco).

There are several other 19th Century references to Sacra-

mento splittail from the Estuary.  Girard (1856a, p. 188; 

1858, p. 245; 1859, p. 246) describes P. inaequilobus likely 

collected by E. Samuels in 1855 from “Petaluma” [Peta-

luma River], as well as P. argyreiosus again from the “Presi-

dio near San Francisco”.  There is a record for Sacramento 

splittail collected by G.B. Culver from the Napa River in 

1897 (CAS 104100, Appendix 2).  Apparently G.B. Culver 

accompanied J.O. Snyder and others during 1897 on fish 

collections within the coastal region of Oregon and north-

ern California from the Rogue River south to San Francisco 

Bay, including the Napa River (Snyder, 1908, p. 155).  Cu-

riously, in the published results from that survey, Snyder 

(1908) does not document Culver’s collection of splittail in 

the Napa River. J. O. Snyder and C.H. Gilbert also record-

ed Sacramento splittail in 1898 from Coyote Creek, Santa 

Clara County (Snyder, 1905, p. 331; Appendix 2).  There 

are also several late-19th to early-20th Century references 

for splittail collected near Mare Island (near the mouth of 

the Napa River), Solano County, and the Carquinez Strait, 

Contra Costa County (Appendix 2). 

There are several notable archaeological records for Sacra-

mento splittail from Estuary streams.  Gobalet et al. (2004) 

identified splittail from an archaeological site on the lower 

Napa River with an occupation date estimated from 2000 

years ago to late-prehistoric/early historic times. Gobalet 

(1990a; 1992) and Gobalet et al. (2004) identify splittail 

remains from midden sites for several Estuary watersheds, 

including Marsh, Walnut, and San Pablo/Wildcat creeks, 
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(CSUB, unpublished data, June 2005) recovered numerous 

remains of splittail from several archaeological sites adja-

cent to streams and inlets to the Petaluma River and San 

Pablo Bay (parallel to U.S. Hwy. 101 between the cities No-

vato and Petaluma), Marin County, including San Antonio, 

Burdell, and several unnamed creeks.    Since 1950, I found 

records of splittail from six Estuary watersheds including 

the Petaluma, Napa, and Guadalupe rivers and Walnut, Al-

ameda, and Coyote creeks (see below). 

Walnut Creek watershed and adjacent sloughs.  In a 

1988 gill-net survey, the CDFG found Sacramento splittail 

to be the most abundant fish in the tidal reaches of Walnut 

Creek (Gray and Montoya, 1988).  In 1998, a single juvenile 

splittail was recorded from Grayson Creek, just above its 

confluence with lower Walnut Creek (Leidy, this study). Sac-

ramento splittail have also been recorded from the estua-

rine environments of Peyton and Hastings Sloughs, which 

are proximate to the mouth of Walnut Creek, Contra Costa 

County (Stauffer Chemical Company, 1986; Mount View 

Sanitary District, 1987; Entrix, Inc., 1989).

Alameda Creek watershed.  Of particular interest are 

two records confirming the historical presence of Sacra-

mento splittail in the Alameda Creek watershed (Appen-
dix 2).  The first reference is from 1912 for “Arroyo Crista 

Blanca, Livermore” (ANSP 38898), and the second for Al-

ameda Creek in 1955 by W.I. Follett and G. M. Peckham 

(CAS 26166).

Coyote Creek and Guadalupe River watersheds. Ste-

venson et al. (1987) collected one and two age-1 splittail in 

fyke-net surveys in May and December 1983 from estuarine 

environments in lower Coyote Creek and Guadalupe Slough, 

respectively.  During the period April-June 2000, a single 

adult splittail was captured in a downstream migrant trap in 

lower Coyote Creek (SCVWD, 2001). 

Petaluma River watershed. Caywood (1974) collected 

splittail at several sites within the tidal sloughs and marsh-

es of the lower Petaluma River. More recently, the presence 

of splittail has been reconfirmed in the Petaluma River in 

1991, 1992, 1995, 1996, 1998, and 2002 (USFWS, 1993a; 

Sommer et al., 1997; Baxter, 1999a, b; F. Feyrer, CDWR, un-

published data and personal communication, 2002-2003; 

K. Hieb, CDFG, personal communication, 2003). These vari-

ous collections indicate that splittail occur from the mouth 

of the Petaluma River upstream approximately 23 km to 

between the confluences of Lynch and Washington creeks 

(USFWS, 1993a).

Napa River and Napa marsh. Splittail were collected 

from the Napa River in 1960 and 1967 (Table 16). From 1974-

1979, the California Department of Fish and Game regularly 

recorded splittail from several sloughs in the Napa River 

marsh complex (CDFG, 1979).  Adult splittail were collect-

ed several times in the Napa River in 1989 (Gray, 1989a, b; 

Matsuoka, 1989). In 1995-1996, splittail were collected from 

several different locations in Napa marsh, including Pond 2A 

(K. Hieb, personal communication, as cited in Baxter, 1999b; 

Philip Williams and Associates, Inc., 1997). During 2002 split-

tail were collected from several sites in the Napa River near 

the mouth of Tulacay Creek and in lower Tulacay Creek (F. 

Feyrer, CDWR, unpublished data 2002).  Between 2001 and 

mid-2005, a comprehensive fisheries monitoring program 

developed as part of the Napa River flood protection proj-

ect recorded a total of 762 juvenile and adult splittail from 

various locations on the lower Napa River channel and adja-

cent floodplain (USACE, 2006). Of the 305 Sacramento split-

tail captured during 2005, 295 were identified as juveniles 

(USACE, 2006). Splittail are regularly collected in the tidal 

reaches of the Napa River (IEP, 2005).

Ecology.   Splittail are estuarine and freshwater residents, 

regularly tolerating salinities of 12-18 ppt (Meng and Moyle, 

1995; Baxter et al., 1999).  In Estuary streams splittail are 

found in the open-water floodplains and vegetated tidal 

channels, sloughs and backwaters of larger watersheds, and 

smaller tidal tributaries to these streams (Caywood, 1974; 

Feyrer, 2003; USACE, 2006).  Abundance of splittail in the Es-

tuary is positively correlated with high Delta outflow during 

wet years, which also results in greater extent and duration 

of floodplain inundation (Meng and Moyle, 1995; Sommer 

et al., 1997; Baxter, 1999b).

There is evidence of successful splittail reproduction in Pet-

aluma and Napa rivers, and possibly lower Walnut Creek 

(FLMNH 15181, 65489; USFWS, 1993a; Baxter, 1999a; K. Hieb, 

pers. comm., as cited in Baxter, 1999b; Feyrer, 2003; Leidy, 

this study).  Records of splittail for Coyote Creek and the 

Guadalupe River may be transitory fish present only during 
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wet years with high total Estuary outflow and not resident 

populations.  The 1912 record for splittail from the Alam-

eda Creek watershed in the Livermore Valley is interesting in 

that it may represent a resident population of splittail with-

in Willow Marsh, historically a large alkaline, lowland, lake 

environment that contained other native fishes (Gobalet, 

1990b). Laguna Seca, another large lowland lake that histor-

ically existed adjacent to Coyote Creek likely also had suit-

able habitat for splittail until it was drained and reclaimed 

for agriculture during 1916-1917 (Grossinger et al., 2006). 

Willow Marsh and Laguna Seca were likely similar to the 

Tulare and Buena Vista alkaline lake environments in the 

southern San Joaquin Valley that also historically supported 

splittail (Gobalet and Fenenga, 1993).

In the lower Petaluma and Napa rivers, Napa Marsh, and 

Walnut Creek, native fishes most commonly associated 

with splittail include Sacramento pikeminnow, Sacramento 

sucker, longfin smelt, Delta smelt (Napa River and Marsh 

only), tule perch, Pacific staghorn sculpin, starry floun-

der, and during winter months adult steelhead (Caywood, 

1974; CDFG, 1979; Feyrer, 2003; USACE, 2006).  Nonnative 

fishes most commonly associated with splittail include carp, 

striped bass, inland silverside, threadfin shad, and yellow-

fin goby (Caywood, 1974; USFWS, 1993a; Feyrer, 2003; 

USACE, 2006). In lower Tulucay Creek, a small tributary to 

the estuarine portion of the Napa River, juvenile splittail 

are members of a predominantly native assemblage that 

includes California roach, Sacramento pikeminnow, Sacra-

mento sucker, threespine stickleback, and tule perch (Feyrer, 

2003). In the lower Napa River, splittail have been recorded 

from several habitat types including tidal channel, open 

water, and marsh plain (USACE, 2006).  The relatively large 

number of juvenile splittail collected from marsh plain and 

restored tidal, shallow, open-water environments in the 

Napa River indicates that these areas function as important 

rearing habitat for the species (USACE, 2006). 

Gobalet et al. (2004) recorded splittail with the remains of 

eight other native fish species at an archaeological site on 

the Napa River, including sturgeon, Sacramento pikemin-

now, hardhead, Sacramento blackfish, hitch, thicktail chub, 

Sacramento sucker, and Sacramento perch.  The findings 

of Gobalet et al. (2004) suggest that, at the time of prehis-

toric occupation, this reach of the lower Napa River was a 

riverine environment near the tidal zone that is similar to 

present conditions. The present-day Napa River fish fauna 

includes at least six of the nine species identified from the 

archaeological site.  Only thicktail chub (globally extinct) 

and Sacramento perch (extirpated) no longer occur in the 

Napa River, and the status of hitch is uncertain.    

Conservation Status and Recommendations. In 

1999, splittail were listed as a threatened species under 

the U.S. Endangered Species Act; however, splittail were 

removed as a threatened species in 2003 (USFWS, 2003). 

Splittail are known to utilize restored tidal marsh habitat 

adjacent to the Petaluma and Napa rivers, San Pablo Bay 

(Philip Williams & Associates, LTD., 1997; USACE, 2006). 

Splittail populations appear to have benefited from resto-

ration of historical tidal floodplain environments adjacent 

to the Napa River (USACE, 2006). Splittail should also ben-

efit from the future restoration of other tidal marshes, es-

pecially in areas proximate to existing resident populations 

such as the Petaluma and Walnut Creek. Splittail popula-

tions in Estuary streams are exposed to contaminants in 

urban and agricultural runoff.  Implementation of mitiga-

tion measures in Estuary watersheds aimed at controlling 

non-point source pollution will benefit splittail, as well as 

other associated Estuary fishes.  Periodic sampling is rec-

ommended within estuarine portions of Coyote Creek and 

Guadalupe River to determine the resident or transitory 

status of Sacramento splittail.      

Mylopharodon conocephalus (Baird and Girard, 1854), 

hardhead (Figure V.10)

Historical Distribution and Status. In a series of re-

lated publications, Girard (1856a, b, 1857a, b, 1858, 1859) 

summarizes various collections of freshwater fishes made 

during surveys primarily by Drs. John S. Newberry and Wil-

liam Ayres.  In these publications Girard notes the locality 

of Mylopharodon robustus (= Mylopharodon conocepha-

lus) as “San Francisco.”  Presumably these fish were col-

lected in Central Valley streams and subsequently trans-

ported to San Francisco fish markets. Ayres (1862, p. 163, 

at a meeting of California Academy of Natural Sciences, 

3/Feb/1862) references eight species of freshwater fish, in-

cluding hardhead, “…caught [by fisherman] at all the vari-

ous points in the bay, at which salt water fishes only have 

previously been found.” These fish were transported to 

San Francisco Bay from rivers and streams during the great 
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hardhead from the “San Francisco market, [as] rare.”

Gobalet (1990a) identified hardhead, along with several 

other native minnows, from fish remains excavated from 

a prehistoric archaeological site adjacent to San Pablo and 

Wildcat creeks, Contra Costa County.  This material was 

dated from the period 1000 B.C.-500 A.D. Hardhead also 

was identified from a site adjacent to Marsh Creek, Contra 

Costa County (Gobalet, 1992). In addition, the prehistoric 

presence of hardhead was confirmed at a site adjacent to 

Arroyo de la Laguna Creek, a tributary to Alameda Creek 

near Pleasanton (Gobalet et al., 2004). 

Murphy (1948, p. 8) presented data gathered “from various 

publications and observations” in a summary of the distri-

butional records of freshwater fishes in thirteen Estuary 

streams.  Hardhead is described as occurring in Coyote Creek, 

Santa Clara County; Alameda Creek, Alameda County; and, 

the Napa River, Napa County (Murphy, 1948).  The source of 

Murphy’s records for the occurrence of hardhead in these 

streams is not known.  Corroborating evidence upon which 

Murphy may have relied for the occurrence of hardhead 

in Estuary streams was not found during my review of his-

torical records prior to 1948.  The lack of historical records 

suggests that Murphy’s distributional data for hardhead in 

Estuary streams is based on his personal field observations.  

This conjecture is supported for one stream by his comments 

on the availability of suitable lowland stream habitats for 

certain freshwater species:  “In some instances, such as that 

of hardhead in Alameda Creek, the fish seem to be hang-

ing on in an unsuitable environment.” (Murphy, 1948, p. 9).  

More recent evidence for the occurrence of hardhead in Al-

ameda Creek includes a 1967 reference of “possibly [a] few 

juvenile” hardheads collected with other juvenile cyprinids 

at Niles by Camm Swift (FLMNH Field No. CCS67-95), and 

a 1968 reference to the collection of  “hardheads” within 

Niles Canyon by University of California’s ichthyology class 

(G. Barlow, U.C. Berkeley, Zoology 166 class, 12/Oct/1968).  

In addition, EBRPD personnel collected a cyprinid thought 

to be hardhead in Niles Canyon in late 1990’s (P. Alexander, 

EBRPD, personal communication, 1998).  Recent historical 

records for Alameda Creek, as well as the presence of ap-

parently suitable habitat within Niles Canyon suggest that 

hardhead may persist in low abundance in Alameda Creek 

as described by Murphy (1948).  Additional sampling within 

and downstream from Niles Canyon could confirm the cur-

rent status of hardhead in Alameda Creek.  

Historically, habitat suitable for hardhead likely occurred 

within the low-elevation reaches of Coyote Creek.  How-

ever, extensive urbanization over the last 50 years has 

resulted in changes in stream flows and concomitant in-

creased sedimentation and turbidity within lower Coyote 

Creek.  Extensive sampling by several local public agencies, 

especially over the last ten years, has failed to record the 

presence of hardhead within Coyote Creek.           

Gobalet et al. (2004) identified a single individual of hard-

head from an archaeological site on the west bank of the 

Napa River on the northern edge of the City of Napa.  Pre-

historic occupation of the site began in the Central Califor-

nia Middle Period (ca. 2000 years ago) and lasted into late 

prehistoric/early historic times (Gobalet et al., 2004).  Mur-

phy (1948) is the first recent reference for the occurrence 

of hardhead in the Napa River.  Its presence near Yount-

ville Cross Road was confirmed in 1972 (P. Moyle, UCD, per-

sonal communication, 1981, UCDPM, 72-24, 2).  Although 

originally thought to have become extinct in the Napa 

River during the severe drought of 1976-1977 (P. Moyle, 

personal communication), hardhead was observed in the 

“middle reach” of the Napa River in the vicinity of Yount-

ville during 1981 (Wang 1986, pp. 10-13), and it was found 

to be locally common in collections made in the vicinity of 

Yountville between 1994-1996 as part of the present study.  

Collections made during this study as recently as May 2002 

again confirmed the presence of hardhead near Yount-

ville Cross Road.   Hardhead in high abundance have been 

observed within the approximately four-mile Rutherford 

reach (between Zinfandel Lane and Oakville Cross Road) 

of the Napa River during fish snorkel surveys conducted in 

2003 and 2005 (Koehler, 2003; Kozlowski, 2006). The iso-

lated occurrence of hardhead in the Napa River represents 

the only record substantiated by voucher specimens of this 

species outside of the Central Valley, with the exception of 

the Russian River drainage.  

Ecology. Habitat conditions observed for hardhead in 

the Napa River are similar to conditions in other Central 

Valley streams (Moyle, 2002).  Hardhead was collected dur-

ing this study from three sites in the middle elevation (26-

34 m) reaches of the Napa River, within the mixed native 
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fishes/middle mainstem-lower large tributary assemblage 

(Figure 3). It was found in clear, relatively deep (65-365 

cm maximum depth, 69 cm average depth) main channel 

pools with sand-gravel substrates.  Pools were only partial-

ly shaded (30% average water surface shading) and water 

temperatures averaged 20.5° C.  

Adults typically were observed either individually, or in 

groups of 2-4 fish.  Each group usually included adult Sac-

ramento pikeminnow, slowing cruising all but the shallow-

est portions of pools, occasionally picking at the substrate 

and/or feeding on the surface.  Juvenile hardhead and 

Sacramento pikeminnow typically occurred together in 

loosely aggregated schools along the shallow margins of 

pools.  Native species most commonly collected with hard-

head included California roach, Sacramento pikeminnow, 

Sacramento sucker, tule perch, threespine stickleback, 

prickly sculpin, and riffle sculpin.  Only one individual each 

of two nonnative centrarchid species (i.e., bluegill and 

smallmouth bass) were collected with hardhead, suggest-

ing a preference by hardhead for habitat conditions favor-

able to native fishes.  Kozlowski (2006) observed habitat 

and fish assemblage preferences for hardhead in the Napa 

River that are consistent with this study.

In addition to hardhead, eight other native fish species 

were identified from remains at the archaeological site 

on the Napa River, including sturgeon, Sacramento pike-

minnow, Sacramento splittail, Sacramento blackfish, hitch, 

thicktail chub, Sacramento sucker, and Sacramento perch 

(Gobalet et al., 2004).  The presence of these species sug-

gests that at the time of prehistoric occupation this reach 

of the lower Napa River was a riverine environment similar 

to present conditions.  The lower Napa River currently sup-

ports at least six of the nine species identified from the 

archaeological site.  Only thicktail chub (extinct) and Sac-

ramento perch no longer occur in the Napa River, and the 

status of hitch is uncertain. 

Conservation Status and Recommendations.  Moyle 

(2002) places hardhead in California, except for the San 

Joaquin Valley, on his “watch list” as a species with appar-

ently declining populations. Moyle (2002) designates San 

Joaquin Valley populations as “special concern,” requiring 

special management measures to keep them from becom-

ing threatened or endangered.  

In the Estuary, hardhead never exhibited a broad distribu-

tion, with populations restricted to the Napa River, Alam-

eda Creek, and possibly Coyote Creek watersheds. Archae-

ological records suggest that hardhead may have been 

present in the ancient Coyote River system prior to rising 

sea levels flooding suitable lowland riverine habitat at the 

end of the Pleistocene (Casteel, 1978; Gobalet, 1990a). 

Hardhead in the Napa River, and Alameda Creek, if con-

firmed extant, may therefore represent isolated remnants 

of once larger contiguous populations.   In the Napa River 

watershed, hardhead are further restricted to about 5-7 

km of the middle-mainstem reaches. Because populations 

in the Napa River are isolated from Central Valley popula-

tions, they should be closely monitored and the river man-

aged for native species.  If extant, hardhead in Alameda 

Creek are likely restricted to several miles of suitable habi-

tat within Niles Canyon and immediately downstream. A 

thorough survey of fishes within Niles Canyon to deter-

mine the status of hardhead is recommended.                            

Ptychocheilus grandis (Ayres, 1854), 

Sacramento pikeminnow (Figure V.11)

Historical Distribution and Status. Ayres (1854a) de-

scribed Leuciseus gracilis (= Ptychocheilus grandis) from fish 

obtained from a San Francisco market.  There were several 

additional descriptions of this species between 1855-1862 

based on descriptions of specimens obtained primarily 

from San Francisco fish markets (Ayres, 1854-1862, as Gila 

grandis; Girard, 1856a, 1857b, 1858).  Ayres (1862, p. 163), 

at a meeting of CANS (3 February 1862) references eight 

species of freshwater fish, including Sacramento pikemin-

now, “…caught [by fisherman] at all the various points in 

the bay, at which salt water fishes only have previously 

been found”.  These fish were transported to San Fran-

cisco Bay from rivers and streams during the great floods 

of 1861-1862 (Ayres, 1862).

Gobalet et al. (2004) and Gobalet (unpublished data, 

2006) identified Sacramento pikeminnow elements from 

archaeological sites within several Estuary watersheds, 

including Alameda, Walnut, Marsh, Strawberry/Temescal 

creeks, and the Napa River, and from 19th century Chinese 

middens in San Francisco and San Jose. There are several 

historical records for pikeminnow from “San Francisco” 

and the San Pablo Bay and Carquinez Strait regions of 
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1879; Rutter, 1908; Evermann and Latimer, 1910).  It is 

likely that many of the “San Francisco” specimens likely 

were obtained from fish markets having originally been 

brought there from the Central Valley, however, A. Agas-

siz and T. Cary collected other freshwater fishes from Estu-

ary streams during this period so some of the specimens 

could have been collected from local watersheds. There 

are also several late-19th and early-20th Century collec-

tions of pikeminnow from several of the larger Estuary 

watersheds, including Alameda Creek, Coyote Creek, the 

Guadalupe River, and the Napa River (Appendix 2; Snyder, 

1905, 1908). 

There are historical records for Sacramento pikeminnow 

from at least 21 Estuary watersheds (Appendices 2 and 3).  

During 1981, pikeminnow were recorded from 41 (9%) of 

the 457 stations sampled (Leidy, 1984).  I collected Sacra-

mento pikeminnow from 27 (18%) of the 275 sample sites 

during this study, including Alameda, Coyote, Sonoma, 

and Green Valley creeks, and the Napa River.

Ecology. The abundance of Sacramento pikeminnow 

was positively correlated with stream order, average 

depth, wetted channel width, water temperature, per-

cent open canopy, and the number of species (Table 14).  

Sacramento pikeminnow was negatively correlated with 

stream gradient.

During this study and in 1981, pikeminnow were typically 

found at mid-elevation, low-gradient sites within larger-

sized watersheds and channels, where they occupied warm, 

deep pools, with good water clarity (Leidy, 1984; Table 14). 

Pikeminnow were members of the mixed native-nonnative 

fishes/lower small to large mainstem assemblage at eleva-

tions < 50 m.  Nonnative fishes collected in low abundance 

with pikeminnow included common carp, golden shiner, 

inland silverside, green sunfish, bluegill, smallmouth bass, 

largemouth bass, and bigscale logperch.  

Overall, native fishes comprised 88% of the species at the 

sites where pikeminnow were collected (Table 14).  At 

higher elevations (>50 m), pikeminnow were almost ex-

clusively found with 5-8 mostly native species within the 

mixed native fishes/middle mainstem-lower large tributary 

assemblage. Species compositions for sites within this as-

semblage for several watersheds are as follows: Alameda 

Creek (Pacific lamprey, California roach, hitch, hardhead 

(?), Sacramento sucker, threespine stickleback, and prickly 

sculpin); Coyote Creek (California roach, hitch, Sacramen-

to sucker, threespine stickleback, and prickly sculpin); So-

noma Creek (Pacific lamprey, California roach, Sacramento 

sucker, prickly sculpin, and rainbow trout), and; Napa River 

(Pacific lamprey, California roach, hardhead, Sacramento 

sucker, rainbow trout, threespine stickleback, prickly scul-

pin, riffle sculpin, and tule perch).

Conservation Status and Recommendations.  Sacra-

mento pikeminnow are still relatively abundant in the un-

disturbed mid-elevation reaches of several of the larger Es-

tuary watersheds including Alameda Creek, Coyote Creek 

(upstream from Coyote Lake), and the Napa River.  They 

are uncommon in or extirpated from many of the smaller 

to mid-sized watersheds, especially the lowermost reaches 

of larger streams (e.g., Coyote Creek, Santa Clara County) 

that are dominated by nonnative fishes.   Where they oc-

cur, pikeminnow are often part of assemblages contain-

ing 5-7 native species.  Such intact, native assemblages of 

fishes are relatively uncommon within the Sacramento-San 

Joaquin Province and should therefore be managed as a 

unique aquatic resource.        

Rhinichthys osculus (Girard, 1856), 

speckled dace

Historical Distribution and Status.  The speckled dace 

is the most widely distributed native fish species in Western 

North America and occurs in all of California’s fish provinc-

es with the exception of the Russian River and Clear Lake 

basins (Moyle, 2002).  The current status of speckled dace 

in streams draining into the San Joaquin Valley from the 

interior Coast Ranges on the western edge of the San Joa-

quin Valley is unclear (Moyle, 2002).  Speckled dace occur in 

watersheds proximate to the Estuary to the south in the Pa-

jaro River system, and to the east in streams draining east-

ward into the Sacramento Valley from the interior Coast 

Ranges (e.g., Capell Creek, Napa County; Berryessa Creek, 

Napa-Solono County; and Putah Creek, Solano County).  

Historical records confirm that speckled dace occurred 

in at least two watersheds within the southern portions 

of the Estuary: Alameda Creek, Alameda and Santa Clara 
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Counties; and Coyote Creek, Santa Clara County (Leidy, 

1984).  Snyder (1905) recorded speckled dace from col-

lections made in 1898 at two locations on Santa Isabel 

(= Santa Ysabel) Creek and from Arroyo Hondo Creek, 

tributaries within the upper Alameda Creek watershed.  

The most recent record for Alameda Creek is that of a 

single specimen collected near its confluence with Calav-

eras Creek in 1938 by Leo Shapovalov of the CDFG (CAS, 

accession file, 1952-X: 30, 1).  We collected no speckled 

dace during this study near where Shapavolov collected 

his specimen.  I am not aware of any recent surveys of re-

mote locations on Santa Ysabel and Arroyo Hondo creeks 

near where Snyder collected speckled dace. While there 

are no recent records of this cyprinid from the Alameda 

Creek drainage it may persist in the relatively undisturbed 

portions of the upper watershed near Mt. Hamilton, San-

ta Clara County, where instream habitat conditions have 

presumably changed little since Snyder’s surveys in 1898.  

Populations of speckled dace are known to exhibit great 

annual fluctuations in number and be restricted to short 

reaches of suitable stream habitat, and therefore may go 

undetected during stream surveys when their abundance 

is low, or the population is restricted in distribution to a 

few stream reaches (Peter Moyle, UCD, personal commu-

nication, 1998).  

Snyder (1905, p. 338) also collected speckled dace from 

“near [the] mouth” of Coyote Creek.  Scoppettone and 

Smith (1978) collected a single specimen of speckled dace 

from lower Coyote Creek near Highway 237, which pre-

sumably is in the vicinity of Snyder’s collection in 1898.  

Scoppettone and Smith (1978) also note that speckled 

dace were collected in 1974 in the middle reaches of Coy-

ote Creek below Anderson Dam near Riverside Golf Course 

(cited as R. L. Hassur, SJSU, personal communication in 

Smith, 1998).  Smith (1998) concluded that speckled dace 

were likely eliminated from the reach below Anderson 

Dam during the drought of 1977 as a result of reduced 

flow releases that dried most of the stream.  I sampled 

several locations below Anderson Dam during in 1994-95 

in the vicinity of Riverside Gold Course and did not collect 

speckled dace, although suitable dace habitat was present 

during the time of my survey. 

There are questionable references to speckled dace from 

two other Estuary watersheds.  In a table, Murphy (1948, 

p. 8) lists speckled dace as present in the Napa River water-

shed, but provides no verification for this claim.  It appears 

that Murphy’s reference my be a typographical error, as 

the table column for Napa River fishes is next to the col-

umn for Isabel Creek, which was known to contain speck-

led dace (see above discussion).  

There is also a reference to speckled dace collected from 

the San Francisquito Creek watershed by the CDFG dur-

ing the 1990s, but I was not able to locate any evidence 

for these fish (SCBWMI, 2001; K. Anderson, CDFG retired, 

personal communication, 2002).  I also found a reference 

to specimens of speckled dace collected from San Francis-

quito Creek in 1977, and housed at the Peabody Museum, 

Yale University (YPM 9442, 59).  My inspection of these 

specimens revealed that they were not speckled dace, but 

juvenile California roach. Recently intensive sampling of 

suitable dace habitat in the San Francisquito Creek water-

shed has not recorded this species (A. Launer, SU, personal 

communication, 2002).        

Ecology. Within the Central Valley, speckled dace typi-

cally occurs in small, low-order (1-3) perennial and inter-

mittent streams that are well oxygenated and have com-

plex instream cover (Moyle, 2002; CAS, fish collection and 

accession records; R. Leidy, USEPA, personal observations).   

Although limited in geographic distribution in the Estuary, 

historical collection records for speckled dace indicate that 

it likely occurred there in suitable riverine habitats from 

the headwaters to mouth. Historical collection records for 

Alameda and Coyote creeks suggest that speckled dace 

generally occupied stream habitats similar to other Central 

Valley streams where it is found.  Within the Alameda Creek 

watershed it was collected from Santa Isabel Creek, Arroyo 

Hondo, and Calaveras creeks.  Santa Isabel and Arroyo 

Hondo creeks are high to mid-gradient (1-5 percent) first 

through fourth order streams with intermittent and peren-

nial reaches.  Substrates are mixed compositions of sand, 

gravel, cobble, and boulder that form complex instream 

cover.  Cool water temperatures attributable to areas of 

groundwater discharge typically characterize perennial 

reaches.  Within these streams, speckled dace would have 

been found with two to four native fishes in the rainbow 

trout/upper mainstem-headwater tributary assemblage. 

Co-occurring species include California roach, juvenile Sac-

ramento sucker, rainbow trout, and prickly sculpin.  
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dace in Calaveras Creek near the confluence of Alameda 

Creek is just downstream from Calaveras Reservoir.  This 

intermittent reach is within a 5th order stream and is char-

acterized by large shallow pools with sand-gravel-cobble 

substrates.  The collection sites for Coyote Creek are below 

Anderson Reservoir.  One site is an intermittent 5th order 

stream with long, shallow pools and mixed sand-gravel-

cobble substrates similar to habitat conditions at the Ca-

laveras Creek collection location. Native species associated 

with speckled dace within riffle habitats in these reaches 

include Pacific lamprey, California roach, hitch, juvenile 

Sacramento sucker, juvenile Sacramento pikeminnow, and 

threespine stickleback. These reaches of Alameda and Coy-

ote Creek are within the mixed native fishes/middle main-

stem-lower large tributary assemblage.  

Instream habitats within lower Coyote Creek differ from 

the other sites on Alameda and Coyote creeks where 

speckled dace were known to occur.  Lower Coyote Creek 

is a characterized by large, deep pools with silt-sand sub-

strates, although the stream was intermittent historically.  

There are some shallow sand-gravel-cobble dominated 

riffle habitats, primarily downstream from Hwy. 237 that 

presumably would have had suitable speckled dace habi-

tat.  In addition to the native fishes noted above, riffle 

habitats used by speckled dace in lower Coyote Creek 

would have historically supported western brook lamprey, 

juvenile Sacramento blackfish, juvenile Sacramento split-

tail, and thicktail chub (i.e., mixed native-nonnative fishes/

lower small to large mainstem assemblage).

Conservation Status and Recommendations. His-

torically, speckled dace exhibited a restricted distribution 

in the Estuary. While it appears that the speckled dace is 

extirpated from Coyote Creek, in absence of additional 

surveys its status in the upper Alameda Creek watershed 

is uncertain. Therefore, a survey for speckled dace in re-

mote regions of the upper Alameda Creek watershed is 

recommended.  In addition, future fish surveys within the 

Coyote Creek watershed, downstream from Anderson Res-

ervoir near the vicinity of Riverside Golf Course, should 

carefully identify all specimens because speckled dace 

are sometimes misidentified as juvenile California roach 

and/or Sacramento sucker that are known to reside in this 

stream reach.

C A T O S T O M I D A E  ( S U C K E R S )

Catostomus occidentalis Ayres, 1854, 

Sacramento sucker  (Figure V.12)

Historical Distribution and Status. Ayres (1854c, p. 

17) first described Catostomus occidentalis from specimens 

obtained from a San Francisco fish market. Between 1854 

and 1862 there were several descriptions of Sacramento 

sucker collected from San Francisco markets. Ayres (1862, 

p. 163), at a meeting of CANS, references eight species of 

freshwater fish, including Sacramento sucker, “…caught 

[by fisherman] at all the various points in the bay, at which 

salt water fishes only have previously been found.” Pre-

sumably, these fish were transported to San Francisco Bay 

from rivers and streams during the great floods of 1861-

1862. There are records for Sacramento sucker from Estu-

ary watersheds during the 1890s, including several streams 

in the southern Estuary and the Napa River (Appendices 2 

and 3).  There are archaeological records for several Estu-

ary watersheds including Walnut, San Pablo/Wildcat, Tem-

escal/Strawberry, and Alameda creeks, and the Guadalupe 

and Napa rivers (Gobalet et al., 2004). 

I located approximately 400 historical records for the oc-

currence of Sacramento sucker from 30 geographically 

widespread watersheds (Appendices 2 and 3).  Sacramento 

sucker was one of the most commonly collected native 

fishes in 1981, recorded from 87 (19%) of 457 sampling 

locations (Leidy, 1984).  Sacramento sucker was the third 

most commonly collected native fish during this study, oc-

curring at 124 (45%) of the 275 sites (Table 1).  

Ecology.   The abundance of Sacramento sucker was posi-

tively correlated with stream order, water temperature, 

percent open canopy, percent pool habitat, total number 

of species, and percent native species (Table 14). Overall, 

native fishes comprised 91% of the species in assemblages 

where Sacramento sucker were collected (Table 14). At el-

evations > 50 m, Sacramento sucker typically were found 

within the mixed native fishes/middle mainstem-lower 

large tributary assemblage that contained other native 

fishes such as California roach, Sacramento pikeminnow, 

hardhead, tule perch, rainbow trout/steelhead, riffle scul-

pin, and prickly sculpin. Juvenile Sacramento sucker also 

commonly occurred within the lowermost reaches of the 
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rainbow trout/upper mainstem-headwater tributary as-

semblage, indicating an overlap in spawning and rearing 

habitat of Sacramento sucker and rainbow trout/steel-

head. Density and biomass of Sacramento sucker within 

some streams can be very high. For example, following 

a fish kill in Pinole Creek in 1975, the number and bio-

mass of juvenile Sacramento suckers along a 2 km reach of 

stream was estimated at 2,262 fish (181 lbs. total), and 25 

lbs. of adult fish (14 specimens: 40-48 cm FL) (CDFG, river 

and stream files, Yountville).   

Adult Sacramento sucker were often abundant in deep 

pools within the lower reaches of large watersheds (< 50 

m elevation), and large congregations of adult fish were 

observed on spawning migrations below barriers on sev-

eral streams (e.g., Walnut Creek). Within the mixed native-

nonnative fishes/lower small to large mainstem assem-

blage (typically <20 m elevation), adult Sacramento sucker 

were found with nonnative fishes including common carp, 

goldfish, brown bullhead, western mosquitofish, inland 

silverside, and one or more centrarchid species.

Like Sacramento blackfish, Sacramento sucker have suc-

cessfully established populations in flood detention ponds, 

abandoned aggregate pits, recharge basins, and larger 

flood control and water storage reservoirs throughout the 

Estuary, where they were presumably trapped following 

the damming of streams.  For example, San Pablo Reservoir, 

Contra Costa County; San Antonio and Calaveras reservoirs, 

Alameda County; and Anderson and Coyote reservoirs, San-

ta Clara County, contain adult suckers that migrate from 

the reservoirs into tributary streams to spawn, thereafter 

returning to the reservoirs (Appendix 2).

Conservation Status and Recommendations. Sacra-

mento sucker is geographically widespread in the Estuary. 

Sacramento sucker are often abundant and have adapted 

well to human altered environments such as detention 

basins, ponds, reservoirs and earthen flood control chan-

nels. Their ability to thrive in lake-like conditions often 

characterized by high water temperatures, low dissolved 

oxygen, and turbid water has allowed them to maintain 

populations in modified channels in aquatic environments 

adversely affected by urbanization and agriculture.  Sac-

ramento sucker populations in Estuary streams appear to 

be stable. 

O S M E R I D A E  ( S M E L T S )

Hypomesus transpacificus McAllister, 1963, 

Delta smelt

Historical Distribution and Status. Prior to taxonom-

ic revision in 1963, Delta smelt was thought to be an isolat-

ed population of the widespread pond smelt, Hypomesus 

olidus (Moyle, 2002).  As a result, many pre-1963 historical 

records for Delta smelt for the Estuary are catalogued as 

H. olidus.  The locality for the earliest confirmed records 

for Delta smelt from the Estuary are “San Francisco” for 

the years 1881, 1886, and 1890 (Appendix 2).  I was un-

able to confirm whether specimens of Hypomesus sp. from 

“San Francisco” collected sometime from 1856-1862 by 

T.G. Cary were Delta smelt (MCZ 6982, 3).  The first collec-

tion of Delta smelt from an Estuary watershed was by C.H. 

Townsend in April 1890 from Mare Island, near the mouth 

of the Napa River (USNM 67324, 2).    

Delta smelt is an endemic osmerid restricted primarily to 

the Delta and Suisun Bay portions of the Estuary (Moyle, 

2002). During wet years characterized by high Delta out-

flow Delta smelt may move into upper San Pablo Bay (Her-

bold et al., 1992; Baxter et al., 1999; Moyle, 2002).  The 

only records for the occurrence of Delta smelt in an Estuary 

watershed is for the lower, tidal Napa River and marshes, 

where they apparently persist in low numbers in wet and 

dry years (IEP, 2005).  From 1974-1979, the CDFG collected 

a total of 46 Delta smelt from South, Dutchman, Devil’s, 

and Hudeman sloughs in Napa Marsh (CDFG, 1979). Delta 

smelt have also been collected from White Slough adjacent 

to the lower Napa River several times between 1977-1995 

(Wetland Research Associates, Inc., 1995).  A single Delta 

smelt was collected from the lower Napa River floodplain 

in 2001 and 2002 (USACE, 2006). 

Ecology.  Delta smelt are a true estuarine dependent 

species, and therefore are restricted to the tidal portions 

of the Delta, Suisun Bay, and San Pablo Bay, and the lower 

Sacramento and San Joaquin Rivers (Herbold et al., 1992).  

Delta smelt typically migrate in an “upstream” direction 

to spawn in the upper portions of the Delta near Rio Vista, 

but have also been known to spawn in the lower Napa Riv-

er estuary, as they did in 1996 (Goals Project, 2000).  Delta 

smelt are usually most abundant in the Napa River and 
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Delta outflow is high and salinities are low (CDFG, 1979; 

Goals Project, 2000). However, Delta smelt have been re-

corded in the Napa River and marshes during dry and criti-

cally dry years, suggesting that populations there may be 

resident (CDFG, 1979; Wetland Research Associates, Inc., 

1995), although there is evidence that populations in the 

Napa River may not persist (B. Herbold, USEPA, personal 

communication, 2006).  

Conservation Status and Recommendations. In 1993, 

Delta smelt were listed as a threatened species under the 

U.S. Endangered Species Act (USFWS, 1993b). Moyle (2002) 

suggests that based on dramatic declines in abundance from 

historical levels, delta smelt warrant listing as endangered.  

Historically, Delta smelt population numbers have been char-

acterized by great fluctuations (Moyle, 2002).  However, since 

2002 there have been dramatic population declines in several 

pelagic fish species within the Estuary, including Delta smelt 

(Sommer, et al., in review; Feyrer, et al., in press). Delta smelt 

abundance levels are at record lows (The Bay Institute, et al., 

2007). As a result of the collapse of the Delta smelt popula-

tion, several conservation groups have recently filed an emer-

gency petition with the California Fish and Game Commission 

to list the Delta smelt as endangered under the California En-

dangered Species Act (The Bay Institute, et al., 2007). 

Spirinchus thaleichthys (Ayres, 1860), 

longfin smelt

Historical Distribution and Status.  California popu-

lations of longfin smelt occur in estuaries and near-coastal 

waters from Monterey Bay to the Smith River (Baxter et 

al., 1999). Longfin smelt range widely within southern, 

central and northern San Francisco bays, San Pablo Bay, 

Suisun Bay, and the lower reaches of the Sacramento and 

San Joaquin Rivers (Moyle, 2002).  It is one of the most nu-

merous fishes in the Estuary based on catches by CDFG be-

tween 1980-1995 (Baxter et al., 1999).  It typically does not 

occur in the non-tidal portions of smaller Estuary streams; 

however it does enter the lower tidal portions of larger 

streams.  Longfin smelt was one of the most commonly 

collected fishes between 1973-1979 in the tidal reaches of 

the Napa River and associated marsh slough channels, in-

cluding South, Dutchman, Devil’s, and Hudeman sloughs, 

where it still occurs (CDFG, 1979; IEP, 2005).  Caywood 

(1974) collected longfin smelt in the lower Petaluma River. 

In southern San Francisco Bay during the winter of 1983, it 

was the most abundant estuarine species recorded in the 

tidal sloughs of the Guadalupe River and Coyote Creek, 

Santa Clara County (Stevenson et al., 1987). Longfin smelt 

were not collected during this study largely because I did 

not sample its preferred habitats. 

Ecology.   Longfin smelt is an estuarine species that does 

not occur within non-tidal riverine environments in the 

study area.  Thorough reviews of the life history of longfin 

smelt may be found in Moyle (2002), Goals Project (2000), 

and Baxter et al. (1999).  Longfin smelt is a euryhaline, 

anadromous species that seasonally migrates from near-

coastal waters and San Francisco Bay to spawn from No-

vember to June in Suisun Bay and the lower Sacramento 

and San Joaquin rivers (Wang, 1986; Baxter et al., 1999; 

Moyle, 2002).  It spawns in freshwater over hard substrates 

of sand, gravel, and rocks, and aquatic macrophytes (Moyle, 

2002).  There is a strong, positive correlation between the 

abundance and survival of longfin smelt and winter and 

spring Delta outflow during spawning and larval periods 

(Stevens and Miller, 1983).

Conservation Status.  Longfin smelt populations within 

the Estuary appear to be in long-term and recently, dra-

matic decline (Moyle, 2002, Feyrer et al., in press; Sommer, 

et al., in review). The CDFG and Moyle (2002) list longfin 

smelt as a species of “special concern” that requires spe-

cial management measures to prevent it from becoming 

threatened or endangered. Because it regularly utilizes 

the tidal reaches of Estuary streams, protection of tidal 

wetland habitats and the improvements in the quality of 

urban runoff to receiving streams are important manage-

ment actions that would benefit longfin smelt. 

Thaleichthys pacificus (Richardson, 1836), 

eulachon

Historical Distribution and Status. California popu-

lations of eulachon occur primarily within the Lower Klam-

ath River Estuary Del Norte County, and in adjacent near-

coastal Pacific waters (Moyle, 2002). Eulachon have been 

recorded in small numbers in the coastal waters of Califor-

nia as far south as San Luis Obispo County (Moyle 2002). 

Eulachon rarely occur in the Estuary (Baxter et al., 1999; 
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Moyle, 2002). In December 2003 eulachon were collected 

in the lower reaches of the Guadalupe River in the south-

ern Estuary (D. Salsbery, SCVWD, personal communication, 

2003), and southern San Francisco bay (IEP, 2005).    

Ecology.  Eulachon are an anadromous species that occurs 

primarily in the coastal marine waters, and it spawns in 

the lower reaches of large northern coastal rivers (Moyle, 

2002). Moyle (2002) reviews the ecology of eulachon in 

California. 

Conservation Status. Eulachon can be expected to oc-

cur only very rarely and in low abundances within the tidal 

reaches of large Estuary watersheds. 

S A L M O N I D A E  ( S A L M O N  A N D  T R O U T )

Oncorhynchus kisutch (Walbaum, 1792), 

coho/silver salmon

Historical Distribution, Status, Ecology, and Con-
servation. Coho or silver salmon historically were distrib-

uted in coastal streams of California from the Smith River, 

Del Norte County, south approximately 560 km to the Big 

Sur River, Monterey County (Moyle, 2002).  Recent status 

reviews indicate that natural populations of coho salmon 

within the Central California Coast Evolutionary Signifi-

cant Unit (ESU) have declined dramatically over the last 

50 years, and populations apparently are continuing to 

decline in certain regions (Brown et al., 1994; Good et al., 

2005; Spence et al., 2005).  The Central California Coast 

ESU includes populations of coho salmon from Punta Gor-

da in northern California south to and including the San 

Lorenzo River, in central California, as well as tributaries to 

the Estuary, excluding the Sacramento-San Joaquin River 

system in the Central Valley. 

In 1996 the National Marine Fisheries Service (NMFS) 

listed coho salmon in the Central California Coast ESU as 

threatened under the Endangered Species Act (61 Feder-

al Register 56138, October 31, 1996). As a result of a 2003 

reassessment of the status of coho salmon in the Central 

California Coast ESU, the NMFS changed the status of 

coho salmon from threatened to endangered (70 Federal 

Register 37192-37193, June 28, 2005). The State of Cali-

fornia formally listed coho salmon as endangered under 

the California Endangered Species Act (CESA) in 2005 

(California Regulatory Notice Register, Register 2005, 

Volume 10-Z: March, 11, 2005, p. 327). In early 2007, the 

California Fish and Game Commission announced that as 

a result of legal action the Commission will reconsider 

a petition filed by the Central Coast Forest Association 

and Big Creek Lumber to delist coho salmon south of 

San Francisco as an endangered species under the CESA 

(memorandum issued by the California Fish and Game 

Commission, dated February 7, 2007).   

The reader is referred to Leidy et al. (2005a) for a review of 

the historical distribution, status, ecology, and conserva-

tion of coho salmon in Estuary streams. In summary, Leidy 

et al. (2005a) found evidence that a minimum of 4 (Alam-

eda, San Mateo, Arroyo Corte Madera del Presidio, and 

Corte Madera creeks) of 65 Estuary watersheds (6%) his-

torically supported coho salmon. There was evidence for 

the probable occurrence of coho salmon in an additional 

6 (Walnut-San Ramon, San Pablo, Strawberry, Temescal, 

San Leandro, and Coyote creeks) watersheds (9%), but the 

evidence was not conclusive.  Five additional watersheds 

(San Lorenzo, Guadalupe-Los Gatos, San Francisquito, and 

Sonoma creeks, and the Napa River) possibly supported 

coho salmon but the evidence is inconclusive. Leidy et al. 

(2005a) conservatively estimated that between 6-15% of 

Estuary watersheds likely supported coho salmon histori-

cally. Coho salmon were last documented from an Estuary 

stream during the early-to-mid 1980s. Gobalet et al. (2004) 

identified the remains of coho salmon from archaeological 

sites adjacent to three Estuary streams, including Walnut, 

Strawberry, and Temescal creeks.

Spence et al. (2005) reviewed historical sources and mod-

eled physical habitat suitability for coho salmon in Estuary 

watersheds to determine which streams likely historically 

supported viable populations. The study confirmed and/or 

found a high likelihood for the presence of coho salmon 

from eight Estuary watersheds, including Arroyo Corte 

Madera del Presidio, Corte Madera (and its tributary San 

Anselmo Creek), Walnut, San Pablo, San Leandro, Alam-

eda, Coyote, and San Mateo creeks.  The strength of the 

record for the occurrence of coho salmon was classified 

as equivocal for another five watersheds, including Straw-

berry, San Lorenzo, and San Francisquito creeks, and the 

Napa and Guadalupe rivers (Spence et al., 2005).
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yOncorhynchus tshawytscha (Walbaum, 1792), 

Chinook salmon  (Figure V.13)

Historical Distribution and Status. Chinook salmon 

in California are found within larger coastal watersheds 

from the Smith River south along the coast to the Ven-

tura River, Ventura County, and in streams of the Estuary 

and Central Valley (Moyle, 2002). All records for Chinook 

salmon in coastal streams south of the Estuary are from 

non-breeding, stray fish (Swift et al., 1993; P. Moyle, per-

sonal communication, 2004). Observations of the timing 

of spawning runs indicate that Estuary watersheds support 

fall-run Chinook salmon, but whether fish from other runs 

(i.e., late-fall, winter) also enter Estuary tributaries is not 

known.  There are very few reliable historical records prior 

to the mid-1980s for the occurrence of Chinook salmon in 

tributaries to the Estuary (Appendix 2), and most collec-

tions of this species in the open waters and tidal wetlands 

of the Estuary were presumed to be either adult fish mi-

grating from the ocean through the Estuary to spawning 

streams in the Central valley, or smolts moving out of in-

land streams to the ocean.

Reports of the occurrence of Chinook salmon in Estuary trib-

utaries increased dramatically beginning in the mid-1980s. 

This led many professional fisheries biologists to speculate 

that Chinook salmon produced in Central Valley hatcher-

ies were straying, sometimes in large numbers, into Estuary 

streams where historically there were no runs. The occur-

rence of Chinook salmon in Estuary streams coincided with 

the relocation of the release point for hatchery produced fish 

downstream from major water Delta diversions to reduce 

fish entrainment (Smith, 1998). Results of recent genetic 

analysis indicate that Chinook salmon from one Estuary trib-

utary, the Guadalupe River, Santa Clara County, are related 

to Central Valley and Oregon hatchery stocks (Garcia-Rossi 

and Hedgecock, 2002; M. Moore, SCVWD, personal commu-

nication). In addition, the occurrence of Chinook salmon in 

the Guadalupe River and Coyote Creek in the 1980s may be 

due to the attraction of hatchery fish to prolonged increases 

in stream discharges related to groundwater cleanup activi-

ties (D. Salsbery, SCVWD, personal communication, 2006). 

The recovery of Chinook salmon with adipose fin clips and 

coded wire tags also indicates that these Chinook salmon are 

of hatchery origin (D. Salsbery, SCVWD, personal communi-

cation, 2006). Nevertheless, the possibility remains that both 

native and hatchery Chinook salmon occur in some Estuary 

streams. Successful natural spawning, hatching, and juvenile 

survival of Chinook salmon have been documented from 

several Estuary watersheds, and smolts have been recorded 

in at least two watersheds (i.e., Guadalupe River, Walnut 

Creek) (Appendices 2 and 3). The origin of Chinook salmon 

in most Estuary watersheds will likely never be conclusively 

demonstrated, given their natural tendency to wander. 

Gobalet et al. (2004) summarized several sources of infor-

mation on the occurrence of salmonids, including Chinook 

salmon, in Estuary streams from archaeological sites.  Chinook 

salmon remains have been recovered from archeological sites 

adjacent to Walnut, Wildcat, San Pablo, Temescal, Strawberry, 

Alameda, and Widow Reed creeks (see Table 6, in Gobalet et 

al., 2006). The origins of these Chinook salmon remains are 

attributed to San Francisco Bay and/or the Sacramento San 

Joaquin rivers, since suitable habitat is not typically found in 

Estuary tributaries.  However, Gobalet et al. (2004) suggest 

that Chinook salmon may have entered smaller Estuary tribu-

taries as strays during years of high abundance.    

The status of Chinook salmon in Estuary watersheds is sum-

marized in Appendix 2. There are “definite” historical re-

cords for Chinook salmon from only two Estuary watersheds, 

San Leandro Creek, Alameda County, and San Mateo Creek, 

San Mateo County.  There is reference in the 1870s for the 

occurrence of “quinnant” or Chinook salmon from lower San 

Leandro Creek and Lake Chabot (U.S. Commission on Fish 

and Fisheries, 1879). Chinook salmon purportedly maintained 

populations for several years following the construction of 

Lake Chabot in 1875 (U.S. Commission on Fish and Fisheries, 

1879).  Unlike coho salmon, Chinook salmon are occasionally 

known to establish viable reservoir populations in California 

and elsewhere, and there is the possibility that populations of 

Chinook salmon temporarily became established in the lake 

by fish trapped above the dam. Chinook salmon may have 

established temporary populations in San Andreas Reservoir 

after its completion in 1870, as well (Stone, 1873).  

Lake Chabot was stocked irregularly in the 1870s and 1880s 

with “schoodic” or the landlocked form of Atlantic salmon 

(Salmo salar) originally from Maine (Appendix 2). The above 

circumstances raise the possibility of misidentification of the 

various species (i.e., steelhead, coho salmon, Chinook, and 

Atlantic salmon) of Oncorhynchus and Salmo in the San Le-
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andro Creek watershed. I consider the CDFG record for the 

historical occurrence of coho salmon in San Leandro Creek 

reliable, especially since I believe that suitable habitat was 

present in the watershed. The validity of records for histori-

cal presence of Chinook salmon is strengthened by the fact 

that presumably individuals competent to identify salmon 

worked at the State-hatching house at Lake Chabot.  San Le-

andro and San Mateo creeks may have historically support-

ed three species of Oncorhynchus. It is also possible that only 

steelhead were present in San Leandro Creek, and steelhead 

and coho salmon in San Mateo Creek.

Ecology.  Chinook salmon typically utilize the larger coast-

al Pacific and Central Valley watersheds for spawning and 

rearing. However, Chinook salmon are known to spawn in 

smaller Central Valley streams (e.g., Putah Creek, Solano 

County, Deer Creek, Tehama County) comparable in size 

to several larger Estuary watersheds. Peak fall run spawn-

ing migrations in the Central Valley are from September-

November with peak spawning occurring during October 

and November (Yoshiyama et al., 1998, 2001). Within the 

San Joaquin River basin migration and spawning occurs as 

late as early-January and April, respectively (Yoshiyama 

et al., 1998, 2001). Within Estuary tributaries migrations 

and spawning have been observed from August-January 

and September-January, respectively.  The later seasonal 

migration and spawning times of Estuary runs are similar 

to the San Joaquin River.

Within the Estuary spawning runs of Chinook salmon are 

typically confined to the perennial, lowermost reaches 

of larger watersheds (e.g., Walnut Creek, Coyote Creek, 

Guadalupe River, Petaluma River, Napa River). Optimal 

rearing temperatures for juvenile fall-run Chinook salmon 

are between 13-18° C (Marine, 1997).  The freshwater resi-

dency time for juvenile Chinook salmon may range from 

1-7 months (Yoshiyama et al., 1998, 2001). The presence 

of suitable spawning and rearing habitat in Estuary water-

sheds, and the short residency time of juveniles, suggests 

that Estuary streams have the potential to support success-

fully reproducing runs of Chinook salmon.  

Conservation Status and Recommendations. From 

3,000-5,000 adult Chinook salmon may annually be migrat-

ing into Estuary watersheds during years when ocean con-

ditions promote high survival of adult fish. Tagging studies 

to understand the origins of these fish are recommended. 

Regardless of their origins, Chinook salmon are likely to be-

come established within some of the larger watersheds of 

the Estuary. Management actions aimed at improving water-

shed conditions for other anadromous fishes (i.e., Pacific lam-

prey, steelhead) will also likely benefit Chinook salmon.

Oncorhynchus gorbuscha (Walbaum, 1792), 

pink salmon (Figure V.14)

Historical Distribution and Status. Pink salmon range 

from Arctic and Pacific drainages of Asia and North Ameri-

ca, including Japan, Korea, Russia, Canada, and the United 

States from the McKenzie River south to the Sacramento 

River (Page and Burr, 1991). Reproducing populations of 

pink salmon are now considered extirpated from California, 

although historically individuals occurred in several north 

coast watersheds including the Russian, Sacramento, and 

San Lorenzo rivers (Moyle, 2002).  There are two recent re-

cords for the occurrence of pink salmon in the Guadalupe 

River (D. Salsbery, SCVWD, personal communication, 2006). 

The first confirmed record for the occurrence of pink salmon 

in an Estuary stream was an adult male captured with Chi-

nook salmon within the lower Guadalupe River in December 

2003 (D. Salsbery, SCVWD, personal communication, 2003).  

Ecology.  There is limited information on the life his-

tory of pink salmon in California. Pink salmon typically 

migrate into spawning streams between June and Sep-

tember, and spawn from mid-July through late October 

(Moyle, 2002). The capture of a single adult male pink 

salmon in spawning condition during December in the 

Guadalupe River suggests that this fish was a stray mi-

grating with the more abundant Chinook salmon.  

Conservation Status and Recommendations. The 

Guadalupe River is the only Estuary stream that annu-

ally monitors migrations of anadromous salmonids. The 

regular occurrence of large numbers (> 50) of Chinook 

salmon and smaller numbers of chum salmon in the lower 

reaches of the Guadalupe River is a relatively recent phe-

nomenon (past 15 years). The occurrence of Chinook and 

chum salmon in the Guadalupe River suggests that other 

salmon species may occasionally occur with these fish in 

the watershed.   It is possible that pink salmon also oc-

cur as strays in other large Estuary watersheds, but have 
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ynot been detected because streams are not typically moni-

tored during spawning migrations. Pink salmon are not 

likely to establish significant reproducing populations in 

Estuary streams due to a lack of suitable habitat.

Oncorhynchus keta (Walbaum, 1792), 

chum salmon (Figure V.15)

Historical Distribution and Status.  Chum salmon 

occur in Arctic and Pacific drainages from northeast Asia, 

Canada, and Alaska south to the Sacramento River water-

shed (Page and Burr, 1991). Historical descriptions of the 

geographic distribution of chum salmon in California were 

general and made no specific mention of its occurrence in 

Estuary streams. Jordan and Gilbert (1881, p. 40) described 

the distribution of chum salmon as “All streams from San 

Francisco to [the] Bering Straits”. Jordan and Jouy (1881, p. 

14) noted the locality of chum salmon as “San Francisco”.  

Eigenmann (1890, p. 60) notes that chum salmon is “Said 

to be abundant in the fall, from Sacramento northward”.   

Jordan and Evermann (1896, p. 478) describe the occur-

rence of chum salmon from “San Francisco to Kamchatka”.  

More recently, Hallock and Fry (1967) noted that as many 

as five species of salmon (not including steelhead) occurred 

in Central Valley streams, although they considered chum 

salmon to be rare in the Sacramento River system.  

Other than these early general descriptions, I did not lo-

cate any records of chum salmon from Estuary streams 

until the mid-1990s.  A single male chum salmon was col-

lected in November 1994 in the lower Guadalupe River 

(J. Smith, SJSU, personal communication, 2000).  A total 

of two adult chum salmon were also collected both in 

the fall of 2000, 2001, and 2003 in the lower Guadalupe 

River (J. Abel and D. Salsbery, SCVWD, personal commu-

nications, 2002 and 2003, respectively). A single chum 

salmon was also recorded from Coyote Creek (D. Sals-

bery, SCVWD, personal communication, 2006).  In 2004 

and 2005, thirty-nine juvenile chum salmon were cap-

tured during fish monitoring in the lower Napa River 

watershed (USACE, 2006). The Napa and Guadalupe riv-

ers and Coyote Creek are known to support spawning 

runs of Chinook salmon.  Chum salmon may be expected 

to stray into the lower reaches of other large Estuary 

streams, especially those streams where Chinook salmon 

are also known to occur.  However, the extent of straying 

and whether chum salmon support viable populations 

in Estuary streams is not known. The origin of juvenile 

chum salmon in the Napa River is especially puzzling.    

Ecology.  Little is known about the life history of chum 

salmon in California, particularly in the Sacramento River. 

Moyle (2002) reviews the life history of chum salmon pri-

marily based on information from populations in the Pacific 

Northwest.  Chum salmon in the southern portion of their 

range spawn in lower reaches of coastal streams   (Salo, 

1991, as cited in Moyle, 2002).  Rearing conditions in the 

lower Guadalupe River are suitable for Chinook salmon 

smolts and therefore, may be suitable for chum salmon as 

well, especially since chum salmon fry may only briefly reside 

in freshwater before migrating to estuarine or nearshore 

marine environments (Moyle, 2002).  

Conservation Status and Recommendations. While 

abundant in streams of the Pacific Northwest, apparently 

chum salmon were never historically common in California 

(Hallock and Fry, 1967; Moyle, 2002).  Moyle (2002) considers 

chum salmon endangered in California.  The recent identifi-

cation of chum salmon from the Guadalupe and Napa rivers 

have interesting implications for the conservation of this spe-

cies at the southern extreme of its range, especially if a viable 

population is documented.  The occurrence of spawning runs 

of 100-200 Chinook salmon in the lower Guadalupe River has 

created controversy over their historical status and future 

management in the watershed.  Given their scarcity in Cali-

fornia, the establishment of chum salmon in the Guadalupe 

and Napa rivers, or other Estuary watersheds, would also raise 

questions about their future management.  Careful monitor-

ing of salmon populations in the lower Guadalupe River, and 

other Estuary watersheds containing Chinook salmon, is rec-

ommended in order to detect the presence of chum salmon.        

Oncorhynchus mykiss (Walbaum, 1792), 

rainbow trout/steelhead (Figure V.16 and V.17)

Historical Distribution and Status. Steelhead are na-

tive to Pacific Ocean coastal drainages of the Kamchatka 

Peninsula and scattered mainland locations of Asia, and to 

the western Pacific from the Kuskokwim River in Alaska to 

the Otay River in southern California, as well as inland in 

streams of the Estuary and Central Valley (Titus et al., 1994; 

McEwan and Jackson, 1996; Moyle, 2002). Currently, sus-
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tained runs of steelhead occur only as far south as Malibu 

Creek, Los Angeles County, California, with occasional fish 

straying into coastal streams further to the south.

Gobalet et al. (2004) presented several sources of infor-

mation from archaeological sites on the occurrence of 

steelhead in Estuary streams.  Steelhead remains have 

been recovered from sites adjacent to several streams, 

including Marsh, Walnut, Wildcat, San Pablo, Temescal, 

Strawberry, Alameda, San Francisquito, Corte Madera, and 

Widow Reed creeks, and the Guadalupe River (see Table 
6, in Gobalet et al., 2006). Additional steelhead remains 

have been recovered from archaeological sites within San 

Francisco City and County, including sites at Market Street, 

the Presidio, Fort Mason, and Yerba Buena Island (Gobalet 

et al., 2004). 

In 1855, Ayres (1855a, p. 36), at a meeting of CANS, San 

Francisco, ascribed Salmo rivularis (= Oncorhynchus mykiss) 

to coastal rainbow trout “distinct” from S. iridea, the ap-

parently nonsteelhead form described by Gibbons, also 

in 1855 from San Leandro Creek, Alameda County. Ayres 

(1855, p. 36) found S. iridea “…back of Martinez toward 

the foot of Monte Diablo.” It is likely that the fish were 

from either the Mt. Diablo Creek or Walnut Creek water-

sheds. Ayres (1855) observed that the largest specimen was 

about 200 mm in length. The small maximum length is con-

sistent with that of adult rainbow trout sampled in recent 

years from the headwaters of Mt. Diablo Creek.           

As a result of precipitous population declines the National 

Marine Fisheries Service has listed steelhead within the Cen-

tral California Coastal ESU as threatened, which includes 

streams tributary to the Estuary (NMFS, 1997). However, 

there remains some uncertainty over the genetic heritage of 

steelhead in Estuary streams (Busby et al., 1996).  There are 

no reliable estimates for historical (pre-1960) or recent abun-

dance of steelhead in Estuary streams (Good et al., 2005). 

Prior to extensive urbanization, steelhead used the major-

ity of streams within Estuary watersheds that were open 

to anadromy for spawning and rearing (Bjorkstedt et al., 

2005; Leidy et al., 2005b). There is evidence for definite his-

torical runs or populations of steelhead within 196 (71%) 

of the 278 Estuary tributary streams reviewed during this 

study (Leidy et al., 2005b). An additional 23 streams (8%) 

may have also supported steelhead but the evidence was 

not conclusive. There was insufficient information to de-

termine the status of steelhead in 59 streams (21%) (Leidy 

et al., 2005b). 

Bjorkstedt et al. (2005) reviewed historical sources and 

modeled physical habitat suitability for steelhead in Estu-

ary watersheds in order to assess which streams histori-

cally supported viable populations. The study concluded 

that five steelhead populations, and potentially as many 

as fifteen, may have exhibited viability-in-isolation.  The 

streams included Corte Madera, Miller, Novato, Sonoma, 

San Pablo, San Leandro, San Lorenzo, Alameda, Coyote, 

Stevens, San Francisquito, and San Mateo creeks, and the 

Petaluma, Napa, and Guadalupe rivers (Bjorkstedt et al., 

2005).      

Leidy (1984) collected rainbow trout/steelhead at 91 

(20%) of the 457 sites sampled in 1981. Rainbow trout/

steelhead was the second most commonly collected na-

tive fish species during this study, occurring at 131 (48%) 

of the sample sites.

 There is current evidence (post-1992) for steelhead use 

within 134 (48%) of the 278 Estuary streams reviewed 

(Leidy et al., 2005b). An additional 17 streams (6%) may 

currently support steelhead, but the evidence is inconclu-

sive. Eighty-three study streams (30%) appear to have no 

steelhead run or population currently. The current status 

of steelhead within 44 streams (16%) is unknown because 

of no or insufficient information. 

Phylogenetics of rainbow trout/steelhead. Although 

the life-history characteristics of steelhead are generally 

well known, the polymorphic nature of the species has re-

sulted in much confusion over the status and distribution 

of steelhead in the Estuary and its tributaries.  Historically, 

the Sacramento and San Joaquin River systems supported 

large runs of steelhead (McEwan and Jackson, 1996).  His-

torical accounts indicate that most streams with suitable 

habitat within the San Francisco Estuary also supported 

steelhead; however accurate population estimates for in-

dividual streams are generally not available (Leidy, 1984; 

Good et al., 2005; Bjorkstedt et al., 2005; this study).

Steelhead are considered to form inland and coastal genetic 
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nia (Busby et al., 1996).  Behnke (1992) proposed subspecific 

status for these two forms: O. mykiss irideus and O. m. gaird-

neri for the coastal and inland forms, respectively. Thus, the 

coastal anadromous (sea-run) form of O. m. irideus is called 

steelhead while the resident or non-anadromous form is 

called rainbow trout.  The degree to which steelhead and 

rainbow trout with different life histories are sympatric in 

streams of the San Francisco Estuary is unknown, but rain-

bow trout are most common in streams that are inaccessible 

to steelhead, as typified by stream reaches above physical 

barriers such as waterfalls and dams.  

Ecology.  Rainbow trout/steelhead exhibit a high degree 

of life history variation (Titus et al., 1994).   Steelhead 

and rainbow trout are a polymorphic species that may 

form a single interbreeding population within a stream 

below migration barriers, and as such populations within 

a stream may be strongly or weakly anadromous, resi-

dent, or mixtures of the three forms (Titus et al., 1994; 

McEwan, 2001).  While resident forms of rainbow trout 

may produce anadromous offspring, there is little scien-

tific evidence of the re-establishment by resident rainbow 

trout of an anadromous run following its extirpation 

(Good et al., 2005). A polymorphic life history structure 

as evidenced by variable migratory behaviours may allow 

populations of steelhead/rainbow trout to persist under 

highly variable environmental conditions typical of Estu-

ary streams (e.g., rainfall and associated stream discharg-

es) (McEwan, 2001).  

In Central California, steelhead may be classified into two 

races, summer and winter steelhead, based on the timing 

of upstream migration into freshwater (Burgner et al., 

1992). Steelhead within the San Francisco Estuary may be 

classified as ocean-maturing or winter steelhead that typi-

cally begin their spawning migration during the fall and 

winter, and spawn within a few weeks to a few months 

from when they enter freshwater (McEwan and Jackson, 

1996). Steelhead migrate upstream from the ocean after 

one to four growing seasons at sea (Burgner et al., 1992).  

A small number of immature fish (i.e., grilse) may also move 

upstream after spending only a few months in the ocean.  

Because of releases of cold water from large Central Valley 

reservoirs and the large number of hatchery derived fish, 

steelhead may begin to move into upstream tributaries as 

early as August and September.  Upstream migrating steel-

head may be observed within San Francisco Bay and Suisun 

Marsh/Bay between August and March.  Ocean-maturing 

steelhead typically spawn between December and April, 

with most spawning occurring between January through 

March (Moyle, 2002).

Steelhead may not die after spawning like Pacific salm-

on and therefore, return to the ocean following spawn-

ing and spawn again the following year, and potentially 

a third or fourth time.   The frequency of survival to re-

turn spawning for a given population in Estuary streams 

is generally unknown, but is thought to be between 10%-

20% for coastal Pacific populations (Busby et al., 1996).  

Steelhead rear in freshwater for one to four years before 

downstream migration at 13 to 25 cm TL (Moyle, 1976a).  

Age at emigration is highly variable, but may occur earlier 

in warmer more productive streams where juveniles can 

reach smolt size at a younger age (Moyle et al., 1995). The 

importance of estuarine wetlands with the San Francisco 

Estuary for rearing or migrating steelhead are not well un-

derstood, but are known to be important for steelhead in 

other Central California coastal streams (J. Smith, personal 

communication, 2000).

The abundance of rainbow trout/steelhead during this 

study was positively correlated with elevation, stream gra-

dient, dominant substrate size, and percent native species 

(Table 14).  Rainbow trout/steelhead were negatively cor-

related with stream order, average and maximum depth, 

wetted channel width, water temperature, water clarity, 

percent open canopy, conductivity, percent pool habitat, 

and the total number of species (Table 14). Native species 

comprised 98% of the fish where rainbow trout/steelhead 

was collected. Within the upper mainstem-headwater trib-

utary and anadromous fishes/small to medium, cool, tribu-

tary assemblages rainbow trout/steelhead typically were 

found within one to three other species, including Pacific 

lamprey, riffle sculpin, and/or juvenile Sacramento sucker. 

Headwater sites often contained mostly juvenile rainbow 

trout/steelhead, especially in streams dominated by steel-

head. In streams above barriers, adult rainbow trout were 

found in deeper pools while juveniles were mostly in shal-

low riffles. 

Adult rainbow trout/steelhead were also found in well-
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shaded, deep pools within the mixed native fishes/middle 

mainstem-lower large tributary assemblage. In this as-

semblage rainbow trout/steelhead were found with other 

native fishes including Pacific lamprey, California roach, 

Sacramento pikeminnow, Sacramento sucker, threespine 

stickleback, riffle sculpin, and prickly sculpin.

Rainbow trout/steelhead have established populations 

in several reservoirs surrounding the Estuary (e.g., San 

Antonio, Calaveras, and San Leandro, Alameda County; 

Anderson and Coyote, Santa Clara County; Milliken Lake, 

Napa County). Presumably rainbow trout/steelhead were 

trapped upstream of the reservoirs following their con-

struction. In some instances, these “landlocked” steelhead 

have retained anadromous life history characteristics and 

migrate out of the reservoirs to spawn in tributary streams 

(SFPUC, 2004b).  

Conservation Status and Recommendations. Of the 

278 streams reviewed for the occurrence of steelhead, 157 

(56%) are currently incapable of supporting steelhead ei-

ther because no population is present in the stream or be-

cause there are downstream migration barriers that block 

fish from suitable spawning and rearing habitat (Leidy et 

al., 2005b). Sixty-two streams are currently known to sup-

port anadromy. I assume that a minimum of 196 streams 

(i.e., the number of streams historically with definite runs 

or populations) historically supported anadromous fish. 

Therefore, I estimate that there has been a 68 percent 

decrease from historical levels in the number of streams 

supporting anadromy in the Estuary. 

I found very few reliable absolute abundance estimates for 

rainbow trout/steelhead populations in Estuary streams, 

but I did find reliable evidence for general rainbow 

trout/steelhead population declines from approximately 

158 (57%) streams. The most commonly cited factors in 

decreasing rainbow trout/steelhead abundance in Estuary 

streams were: (1) construction of passage barriers, 

including dams, grade control structures, weirs, and 

concrete channels; (2) sedimentation of habitat through 

land use changes; (3) channel dewatering through water 

diversions and groundwater extraction; (4) instream 

habitat degradation through channel modifications, 

cattle operations, deforestation, or pollution; and (5) 

overfishing.

Several historical steelhead runs have been extirpated, or 

nearly so, due to the construction of passage barriers on 

the lower reaches of streams. Examples include: Walnut 

and San Pablo creeks, Contra Costa County; San Leandro, 

San Lorenzo, and Alameda creeks, Alameda County; up-

per Coyote Creek, Santa Clara County; San Mateo Creek, 

San Mateo County; and Corte Madera Creek, Marin Coun-

ty. Studies aimed at removing or modifying migration 

barriers are ongoing throughout the Estuary. These bar-

rier studies may result in restoring access for steelhead to 

suitable habitat. For example, barriers to salmon passage 

have recently been modified in the lower Guadalupe River 

with apparent success. Barrier removals and modifications 

to benefit steelhead and other fishes are planned for the 

Alameda Creek watershed in the near future. 

There are fourteen reservoirs in Estuary watersheds have 

a storage capacity of approximately ≥ 10,000 AF (Table 4).  

Modified operation of these reservoirs for the benefit of 

steelhead through changes to the amount and timing of 

water releases could help restore remnant or extirpated 

populations in stream reaches below reservoirs with suit-

able habitat (e.g., San Antonio, Calaveras and Del Valle res-

ervoirs, Alameda Creek watershed; Crystal Springs Reser-

voir, San Mateo Creek watershed; and San Pablo Reservoir, 

San Pablo Creek watershed).  

Hatchery reared rainbow trout from have been variously 

stocked in Estuary streams for a century, with eggs origi-

nating primarily from geographically widespread north-

ern California watersheds, including Estuary tributaries 

(CDFG, stream stocking records, Yountville).  Even with 

widespread hatchery plantings, limited genetic studies 

indicate that some watersheds apparently still support 

distinct, wild, native rainbow trout/steelhead, especially 

above migration barriers such as dams (for example, see 

Nielsen and Fountain, 1999 and Nielsen, 2003). Currently, 

the NMFS does extend legal protection under the En-

dangered Species Act to these landlocked rainbow trout 

populations, even though recent research indicates close 

genetic relationships between above- and below-barrier 

populations for some coastal South-Central California wa-

tersheds (Girman and Garza, 2006).  I recommend that this 

policy be reconsidered, given the potential contributions 

that native, landlocked rainbow trout/steelhead popula-

tions could provide to overall species’ recovery efforts. 
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Gasterosteus aculeatus Linnaeus, 1758, 

threespine stickleback

Historical Distribution and Status. Largely as a mat-

ter of taxonomic convenience, two forms of threespine 

stickleback are recognized on the Pacific coast of Califor-

nia: G. a. aculeatus for the fully plated anadromous form, 

and G. a. microcephalus for the partially plated freshwa-

ter/resident form (Miller and Hubbs, 1969; Hopkirk, 1973; 

Leidy, 1984; Moyle, 2002).  Collections of the two forms 

of threespine stickleback from the Estuary during the 19th 

Century were often described as separate species such as 

G. inopinatus, G. serratus, and G. plebeius (Girard, 1854a, 

b; Ayres, 1855c, d; Appendix 2).  Several of the earliest re-

cords from the mid-19th Century for the collection of three-

spine stickleback from the Estuary include the Presidio in 

San Francisco (1854), Mountain Lake in San Francisco (circa 

1850s), Alameda Creek (late-1850s or 1860), Coyote Creek 

(mid-1850s), and the Petaluma River (1855)(Appendix 2).  

There are archaeological records for threespine stickleback 

for Walnut, Temescal/Strawberry, and San Francisquito 

creeks (Gobalet et al., 2004). I found historical and recent 

records for the occurrence of threespine stickleback for 52 

(76%) Estuary watersheds (Appendices 2 and 3). 

Within the Estuary, threespine stickleback are widely dis-

tributed and often locally abundant in fresh-, brackish-, 

and saltwater intertidal upper marsh, riverine tidal marsh, 

and nontidal riverine habitats (Leidy, 1984; R. Leidy, USE-

PA, unpublished data; IEP, 2005). Threespine sticklebacks 

are also abundant in large areas of salt ponds in the south-

ern Estuary and San Pablo Bay that were formerly tidal 

salt and brackish marsh (Lonzarich, 1989; Lonzarich and 

Smith, 1997).  Leidy (1984) found threespine stickleback 

to be the most common species in Estuary streams, occur-

ring in 43 percent of 457 samples between the elevations 

0-123 m.  During this study, threespine stickleback was also 

widespread and abundant, occurring at 101 (37%) of the 

sample sites, from 0-128 m elevation.

Ecology.  The threespine stickleback is a polymorphic spe-

cies. The streams and tidal waters within the Estuary sup-

port resident/freshwater and anadromous/brackish-saltwa-

ter populations that presumably behave as separate species 

(Snyder, 1991; Moyle, 2002). Leidy (1984) observed that resi-

dent populations of threespine stickleback were most abun-

dant in clear, cool backwater and pool habitats, containing 

rooted and floating aquatic vegetation that provided struc-

turally complex cover.  Sticklebacks typically are found over 

sand, gravel and mud substrates, but are relatively uncom-

mon in pools characterized by excessive fine sediment and 

high turbidities (Leidy, 1984; Moyle, 2002).

During this study, I found the abundance of threespine 

stickleback was positively correlated with conductivity and 

percent pool habitat, and negatively correlated with el-

evation, stream gradient, maximum depth, and dominant 

substrate size (Table 14). Resident populations of stickle-

back typically occurred in lower elevation, shallow pools 

over a mixture of silt-sand-small gravel substrates.  While 

sticklebacks were the only species collected at several sites 

(i.e., lower small to large mainstem), they also occurred at 

sites characterized by several species of native and nonna-

tive fishes (range 2-10 species). Sticklebacks were mostly 

collected with other native fishes within the anadromous 

fishes/small to medium, cool, tributary and mixed native 

fishes/middle mainstem-lower large tributary assemblag-

es. However, occasionally stickleback was common in the 

lowermost reaches of streams that were the preferred 

habitats for nonnative fishes (i.e., mixed native-nonnative 

fishes/lowermost small to large mainstem and estuarine 

fishes/tidal riverine assemblages). The location of stickle-

back near the center of the CCA ordination indicates their 

occurrence at sites with average or intermediate environ-

mental conditions (Figures 2 and 4). Fishes commonly col-

lected with stickleback at lower elevation (< 50 m) sites 

include rainwater killifish, mosquitofish, yellowfin goby, 

green sunfish, striped bass, hitch, Sacramento sucker, 

prickly sculpin, and staghorn sculpin.   At elevations > 50 

m sticklebacks were typically associated with native fishes 

such as Pacific lamprey, California roach, Sacramento pike-

minnow, Sacramento sucker, rainbow trout, prickly scul-

pin, and tule perch. 

Conservation Status and Recommendations. Three-

spine stickleback can be expected to occur in all Estuary wa-

tersheds. Important factors negatively influencing popula-

tion numbers, especially resident freshwater populations, 

include excess siltation and turbidity, increased water tem-

peratures through the removal of riparian vegetation or 
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water diversions, pollution, loss of nesting, feeding, and 

cover habitat, the construction of migration barriers such 

as dams or drop structures, and the introduction of nonna-

tive piscivorous fishes (Leidy, 2000).   

Moyle (2002) observes that because each resident, non-

migratory population is most likely independently derived 

from anadromous forms, resident populations within each 

watershed are endemic.  Because sticklebacks can readily 

disperse through estuarine and marine environments they 

are able to recolonize habitats from which they have been 

extirpated. Presumably, freshwater populations located 

above natural or man-made migration barriers may be ex-

tirpated with no opportunity for recolonization.  Therefore, 

the status of resident/freshwater populations of stickleback, 

especially those above barriers, should be closely monitored. 

Reintroduction of sticklebacks should be considered where 

populations have become extirpated above barriers. 

C O T T I D A E  ( S C U L P I N S )

Cottus aleuticus Gilbert, 1896, 

coastrange sculpin

Historical Distribution and Status.  Coastrange sculpin 

occur in coastal streams from Alaska to Oso Flaco Creek, 

Santa Barbara County (Moyle, 2002).  Historical records 

and more recent sampling indicate that coastrange sculpin 

is rare or absent in the Estuary.  Hopkirk (1973) noted that 

in the North Coast region of California, coastrange sculpin 

is restricted to brackish water habitats and coastal streams.  

Hopkirk (1973, p. 104) observed “It [i.e., coastrange sculpin] 

is not present in the Central Valley, but is present in streams 

of the San Francisco Bay region.”  There are only six histori-

cal and no recent records for coastrange sculpin from Estuary 

watersheds (Appendix 2). Five of these records are from 1945 

for Conn and Moore creeks, tributaries to the Napa River, 

Napa County (Appendix 2). Apparently, the specimens were 

collected prior to the completion of Conn Dam (Lake Hen-

nessey), and forwarded by Brian Curtis to Leo Shapovalov, 

CDFG, for identification.  Presumably, Shapovalov would 

have been familiar with morphological distinctions between 

coastrange and riffle sculpins, closely related species that are 

often confused. Shapovalov spent much of his career study-

ing salmonids in central and northern California coastal 

streams many of which contained coastrange sculpin and 

prickly sculpin, as well as watersheds in the southern Estu-

ary where riffle and prickly sculpins are found. The second 

record for coastrange sculpin is from 1980 for a tidal reach 

of the lower Petaluma River, near Lakeville Highway Bridge, 

Sonoma County (Appendix 2).  

I was unable to locate any records of coastrange sculpin sub-

sequent to 1980. Extensive mid-water and otter trawl, and 

beach seine samples conducted throughout the Estuary by 

the CDFG from 1980-1995, recorded no coastrange sculpin.  

Ecology.  Coastrange sculpin prefer swift, shallow riffles 

within the lower reaches of streams with lagoons or estu-

aries (Moyle, 2002), conditions present historically in sev-

eral Estuary watersheds. Coastrange sculpins also occur in 

smaller tributary streams, probably similar to conditions 

in Conn and Moore creeks prior to the construction of 

Conn Dam.  Adults may make downstream spawning mi-

grations during January-March so that larvae are in close 

proximity to estuarine environments where larvae develop 

(Shapovalov and Taft, 1954, as cited in Moyle, 2002). Hop-

kirk (1973, p. 104) noted, “Aleuticus is an ecological asso-

ciate of Oncorhynchus kisutch and Gasterosteus aculeatus 

aculeatus”.  Coastrange sculpin also occur in coastal pacific 

streams with prickly sculpin (P. Moyle, UCD, personal com-

munication, 2004).

Conservation Status and Recommendations.  It ap-

pears that suitable habitat for coastrange sculpin would 

have been present historically in the Napa River and other 

Estuary watersheds, so it is unclear why coastrange sculpin 

are not represented more in historical collections. Most of 

the mouths of Estuary streams have been modified from 

urbanization and for flood control so suitable habitat is 

scarce today.  Interestingly, the two records for the Estu-

ary are from watersheds with relatively intact estuarine 

wetlands near their mouths. It is possible that coastrange 

sculpin occurred in only those few watersheds with large 

estuaries, similar to the tidewater goby, but disappeared 

before these habitats were thoroughly sampled, or did not 

occur in the Estuary at all. 

Moyle (2002) rates the coastrange sculpin in California as 

widespread with presumably stable populations. Coas-

trange sculpin is probably extirpated within the Estuary. 

Study of the sculpin species currently found in Conn and 
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undertaken to establish which species are present.     

Cottus asper Richardson, 1836, 

prickly sculpin (Figure V.18)

Historical Distribution and Status. Prickly sculpin 

naturally occur in watersheds of the Pacific Coast from 

Alaska to the Ventura River in southern California (Moyle, 

2002). They are found within tributaries of the Estuary and 

throughout the Central Valley. There appear to be three 

forms within California based on morphological differ-

ences such as the amount of prickling (Moyle, 2002). The 

three forms are coastal, Clear Lake, and inland, or Cen-

tral Valley (Hopkirk, 1973). Hopkirk (1973) noted that in 

streams of the Estuary prickly sculpin appeared intermedi-

ate between coastal and inland forms, but this aspect of its 

morphology has not been studied in detail.  

Prickly sculpin are geographically widespread and locally 

abundant in the Estuary. Nineteenth century records for 

prickly sculpin from Estuary watersheds include San Ma-

teo Creek (1854-1860), Petaluma River (1855 or 1859), 

Mare Island, at the mouth of the Napa River (1881), Al-

ameda Creek (1890s), Coyote Creek (1890s), Guadalupe 

Creek (1890s), Adobe Creek (1893), and the Napa River 

(1890s)(Appendix 2). There are records for the occurrence 

of prickly sculpin from twenty-seven Estuary watersheds 

(Table 1, Appendices 2 and 3).  Leidy (1984) collected 

prickly sculpin from 34 (7%) of the 457 sites sampled in 

1981. Prickly sculpin were found at 75 (27%) of the sam-

ple sites during this study. 

Ecology.  Prickly sculpin tolerate a wide range of envi-

ronmental conditions. Leidy (1984) and this study found 

that prickly sculpin occur in a variety of habitats, from 

low elevation (1 m), highly disturbed, channelized stream 

reaches to undisturbed headwater sites (293 to 320 m).    

During this study I found that the abundance of prickly 

sculpin was positively correlated with stream order, water 

temperature, percent open canopy, conductivity, and the 

total number of species (Table 14).  Prickly sculpin were 

negatively correlated with elevation, stream gradient, 

dominant substrate size, and percent native species (Table 
14). In the rainbow trout/upper mainstem-headwater trib-

utary assemblage prickly sculpin occurred with rainbow 

trout/steelhead, California roach, and juvenile Sacramento 

sucker in clear, well-shaded pools with sand and gravel 

substrates. Species occurring with prickly sculpin at lower 

elevations within the mixed native fishes/middle main-

stem-lower large tributary assemblage include California 

roach, hitch, Sacramento pikeminnow, Sacramento sucker, 

threespine stickleback, and tule perch. With the exception 

of tule perch, prickly sculpin was more often associated 

with nonnative fishes than any native species (Table 14). 

In the lowermost reaches of large streams (e.g., Walnut, 

Alameda, and Coyote creeks), prickly sculpin may be the 

most abundant native fish, often found with 3-7 nonnative 

species. Prickly sculpin also were found in brackish water 

within the tidal, estuarine portions of rivers.  During this 

study I collected prickly sculpin and staghorn sculpin to-

gether from lowermost Alameda Creek, and prickly sculpin 

with riffle sculpin from the lower reaches of Corte Madera 

Creek and middle reaches of the Napa River.   

Prickly sculpin are also found in reservoirs.  It is possible 

that construction of Crystal Springs Reservoir on San Ma-

teo Creek may have contributed to the spread of prickly 

sculpin into headwater reaches of the watershed resulting 

in the extirpation of riffle sculpin.   

Conservation Status and Recommendations. Prickly 

sculpin appear to be stable in Estuary watersheds.  Because 

prickly sculpin are saltwater dispersant and have pelagic 

larvae, they may easily colonize new habitats following 

extirpation of local populations (Moyle, 2002). Biochemi-

cal and taxonomic analyses of coastal Pacific, Estuary, and 

Central Valley populations of prickly sculpin populations 

could clarify taxonomic relationships within this highly 

variable species.

Cottus gulosus (Girard, 1854), 

riffle sculpin (Figure V.19)

Historical Distribution and Status. Girard (1854a) 

first described Cottopsis gulosus (= Cottus gulosus) within 

the Estuary from San Mateo Creek, San Mateo County. 

Leidy (1984) noted that riffle sculpin has not been collect-

ed from San Mateo Creek since Girard’s original descrip-

tion. San Mateo Creek currently contains prickly sculpin 

(Cottus asper) and the possibility exists that construction 

of Crystal Springs Reservoir in 1888 contributed to the dis-
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appearance of riffle sculpin in the watershed, while favor-

ing the spread of prickly sculpin that may occur in the res-

ervoir. Other nineteenth century records for riffle sculpin 

from Estuary watersheds include the Petaluma River (mid-

1800s), Alameda Creek (late-1800s), Napa River (1894, 

1897), and Coyote Creek (1890s) (Table 1, Appendix 2). 

The current status of riffle sculpin in Alameda Creek is 

unknown.  It has not been recorded in the Alameda Creek 

for approximately 70 years; however, riffle sculpin may 

persist in remote headwater reaches of the watershed.

There are records for the occurrence of riffle sculpin from 

twelve Estuary watersheds (Table 1, Appendices 2 and 

3).  Leidy (1984) collected riffle sculpin from 26 (6%) of 

457 sites sampled in 1981. Riffle sculpin were found at 42 

(16%) of the sample sites during this study. Riffle sculpin 

occurred in seven watersheds; including Coyote Creek, 

Guadalupe River, Corte Madera Creek, Miller Creek, So-

noma Creek, Napa River, and Green Valley Creek.

Freshwater cottids are often very difficult to identify be-

cause of variable and overlapping character traits within 

and among taxa and local populations, as well as hybrid-

ization among species. Misidentification of sculpin spe-

cies is probably a common occurrence. It is interesting 

that there are more records for unidentified cottid species 

than for any other native stream fish (Appendix 2). Hop-

kirk (1973) noted that populations of riffle sculpin exhibit 

geographic variation in morphology from Central Valley 

populations. In addition, riffle sculpin and prickly sculpin 

may hybridize making clear identification of species more 

difficult (Moyle, 2002).   

Moyle (2002) notes that there is much confusion regard-

ing the systematics of riffle sculpin in California. Riffle 

sculpin currently exist as two geographically separated 

groups. One group occurs in streams of Central California 

(including streams tributary to the Estuary and the Cen-

tral Valley), and another group is found in coastal streams 

of northern Oregon and Washington (Moyle, 2002). Riffle 

sculpin are poor dispersers that colonize streams exclusive-

ly through freshwater. It is unclear how these two wide-

ly separated groups of riffle sculpin colonized two such 

geographically disjunct regions given their poor dispersal 

ability.  One plausible explanation is that riffle sculpin in 

California and Oregon/Washington are distinct taxa. 

Ecology.  In the Estuary, riffle sculpin occur primarily within 

the rainbow trout/upper mainstem-headwater tributary and 

mixed native fishes/middle mainstem-lower large tributary 

assemblages. Leidy (1984) and this study found that riffle 

sculpin in headwater streams utilize habitats similar to rain-

bow trout/steelhead. Riffle sculpin was typically found in 

moderately shaded, cool pools with low conductivities, high 

water clarity, and a substrate dominated by gravel and cobble 

(Table 14). Examples of such streams are the upper Coyote 

Creek in Henry Coe State Park, Guadalupe Creek upstream 

from Guadalupe Reservoir, and Bear Creek (Sonoma Creek 

watershed) within Sugarloaf Ridge State Park. At these sites 

riffle sculpin was most often associated with rainbow trout, 

California roach, and juvenile Sacramento sucker.   

Riffle sculpin abundance was positively correlated with 

stream gradient, the total number of species, and percent 

native species (Table 14). Riffle sculpin rarely occurred in 

samples with nonnative fishes. That riffle sculpin are posi-

tively correlated with the number of species reflects their oc-

currence within middle mainstem-lower large tributary sites 

characterized by 4-8 native species. Native species associated 

with riffle sculpin included Pacific lamprey, rainbow trout, 

California roach, Sacramento pikeminnow, hardhead (Napa 

River), Sacramento sucker, threespine stickleback, tule perch, 

and occasionally prickly sculpin. Examples of this assemblage 

include the intermediate reaches of Sonoma Creek, Napa 

River, Coyote Creek upstream from Anderson Reservoir, and 

lower Corte Madera Creek.  

Conservation Status and Recommendations. Moyle 

(2002) noted that riffle sculpin are widely distributed and 

locally abundant, but expressed concern that populations 

are becoming increasing isolated and subject to local ex-

tinction. Riffle sculpin populations in Estuary streams ap-

pear to be stable and secure largely because their popula-

tions occur in headwater streams that are within protected 

lands.  However, riffle sculpin populations within middle 

mainstem-lower large tributary sites (e.g., Sonoma Creek, 

Napa River) are vulnerable to ongoing land use practices 

such as sedimentation and pollution (fertilizers and pes-

ticides) from adjacent agricultural activities.  These mid-

elevation sites merit more protection.  In addition, the 

systematics of riffle sculpin populations in Estuary streams 

and elsewhere in Central California should be examined us-

ing biochemical and morphological analyses.      
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Pacific staghorn sculpin

Historical Distribution and Status. Girard (1854a) first 

described Pacific staghorn sculpin from specimens collected 

from the vicinity of San Francisco. There are several addi-

tional records for “San Francisco” for the period 1856-1862 

by T.G. Cary and A. Agassiz, and others (MCZ 13756-13759, 

22695, 31482, 36019, USNM 310). The research vessel Steam-

er Albatross regularly collected Staghorn sculpin from vari-

ous locations throughout San Francisco Bay in 1912 (CAS, 

fish collection and accession files).

There are records for Pacific staghorn sculpin from several 

archaeological sites surrounding the northern Estuary, in-

cluding San Francisco, Yerba Buena Island, Emeryville Shell-

mound, Walnut Creek, San Antonio Creek, and an unnamed 

creek tributary to tidal reaches of the lower Petaluma River 

(Gobalet et al., 2004; Gobalet, CSUB, unpublished data, 

2005).  Pacific staghorn sculpin is one of the most widely 

distributed and abundant fishes inhabiting the Estuary, oc-

curring within and immediately adjacent to tidal habitats 

at the mouths of virtually all Estuary watersheds (Baxter et 

al., 1999).  Staghorn sculpin were found at only 4 (1%) of 

the sample sites during this study because I typically did not 

sample tidal environments.

Ecology.  Pacific staghorn sculpin is a true estuarine species 

that can tolerate salinities from fresh to saltwater (CDFG, 1988; 

Baxter et al., 1999; Goals Project, 2000). Juvenile staghorn 

sculpin are commonly found in low salinity waters (0-5 ppt) 

and may migrate into the lower reaches of Estuary streams 

where they are found with assemblages of brackish to fresh 

water tolerant fishes (Baxter et al., 1999; Moyle, 2002).  

In the Alameda and Walnut Creek watersheds, I collected 

exclusively juvenile staghorn sculpin (size range: 41-87 mm 

TL) with mixed species assemblages of native and nonna-

tive fishes including rainwater killifish, inland silverside, 

striped bass, green sunfish, threespine stickleback, and 

prickly sculpin. Interestingly, juvenile staghorn and prickly 

sculpins were collected together from the same microhabi-

tat, characterized by a silt substrate and emergent macro-

phytes such as Scirpus spp.

Conservation Status and Recommendations. The 

staghorn sculpin is one of the most widely distributed and 

abundant fishes and, along with threespine stickleback, 

can be expected to occur in the estuarine portions of all 

Estuary streams.  Staghorn sculpin may be one of the few 

native fishes able to tolerate degraded aquatic habitat 

conditions associated with stream channelization.                    

C E N T R A R C H I D A E  ( S U N F I S H )

Archoplites interruptus (Girard, 1854), 

Sacramento perch (Figure V.20)

Historical Distribution and Status.  Sacramento perch 

is the only native centrarchid found west of the Rocky 

Mountains (Moyle, 2002).  Fossil evidence indicates that 

it has been isolated in California since the Miocene and 

this long isolation has likely contributed to the retention 

of ancestral morphological and behavioral characteristics 

(Miller, 1959; Moyle, 2002).  Sacramento perch is native to 

the Sacramento-San Joaquin Fish province, including the 

Central Valley, Clear Lake, and Monterey Bay subprovinces, 

but with the exception of Clear Lake, Lake County, and pos-

sibly within the Alameda Creek drainage, Alameda County, 

Sacramento perch is thought to be extinct in its native hab-

itats (Moyle et al., 1995; Moyle, 2002; R. Leidy, this study). 

Sacramento perch has been widely introduced into reser-

voirs and ponds in California and Nevada (Moyle, 2002).

There are several records prior to 1900 for “San Francisco” 

that were likely based on market fish collected from the 

Central Valley (Appendix 2). The earliest record that I found 

for San Francisco was 1853 (MNHN 0278, Appendix 2).  Gi-

rard (1858, p. 10) lists Ambloplites interruptus (= Archoplites 

interruptus) from “San Francisco” but the exact collection 

location of this specimen is unknown and likely also rep-

resents fish acquired from a fish market in San Francisco.  

Ayres (1862, p. 163, at a meeting of CANS, 3/Feb/1862) refer-

ences eight species of freshwater fish, including Sacramento 

perch, “…caught [by fisherman] at all the various points 

in the bay, at which salt water fishes only have previously 

been found.” Presumably, these fish were transported to 

San Francisco Bay from rivers and streams during the great 

floods of 1861-1862. There are two early records (circa 1890-

1910) of Sacramento perch from Mare Island, Solano County, 

and although the exact collection locality is not known, the 

specimens were presumably historically present in tidal es-
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tuarine environments of the lower Napa River (USNM 67328 

and Evermann and Latimer, 1910). Historical records indicate 

that Sacramento perch is native to at least seven watersheds 

within the study area: Marsh and Walnut Creeks Contra 

Costa County; Alameda and Strawberry/Temescal creeks, 

Alameda County; Coyote Creek, Santa Clara County; San 

Francisquito Creek, Santa Clara/San Mateo counties; and the 

Napa River, Napa County (Leidy, 1984; Appendices 2 and 3).  

Sacramento perch also has been documented from several 

lakes and reservoirs within the study area into which it has 

been introduced (Leidy, 1984).

Gobalet (1992) identified remains of Sacramento perch 

from archeological sites within the Marsh Creek and Wal-

nut Creek watersheds.  The site on Marsh Creek is west of 

Brentwood near the John Marsh Historic Park and is dated 

from A.D. 1000-1500.  Sacramento perch from this site could 

have been captured by Native Americans from nearby Marsh 

Creek, which would have contained suitable habitat, or from 

Suisun Bay to the north and then transported to the village 

site.  Gobalet (1992) also recorded Sacramento perch from 

an archaeological site dated from A.D. 1400-1500 adjacent 

to Tice Creek, a tributary to Walnut Creek.  Suitable habi-

tat for Sacramento perch would likely have been present in 

nearby Walnut Creek.  Gobalet et al. (2004) also identified 

Sacramento perch from middens within the Strawberry/Tem-

escal, and Alameda creek, and Napa River watersheds.

Aceituno et al. (1976) and Aceituno and Nicola (1976) 

questioned whether Sacramento perch was native to the 

Alameda Creek drainage.  Indirect evidence supported its 

non-native status in Alameda Creek since it appeared in a 

collection from Calaveras Reservoir in 1943 (CAS 20926), 

following completion of the reservoir in 1925, while the 

first collections for Alameda Creek were not until 1953 

(CAS 25736, CAS 25739).  Two archaeological records how-

ever, confirm the native status of Sacramento perch in the 

Alameda Creek watershed. Schulz (1986) identified Sacra-

mento perch remains from an archaeological site dated 

from 1 A.D. - 600 A.D. on lower Alameda Creek near the 

confluence of Dry Creek. Gobalet (1990b) also confirmed 

the native status of Sacramento perch from fish remains 

recovered during excavation of an archaeological site that 

was occupied beginning from at least 1465 B.C. This site 

is adjacent to Arroyo de la Laguna, a major tributary to 

Alameda Creek.  The archeological site along Arroyo de 

la Laguna Creek is adjacent to Willow Marsh, historically 

a large lowland freshwater wetland system that has been 

completely drained and filled as a result of urbanization. 

For the period 1943-1981, I located 27 documented re-

cords of Sacramento perch for the watershed, primarily 

from Alameda Creek and several adjacent sand and gravel 

ponds near the town Niles Canyon, within Niles Canyon, 

and from Arroyo de la Laguna, upstream from Niles Can-

yon (Leidy, 1984; Appendix 2).  These collections typically 

contained young-of-the-year (age-0), juvenile (age-1+), 

and adult (age-3+) specimens indicating that Sacramento 

perch were reproducing within the stream. Sacramento 

perch persisted in Alameda Creek in Niles Canyon and 

downstream near Niles until at least the mid-1980s (Leidy, 

1984; A. Launer, SU, personal communication, 2001, MCZ 

78127-78130). I recorded Sacramento perch within Alam-

eda Creek proper in 1981 when a single juvenile was col-

lected in a large pool immediately downstream from the 

spillway of the Old Spring Valley Water Company Diver-

sion Dam (removed in 2006) in Niles Canyon (Leidy, 1984). 

During 1976, juvenile and adult Sacramento perch were 

collected from two quarry ponds (Grau and Kaiser B 

ponds) adjacent to lower Alameda Creek near Niles (Ap-
pendix 2).  Apparently, the perch colonized the ponds 

from Alameda Creek during sand mining operations.  In 

1987, another quarry pond (Shinn pond) at the same lo-

cation was sampled, but no Sacramento perch were col-

lected.  Several quarry ponds were again surveyed for fish 

during September 2001 and the summer of 2003, and no 

Sacramento perch were collected (EBRPD, fish survey data, 

2001; P. Alexander, EBRPD, personal communications, 2002 

and 2003). Again, in 2004 the majority of the Quarry Lakes 

Regional Park ponds accessible to an electrofishing boat 

were sampled and no Sacramento perch were collected 

(P. Alexander, EBRPD, personal communication, 2007). No 

Sacramento perch were captured during electrofishing 

of some of quarry ponds in 2005 and 2006 (P. Alexander, 

EBRPD, personal communication, 2007). It appears likely 

that Sacramento perch have disappeared from the quarry 

ponds or, if present, occur in small numbers making them 

difficult to detect.

Sacramento perch were also known to occur in Calaveras 

Reservoir in the Alameda Creek watershed (Appendix 2).  

Calaveras Reservoir was completed in 1938 and the first re-
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20926).  Because Sacramento perch may have become es-

tablished in Calaveras Reservoir from fish residing in Calav-

eras Creek, any fish inhabiting the reservoir may be one of 

only a few remaining populations in California occurring 

within their native range (Leidy, 1984; Moyle, 2002).   A 

single juvenile Sacramento perch (89 mm FL) was collected 

from Calaveras Reservoir during an electrofishing survey 

in February 1995 (B. Sak, SFPUC, personal communication, 

2007). An effort to collect Sacramento perch from Calav-

eras Reservoir during October 2003 was unsuccessful and 

the population there may now be extirpated (P. Crain, 

UCD, personal communication, 2003), or persist in small 

numbers (P. Alexander, EBRPG, personal communication, 

2007). A proposed study by the SFPUC (possibly as early as 

the summer of 2007) involving, in part, fish sampling in Ca-

laveras Reservoir may help clarify the status of Sacramento 

perch (B. Sak, SFPUC, personal communication, 2007).

Subsequent sampling efforts during this study and by oth-

ers during the 1990’s to the present, have been unable to 

confirm the presence of Sacramento perch within Alam-

eda Creek proper, although a single juvenile was collected 

within Calaveras Reservoir in 1995, from which it was first 

recorded in 1943 (Leidy, 1984; P. Moyle, UCD, personal com-

munication, 2002).  An extensive effort to find Sacramento 

perch in Calaveras Reservoir in 2003 collected mainly large-

mouth bass and bluegill, two nonnative species known to 

have negative impacts on Sacramento perch populations 

elsewhere in California (P. Crain, UCD, personal communi-

cation, 2003).  Large floods during the winter of 1994-1995 

within the watershed resulted in the filling of several large, 

deep pool habitats with sediment that were known to sup-

port Sacramento perch.  The complete filling of one such 

pool behind the Old Spring Valley Water Company Diver-

sion Dam may have eliminated Sacramento perch from up-

per Niles Canyon (R. Leidy, USEPA, personal observation). 

I located six historical references for the occurrence of Sac-

ramento perch in Coyote Creek (Appendices 2 and 3).  Carl 

Hubbs (UMMZ 63335, 63336, ANSP 85445) collected juve-

nile Sacramento perch in 1922 from lower Coyote Creek 

near the City of San Jose and between Alviso and Milpi-

tas.  Sacramento perch were collected again from lower 

Coyote Creek, opposite Milpitas in 1932 (Follett, 1974).  

There is also a reference to the collection of Sacramento 

perch from Coyote Creek in 1959, but a specific collect-

ing locality for this record was not found (SJSU, CD-16).  

Finally, an adult Sacramento perch was collected in 1969 

from Santa Teresa Pond, a small artificial water body near 

Coyote Creek (SJSU, 1969; Appendix 3).  Presumably this 

Sacramento perch was the result of an introduction.  Dr. L. 

J. Hendricks, San Jose State University observes that “None 

of these [i.e., Sacramento perch] have been found in the 

Santa Clara Valley to my knowledge since 1948” (SJSU, 

1969: 3). Based on these few collection records, it appears 

that Sacramento perch may have disappeared from Coyote 

Creek sometime during the late-1950s to early-1960s.  

Of particular interest are several specimens of Sacramento 

perch collected in 1860 from “Francisquita” [San Francis-

quito] Creek by Alexander Agassiz of Harvard University 

(UMMZ 87164, MCZ 9605).  Although the exact location 

of the collection(s) is not known, the 1860 record is one 

of the earliest documented records for Sacramento perch 

in California, and suggests that Sacramento perch may 

have been present in other similar-sized watersheds sur-

rounding the Estuary prior to the extensive modification 

of streams associated with urbanization.

Sacramento perch also occurred historically within the 

Napa River watershed.  Gobalet et al. (2004) identified 

the remains of Sacramento perch from an archaeologi-

cal site dated circa 2000 years ago, which lies adjacent to 

the Napa River on what is now the northern edge of the 

City of Napa.  As discussed above, Sacramento perch were 

also known to occur near Mare Island near the mouth of 

the Napa River (USNM 67328 and Evermann and Latimer, 

1910).  Finally, twelve Sacramento perch were collected 

from the Napa River marshes during 1976 as part of a 

multi-year fish-sampling program of the marshes by the 

California Department of Fish and Game (CDFG, 1979; also 

cited in Madrone Associates, 1977). 

Sacramento perch has been introduced into several reser-

voirs and ponds within the study area.  One of the more 

notable introductions of Sacramento perch into a reservoir 

within its native range is for Lake Anza which was con-

structed in 1938, and lies within Tilden Regional Park, Con-

tra Costa County. Seventy-seven Sacramento perch were in-

troduced into Lake Anza in March 1953 following chemical 

treatment of the lake to remove all other fishes (Needham 
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1957, Mathews 1962). Hopkirk (1973) notes several prob-

able locations as sources for fish for the original introduc-

tion to Lake Anza, including Thurston Lake within the Clear 

Lake basin, the University of California, Hopland Field Sta-

tion within the Russian River watershed, and Brickyard Pond 

near Sacramento.  Sacramento perch was able to establish a 

reproducing population within Lake Anza following its in-

troduction in 1953, and apparently remained abundant in 

the lake as evidenced by collections of juveniles and adults 

made throughout the 1950s and 1960s (Appendix 2). Wang 

(1986, pp. 25-1, 25-3) reports the presence of Sacramento 

perch in Lake Anza, as well as Jewel Lake located on Wildcat 

Creek several km downstream from Lake Anza. Wang (1986) 

collected larvae and two juvenile (10-15 mm TL) Sacramen-

to perch from the vegetated shallows of Lake Anza 1980. 

Sacramento perch have not been recorded from Lake Anza 

since 1983, and evidence suggests that Sacramento perch 

populations there had been in decline since the introduction 

into Lake Anza of Florida stain largemouth bass in the early 

1970s (P. Alexander, EBRPD, personal communication, 2007). 

Sacramento perch persist in Jewel Lake, but the population 

declined dramatically in 2006 when large quantities of silt-

laden runoff reduced the lake volume significantly (P. Alex-

ander, EBRPD, personal communication, 2007). Sacramento 

perch also occur in Sindicich Ponds within Briones Regional 

Park, into which they were introduced (P. Alexander, EBRPD, 

personal communication, 2007).

Hopkirk (1973, p. 83) observed that Sacramento perch was 

“apparently introduced” to Lake Merced, San Francisco 

County. There are several historical references to collec-

tions of Sacramento perch from Lake Merced beginning in 

1942 and continuing through the early-1960s (Appendix 
2). Prior to 19th Century settlement of San Francisco, Lake 

Merced was a large freshwater/brackish lagoon. There are 

collection records for other native fishes from Lake Mer-

ced including hitch, California roach, Sacramento black-

fish, Sacramento sucker, prickly sculpin, and tule perch, 

suggesting the intriguing possibility that these species and 

Sacramento perch colonized Lake Merced during periods 

of lower sea level some 8,000 years ago. 

Sacramento perch were not collected during this study.

Ecology.  Within the Estuary, Sacramento perch oc-

curred in lower-elevation pools, sluggish stream reaches, 

and floodplain lakes, often characterized by emergent 

wetlands. These conditions are currently found in stream 

reaches supporting the mixed native-nonnative fishes/

lower small to large mainstem assemblage. This is consis-

tent with other habitats in which it historically occurred in 

the Central Valley (Moyle, 2002).  Sacramento perch were 

known to occur in the tidal waters of Mare Island near 

the mouth of the Napa River (i.e., estuarine fishes/tidal 

riverine assemblage), that undergoes large diurnal and 

seasonal fluctuations in water salinities. Presumably, the 

ability of Sacramento perch to tolerate moderately high 

salinities, as well as large fluctuations in salinity levels on a 

daily and annual basis, allowed Sacramento perch to occur 

in sloughs with fresh-to-brackish water conditions (Moyle, 

2002).  Sacramento perch apparently also inhabited large 

floodplain lakes and marshes within the Estuary.  One of 

the few such wetland environments in the Estuary known 

to support Sacramento perch was Willow Marsh, histori-

cally a large, inland, lowland freshwater marsh environ-

ment adjacent to Arroyo de la Laguna Creek in the Liver-

more Valley (Thompson and West, 1878; Gobalet, 1990b). 

Another large, alkaline permanent pond-wetland complex 

that no longer exists, Laguna Seca adjacent to Coyote 

Creek, likely also supported Sacramento perch historically 

(Grossinger et al., 2006).

Historical records provide an indication of what other 

native fishes occurred with Sacramento perch in Estu-

ary streams.  A single specimen of Sacramento perch was 

identified from remains at an archaeological site on the 

lower Napa River that likely was an estuarine environment 

similar to present conditions (Gobalet et al., 2004).  Sacra-

mento perch was identified with the remains of nine other 

native fish species at the archaeological site on the Napa 

River, including sturgeon, thicktail chub, hitch, hardhead, 

Sacramento pikeminnow, Sacramento splittail, Sacramen-

to blackfish, and Sacramento sucker (Gobalet et al., 2004).  

Sacramento perch was also known to occur in the low-el-

evation reaches of Alameda Creek and near the mouth of 

Coyote Creek, where in addition to the other species listed 

above; Sacramento perch would have occurred with prick-

ly sculpin and tule perch (Appendix 2).         

Conservation Status and Recommendations.  Moyle 

(2002) identified habitat alteration and interspecific compe-

tition with nonnative fishes for food and space as important 
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in their native habitats.  The decline of Sacramento perch 

in the Estuary is correlated with extensive modification of 

the lowland habitats of many streams, the construction of 

reservoirs, and the concomitant spread of nonnative fishes, 

especially other centrarchids. Interspecific competition with 

nonnative centrarchids has been postulated as a primary 

mechanism contributing to the decline of Sacramento perch 

throughout its native range (Aceituno and Nicola, 1976; 

Marchetti, 1999). For example, the repeated intentional in-

troduction of nonnative game fishes into Coyote and An-

derson reservoirs following their completion in 1936 and 

1950, respectively, contributed to their spread throughout 

the lower Coyote Creek watershed into habitats occupied by 

Sacramento perch. Prior to 1950, nonnative fishes were still 

infrequent in collections made in the Coyote Creek water-

shed.  However, during the 25-year period from 1953-1978 

fourteen nonnative fish species, including at least five cen-

trarchid species, were first recorded from the lower Coyote 

Creek (Buchan et al., 1999). Three nonnative species, blue-

gill, green sunfish, and largemouth bass became widespread 

and abundant throughout the lower watershed following 

their initial introductions.  In addition, Anderson and Coy-

ote reservoirs altered streamflow patterns in much of lower 

Coyote Creek, and along with other channelization contrib-

uted to urbanization of much of the floodplain.  

The apparent rapid decline of Sacramento perch in the 1970s-

1980s within the Alameda Creek watershed is of significant 

conservation concern.  In addition to Clear Lake, Alameda 

Creek may have supported until relatively recently the only 

other remaining naturally occurring population of Sacramen-

to perch within their native range (Leidy, 1984; Moyle, 2002).  

However, the current status of Sacramento perch in the Al-

ameda Creek watershed is unclear.  Surveys focused within 

Niles Canyon and Calaveras Reservoir should be conducted to 

ascertain the status of Sacramento perch in the watershed, 

and if present, specimens obtained to determine the genetic 

makeup and probable origin (native or introduced) of the 

population(s).  If Sacramento perch within the Alameda Creek 

watershed are native, then a management plan aimed at pro-

tecting the remaining fish should developed.

The practicability of reintroducing Sacramento perch into 

suitable historical habitats within the Estuary should be 

explored. Recently, the Contra Costa Mosquito and Vector 

Control District has been evaluating the potential of Sacra-

mento perch for mosquito control (C. Miller, CCMVCD, per-

sonal communication, 2006). Sacramento perch have been 

spawned, reared, and released by the District into various 

ponds, lakes, sloughs, and tidal marshes within the Estuary 

and elsewhere with mixed success (Miller, 2005; C. Miller, 

CCMVCD, personal communication, 2006). Continued re-

search and monitoring focused on the reintroduction of 

Sacramento perch should target stream reaches where oth-

er centrarchids are not abundant (i.e., mixed native fishes/

middle mainstem-lower large tributary assemblage).

E M B I O T O C I D A E  ( S U R F P E R C H )

Hysterocarpus traskii Gibbons, 1854, 

tule perch (Figure V.21)

Historical Distribution and Status. Dr. William P. 

Gibbons (1854) first described Hysterocarpus traskii from 

specimens obtained by Dr. L.B. Trask, CANS, presumably 

from the Sacramento River.  Hopkirk (1962, p. 1) provided 

a review of the somewhat confusing chronology of early 

descriptions of the tule perch:

The original description of the genus and species was pub-

lished on May 18, 1854, in a San Francisco newspaper, “The 

Daily Placer Times and Transcript.” A formal publication of 

the description appeared twice (Gibbons, 1856a: 105; 1856b: 

124) in the “1854” volume of the “Proceedings of the Phila-

delphia Academy of Natural Sciences.” The first of the two 

1856 descriptions is slightly modified from the original, 

while the second is an accurate reprinting. Troschel (1855: 

336) translated the original description into German.

Gobalet (1990b) confirmed the prehistoric presence of 

tule perch from near Willow Marsh within the Alameda 

Creek drainage, Alameda County, from fish remains ex-

cavated from archeological sites dated beginning at least 

B.C. 1465. Tule perch remains have also been identified 

from midden sites adjacent to Walnut Creek (Gobalet et 

al., 2004). There are several records of tule perch from col-

lections by J.O. Snyder and his associates during the 1890s 

for the study area including Alameda Creek, near Sunol 

(CNHM 2597, FMNH 2597, 2600, CAS 105003, 105929, Sny-

der 1905), lower Coyote Creek, Santa Clara County (CAS 

105004, 105007, MNHN 1901 0241-0242, Snyder 1905), 
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and the Napa River (Snyder, 1908)(Appendix 3). There 

are several records for tule perch in Coyote Creek from 

1922-1925 by C.L. Hubbs and others (UMMZ 63287, 63288, 

63392, ANSP 92464, SJSU, CD-21).  

Within Alameda Creek, tule perch has been collected ir-

regularly from 1898 until the early 1980s within and down-

stream of Niles Canyon (Appendix 2; Leidy, 1984). In 1977, 

tule perch were abundant in Alameda Creek near Niles (J. 

Smith, SJSU, personal communication, 1981). Sampling dur-

ing the 1970s-1980s confirmed the presence of tule perch 

in Shinn and Kaiser B ponds, two abandoned gravel quarry 

pits immediately adjacent Alameda Creek near Niles with-

in Quarry Lakes Regional Park (Anderson, 1976b; Gray, 

1987). However, no tule perch were collected from several 

of the ponds surveyed during the fall of 2001 and summer 

of 2003 (P. Alexander, personal communications, 2002 and 

2003). However, in 2005 and 2006 several tule perch were 

collected in Horseshoe Lake (P. Alexander, EBRPD, personal 

communication, 2007). Efforts to collect tule perch within 

Alameda Creek during this study were unsuccessful.  It is 

interesting to note that tule perch historically occurred in 

collections with Sacramento perch in Alameda Creek im-

mediately above and below the Old Spring Valley Water 

Company Diversion Dam in Niles Canyon until large floods 

during the winter of 1994-1995 resulted in the filling with 

sediment of the large, deep pool habitats upstream of the 

diversion dam (Leidy, 1984). 

Tule perch were recorded from the lower Coyote Creek 

watershed on several occasions from 1895-1925 (Appendix 
2).   There were no records for the occurrence of tule perch 

in Coyote Creek for a period of 74 years and it was pre-

sumed extirpated from the watershed (Leidy, 1984). How-

ever, in 1999 reproducing populations of tule perch, as 

evidenced by the presence of juvenile and adult fish, were 

found downstream from Anderson Reservoir (Buchan et 

al., 1999; Demgen and Dorsey, 2000). The presence of tule 

perch within this reach of Coyote Creek was reconfirmed 

as recently as June 2003 (D. Salsbery, SCVWD, personal 

communication, 2003). 

In June 2003 tule perch were recorded for the first time 

from the Guadalupe River in the southern Estuary (D. Sals-

bery, SCVWD, personal communication, 2003).  That tule 

perch have gone undetected in the Guadalupe River, as 

they did in adjacent Coyote Creek for over half a century, 

suggests that populations may persist at low abundances 

going undetected in fish surveys for many years. Another 

possibility is that tule perch were able to recolonize the 

Guadalupe River through the Bay during periods when the 

surface waters of the Bay are brackish or fresh as a result 

of high total Estuary outflow. Alternatively, it has been 

suggested that tule perch in Coyote Creek and the Gua-

dalupe River may have been reintroduced through water 

transfers from the Central Valley (J. Smith, SJSU, personal 

communication, 2003).                

Tule perch are also known from streams draining into San 

Pablo Bay. Tule perch have historically been collected from 

the lower Napa River (Appendix 2), where they remain lo-

cally common in the middle-to-lower reaches of the Napa 

River, particularly within the tidal marshes and sloughs 

(CDFG, 1979; Feyrer, 2003; Hieb, 2003; USACE, 2006; Leidy, 

this study). I also collected tule perch from the middle-

to-lower reaches of Sonoma Creek.  Tule perch also per-

sist in the lower Petaluma River and marshes (Caywood, 

1974; Levy, 1993). While historically known from lower 

Corte Madera Creek, tule perch apparently disappeared 

from this stream following the channelization of its lower 

reaches for flood control in the 1960s.  

There are historical and recent records confirming the 

presence of tule perch in streams and wetlands contiguous 

with the Carquinez Strait, Suisun Bay and Suisun Marsh 

(Leidy, 1984).  During the 1960s, tule perch were known 

to occur in Hastings Slough near Port Chicago and in wet-

lands bordering the Carquinez Strait at Benicia (Appendix 
2). Tule perch were present in lower Green Valley Creek 

in 1981, and their presence there was reconfirmed during 

this study in 1996 and 1998 (Leidy, 1984; Appendix 2). Tule 

perch were recorded from near the tidal reaches of lower 

Suisun Creek in 1980 (Appendix 2). Tule perch are known 

to be common in Suisun Marsh so their presence in the 

lower reaches of these streams is not surprising (Baxter et 

al., 1999; Matern et al., 2002). 

There is a 1953 record for the occurrence of tule perch in 

Crystal Springs Reservoir, San Mateo County, on upper San 

Mateo Creek (Appendix 2).  Hopkirk (1973, p. 84) suggests 

that these specimens are “apparently introduced”; how-

ever, Crystal Springs Reservoir was completed in 1888, and 
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suggests that tule perch may be native to the watershed and 

became trapped in the reservoir following its construction.  

Similarly, the origin of tule perch in Calaveras Reservoir on 

Alameda Creek is likely also the result of stream populations 

being trapped behind the newly constructed reservoir.

Tule perch were found at only 9 (3%) sites during this 

study (Table 14).  Within the Napa River watershed tule 

perch were locally common in tidal sloughs and channels 

fringed by emergent wetlands dominated by bulrushes 

(Scirpus spp.). Tule perch were also found within the non-

tidal, valley floor, reaches of the mainstem Napa River and 

Sonoma Creek. I also collected tule perch from the non-

tidal reaches of the mainstem of Sonoma Creek, as well as 

from lower Green Valley Creek. 

Ecology.  During this study, I found the abundance of 

tule perch positively correlated with stream order, average 

and maximum depth, wetted channel width, water tem-

perature, percent open canopy, percent pool habitat, con-

ductivity, and the total number of species (Table 14).  Tule 

perch was negatively correlated with elevation and domi-

nant substrate size. Tule perch were typically found in two 

habitat types along an elevation gradient.  In the lower 

Napa River Marsh complex, tule perch were associated 

with relatively deep, wide tidal channels and sloughs, with 

little or no canopy cover and warm water temperatures. 

Salinities ranged from 30-42 ppt and water clarity was low.  

Associated fish species included striped bass, staghorn scul-

pin, longjaw mudsucker, yellowfin goby, chameleon goby, 

and starry flounder. In addition, tule perch have also been 

collected from Napa River marshes with other euryhaline 

species such as threadfin shad, Delta smelt, longfin smelt, 

Sacramento splittail, Sacramento sucker, inland silverside, 

and shimofuri goby   (Hopkirk, 1962; CDFG, 1979; Feyrer, 

2003; Hieb, 2003). 

Tule perch were typically found within the low gradient, 

low elevation, non-tidal reaches of the mainstem Napa 

River and Sonoma Creek, where they were associated with 

warm, deep pools with moderate-to-high water clarity (as 

part of the mixed native fishes/middle mainstem-lower 

large tributary assemblage). Conductivities ranged from 

500-600 mho and substrates were typically dominated by 

sand and small gravel.  Ninety-seven percent of the fish 

species collected with tule perch were native, including 

California roach, Sacramento pikeminnow, hardhead, 

rainbow trout, Sacramento sucker, threespine stickleback, 

prickly sculpin, and riffle sculpin. The only non-native spe-

cies collected was smallmouth bass.             

Tule perch typically do not exceed 160 mm SL or 5 years 

of age, but a few may grow to over 200 mm and live for 

seven to eight years (Moyle, 2002).  In 1994, I collected 

adult tule perch (n = 6) from Napa Slough ranging in size 

from 145-238 mm FL (mean = 170 mm FL).  While I did not 

determine their age, these fish likely range from age-three 

to age-six, or more (Moyle, 2002). The specimen measuring 

238 mm FL is likely the largest specimen of tule perch on 

record (Moyle, 2002). 

Conservation Status and Recommendations.  Moyle 

(2002) recommends that populations of tule perch be reg-

ularly monitored to determine if protective status is need-

ed in the future.  In the Estuary, Moyle (2002) suggests that 

tule perch may be in long-term decline, possibly in response 

to increasing abundances of nonnative centrarchids.  My 

research indicates that tule perch were probably more 

common in Estuary streams in the past than at present. 

However, tule perch remain geographically widespread in 

the Estuary.  Tule perch apparently are most abundant in 

the Napa River and Sonoma Creek watersheds that flow 

into San Pablo Bay.  The status of tule perch should be 

closely monitored, especially in streams of the southern 

Estuary (i.e., Alameda Creek and adjacent quarry ponds, 

Coyote Creek, and the Guadalupe River).  The persistence 

of tule perch in small numbers in some Estuary streams 

suggests that populations may persist and go undetected 

for many years.  The possibility of reintroduction of tule 

perch into suitable historical habitats should be explored.

Cymatogaster aggregata Gibbons, 1854, 

shiner perch

Historical Distribution and Status. The shiner perch 

is common in subtidal and intertidal habitats through-

out the Estuary (Goals Project, 2000). Shiner perch can 

be expected to occur in the tidal reaches of most Estuary 

streams, especially near the mouths of larger watersheds 

characterized by tidal sloughs and marshes. Between 1981 

and 1986, shiner perch were consistently rated as one of 
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the most abundant fishes in otter trawl catches from tidal 

sloughs near the mouths of Coyote Creek and the Guadal-

upe River, especially during late-fall and early winter (Ste-

venson et al., 1987). Also in the southern Estuary, shiner 

perch is known to occur at the mouth of Alameda Creek 

(Appendix 2). In San Pablo Bay, it is common in the lower 

Petaluma River and marshes, the Sonoma-Napa wetlands 

complex, and tidal creek channels of Corte Madera and 

Gallinas Creeks, especially during summer months (CDFG, 

river and stream files, 1973-1979, Yountville; Green, 1975; 

Levy, 1993; CH2M Hill, 1982).  I did not collect any shiner 

perch during this study because we did not sample tidal 

environments where it is expected to occur.

Ecology.  The life history and environmental require-

ments of shiner perch within the California and the Estu-

ary are reviewed by Baxter et al. (1999) and Moyle (2002). 

Shiner perch occur within the tidal estuarine portions of 

streams. Although shiner perch are often found in eury-

haline (1-3 ppt) environments, they are more abundant 

in waters with salinities between 18 and >30 ppt (Baxter 

et al., 1999). In open water otter trawl and beach seine 

sampling in the Estuary by the CDFG between 1980 and 

1995, age-1+ shiner perch were collected at salinities from 

ranging from 0.1 to 34.3 ppt (mean = 25 ppt) and 0.6 to 

33.3 ppt (mean = 23.1 ppt), with relatively few fish collect-

ed at salinities < 5 ppt. (Baxter et al., 1999). In the South 

Bay, the median salinity relative to catch per unit effort 

for shiner perch was 23.4 ppt (first and second quartile 

range = 15.4-26.6 ppt) (Stevenson et al., 1987). Peak occur-

rence within the Estuary occurs from May through Octo-

ber, and fish may emigrate from estuaries and tidal stream 

reaches during winter and spring should salinities become 

too low (Herbold et al., 1992; Baxter, et al. 1999; Moyle, 

2002).  Because of a broad salinity tolerance, shiner perch 

within the Estuary may be most commonly associated with 

other euryhaline fishes such as Chinook salmon, steelhead, 

longfin smelt, Sacramento splittail, white sturgeon, inland 

silverside, American shad, yellowfin goby, starry flounder, 

striped bass, and Delta smelt (CDFG, river and stream files, 

1973-1979; Baxter et al., 1999; Goals Project, 2000).

Conservation Status.  Moyle (2002) rates shiner perch 

populations as stable throughout California. Shiner perch 

remains widespread and often locally abundant in the Es-

tuary; however, their abundance declined beginning in 

1987, and remained low through 1995 (Baxter et al., 1999). 

Because shiner perch occur in estuarine habitats that have 

been adversely affected by activities such as dredging, con-

struction of flood control projects, and poor water quality, 

and because of low fecundity, their abundance in the Estu-

ary should continue to be monitored. Should shiner perch 

abundance remain low or continue to decline special man-

agement measures may become necessary.   

G O B I I D A E  ( G O B I E S )

Eucyclogobius newberryi (Girard, 1856), 

tidewater goby

Historical Distribution and Status.  The California 

endemic tidewater goby is distributed in coastal drainages 

from Del Norte County, northern California to northern 

San Diego County (Eschmeyer et al., 1983; Moyle, 2002). 

There is confusion regarding the type locality for tidewa-

ter goby.  The type locality for specimens collected by E. 

Samuels in 1856 and used by Charles Girard to describe 

tidewater goby is presumed, based on museum ledger 

entries, to be Tomales Bay, Marin County, California (Gi-

rard, 1856b, USNM 360). However, data tags on these type 

specimens, including an additional 39 specimens not ac-

counted for in the ledger entry; note “Petaluma” as the 

locality of E. Samuel’s collection.  It is therefore possible 

that the Petaluma River is the type locality for tidewater 

goby. This is plausible also because E. Samuels collected 

other fishes from the Petaluma River between 1855 and 

1859, and tidewater goby was known to historically occur 

in watersheds proximate to the Petaluma River (Appendix 
2).  For now however, the tidewater goby specimens from 

“Petaluma” collected by E. Samuels have been listed as 

possible syntypes. 

Tidewater goby has been collected from lower Novato and 

Corte Madera creeks, Marin County (Leidy, 1984; Swift, 

1980; Swift et al., 1989; Appendix 2).  This goby was record-

ed from Corte Madera Creek near Kentville in 1959 and 

1961 (CAS 26690, 23685), a tidal lagoon near the mouth 

of Corte Madera Creek in 1958 (CAS 31772), and from No-

vato Creek at the Highway 101 Bridge in 1945 (CAS 12995). 

There is also a record from 1895 for tidewater goby from 

Lake Merced in San Francisco (CAS 12483).  In Alameda 

County, there are records for Berkeley Aquatic Park in 1950 



119

Fishes in Streams Tributary to the San Francisco Estuary

R
.A

. 
Le

id
y(CAS 31767) and an unconfirmed record for its occurrence 

in Lake Merritt in Oakland (Wang, 1986; P. Moyle, UCD, 

personal communication, 2000, possible source J. Carlton, 

personal communication, 1975).  No tidewater gobies were 

detected during sampling in the 1990s in Berkeley Aquatic 

Park (July), Corte Madera Creek at the Highway 101 and 

Bon Air bridges (August), and Novato Creek at the High-

way 37 bridge (August to early October) (R. Swenson, TNC, 

personal communication, 2000).  

Ecology.  Tidewater gobies prefer low salinity (≤ 10 ppt) 

brackish, estuarine environments near the mouths of streams 

or upper end of coastal lagoons, although they may be found 

at higher salinities (Eschmeyer et al., 1983; Swift et al., 1989; 

Swenson, 1999). Coastal habitats utilized by tidewater goby 

are typically seasonally blocked lagoons with relatively cool 

water temperatures, and mixed sand-silt substrates (Swift et 

al., 1989; Swenson, 1995).  Corte Madera and Novato Creeks 

differ from coastal lagoons used by tidewater goby in that 

seasonal sand bars do not block their mouths, and therefore 

their lower reaches are subject to twice daily tidal fluctua-

tions. Historically the lower tidal reaches of Novato and Corte 

Madera creeks may have had perched tidal pond and channel 

backwater habitats that would retain water during outgoing 

tides and provide suitable habitat for tidewater goby.     

Species associated with tidewater goby in 1959 in lower 

Corte Madera Creek included native fishes such as threes-

pine stickleback, longjaw mudsucker, and arrow goby, and 

the nonnative rainwater killifish (Hubbs and Miller, 1965). 

Collections made in 1994 near this same location on Corte 

Madera Creek, however, included nonnative chameleon and 

yellowfin gobies, which became established in the Estuary 

circa 1964 and 1966, respectively (Ruth, 1964; Brittan et al., 

1970; R. Swenson, TNC, personal communication, 2000). Tid-

al reaches of Corte Madera Creek and Novato creeks also 

support populations of carp, rainwater killifish, and mosqui-

tofish (Appendix 3). Moyle (2002) suggested that competi-

tion from nonnative fishes contribute to the local decline 

and extirpation of tidewater goby populations. 

Conservation Status and Recommendations.  Moyle 

(2002) identified poor water quality (i.e., sedimentation, 

toxic and organic pollutants), the competition from non-

native species, and the alteration of tidal wetlands as 

likely contributing to the decline of the tidewater goby.  

These factors have no doubt adversely affected historically 

suitable habitat for tidewater goby in the Estuary and con-

tributed to its extirpation in the Estuary. 

Sampling for tidewater goby should be conducted in lower 

Novato and Corte Madera creeks, and several other small 

streams in Marin County that are tributary to the Estuary. 

Because habitats used by tidewater goby are not often or 

easily sampled, and because their abundance often fluctu-

ates widely and they are also able to recolonize suitable 

habitats, it is possible that this species may persist in small 

numbers in the Estuary.   

Gillichthys mirabilis Cooper, 1864, 

longjaw mudsucker

Historical Distribution and Status. There are records for 

the occurrence of longjaw mudsucker from only seven Estuary 

watersheds (Appendices 2 and 3); however, it likely is common 

within tidal riverine and other brackish water habitats near 

the mouths of most Estuary streams. For example, it is com-

monly collected within the tidal portions of the Napa River 

(IEP, 2005).   Gobalet et al. (2004) documented the occurrence 

of longjaw mudsucker from archaeological sites adjacent to 

the lower reaches of several geographically widespread Es-

tuary streams. Leidy (1984) and this study collected longjaw 

mudsucker from one site each, a reflection of its preference 

for tidal habitats not sampled during this study.

Ecology.  Longjaw mudsucker is a salt to brackish water 

species that occurs in shallow subtidal and intertidal habi-

tats near the mouths of streams (Moyle 2002). It occasion-

ally occurs with other stream fishes of the estuarine fishes/

tidal riverine assemblage, including threespine stickleback, 

Pacific staghorn sculpin, striped bass, yellowfin goby, and 

starry flounder.  

Conservation Status. Longjaw mudsucker appears to be 

widespread within the tidal portions of the Estuary (Moyle 

2002); however open water and beach seine sampling in 

the Estuary by the CDFG between 1980 and 1995 rarely 

recorded longjaw mudsucker (Baxter et al., 1999).  The 

potential adverse affects of other nonnative goby species 

and introduced marine organisms are not known. Moyle 

(2002) rates the population status of longjaw mudsucker 

in California as stable. 
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P L E U R O N E C T I D A E 

( R I G H T E Y E  F L O U N D E R S )

Platichthys stellatus (Pallas, 1788), 

starry flounder

Historical Distribution and Status. Gobalet et al. 

(2004) recorded starry flounder from several archaeologi-

cal sites surrounding San Francisco and San Pablo bays. 

The starry flounder is widely distributed within shallow 

to deep, subtidal sand and mud flat habitats throughout 

the Estuary (Baxter et al., 1999; Goals Project, 2000). It 

can be expected to occur in the tidal reaches of most of 

the larger Estuary streams, characterized by well-devel-

oped tidal channels, sloughs and marshes. Between 1981 

and 1986, starry flounder were consistently rated as one 

of the most abundant fishes in otter trawl catches from 

tidal sloughs in the southern Estuary near the mouths of 

Coyote Creek and the Guadalupe River, especially during 

late-fall and early winter (Stevenson et al., 1987). In San 

Pablo Bay, starry flounder is common in the lower Peta-

luma River and wetlands, the Sonoma-Napa wetland com-

plex, and tidal creek channels of Corte Madera and Galli-

nas Creeks, (CDFG, 1979; Caywood, 1974; CH2M Hill, 1982; 

IEP, 2005).  Juvenile starry founder are common within 

Suisun Marsh (P. Moyle, personal communication, 2004). 

Starry flounder has been collected from Del Valle Reser-

voir in the Alameda Creek watershed where it presum-

ably was transported from the Delta via California Water 

Project aqueducts (EBRPD, 1997). During this study, starry 

flounder was collected from a single site in the Napa River 

marsh complex.

Ecology.  Adult starry flounder spawn in shallow coastal 

marine environments (Wang, 1986; Goals Project, 2000). Ju-

veniles migrate into the Estuary where they rear in waters 

with fresh to brackish salinities (Baxter et al., 1999).  Age-0 

flounder prefer lower salinity environments, and higher sa-

linities as they grow (age 1+) (Baxter et al., 1999). Because 

they rear in brackish and freshwater environments starry 

flounder are commonly found in the lowermost, tidal, es-

tuarine reaches of streams. In Napa Marsh and the lower 

Petaluma River starry flounder were most frequently col-

lected with other native stream fishes that utilize estuarine 

environments, most notably Sacramento splittail, Delta 

smelt, longfin smelt, Pacific staghorn sculpin, shiner perch, 

tule perch, and Sacramento sucker (Caywood, 1974; CDFG, 

1979; Leidy, this study).

Conservation Status and Recommendations. Moyle 

(2002) rates starry founder populations as widespread and 

relatively stable, even though there has been a long-term 

decline in commercial catches.  Moyle (2002) recommends 

that starry flounder populations be monitored in coastal 

and estuarine habitats.
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Nonnative Species Accounts

A N G U I L L I D A E  ( F R E S H W A T E R  E E L S )

Anguilla rostrata (Lesueur, 1817), 

American eel

Historical Distribution and Status. The American eel is 

native to rivers, streams, and coastal waters of the Atlantic 

Ocean from Cape Cod to Columbia, South America (Dill and 

Cordone, 1997). Several attempts to introduce the American 

eel into Alameda Creek, Alameda County and San Francisco 

Bay were apparently unsuccessful (Dill and Cordone, 1997). 

Smith (1896, p. 438) discusses an attempt in 1874 to intro-

duce “salt-water” eels to California: “The eels from New York 

Harbor, about 1,500 in number, were deposited in an inlet of 

San Francisco Bay, near Oakland.”  The location referred to 

by Smith (1896) may have been Lake Merritt.  Stone (1882) 

discusses an overland trip in 1879 requested by the California 

Fish Commission to bring fishes to California from the eastern 

United States. Stone (1882, p. 439) notes “… the others [eels 

from the Navesink River, New Jersey](about 500 in number) 

reached Sacramento on June 18 in good condition and were 

deposited in the Sacramento River and Alameda Creek.”  Mc-

Cosker (1989) presents six and two records of specimens of 

Anguilla rostrata taken between 1978-1984 from lakes within 

Golden Gate Park, San Francisco, and the two records from the 

Sacramento-San Joaquin Delta. McCosker (1989) also reports 

on an additional specimen identified as A. anguilla (European 

eel) that was captured near Byron, Contra Costa County, in 

1964 (CAS 27136, 925 mm).  Apparently, attempts to establish 

the American eel in California have been unsuccessful.

above
Biologists David Manning and Antia Bajpai with 
catch of the day, a 630 mm FL common carp 
(Cyprinus carpio), Alameda Creek, Niles Canyon, 
Alameda County, March 24, 1993.
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C L U P E I D A E  ( H E R R I N G S )

Dorosoma petenense (Günther, 1867), 

threadfin shad

Historical Distribution and Current Status. Thread-

fin shad are native to the Atlantic and Gulf watersheds 

of Florida south to Guatemala, and the Mississippi River 

drainage (Page and Burr, 1991).  Threadfin shad were first 

brought to California from Tennessee in 1953 by the CDFG 

as a potential forage fish, and in 1954 they were first intro-

duced into San Vicente Reservoir in San Diego County (Dill 

and Cordone, 1997).  Threadfin shad were first introduced 

into the Central Valley in 1959 and by the early 1960s had 

spread throughout the tidal waters of the Estuary (Alpin, 

1967; Turner and Kelley, 1966; Wild, 1969). 

Threadfin shad is now one of the most geographically 

widespread and abundant fishes in the brackish-to-fresh 

tidal waters and reservoirs of the Estuary (Armor and Her-

rgesell, 1985; Wang, 1986; Baxter et al., 1999; Matern et 

al., 2002; Moyle, 2002).  It is common in the tidal channels, 

sloughs, and wetlands of lower Petaluma and Napa Rivers 

bordering San Pablo Bay, as well as the tidal reaches of 

lower Coyote Creek and the Guadalupe River in the south-

ern Estuary (Caywood, 1974; CDFG, 1979; Stevenson et al., 

1987; Feyrer, 2003, IEP, 2005).  

Threadfin shad are abundant in several Estuary reservoirs, 

especially those in the southern Estuary (e.g., Don Castro, 

Del Valle, Quarry Lakes, Anderson, Cottonwood, Lexington, 

and Stevens Creek reservoirs) where they began to appear 

in abundance in fish collections beginning in the late-1960s 

to the 1970s (Johnson, 1967; Wood, 1970; CDWR, 1974; An-

derson, 1975b, 1976a; Hendricks, 1979).  Threadfin shad 

have subsequently spread from reservoirs into downstream 

stream reaches. For example, there are records for threadfin 

shad in lower Coyote Creek beginning around 1978, several 

years following their introduction into Anderson Reservoir 

(Pitt and Bozeman, 1982).  Similarly, in lower Alameda Creek 

threadfin shad began appearing in collections during the 

mid-1970s, also following their apparent introduction into 

Del Valle Reservoir sometime following its completion in 

late-1968 (CDWR, 1974; Anderson, 1976b).

There are records for threadfin shad from only six Estu-

ary watersheds, mostly from reservoirs and tidal riverine 

environments (Appendix 3). I did not collect any threadfin 

shad during this study or in 1981 (Leidy, 1984). 

Ecology. Within the Estuary, threadfin shad are most 

abundant in reservoirs, large permanent ponds, and the 

freshwater portions of tidal riverine sloughs and back-

waters (Moyle, 2002).  Within the Delta and Suisun Bay, 

threadfin shad are found at salinities between 0-18 ppt. 

(Baxter et al., 1999). Threadfin shad increases during years 

of high total river outflow and lower salinities (Baxter et 

al., 1999).  Threadfin shad are found at water tempera-

tures in excess of 20° C and therefore, can be expected to 

occur within the warm, lowermost reaches of large Estuary 

watersheds, especially channelized reaches in urbanized 

areas (mixed native-nonnative fishes/lower small to large 

mainstem assemblage).

Status. Threadfin shad are absent or uncommon within 

most small Estuary streams because of the lack of suitable 

habitat. Within larger watersheds they occur almost en-

tirely in tidal riverine environments and/or in reservoirs. 

Threadfin shad have experienced dramatic recent popula-

tion declines in open waters of the upper San Francisco 

Estuary (Sommer, et al, in review; Feyrer, et al., in press). 

Moyle (2002) noted that the potential adverse effects of 

threadfin shad on native fishes are poorly understood.      

Alosa sapidissima (Wilson, 1811), 

American shad

Historical Distribution and Status. American shad are 

native to large rivers along the Atlantic Coast from Labrador, 

Canada, to Florida (Page and Burr, 1991).  The Sacramento 

River received the first introduction of American shad to 

California in 1871, and with additional plants through 1881 

the species became successfully established (Evermann and 

Clark, 1931; Dill and Cordone, 1997; Moyle, 2002). Nidever 

(1916), as referenced in Skinner (1962), notes that shad first 

became abundant in the fish markets of San Francisco begin-

ning in 1879, and presumably these market fish were caught 

primarily in the Estuary.  

American shad are now one of the most abundant and 

widespread nonnative in fishes in the tidal waters of the 

Estuary (Baxter et al., 1999; Moyle, 2002).  American shad 
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sheds tributary to northern San Pablo Bay, including the 

Petaluma and Napa rivers and (Caywood, 1974; CDFG, 

1979; Levy, 1993; Feyrer, 2003; Hieb, 2003; USACE, 2006).  

Shad also occur in the southern Estuary, where they appar-

ently occur regularly at low abundances near the mouths 

of Coyote Creek and the Guadalupe River (Stevenson et 

al., 1987). American shad was not collected during this 

study because I did not sample its preferred habitats.

Ecology.  The ecology of American shad in California is 

reviewed by Moyle (2002). Shad in California likely spend 

3-5 years in the ocean before returning to spawn (Moyle, 

2002).   Shad spawn upstream from the Estuary between 

March and July, primarily in the Sacramento River above 

Rio Vista, and its larger tributaries, as well as major tribu-

taries to the lower San Joaquin River (Wang, 1986). Shad 

are not known to spawn in streams within the study area. 

Juvenile shad apparently rear both in the Sacramento River 

and north Delta, but during late spring and summer they 

move further downstream into the west Delta portion of 

the Estuary before migrating to the ocean in the fall and 

winter (Baxter et al., 1999; Moyle, 2002). Shad abundance 

downstream of the west Delta, including San Pablo and 

Central bays apparently increases in high outflow years 

(Baxter et al., 1999). Presumably, shad abundance would 

also be greater during high outflow years in the lower 

Petaluma and Napa rivers. Because shad rear in brackish 

and marine environments in the Estuary, starry flounder 

are commonly found with them in the lowermost, tidal 

reaches of streams.  In the lower Napa and Petaluma Rivers 

and tidal wetlands, American shad were most frequently 

associated with Sacramento splittail, Pacific herring, long-

fin smelt, Delta smelt, threadfin shad, striped bass, inland 

silverside, tule perch, shiner surfperch, Pacific staghorn 

sculpin, threespine stickleback, and yellowfin goby (Cay-

wood, 1974; CDFG, 1979; Feyrer, 2003, Hieb, 2003).

C Y P R I N I D A E  ( M I N N O W S )

Cyprinus carpio Linnaeus, 1758, 

common carp

Historical Distribution and Status. J. A. Poppe first 

introduced common carp from Germany into California in 

1872 into ponds at his Pulpili Rancho in the Sonoma Creek 

watershed (Poppe, 1880; Cole, 1905; Dill and Cordone, 

1997). By the mid-to-late 1870s carp had been stocked 

throughout Sonoma County. In 1879, carp imported into 

California by the United States Fish Commission were 

planted in a private pond in Alameda County (Smith, 

1896). By the 1880s carp were being distributed annually 

to several counties surrounding the Estuary for planting 

(McDonald, 1884). 

I found historical references for the occurrence of carp from 

twenty-two geographically widespread Estuary watersheds, 

and they can be expected to occur in other streams running 

through low elevation, heavily urbanized environments 

(Appendix 3). Carp also commonly occur in Estuary reser-

voirs and ponds, from where they presumably spread into 

upstream and downstream tributaries.  Leidy (1984) record-

ed carp from twelve of the 457 sites sampled in 1981. During 

this study, I collected carp from fourteen (5%) of the 270 

sites sampled. Carp are locally common in the lower reaches 

of several larger watersheds, including Walnut, Alameda, 

Coyote, and Sonoma creeks and the Guadalupe, Petaluma, 

and Napa rivers (Caywood, 1974; CDFG, 1979; Leidy, 1984; 

Buchan et al., 1999; Leidy, this study). 

Ecology. During this study, carp abundance was positively 

correlated with stream order, maximum depth, low water 

clarity, percent open canopy, and conductivity (Table 15).  

Carp were negatively correlated with dominant substrate 

size and percent native fish. Carp typically inhabited poor-

ly shaded, deep, turbid pools, with high conductivities and 

silt substrates typical of highly disturbed, low-elevation, 

perennial streams (mixed native-nonnative fishes/lower 

small to large mainstem assemblage). These environmen-

tal conditions are similar to those where carp were col-

lected from Estuary streams in 1981 (Leidy, 1984). Carp also 

commonly occur in Estuary reservoirs.  

Carp were never abundant where collected, averaging 

only two percent of the individuals in collections and typi-

cally consisting of one, or a few large adults. Carp rarely 

occurred alone in samples, being typically associated with 

five to ten species of mostly nonnative fish species.  The 

most common nonnative associates of carp in 1981 and 

during this study included western mosquitofish, inland 

silverside, green sunfish and several other species of cen-

trarchid.  The most common native fishes associated with 
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carp were California roach, hitch, Sacramento pikemin-

now, Sacramento sucker, and threespine stickleback.

Status and Recommendations. Carp are widespread 

and locally common and will remain permanent mem-

bers of lowland fish assemblages in Estuary streams.  Per-

haps fortunately for native stream fishes, carp in Estuary 

streams rarely occur in intermittent streams above 100 m 

elevation, or in perennial streams above 50 m.        

Carassius auratus (Linnaeus, 1758), goldfish

Historical Distribution and Status. Goldfish were 

first introduced into California in the 1860s, and may have 

been reared in ponds near Sonoma by 1870 (Poppe, 1880; 

Dill and Cordone, 1997; Moyle, 2002).  Goldfish began to 

show up in fish collections from Estuary streams and res-

ervoirs beginning in the 1940s, and the pet trade and the 

increased construction of ponds and reservoirs have likely 

facilitated their subsequent spread throughout the Estu-

ary, in part, during the 1950s-1970s (Leidy, 1984). I found 

historical references for the occurrence of goldfish from 

sixteen Estuary watersheds, but they can be expected to 

occur in almost any stream running through heavily urban-

ized areas.  The low number of goldfish in historical collec-

tions may be because juvenile goldfish have been regularly 

misidentified as carp, because they are morphologically 

similar to carp and frequent similar disturbed stream habi-

tats.  Leidy (1984) collected goldfish from 16 (4%) of the 

457 sites sampled in 1981.  During this study, I collected 

goldfish from only two (< 1%) out of the 270 sample sites, 

both on lower Walnut Creek.  

Ecology.  Leidy (1984) found that goldfish were most abun-

dant in the moderately shaded, deep, turbid pools with silt 

and rubble bottoms typical of highly disturbed, low-eleva-

tion, perennial streams (mixed native-nonnative fishes/lower 

small to large mainstem assemblage). During this study, gold-

fish were collected from a channelized stream with minimal 

shade and high water conductivity.  In 1981, and during this 

study, goldfish typically occurred with 5-10 mostly nonnative 

fish species.  Common nonnative associates of goldfish in-

cluded common carp, western mosquitofish, rainwater kil-

lifish and various species of sunfish (Lepomis spp.).  The most 

common native fishes associated with goldfish were Califor-

nia roach, Sacramento sucker, and threespine stickleback.    

Status and Recommendations.  Goldfish are present in 

Estuary and Central Valley reservoirs where they are harvest-

ed for sale in Asian fish markets (P. Moyle, UCD, personal 

communication, 2004). Goldfish are likely to remain a regu-

lar member of Estuary fish assemblages in urban areas.     

Notemigonus crysoleucas (Mitchill, 1814), 

golden shiner

Historical Distribution and Status.  Golden shiner is 

native to Atlantic and Gulf Coast watersheds from Nova 

Scotia, Canada, to southern Texas, including the Mississippi 

River drainage, Great Lakes, and parts of Hudson Bay (Page 

and Burr, 1991).  The U.S. Fish Commission first introduced 

golden shiner into California in 1891, in Lake Cuyamaca, San 

Diego County, and in the Feather River, Butte County, with 

subsequent introductions into the Central Valley in 1896 (Dill 

and Cordone, 1997).  There is mention of  “two shiners [that] 

were planted in Stow Lake in San Francisco” in 1896, but this 

artificial lake does not drain to a stream, so shiners likely 

could not escape from the lake and spread to neighboring 

waters on their own (California Commissioners of Fisheries, 

1897, p. 73). Apparently, golden shiners became widespread 

and abundant in California following official approval for 

their rearing and use as commercial bait (Moyle, 2002).      

The first record of golden shiners from an Estuary stream is 

from 1955 in Temescal Creek (Leidy, 1984).  Golden shiner 

are common in many Estuary reservoirs and large ponds, 

especially those in the southern Estuary (e.g., Lake Chabot, 

and Del Valle, Cull Canyon, Temescal, Anderson, Coyote, 

Santa Teresa, Almaden, Vasona, and Lexington reservoirs) 

where they began to appear in abundance in fish collec-

tions beginning in the mid-1960s to early 1970s (Rowell, 

1964; Hendricks, 1967; Strohschein, 1970, 1973a; CDWR, 

1974; Anderson, 1973; Anderson, 1976a; Scoppettone and 

Anderson, 1976; Leidy, 1984).  Golden shiners have sub-

sequently spread from reservoirs into downstream stream 

reaches (Leidy, 1984).    

Leidy (1984) collected golden shiners from nine (2%) of 457 

sampling sites in 1981.  During this study, I found golden 

shiners only at a single site in the lower Alameda Creek 

flood control channel.   

Ecology.  Leidy (1984) found golden shiner in with warm, 
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reaches of unshaded, channelized streams. Golden shiners 

are conspicuously absent from smaller watersheds with no 

reservoirs, an indication that they are presumably spread 

by means of bait bucket releases.  In 1981 golden shiner 

were typically associated with a large number of other fish 

species (Leidy, 1984).  Species most commonly associated 

with golden shiner in high abundances, included Sacra-

mento sucker, hitch, Sacramento blackfish, mosquitofish, 

green sunfish, and smallmouth bass. 

Status and Recommendations.  Moyle (2002) notes 

that the ecological effects of golden shiners on native 

stream fishes are unknown.  Because golden shiners have 

well-established populations in numerous geographically 

widespread reservoirs and ponds within the Estuary, they 

will likely remain a member of local assemblages, partic-

ularly in the lower reaches (<150 m elevation) of larger, 

channelized streams (mixed native-nonnative fishes/lower 

small to large mainstem assemblage).  

Pimephales promelas Rafinesque, 1820, 

fathead minnow

Historical Distribution and Status. Fathead minnow 

were first introduced into the Central Valley as bait min-

nows in the early 1950s (Dill and Cordone, 1997). The earli-

est record that I found for fathead minnow from an Estuary 

stream was for Suisun Creek in 1963 (J. Hopkirk, SNSU, per-

sonal communication, 1981). Its occurrence in Suisun Creek 

was reconfirmed in 1972 (UCDPM 72-12). In addition to Su-

isun Creek, there are records for the occurrence of fathead 

minnow from three other Estuary watersheds, including 

Walnut and Coyote creeks, and the Petaluma River.  Fathead 

minnow was first recorded from Coyote Creek in 1977, and it 

is now well established in the lower watershed downstream 

from Anderson Reservoir (SJSU CD-33; Pit and Bozeman, 

1982; Leidy, 1984; SCVWD, 2001; Demgen and Dorsey, 2000). 

Fathead minnow was first recorded from lower Walnut 

Creek in 1990, and I collected fathead minnow during this 

study from the upper Petaluma River in 1993 (HRG, 1990).     

Ecology. Fathead minnow typically occurs in the lower, 

highly disturbed reaches of Estuary streams that are often 

channelized (i.e., mixed native-nonnative fishes/lower-

most small to large mainstem assemblage).  Fathead min-

now are most abundant in highly disturbed habitats be-

cause they are tolerant of poor water quality conditions, 

particularly high temperatures, low dissolved oxygen, and 

poor water clarity (Castleberry and Cech, 1993; Moyle, 

2002). Fishes that co-occur with fathead minnow are typi-

cally nonnative species including, common carp, goldfish, 

green sunfish, red shiner, threadfin shad, golden shiner, 

western mosquitofish, rainwater killifish, and yellowfin 

goby (Pit and Bozeman, 1982; Leidy, 1984; this study). 

Recommendations.  Moyle (2002) recommends that fat-

head minnow be banned as bait minnows in California.  

I strongly endorse this recommendation, in part, because 

fathead minnow is still restricted to only a few streams in 

the Estuary and its potential to spread to other drainages 

from bait bucket introductions may be reduced.   

Cyprinella lutrensis (Baird and Girard, 1853), 

red shiner

Historical Distribution and Status. Red shiner is na-

tive to the Mississippi and Rio Grande river drainages of 

the western and central United States (Moyle, 2002).  It 

was first introduced into the Colorado River in California 

between 1948 and 1953 (Hubbs, 1954; Dill and Cordone, 

1997). It subsequently spread throughout much of south-

ern California and the San Joaquin River basin where it 

became firmly established by the early-to-mid 1980s (Jen-

nings and Saiki, 1990).  

Within the Estuary, the red shiner is restricted to lower 

Coyote Creek and the lower Guadalupe River, Santa Clara 

County, where it was first recorded 1986 (J. Smith, SJSU, 

personal communication, 1999, as referenced in Moyle, 

2002). By the summer of 1999 red shiner occurred from 

the mouth of Coyote Creek (river kilometer 0) upstream 

to near Tennant Road (RK 43)(Demgen and Dorsey, 2000). 

During July 2002 it was the most abundant fish that I col-

lected in lowermost Coyote Creek at a site just downstream 

from Hwy. 237. Red shiner has apparently spread into the 

lowermost reaches of the Guadalupe River, which is con-

nected by tidal channels to lower Coyote Creek (Jones and 

Stokes Associates, Inc., 1997; D. Salsbery, SCVWD, personal 

communication, 2003). 

Ecology. Jennings and Saiki (1990) found that in the San 



Part V   results –  nonnative species accounts

126
Joaquin Valley, red shiner was positively correlated with 

turbidity, pH, conductivity, total alkalinity, total hardness, 

total dissolved solids, percentage of runs, and degree of 

human impact, and negatively correlated with maximum 

stream depth and stream width.  Jennings and Saiki (1990) 

and Brown (2000) also observed a positive correlation be-

tween the abundance of red shiner and several nonnative 

fishes, including common carp, threadfin shad, western 

mosquitofish, inland silverside, striped bass, and fathead 

minnow. Within lower Coyote Creek red shiner has been 

collected in great abundance with the same nonnative 

fishes recorded by Jennings and Saiki (1990), as well as 

several native species including, Pacific lamprey, Califor-

nia roach, hitch, roach-hitch hybrids, Sacramento sucker, 

downstream-migrating steelhead smolts, threespine stick-

leback, and prickly sculpin (SCVWD, 2001; R. Leidy, USEPA, 

personal observation, 2002). During July 2002 in lower 

Coyote Creek, I observed that red shiner was typically the 

only species occupying riffle and high-velocity run habi-

tats, often at densities estimated at 50 fish/m2.  Fish collec-

tions in lower Coyote Creek beginning in the mid-1980s, 

and continuing until the late-1990s, indicate that red shin-

er has spread rapidly upstream approximately 40 km since 

it was first recorded in the watershed in 1986. 

Recommendations. Jennings and Saiki (1990) cite several 

studies from other Midwestern and southwestern states cor-

relating the expansion of populations of red shiner with the 

displacement of other fishes with similar ecological require-

ments.   Red shiners may pose a significant threat to native 

cyprinids in California, although apparently there have been 

no studies in California to support this hypothesis (Moyle, 

2002).  In 1981, I observed that California roach and fathead 

minnow were the most numerous fish in separate shallow 

pool habitats at several locations on lower Coyote Creek 

(Leidy, 1984; Leidy, unpublished data).  Currently, red shiner 

has become the numerically dominant cyprinid at many loca-

tions, while fathead minnow remains abundant.  Although 

California roach still occur in lower Coyote Creek, they may 

be less abundant there now than in 1981 (R. Leidy, USEPA, 

personal observation, 2002). The status of red shiner popu-

lations should be regularly monitored in Coyote Creek and 

the Guadalupe River.  Moyle (2002) strongly recommends 

research into ecological interactions between red shiner and 

other fishes, particularly native cyprinids, as well as a ban on 

the use of red shiner as live bait.  Lower Coyote Creek still 

supports several native fish species, including cyprinids such 

as roach and hitch, and their hybrids, and could serve as a 

useful location to study red shiner interactions.   

Tinca tinca (Linnaeus, 1758), 

tench

Historical Distribution and Status.  The tench was 

first introduced into California from Italy in 1922 into a 

private reservoir near Half Moon Bay, San Mateo County 

(Shapovalov, 1944d; Cordone and Dill, 1997).  According 

to Shapovalov (1944d), tench was subsequently introduced 

into ranch reservoirs and sag ponds throughout San Mateo 

and Santa Cruz counties.  It is not known how many of 

these subsequent introductions were restricted to Pacific 

coastal drainages or included waters tributary to the Es-

tuary, or whether the introduced populations still persist.  

There is a 1940 record for a single tench collected from Up-

per Mud Lake, a tributary to Los Trancos Creek, within the 

San Francisquito Creek watershed (CAS 75003). No tench 

were collected in 1981 (Leidy, 1984) or during this study. 

Ecology.  Tench prefer ponds, sloughs and deep, sluggish 

reaches of rivers with silty substrates and dense growths of 

aquatic macrophytes (Moyle, 2002).  Moyle (2002) notes that 

the ability of tench to withstand low dissolved oxygen levels, 

its preference for silty substrates, and high fecundity poses a 

potential threat to native California fishes should it spread 

from reservoirs into stream or natural lake environments.

Recommendations. The status of tench in Mud Lake 

within the San Francisquito Creek watershed should be as-

sessed. If tench are present in Mud Lake, they should be 

eradicated to insure that they do not establish a reproduc-

ing population in the San Francisquito Creek watershed. 

C H A R A C I D A E  ( C H A R A C I N S )

Colossoma spp., 

pacu

Historical Distribution and Status. Pacu are native 

to the Amazon and Orinoco basins of South America (Géry, 

1977). Dill and Cordone (1997) identify five specimens of 

pacu from two estuary watersheds, including four speci-

mens from Stafford Lake on Novato Creek, Marin County, 
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Creek, Santa Clara County.  The Stevens Creek specimen 

was tentatively identified as C. brachypomum (R.N. Lea, 

personal communication, CDFG, 1996, as cited by Dill and 

Cordone, 1997). One of the Stafford Lake specimens was 

identified as C. bidens (Dill and Cordone, 1997).  I am not 

aware of pacu being collected from either Stevens or No-

vato creeks downstream from these reservoirs.

Recommendations.  Pacu are tropical fish that are un-

likely to survive low winter temperatures characteristic of 

Estuary waters.  

I C T A L U R I D A E  ( C A T F I S H E S )

Ameiurus  catus (Linnaeus, 1758), 

white catfish

Historical Distribution and Status. White catfish 

are native to Atlantic and Gulf Slope drainages from New 

York to Florida (Page and Burr, 1991).  In 1874, Livingston 

Stone first introduced white catfish into California in the 

San Joaquin River near Stockton (Dill and Cordone, 1997).  

White catfish are very common in the shallow, vegetated 

sloughs and channels of the Delta and Suisun Bay (Turner, 

1966; Wang, 1986; Baxter et al., 1999).

I found records for white catfish from streams and reser-

voirs in eight geographically widespread Estuary water-

sheds including Walnut, Pinole, Temescal, Alameda, and 

Coyote creeks, and the Guadalupe and Napa rivers (Ap-
pendix 3).  White catfish also occur in Lake Merced in San 

Francisco (CDFG, lake and reservoir files, Yountville).  The 

earliest record that I found for white catfish from an Estu-

ary watershed is for Mare Island, near the mouth of the 

Napa River (Evermann and Latimer, 1910, p. 133). White 

catfish are found in the lower Napa River where they have 

been regularly recorded since the 1920s, although exten-

sive sampling by the CDFG from 1973-1979 in the Napa 

Marshes did not record any (CDFG, 1979; Leidy, 1984; IEP, 

2005; USACE, 2006).   

White catfish were first recorded in the Alameda Creek 

watershed in lower Alameda Creek in 1955 (Leidy, 1984).  

Subsequently white catfish have been collected in Alame-

da Creek, Shadow Cliffs and Del Valle reservoirs on Arroyo 

Valle, and in Quarry Lakes near Niles (Leidy, 1984; EBRPD, 

1997).  The status of white catfish in the Coyote Creek wa-

tershed is unclear. There are records for the stocking of 

white catfish into Anderson Reservoir on Coyote Creek on 

several occasions in 1962 and 1965, but extensive sampling 

of the reservoir during the 1970s and 1980s recorded only 

one fish (Scoppettone and Anderson, 1976; Walkup and 

Eimoto, 1980).  I found no records for the occurrence of 

white catfish in lower Coyote Creek below Anderson Res-

ervoir. White catfish were also recorded in 1971 from Vaso-

na Lake on Los Gatos Creek, in 1964, 1966, 1973 and 1983 

from Calero Reservoir on Calero Creek, as well as from the 

lower Guadalupe River (SCCPRD, 1972; CDFG, lake and 

reservoir files, Santa Clara County, Menlo Park; J. Smith, 

personal communication, 1981). White catfish also occur 

in lower Walnut and Pinole creeks that are tributary to 

Suisun and San Pablo bays (Anderson, 1975a; Leidy, 1984).  

We did not collect white catfish during this study.

Ecology. White catfish are most abundant in the shallow, 

low-velocity backwaters, sloughs and submerged islands of 

the Delta and Suisun Bay and Marsh (Moyle, 2002). White 

catfish can tolerate a wide range of salinities, and are of-

ten found in salinities ranging between 10-14 ppt (Wang, 

1986; Ganssle, 1966).  In Estuary watersheds white catfish 

are apparently most abundant in the estuarine portions 

of the lower Napa River and marshes, presumably because 

extensive shallow water, vegetated habitats there are well 

developed. Interestingly, white catfish apparently do not 

occur, or are at least uncommon, in the estuarine portions 

of the Petaluma River, even though conditions there seem 

suitable. 

Recommendations. Moyle (2002) suggests that because 

white catfish are piscivorous, they may be likely to ad-

versely affect native fish assemblages in habitats to which 

they are introduced. I recommend that white catfish not 

be introduced into Estuary Reservoirs where they may es-

cape and colonize downstream reaches of stream that sup-

port native fishes.         

Ameiurus  melas (Rafinesque, 1820), 

black bullhead

Historical Distribution and Status. Black bullhead are 

native to the Great Lakes and Hudson Bay drainages, the 
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Mississippi basin, and Gulf Coast watersheds from Mobile 

Bay to northern Mexico (Page and Burr, 1991). There is con-

fusion regarding the exact date that black bullhead were 

first introduced into California (Dill and Cordone, 1997).  

Black bullhead were most likely introduced into California 

in the early 1940s, however there is some evidence that they 

may have arrived as early as 1874 (Dill and Cordone, 1997; 

Moyle, 2002). Because black bullhead are likely regularly 

misidentified as brown bullhead confusion regarding the 

distributional status of black bullhead in the Estuary and 

Central Valley streams and reservoirs is not surprising. For 

example, Dill and Cordone (1997) cite various references 

for the first occurrence of black bullhead in the Central Val-

ley and Sacramento-San Joaquin Delta from 1940s to early 

1950s, respectively. I found what I consider a reliable record 

for the collection of black bullhead in 1942 from Lagunita 

Lake within the San Francisquito Creek watershed, Santa 

Clara County (L. Shapovalov, CAS 20922).  Moyle (2002) now 

considers black bullhead widespread and common in the 

Central Valley and Estuary.  However, between 1980 and 

1995 extensive monthly open water, beach seine, and ring-

net sampling by the CDFG throughout the Estuary resulted 

in the capture of only a single black bullhead (Baxter et al., 

1999). In addition, a sampling program by the CDFG in Napa 

Marsh from 1973-1979 collected no black bullhead (CDFG, 

1979).  That black bullhead was not commonly captured 

during these studies suggests either that it has a restricted 

distribution in the Estuary, that it prefers habitats that were 

not regularly sampled, and/or that it was misidentified with 

brown bullhead. 

A consequence of the confusion regarding the identifica-

tion of various species of catfishes from the genus Amei-

urus is that black bullhead may be more widespread in 

Estuary watersheds than collection records indicate.  I 

found records for the occurrence of black bullhead from 

four Estuary watersheds including Walnut, Alameda, and 

San Francisquito creeks, and the Guadalupe and Napa riv-

ers (Leidy, 1984; Buchan et al., 1999; Trihey and Associates, 

1999; Launer, 2005).  During this study I collected black 

bullhead from only two sites, both within the Alameda 

Creek watershed. 

Ecology. Leidy (1984) found that large adults (> 200 mm 

FL) occurred in the deep pools of moderately disturbed, in-

termittent streams at intermediate elevations, characterized 

by silt substrates and intermediate water clarity.  Juveniles 

(< 100 FL) were typically collected in relatively clear, shal-

low pools, among streamside masses of rooted aquatic and 

floating aquatic macrophytes, and in warm, shallow pools 

upstream from large reservoirs (Leidy, 1984).  During this 

study we collected adult black bullhead in the deeper por-

tions of pools with large adult hitch, Sacramento pikemin-

now, Sacramento sucker, common carp, and green sunfish.  

While present in these pools, California roach (typically < 

105 mm FL) were confined to shallow pool margins not occu-

pied by black bullhead.  Interestingly, black bullhead appar-

ently migrates short distances out of reservoirs into tributary 

streams. In Arroyo Hondo, I collected adult black bullhead 

in perennial, cool pools, several kilometers above Calaveras 

Reservoir with rainbow trout, California roach, prickly scul-

pin, and largemouth bass.

Recommendations.  Moyle (2002) suspects that black 

bullhead may be regularly misidentified with brown or 

yellow bullhead.  Because of this possible confusion over 

the identification of bullhead, care should be taken when 

identifying bullhead collected from Estuary watersheds in 

the future.  

Ameiurus nebulosus (Lesueur, 1819), 

brown bullhead

Historical Distribution and Status. Brown bullhead 

is native to the St. Lawerence-Great Lakes system, Hud-

son Bay, the Mississippi River basin, and Atlantic and Gulf 

Slope watersheds (Page and Burr, 1991). Brown bullhead 

was first introduced into California in 1874 near Sacra-

mento (Dill and Cordone, 1997). In the Estuary brown 

bullhead are geographically widespread occurring in res-

ervoirs, sloughs, and sluggish reaches of stream (Wang, 

1986). They are well established in the Delta, Suisun and 

San Pablo bays, and the lower Sacramento River (Turner, 

1966; Wang, 1986; Moyle, 2002). As with other ictalurids, 

brown bullhead were widely introduced into many local 

ponds and reservoirs in the Estuary beginning in the 1950s. 

As a consequence they were one of the earliest non-native 

fishes to spread from reservoirs into streams.

There are records for brown bullhead from reservoirs and 

streams in at least eight Estuary watersheds including Wal-

nut, Pinole, San Pablo, San Lorenzo, Alameda, Coyote, Ste-
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yvens, and San Francisquito creeks, and the Guadalupe, Peta-

luma, and Napa rivers (Strohschein, 1973b; Caywood, 1974; 

Anderson, 1975a, b; Leidy, 1984; Wang, 1986; Levy, 1993; 

EBRPD, 1997; Buchan et al., 1999; Launer, 2005) (Appendix 
3). I did not collect any brown bullhead during this study.

Ecology. Brown bullhead is the most geographically 

widespread ictalurid in California waters primarily be-

cause of its broad tolerance for varying water tempera-

tures, turbidities, and salinities, as well as human modified 

environments (Dill and Cordone, 1997; Moyle, 2002).  In 

the Estuary, it inhabits watersheds in warm, fluctuating 

reservoirs, channelized reaches of stream in highly urban-

ized environments, and in the middle-elevation reaches of 

small streams.  In these different aquatic environments it 

has been found in assemblages comprised of five to eight 

mostly nonnative fishes, as well as assemblages contain-

ing only native fishes such as California roach, Sacramento 

sucker, threespine stickleback, prickly sculpin, and occa-

sionally rainbow trout (Leidy, 1984).   

Ameiurus natalis (Lesueur, 1819), 

yellow bullhead

Historical Distribution and Status.  Yellow bullhead is 

native to North American waters east of the Rocky Moun-

tains from the Great Lakes to northern Mexico (Moyle, 

2002).  Moyle (2002) considered yellow bullhead to be 

restricted to southern California south of the Tehachapi 

Mountains and records for its occurrence within the Sac-

ramento-San Joaquin system to be misidentified black 

bullhead because black bullheads are often bright yellow.  

There is a collection record from 1990 for yellow bullhead 

from Coyote Creek, Santa Clara County, but it is highly like-

ly that this fish was misidentified (SCVWD, 2001). Yellow 

bullhead was not collected during this study.

Ecology.  The ecology of yellow bullhead in California is 

reviewed by Moyle (2002).

Ictalurus punctatus (Rafinesque, 1818), 

channel catfish

Historical Distribution and Status. Channel catfish are 

native to the St. Lawrence River and Great Lakes, portions of 

Hudson Bay, the Mississippi-Missouri river system, and possi-

bly several drainages of the Atlantic and Gulf slopes, includ-

ing northern Mexico (Page and Burr, 1991).  Channel catfish 

are relatively common in tidal freshwater to brackish salinity 

environments of large rivers, channels and sloughs of the 

northern Estuary including the Delta, Suisun and San Pablo 

bays, and the lower Sacramento River (Turner, 1966; Wang, 

1986; Baxter et al., 1999; Moyle, 2002). Channel catfish have 

been widely introduced into ponds and reservoirs in the 

Estuary.  They were first planted by CDFG into Anderson 

Reservoir in 1962 and subsequently spread to lower Coyote 

Creek by 1966 (R. L. Hassur, SJSU, personal communication, 

as cited in Fisher, 1973; Scoppettone and Anderson, 1976). 

They have also been recorded from Coyote Reservoir several 

kilometers upstream from Anderson Reservoir (Scoppettone 

and Anderson, 1976). Channel catfish are also known from 

the Guadalupe River and Stevens Creek watersheds (Eimoto, 

1984; Gray, 1985; SCVWD, 1995).

In the Alameda Creek watershed, channel catfish are also 

found in Del Valle and Shadow Cliffs reservoirs, in a large 

stock pond on Dry Creek in the Garin Dry Creek Preserve, and 

in Quarry Lakes adjacent to the lower Alameda Creek flood 

channel near Niles (Anderson, 1976b; EBRPD, 1997).  Other 

East Bay reservoirs with records for channel catfish include 

Cull Canyon and Don Castro (San Lorenzo Creek watershed), 

Lake Chabot (San Leandro Creek), Lake Temescal (Temescal 

Creek), and Jewell Lake, Tilden Regional Park (Wildcat Creek) 

(EBRPD, 1997). Channel catfish also occur in larger tributaries 

to San Pablo Bay, including the lower Napa and Petaluma riv-

ers (Levy, 1993; Gray, 1989a, b; USACE, 2006). Channel catfish 

were not found during this study.

Ecology. In Estuary watersheds channel catfish inhabit a 

wide variety of habitat types including large, warm reser-

voirs, small streams, and the tidal, brackish water environ-

ments of larger rivers (mixed native-nonnative fishes/lower 

small to large mainstem). Moyle (2002) suggests that chan-

nel catfish populations may be limited by the availability 

of suitable spawning sites. In some streams and reservoirs, 

juvenile and adult channel catfish have been collected in-

dicating successful reproduction; while in others only large 

adults have been recorded, consistent with Moyle’s sugges-

tion. Channel catfish are piscivorous and prefer stream envi-

ronments characterized by warm temperatures, high water 

clarity, sand-gravel-rubble substrates, and complex instream 

cover (Moyle, 2002).
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Recommendations. Because the habitat preferences of 

channel catfish in small streams may be similar to native 

stream fishes, and because they are piscivorous, channel 

catfish should not be planted into Estuary streams, reser-

voirs, or ponds that drain into them.   

O S M E R I D A E  ( S M E L T S )

Hypomesus nipponensis (McAllister, 1963), 

wakasagi

Historical Distribution and Status. Wakasagi are na-

tive to estuaries and lakes on the island of Hokkaido, Japan 

(Moyle, 2002).  Wakasagi were first introduced into Califor-

nia by CDFG in 1959 (Dill and Cordone, 1997).  They were 

first recorded in the Estuary in 1998 (Aasen et al., 1998, as 

cited in Moyle, 2002); however, CDFG midwater trawl re-

cords indicate that single wakasagi were collected in the 

Estuary as early as 1974, 1982, and again in 1995 (Baxter et 

al., 1999; Moyle, 2002). Wakasagi are now considered wide-

spread in the Sacramento River watershed (Moyle, 2002; IEP, 

2005). I did not collect wakasagi during this study.  A single 

wakasagi was collected in the lower Napa River in Novem-

ber 2001 (USACE, 2006). 

Ecology.  Moyle (2002) reviews the life history of wakasagi 

based primarily on studies of populations in Japan and Shas-

tina Reservoir in northeastern California. Wakasagi hybrid-

ize with delta smelt in the Delta (Moyle, 2002).  The wakasa-

gi collected from the Napa River was 118 mm FL suggesting 

some fish live two years as suggested by Moyle (2002). 

Recommendations.  Because wakasagi hybridize with Del-

ta smelt and use similar habitats, they pose a serious threat 

to delta smelt.  Populations of Delta smelt at the edge of 

their range such as those found in the Napa River are char-

acterized by low abundances. These peripheral populations 

of Delta smelt may be even more threatened than those in 

the Delta, should wakasagi become established in the lower 

Napa River.  Studies should be conducted on the potential 

affects of wakasagi on native fishes in the Estuary. 

S A L M O N I D A E  ( S A L M O N  A N D  T R O U T )

Coregonus clupeaformis (Mitchill, 1818), 

lake whitefish

Historical Distribution and Status. Unsuccessful at-

tempts to establish lake whitefish in California waters be-

gan in 1872 (Dill and Cordone, 1997).  In 1879, eggs of 

lake whitefish were hatched at San Leandro and fish were 

stocked into Lake Chabot (20,000 fish) on San Leandro 

Creek and in “San Jose Water Company’s Reservoir,” in 

Santa Clara County (10,000 fish) (Smiley, 1882a, p. 912).  

Salmo trutta Linnaeus, 1758, 

brown trout

Historical Distribution and Status.  Brown trout are 

native to Europe, western Asia and northern Africa (Page 

and Burr, 1981). Efforts to establish brown trout in Cali-

fornia waters began in 1893 (Dill and Cordone, 1997).  In 

1894, 2,715 “yearling” fish were planted in the preserves of 

the Country Club of San Francisco in Marin County” (Smith 

1882, p. 433). There are several records for the 1930s-1940s 

for the planting of brown trout into the headwaters of Al-

ameda Creek.  In 1938, 1,300 and 8,000 “loch leven” trout 

from the Brookdale and Big Creek hatcheries were planted 

into Trout and Smith creeks, respectively (tributaries to Ar-

royo del Valle and Arroyo Mocho creeks) (CDFG, 1938a, 

b).  Brown trout were also recorded from the headwaters 

of Arroyo Mocho, Isabel, and Alameda creeks (Shapovalov, 

1938a, 1944b; CDFG, 1953).  

The Coyote Creek watershed also historically contained 

brown trout.  During May 1937, a total of 125,000 brown 

trout were planted into Coyote Lake and a tributary, Pack-

wood Creek (Shapovalov, 1937).  In May 1938, 6,250 “loch 

leven” from the Big Creek Hatchery were planted into 

Upper Penitencia Creek in Alum Rock Park May (CDFG, 

1938c). Brown trout were regularly caught in Stevens 

Creek Reservoir from the 1930s until about the mid-to-

late 1940s when they disappeared (Dill, 1938; Shapovalov, 

1938b, 1942, 1944b, 1946b).  Other Estuary watersheds 

with records for brown trout include the Guadalupe River 

and the headwaters of Milliken Creek, tributary to the 

Napa River (Fisher, 1959).  

I did not collect any brown trout during this study nor was 

it collected in 1981 (Leidy, 1984). Whether reproducing 

populations of brown trout occur in the more remote por-

tions of Mt. Hamilton area streams is not known.  It is pos-

sible ranchers in the Mt. Hamilton region continue to pe-
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for sport fishing, and that some fish manage to escape, or 

are washed downstream.

Ecology. Moyle (2002) reviews the ecology and status of 

brown trout in California. 

Recommendation. Brown trout should be banned from 

Estuary streams. 

Salmo salar Linnaeus, 1758, 

Atlantic salmon

Historical Distribution and Status. The nonanadro-

mous form of Salmo salar also known as  “Schoodic” salm-

on after lakes in the St. Croix River watershed of Maine 

and New Brunswick was widely planted in California be-

ginning in 1878 (Dill and Cordone, 1997).  The first ship-

ment of 50,00 eggs of Schoodic salmon were shipped to 

the hatchery located adjacent to Chabot Dam and San Le-

andro Creek, Alameda County, where they were hatched 

in March and April 1878 and distributed throughout Cali-

fornia (Smith, 1896).  Estuary streams and reservoirs that 

received plants of Atlantic salmon fry between 1878 and 

1895 included San Francisquito Creek, San Leandro Creek 

and Chabot Reservoir, Arroyo de la Laguna, near Sunol, 

“San Jose Water Company’s Reservoir” in Santa Clara 

County, “Laguna Honda, San Francisco,” and waters of the 

Country Club of San Francisco’s preserve in Marin County 

(Smiley, 1882b; Atkins, 1878, 1882; Smith, 1896).  Appar-

ently the salmon were not able to successfully reproduce 

where planted, although several fish were caught in lakes 

(likely located within what is now Pt. Reyes National Sea-

shore) in Marin County in 1895 (Smith, 1896).    

Salvelinus fontinalis (Mitchill, 1814), 

brook trout

Historical Distribution and Status.  Brook trout are 

native to the northern half of eastern North America, 

west to Minnesota and Manitoba, Canada (Moyle, 2002).  

Brook trout were widely and repeatedly planted in Es-

tuary streams primarily during the 1870s and 1880s, but 

never established permanent populations. Eggs of brook 

trout were likely first imported into California in the pe-

riod 1870-71 where the California Acclimatization Society 

raised them. Their eggs were hatched at their fish hatcher-

ies near the City Hall of San Francisco and on the grounds 

of the University of California at Berkeley (Dill and Cor-

done, 1997; California Commissioners of Fisheries, 1872). 

Brook trout may have been planted in Lake Merced, San 

Francisco, as early as 1871, although fish certainly could 

not reproduce there because of the lack of suitable spawn-

ing habitat (Dill and Cordone, 1997). 

Smith (1896) and Shebley (1917) claim that the first intro-

duction of brook trout into California was by the Califor-

nia Fish Commission in 1872 which placed 2,000 fish each 

in the North Fork of the American River, in the headwaters 

of Alameda Creek, and in San Andreas Reservoir [San Ma-

teo Creek watershed], San Mateo County.  Evermann and 

Clarke (1931, p. 64) reference that “in 1872 [brook trout 

were] planted…in [the] headwaters of Alameda Ck., and 

San Andreas reservoir near San Francisco,” in apparent 

reference to the plants noted above.  Smith (1882, p. 434) 

notes that in 1875 the California Fish Commission distrib-

uted brook trout fry, “about 20,000 being placed in lakes 

and streams in Mendocino, Sonoma, Napa, and Yolo coun-

ties; 20,000 in Calaveras Creek, Alameda Creek watershed, 

and other streams tributary to San Francisco Bay”.  In 1877, 

additional “young fish” were planted in suitable waters in 

Contra Costa, Alameda, San Mateo, and Santa Clara counties 

(Smith 1882, p. 434). During March and April 1878, fish from 

eggs hatched at the State of California’s hatchery at San Le-

andro were placed into Estuary streams as follows: streams 

in Alameda County (2,000 fish); San Leandro Creek (5,000); 

streams in San Mateo and Santa Cruz counties (4,000); Alam-

eda Creek and tributaries (2,000); and Calaveras Creek and 

small streams, Alameda County (2,000)(California Commis-

sioner of Fisheries, 1880). Woodbury (1890, pp. 15-52) noted 

that “In all these short coast streams [including those of the 

Estuary], which become warmer and diminish in volume as 

the summer advances, they [i.e., brook trout] have not re-

produced themselves-at least I can not learn that they have 

been caught for a number of years past…” 

Brook trout were not collected during this study, nor did I 

find records of its occurrence as part of other historical or 

recent fish surveys. 

Ecology. In California, brook trout are largely restricted 

to mountain streams and lakes with summer water tem-
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peratures between 14-19° C (Moyle, 2002).  The failure of 

brook trout to become established in Estuary streams even 

after repeated introductions may be due to a combination 

of factors such as water temperature, stream discharge 

patterns, and competitive interactions with native fishes.  

The headwater reaches of Estuary streams typically have 

summer and fall water temperatures that average between 

17-21° C when stream discharge is lowest.  Water tem-

peratures during winter would be more suitable to brook 

trout for spawning; however, streams typically experience 

several peak discharges that scour the streambed.  These 

environmental conditions also might provide an overall 

competitive advantage to the native, spring-spawning 

rainbow trout over the fall-spawning brook trout.   

Salvelinus namaycush (Walbaum, 1792), 

lake trout

Historical Distribution and Status.  Lake trout are 

native to New England and the Great lakes watersheds, 

north into northern Canada and Alaska (Page and Burr, 

1991).  Dill and Cordone (1997, p. 110) note that in 1926, 

“some” adult lake trout from the Mt. Shasta Hatchery were 

sent to the Steinhart Aquarium and “some” were planted 

in the lakes of Golden Gate Park, San Francisco (California 

Division of Fish and Game Report for 1926-1928, p. 146, 

unpublished records of the Division of Fish and Game).  I 

am aware of no other records documenting the planting 

of lake trout in lakes and streams of the Estuary.

Ecology. The ecology of lake trout in California is re-

viewed by Moyle (2002).  

F U N D U L I D A E  ( K I L L I F I S H E S )

Lucania parva (Baird and Girard, 1855), 

rainwater killifish

Historical Distribution and Status. Rainwater killi-

fish is native to coastal marine and estuarine environments 

from Maine to Mexico (Page and Burr, 1991). Rainwater 

killifish were first recorded from the Estuary from Berke-

ley Aquatic Park, Richmond Tidal Slough, and from the 

brackish reaches of lower Corte Madera Creek (Hubbs and 

Miller, 1965; CAS 26355, 26357).  On several occasions in 

1959, numerous specimens were collected in lower Corte 

Madera Creek confirming the establishment of popula-

tions there (CAS 26359, 26384).   In 1961 rainwater killifish 

were collected from Lake Merritt in Oakland and by 1962 

it was recorded from the Palo Alto Yacht Harbor in the 

southern Estuary (Hubbs and Miller, 1965).  By 1963 rain-

water killifish had spread into the tidal marshes bordering 

San Pablo Bay near the mouth of Sonoma Creek (J. Hop-

kirk, SNSU, emeritus, personal communication, 1981; CAS 

fish collection). Ruth (1964) compiled a checklist of verte-

brates of the San Francisco Bay region that listed rainwa-

ter killifish as localized in occurrence, but common where 

found.  The first records for its occurrence in the Alameda 

and San Francisquito Creek watersheds are 1966 and 1977, 

respectively (Leidy, 1984). 

Although I found collection records for the occurrence of 

rainwater killifish from 25 watersheds, it likely occurs in 

the lower tidal reaches of all streams entering the Estuary 

(Leidy, 1984; Appendix 3).  Leidy (1984) recorded rainwa-

ter killifish from 22 (5 %) of the sites he sampled in 1981.  

I collected rainwater killifish occurred at 8 (3%) of the 

sites sampled during this study (Table 6). The difference 

between the number of samples with killifish in 1981 and 

during this study is attributable to the fewer samples from 

the tidal reaches of streams during this study.   

Ecology. Rainwater killifish are found in salinities rang-

ing from 0-80 ppt (Lonzarich and Smith, 1997; Moyle, 

2002). Leidy (1984) collected rainwater killifish from low 

elevation, warm, turbid pools in brackish salinity (5-10 

ppt) waters at within the tidal zone. During this study 

rainwater killifish were collected from habitats similar to 

those described by Leidy (1984). Rainwater killifish were 

positively correlated with water temperature and conduc-

tivity, and negatively correlated with elevation, dominant 

substrate size, and the number of native species (Table 15).  

Killifish typically inhabited the lower channelized reaches 

of streams with a poorly developed riparian canopy and a 

substrate dominated by silt and sand.

Leidy (1984) and this study found rainwater killifish typi-

cally associated with one to three nonnative species that 

were also tolerant of brackish water, including western 

mosquitofish, yellowfin goby, and common carp.  Native 

species collected in significant numbers with rainwater 

killifish include threespine stickleback, prickly sculpin, 
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streams are most abundant in brackish salinity water, they 

did occur in freshwater environments as well.  In lower 

Walnut Creek immediately above tidally influenced reach-

es, I collected rainwater killifish at salinities between 0-2 

ppt with native and nonnative fishes, including goldfish, 

California roach, Sacramento sucker, pumpkinseed, green 

sunfish, threespine stickleback, and yellowfin goby.

Status and Recommendations.  Rainwater killifish can 

be expected to occur in the lowermost reaches of all Es-

tuary streams, especially in brackish salinity waters.  The 

effects of rainwater killifish on native stream fishes is not 

known, but may be limited because killifish are primarily 

restricted to the lower tidal reaches of streams not typi-

cally frequented by native freshwater fishes.   

P O E C I L I I D A E  ( L I V E B E A R E R S )

Gambusia affinis (Baird and Girard, 1853), 

western mosquitofish

Historical Distribution and Status. Western mosqui-

tofish are native to Atlantic and Gulf Slope watersheds 

from New Jersey to Mexico, including the Mississippi River 

drainage (Page and Burr, 1991). Efforts to establish western 

mosquitofish in the Estuary for mosquito control likely be-

gan during the mid-to-late 1920s following its introduction 

into California in 1922 (Dill and Cordone, 1997). Steinhardt 

Aquarium in San Francisco promoted their introduction by 

offering to give away mosquitofish to interested individuals 

(Dill and Cordone, 1997).  Mosquitofish first began to ap-

pear regularly in Estuary streams beginning in the 1940s and 

by the 1950s was widespread in the Estuary (Leidy, 1984). 

Collection records during the 1940s for Estuary streams in-

clude Green Valley Creek (1940), Coyote Creek (1941), Wal-

nut Creek (1942), Marsh Creek (1945), and Novato Creek 

(1945) (Leidy, 1984). 

In 1981, western mosquitofish were collected from 105 

sites (27%) throughout the Estuary between 1 and 859 

m elevation (Leidy, 1984). Mosquitofish were found at 21 

(8%) of the sites that we sampled during this study at el-

evations ranging from 1 to 158 m (Table 6). Because of 

their continued use in vector control, mosquitofish can be 

expected to occur in all temporary to permanent brackish 

and freshwater environments of the Estuary.

Ecology. Leidy (1984) found that although mosquitofish 

were most common in the channelized lower reaches of 

streams, it was locally abundant in headwater habitats 

near permanent stock ponds and drainage ditches. Dur-

ing this study mosquitofish were positively correlated with 

water temperature, low water clarity, percent open can-

opy, conductivity, and the total number of species (Table 
15).  Mosquitofish were negatively correlated with eleva-

tion, channel gradient, dominant substrate size, and the 

percentage of native species (Table 15).  Mosquitofish are 

typically found in warm, turbid, low elevation and gra-

dient streams, characterized by pools with silt-sand sub-

strates, low riparian canopy cover, and high conductivities. 

Mosquitofish were often associated with rainwater killi-

fish near the tidal zone of streams.  Because it is widely 

introduced and tolerant of wide-ranging environmental 

conditions, mosquitofish are one of the few nonnative 

species that can be expected to occur in any fish assem-

blage. It was most commonly associated with other nonna-

tive fishes in the mixed native-nonnative fishes/lowermost 

small to large mainstem assemblage, and only rarely was 

found within the rainbow trout/upper mainstem-headwa-

ter tributary assemblage.

Status and Recommendations. Mosquitofish will re-

main a widespread and common nonnative fish through-

out the Estuary. Their use for mosquito control should be 

restricted to temporary waters where they are unlikely to 

encounter native fish or invertebrates, and where they 

clearly will be effective in mosquito control.     

A T H E R I N O P S I D A E  ( S I L V E R S I D E S )

Menidia beryllina (Cope, 1867), 

inland silverside

Historical Distribution and Status. Inland silversides are 

native to watersheds of the Atlantic and Gulf coasts, includ-

ing the Mississippi River drainage and major tributaries, from 

Massachusetts south and west to the Rio Grande in Texas and 

New Mexico, as well as Mexico (Page and Burr, 1991). Inland 

silversides were first introduced into Clear Lake, Lake County, 

in 1967, from where they spread into the Sacramento River 

system by the early 1970s (Dill and Cordone, 1997).  Moyle et 



Part V   results –  nonnative species accounts

134
al. (1974) documented the introduction of inland silversides 

in the southern Estuary into reservoirs in Alameda and Santa 

Clara counties from 1968-1973.  In 1968, the CDFG made an 

experimental introduction of inland silversides into the Camp-

bell percolation ponds adjacent to Los Gatos Creek, Santa 

Clara County (Moyle et al., 1974). Additional introductions of 

silversides were made into Lake Elizabeth, within the Mission 

Creek watershed of Central Fremont, Alameda County, and 

Shadow Cliffs Reservoir, on Arroyo Mocho Creek, Alameda 

County, in 1968 and 1969, respectively (Moyle et al., 1974). 

Silversides from these ponds subsequently spread presumably 

by bait bucket introductions into several reservoirs. In 1969, 

silversides were found in Lexington Reservoir on Los Creek, 

where they established populations and moved downstream 

into Vasona Reservoir and the Camden percolation ponds 

(Coots, 1971; Anderson, 1973; Strohschein, 1973a; Moyle et 

al., 1974; Curtis and Anderson, 1976).  Inland silversides were 

collected from Del Valle Reservoir on Alameda Creek water-

shed and Anderson Reservoir on Coyote Creek in 1972 and 

1973, respectively (CDWR, 1974; Anderson, 1976a, b; Moyle 

et al., 1974). Silversides are now locally common in the low-

er Coyote Creek and Guadalupe River watersheds (SCVWD, 

1995; SCVWD, 2001).

Leidy (1984) collected silversides in 1981 from six Estuary 

watersheds, including Walnut, Pinole, Arroyo Hambre, 

Alameda, Los Gatos, and Green Valley creeks. Inland sil-

versides are now geographically widespread in the Estu-

ary with occurrence records from at least eight watersheds 

(Appendix 3).  We collected silversides from ten (4%) of 

the sites sampled during this study; seven (5%) of the sites 

were included in the statistical analyses (Table 6).  

Ecology.  Inland silversides typically occur in deep, turbid, 

warm pools with high conductivities and little shading by 

riparian vegetation. During this study, the abundance of 

inland silverside was positively correlated with average 

depth, water temperature, low water clarity, percent open 

canopy, decreased channel confinement, conductivity, and 

the total number of species (Table 15).  Their abundance 

was negatively correlated with dominant substrate size 

and number of native species (Table 15).   

Silversides are regularly found at salinities between 0-15 ppt 

(Moyle, 2002).  Their tolerance for brackish salinity waters 

means that silversides may be associated with a relatively 

high number of native and nonnative fish species in Estuary 

streams (Leidy, 1984).  Within the lower reaches of Walnut 

and Coyote creeks, silversides occurred with a mixture of eu-

ryhaline and freshwater fishes of varying abundances, includ-

ing hitch, Sacramento sucker, threespine stickleback, prickly 

sculpin, staghorn sculpin, chameleon goby, yellowfin goby, 

common carp, golden shiner, western mosquitofish, green 

sunfish, bluegill, pumpkinseed, largemouth bass, smallmouth 

bass, bigscale logperch, and striped bass.  Within low elevation 

stream reaches above the tidal zone, I found silversides associ-

ated with native fishes such as hitch, California roach, Sacra-

mento pikeminnow, Sacramento sucker, and prickly sculpin, 

as well as nonnatives such as carp, green sunfish, bluegill, and 

largemouth bass. Leidy (1984) found silversides to be abun-

dant where found, comprising 34 percent of the individuals in 

collections in which it occurred.  During this study, silversides 

were most abundant in the lower reaches of streams, while 

it typically occurred as only a few individuals when collected 

with mostly native fishes higher in a watershed.        

Status.  Inland silversides have rapidly spread throughout 

the Estuary since their introduction approximately thirty-five 

years ago.  Because of their use by anglers as bait and their 

tolerance of low salinity waters, silversides can be expected to 

further expand their range into other Estuary watersheds.  

M O R O N I D A E  ( T E M P E R A T E  B A S S E S )

Morone saxatilis (Walbaum, 1792), 

striped bass

Historical Distribution and Status. Striped bass are 

native to Atlantic and Gulf Slope watersheds from the St. 

Lawrence River south to Florida and Louisiana (Page and 

Burr, 1991). Striped bass were first introduced into Cali-

fornia in the Estuary when about 135 fish from New Jer-

sey were released into Carquinez Strait near Martinez in 

1879, and was abundant enough in the Estuary to support 

a large fishery by the 1890s (Dill and Cordone, 1997). The 

earliest historical record that I could find for its occurrence 

in an Estuary watershed is for the Napa River in 1927. There 

are records for the occurrence of striped bass from twelve 

Estuary watersheds (Appendix 3). It is locally common in 

the lowermost reaches of the largest watersheds near the 

tidal zone (e.g., Walnut, Alameda, Coyote, and Sonoma 

creeks, and the Guadalupe, Petaluma, and Napa rivers) 
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y(Leidy, 1984).  In 1981, it was collected from three streams 

in the northern Estuary from 1 to 2 m elevations (Leidy, 

1984). Striped bass were captured at 8 (3%) sites during 

this study from 1 to 11 m elevations (Table 6). Because the 

striped bass typically occur within the tidal estuarine envi-

ronments, it can be expected in the lowermost reaches of 

any Estuary watershed.

Ecology. Striped bass are restricted to the mixed native-

nonnative fishes/lower small to large mainstem and estua-

rine tidal riverine assemblages. In Estuary streams, striped 

bass are most commonly associated with other nonnative 

fishes such as yellowfin goby, inland silverside, and rainwa-

ter killifish. Native fishes commonly associated with striped 

bass include tule perch (Napa River tidal wetlands), Sacra-

mento splittail, staghorn sculpin, and starry flounder.  The 

abundance of striped bass was positively correlated with 

stream order, average and maximum depth, wetted channel 

width, water temperature, low water clarity, percent open 

canopy, channel confinement, percent pool habitat, conduc-

tivity, and the total number of species (Table 15).  Striped 

bass were negatively correlated with elevation, dominant 

substrate size, and the number of native species. Juvenile 

striped bass were collected within lowermost reaches of 

streams indicating that these environments near the tidal 

zone may serve as nursery habitat (Leidy, 1984; this study).  

Adult striped bass were collected in freshwater portions of 

lower Walnut Creek (elevation 11 m) following moderate to 

large storm events, indicating that fish may migrate short 

distances upstream in response to flows.

Status.  Striped bass in the Estuary may be as abundant 

today as historically (P. Moyle, UCD, personal communica-

tion, 2004). Striped bass will likely remain locally common 

within the lowermost estuarine reaches of large water-

sheds, where they will prey on native fishes such as Sacra-

mento splittail. I recommend an unlimited take fishery be 

developed for striped bass, with no size limits.   

C E N T R A R C H I D A E  ( S U N F I S H ,  B A S S , 

C R A P P I E S  A N D  R E L A T I V E S )

Lepomis cyanellus Rafinesque, 1819, 

green sunfish

Historical Distribution and Status. Green sunfish 

is native to Hudson Bay, the Great Lakes, the Mississippi 

River, and Gulf Slope drainages from Florida to northern 

Mexico (Page and Burr, 1991). Green sunfish were first in-

troduced into southern California in 1891, and it began to 

appear within the San Joaquin Valley beginning sometime 

around 1910 (Dill and Cordone, 1997). The earliest records 

that I found for the occurrence of green sunfish in Estuary 

watersheds is Suisun Creek downstream from Lake Curry 

(1940), Walnut-San Ramon Creek (1945), and San Fran-

cisquito Creek (1956)(Leidy, 1984). There are records for 

the occurrence of green sunfish from twenty-three Estu-

ary watersheds (Appendix 3). During 1981, it was collected 

from 34 (7%) of the 457 sampling sites. Green sunfish was 

the most common nonnative fish encountered during this 

study, occurring in 23 (15%) of the samples (Table 6).

Ecology. Green sunfish is widespread and locally common 

in Estuary watersheds because of its tolerance of a wide 

range of environmental conditions found within streams, 

reservoirs, stock ponds, and drainage ditches. Leidy (1984) 

found green sunfish associated with warm, deep, mod-

erately disturbed pools of low to intermediate elevation 

intermittent streams. During this study, the abundance of 

green sunfish was positively correlated with stream order, 

stream gradient, average depth, low water clarity, percent 

open canopy, conductivity, and the total number of spe-

cies (Table 15).  Green sunfish abundance was negatively 

correlated with dominant substrate size and percent na-

tive species. Green sunfish occur most commonly within 

the mixed native-nonnative fishes/lowermost small to 

large mainstem assemblage. However, green sunfish may 

be locally common within warm, intermittent, pools of the 

mixed native fishes/middle mainstem-lower large tributary 

assemblage. Green sunfish are one of the few nonnative 

fishes tolerant of conditions found in small, warm, inter-

mittent streams. Within intermediate to high elevation in-

termittent streams, green sunfish may be associated with 

mostly native fishes such as California roach, Sacramento 

sucker, Sacramento pikeminnow, threespine stickleback, 

and prickly sculpin (Leidy, 1984; this study). 

Status and Recommendations. Because of its tolerance 

for a wide range of environmental conditions, green sun-

fish will likely remain a significant component of the fish 

fauna of intermittent streams. Moyle (2002) believes that 

green sunfish have likely been responsible for the elimina-
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tion of California roach from several small streams in the 

Sierra Nevada foothills of central California. Efforts to dis-

courage landowners from planting green sunfish in stock 

ponds could reduce green sunfish numbers in intermittent 

headwater streams, thereby benefiting native fishes such as 

California roach, as well as other sensitive aquatic organisms 

associated with these habitats (e.g., red-legged frog, Rana 

aurora, and foothill yellow-legged frog, Rana boylei).  

Lepomis gulosus (Cuvier, 1829), warmouth

Historical Distribution and Status.  Warmouth are 

native to the Mississippi River, Great Lakes, Atlantic and 

Gulf coast drainages, and parts of New Mexico (Page and 

Burr, 1991).  Warmouth apparently became well estab-

lished in the Delta region of the Estuary by the 1940s and 

is now present in streams of the Central Valley floor and 

several Sierra Nevada foothill reservoirs (Dill and Cordone, 

1997; Moyle, 2002).  Warmouth are known to occur in 

three reservoirs within the Estuary: Lake Chabot within the 

San Leandro Creek watershed; and Don Castro (Palomares 

Creek) and Cull Canyon (Cull Creek) reservoirs, within the 

San Lorenzo Creek watershed (EBRPD, 1997; P. Alexander, 

EBRPD, personal communication, 2002).  We did not col-

lect warmouth during this study.   

Ecology. There is no information on the ecology of war-

mouth from the few Estuary reservoirs where it is found.  

Moyle (2002) provides a review the ecology of warmouth 

in California.

Lepomis gibbosus (Linnaeus, 1758), 

pumpkinseed

Historical Distribution and Status. Pumpkinseed is 

known from only four Estuary watersheds.  The earliest 

record for the Estuary is that of a single pumpkinseed col-

lected in 1961 from Vasona Reservoir on Los Gatos Creek 

(Guadalupe River watershed), Santa Clara County (CDFG, 

lake and survey files, 9 June 1961, Yountville). Subsequent-

ly, juvenile and adult pumpkinseeds were collected from 

Vasona Reservoir in 1973 and 1976, and from the lower 

Guadalupe River in 1981 (Strohschein, 1973a; Curtis and 

Anderson, 1976; J. Smith, SJSU, personal communication, 

1981). Pumpkinseed has also been recorded from Coyote 

and Anderson reservoirs in the Coyote Creek watershed 

(Scoppettone and Anderson, 1976; Walkup and Eimoto, 

1980). Apparently, pumpkinseed spread from these reser-

voirs downstream where they have been recently record-

ed from lower Coyote Creek (HRG, 1994; SCVWD, 2001).  

Pumpkinseed also is known to occur in the San Francisquito 

Creek watershed in Searsville Lake, Lake Lagunita, and in 

scattered locations throughout the stream (Launer, 2005). 

In the northern Estuary, pumpkinseed has been collected 

from the Walnut Creek watershed in 1980 from lower San 

Ramon Creek (Leidy, 1983; Wang, 1986).  The presence of 

pumpkinseed in lower Walnut Creek was reconfirmed dur-

ing this study in 1993.     

Ecology. Leidy (1983, 1984) and this study found pump-

kinseed to be locally common within the warm, deep, tur-

bid pools of lower Walnut-San Ramon Creek within the 

mixed native-nonnative fishes/lower small to large main-

stem assemblage.  In Walnut Creek pumpkinseed were 

most commonly associated with other nonnative fishes 

including several ictalurids and centrarchid species, inland 

silverside, and western mosquitofish. Native fishes most 

commonly collected with pumpkinseed in Walnut Creek 

include Sacramento sucker and threespine stickleback. Hy-

brids between pumpkinseed and redear sunfish, bluegill, 

and green sunfish were common in the Walnut-San Ramon 

Creek watershed. 

Lepomis macrochirus Rafinesque, 1819, 

bluegill

Historical Distribution and Status. Bluegill sunfish 

are native to the St. Lawrence River, Great Lakes, Missis-

sippi River, and Atlantic slopes drainage south, including 

Gulf Slope watersheds to Texas and New Mexico (Page 

and Burr, 1991). Bluegill was likely first introduced into 

California around 1908 (Dill and Cordone, 1997). I found 

early records for the occurrence of bluegill in Estuary wa-

tersheds for Suisun Creek downstream from Lake Curry 

(1940), San Pablo Creek (1943), and Alameda Creek 

(1953)(Leidy, 1984). There are records for the occurrence 

of bluegill from nineteen Estuary watersheds (Appendix 
3). During 1981, bluegill was collected from only eight 

(2%) of the 457 sampling sites. Bluegill was found at 11 

(4%) of the sites sampled during this study (Table 6). The 

low numbers of collections of bluegill in 1981 and during 

this study likely reflect its preference for reservoirs and 
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pected in most permanent ponds and reservoirs through-

out the Estuary.

Ecology. Leidy (1984) and this study found bluegill to be 

most abundant at intermediate elevations in the warm, 

deep, turbid pools of intermittent and perennial streams 

downstream from reservoirs or ponds. Bluegill was also lo-

cally common in the deep pool habitats within the mixed 

native-nonnative fishes/lowermost small to large main-

stem assemblage, as exemplified within the Coyote Creek 

and Walnut Creek watersheds. Bluegill was most common-

ly associated with other nonnative fishes including several 

ictalurids and centrarchid species, and western mosquito-

fish. Hybrids between bluegill and other centrarchids such 

as redear sunfish, pumpkinseed, and green sunfish were 

common in the Walnut-San Ramon Creek watershed. Na-

tive fishes most commonly collected with bluegill include 

Sacramento sucker and threespine stickleback. On rare oc-

casions individual bluegill would be found below perma-

nent headwater stock ponds; their occurrence was there 

likely the result of farm pond spills and washouts.

Lepomis microlophus (Günther, 1859), 

redear sunfish

Historical Distribution and Status. Redear sunfish are 

native to Atlantic and Gulf Coast watersheds from South 

Carolina to Texas, and in the Mississippi River to southern 

Indiana and Illinois (Page and Burr, 1991). Redear sunfish 

likely were first introduced into California in the Colorado 

River sometime from 1948-1951 (Dill and Cordone, 1997).  

From the Colorado River, they were intentionally intro-

duced to several Southern California reservoirs in 1954, 

and subsequently transferred to the CDFG’s Central Val-

ley Hatchery from where they were planted into private 

ponds in the San Joaquin Valley beginning in 1955-56 (Dill 

and Cordone, 1997). They now occur in waters throughout 

the Central Valley. 

The earliest records that I found for redear sunfish for an 

Estuary watershed is 1962 when redear sunfish were planted 

by the CDFG into Anderson Reservoir on Coyote Creek (An-

derson, 1976a). In April and May 1965, the CDFG planted 

redear sunfish again into Anderson Reservoir and in Page 

Percolation Ponds on Los Gatos Creek (Guadalupe River 

watershed), respectively (Johnson, 1965; Anderson, 1976a).  

The Page Percolation Ponds were subsequently drained and 

cleaned during July 1965; however, most of the redear sun-

fish were rescued and replanted upstream in the drainage 

into Lexington Reservoir (Johnson, 1965).  Interestingly, the 

original fish planted in Page Percolation Ponds during May 

of 1965 had already successfully reproduced by July. By 1969 

redear sunfish was recorded in Santa Teresa Park Pond that 

receives water from a canal from Anderson Reservoir (Hen-

dricks, 1969). During the 1970s populations of redear sunfish 

were well established in several reservoirs in the southern 

Estuary including Lexington Reservoir within the Guadalupe 

River watershed, and Coyote Reservoir, upstream from An-

derson Reservoir, and Cottonwood Lake, adjacent to lower 

Coyote Creek (Wood, 1970; Anderson, 1973; Strohschein, 

1974; Scoppettone and Anderson, 1976; Paulsen, 1978). 

Leidy (1984) collected redear sunfish from four sites within 

Coyote Creek, the Guadalupe River, and Sanchez Creek. I 

found redear sunfish at only three (1%) sites during this 

study (Table 6). As with bluegill sunfish, the low numbers 

of sites with collections of redear sunfish in 1981 and dur-

ing this study likely reflect its preference for reservoirs 

and ponds, habitats not typically sampled.  Redear sunfish 

can be expected in many permanent ponds and reservoirs 

throughout the Estuary.

Ecology. Leidy (1984) and this study found redear sunfish to 

occur at low to intermediate elevations in the warm, deep, 

turbid pools of perennial streams, often in quiet backwa-

ters with dense aquatic vegetation. Redear sunfish also oc-

curred downstream from reservoirs or ponds. Redear sunfish 

were most commonly associated with other nonnative fishes 

including ictalurids and centrarchids, of the mixed native-

nonnative fishes/lower small to large mainstem assemblage. 

During the 1980s, hybrids between redear sunfish and other 

centrarchids such as bluegill, pumpkinseed, and green sun-

fish were common in the Walnut-San Ramon Creek water-

shed (Leidy 1984; R. Leidy, USEPA, unpublished data).

Micropterus dolomieu Lacepède, 1802, 

smallmouth bass

Historical Distribution and Status. Smallmouth bass 

are native to the St. Lawrence, Great Lakes, Hudson Bay, 

and Mississippi River watersheds (Page and Burr, 1991). 
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Smallmouth bass were first introduced into California into 

the Napa River and Alameda Creek in 1874 (Stone, 1875; 

Evermann and Clark, 1931; Dill and Cordone, 1997). The 

introduction consisted of seventy-three fish from Lake 

Champlain, Vermont, planted in Napa Creek [River] (Cali-

fornia Commissioners of Fisheries, 1876; Stone, 1875; Dill 

and Cordone, 1997). An additional twelve smallmouth 

bass from the St. Joseph River, Michigan, were also planted 

in the Napa River and Alameda Creek (California Commis-

sioners of Fishereis, 1876; Stone, 1875; Dill and Cordone, 

1997). A second shipment of smallmouth bass were intro-

duced into Lake Temescal, (Temescal Creek watershed), 

Alameda County, in 1874 (Dill and Cordone, 1997). Appar-

ently, several plants of smallmouth bass in California origi-

nated from fish planted in reservoirs of the Spring Valley 

Water Company in San Mateo County (Dill and Cordone, 

1997). In 1879, twenty-two adult smallmouth bass were 

planted in Crystal Springs Reservoir (San Mateo Creek 

watershed)(California Commissioners of Fisheries, 1878, 

1880; Dill and Cordone, 1997). Smallmouth bass were tak-

en from Crystal Springs Reservoir in late-1870s and planted 

in the Russian River (Dill and Cordone, 1997). 

Smallmouth bass have been recorded from five Estuary 

watersheds including San Lorenzo, Alameda, and Coyote 

creeks, and the Guadalupe and Napa rivers (Appendix 3). 

Leidy (1984) and this study confirmed the recent presence of 

smallmouth bass from Alameda Creek and the Napa River. 

Ecology. Within the Napa River smallmouth bass was 

found within the long, shallow, sand-gravel pools of the 

mixed native-nonnative fishes/middle mainstem-lower 

large tributary assemblage. Smallmouth bass were as-

sociated in the Napa River with native fishes including 

hardhead, Sacramento pikeminnow, California roach, 

Sacramento sucker, threespine stickleback, tule perch and 

prickly sculpin.  Within Alameda Creek smallmouth bass 

were associated with species of the mixed native-nonna-

tive fishes/lower large mainstem assemblage that utilized 

large, warm, deep pools with dense aquatic vegetation. 

Associated species included Sacramento pikeminnow, 

hitch, Sacramento blackfish, Sacramento sucker, prickly 

sculpin, golden shiner, inland silverside, bluegill, green 

sunfish, and bigscale logperch. 

Status. Smallmouth bass likely will remain a locally com-

mon in the larger Estuary watersheds because reservoirs 

are a permanent source of bass to streams. The effects of 

smallmouth bass on native fishes are unknown. There is 

some evidence that smallmouth bass have negative effects 

on hardhead in streams where they occur together (Brown 

and Moyle, 1993). Moyle (2002) observes that large adult 

smallmouth bass may reduce Sacramento pikeminnow 

through predation under reduced flow conditions.   

Micropterus salmoides (Lacepède, 1802), 

largemouth bass

Historical Distribution and Status. Largemouth bass 

are native to the St. Lawrence-Great Lakes system, Hud-

son Bay, and the Atlantic Slope, Mississippi River, and Gulf 

Slope watersheds (Page and Burr, 1991). Two subspecies, 

the northern largemouth bass (M. s. salmoides) and Florida 

largemouth bass (M. s. floridanus) have been introduced 

into California (Dill and Cordone, 1997). Genetic differenc-

es between the two taxa suggest they are likely separate 

species (Moyle, 2002). Largemouth bass likely were first 

introduced into southern California and the Sacramento 

Valley in 1891 (Dill and Cordone, 1997).   The first record 

for the occurrence of largemouth bass in an Estuary water-

shed is for Lake Merced (San Francisco), and Crystal Springs 

Reservoir (San Mateo Creek watershed) in 1895 (Dill and 

Cordone, 1997).  

Largemouth bass have been recorded from seventeen Estu-

ary watersheds (Table 6). Many first records for the occur-

rence of largemouth bass in Estuary streams are from the 

1950s and 1960s. The spread of largemouth bass in Estuary 

watersheds is correlated with the completion of numerous 

large reservoirs during the 1940s to 1960s.  Largemouth 

bass can be expected to occur in permanent ponds and 

reservoirs throughout the Estuary. Largemouth bass were 

collected from 22 (5%) of 457 sites that I sampled in 1981 

(Leidy, 1984).  I collected largemouth bass from seven (3%) 

sites during this study (Table 6). Almost all large reservoirs 

and permanent ponds of the Estuary support populations 

of largemouth bass.

Ecology. Leidy (1984) found that largemouth bass oc-

curred primarily at low to intermediate elevations within 

deep, warm, turbid pools with silt-sand substrates. Ex-

amples include these habitats in the Estuary include the 



139

Fishes in Streams Tributary to the San Francisco Estuary

R
.A

. 
Le

id
ylower reaches of Walnut, Alameda, Coyote, and Sonoma 

creeks, and the Guadalupe, Petaluma, and Napa rivers. 

During this study, I collected largemouth bass almost ex-

clusively from mid-elevation sites (mean elevation =120 

m). These sites had habitat similar to that supporting the 

mixed native-nonnative fishes/lower large mainstem and 

assemblage and the mixed native fishes/middle main-

stem-lower large tributary assemblage. These sites were 

typically either upstream or downstream of large reser-

voirs and were characterized by deep, warm pools with 

intermediate water clarity and the presence of aquatic 

macrophytes.  Nonnative fishes found at these sites with 

largemouth bass include carp, black bullhead, inland sil-

verside, western mosquitofish, green sunfish, and bluegill.  

Native fishes associated with largemouth bass at these 

sites include California roach, hitch, Sacramento pikemin-

now, Sacramento sucker, and prickly sculpin. Observations 

during this study are consistent with Leidy (1984), who 

observed that largemouth bass was often found with a 

greater diversity of native fishes compared to nonnative 

species at any one site. Largemouth bass commonly occur 

in deep pools downstream and upstream from reservoirs. 

Status. Largemouth bass likely will remain a widespread 

and locally common member of Estuary stream fish assem-

blages in part, because reservoirs provide are a permanent 

source of bass to streams. Largemouth bass are likely ma-

jor predators on juvenile native fishes, including anadro-

mous salmonids (Moyle, 2002). Studies on the impacts of 

largemouth bass on native fishes are needed, as well as 

strategies to control their numbers in some situations (P. 

Moyle, UCD, personal communication, 2004).

Micropterus coosae Hubbs and Bailey, 1940, 

redeye bass

Historical Distribution and Status.  Redeye bass are 

native to the headwaters of the Mobile Bay, Chattahooch-

ee, and Savannah River basins of Alabama, Tennessee, 

Georgia, South Carolina, and North Carolina (Page and 

Burr, 1991).  Redeye bass were planted in the Central Val-

ley at several locations in the mid-1960s and apparently 

have become established in the Delta portion of the Estu-

ary (Dill and Cordone, 1997; Moyle, 2002). Because they 

are easily confused with smallmouth bass, redeye bass may 

be more widespread in Central Valley streams than collec-

tion records indicate (Moyle, 2002). Redeye bass have been 

recorded from Del Valle Reservoir (Arroyo del Valle Creek) 

within the Alameda Creek watershed (EBRPD, 1997; P. Al-

exander, EBRPD, personal communication, 2002).  We did 

not collect redeye bass during this study. 

Ecology. Redeye bass have successfully invaded the foot-

hill reaches of the Cosumnes River watershed where they 

have displaced native cyprinids and the Sacramento sucker 

(P. Moyle, UCD, personal communication, 2002).  Moyle 

(2002) attributes the success of redeye bass in the Cosumnes 

River, and elsewhere, to their broad feeding and habitat 

requirements, small adult size, and aggressive behavior to-

ward other fishes.     

Recommendations.  Presumably redeye bass became 

established in Del Valle Reservoir by water transfers from 

the California Aqueduct system. While there is little in-

formation on the population status of redeye bass in Del 

Valle Reservoir, there is always the possibility that it could 

spread from the reservoir into downstream reaches of Ar-

royo del Valle and other Alameda Creek tributaries. Red-

eye bass are well adapted to Central Valley foothill stream 

environments where they have been shown to displace 

native minnows and Sacramento sucker (Moyle, 2002).  

Because the Alameda Creek watershed contains stream 

environments to similar to these Central Valley foothill 

streams, as well as diverse native minnow-sucker assem-

blages, the presence of redeye bass in the drainage is of 

significant conservation concern.  Del Valle Reservoir and 

downstream reaches of Arroyo Del Valle should be regu-

larly monitored to assess the status of redeye bass. Care 

should be given to the accurate identification of redeye 

bass as it is easily confused with the closely related small-

mouth bass, which is also known to occur in the Alameda 

Creek watershed (Moyle, 2002).

Ambloplites rupestris (Rafinesque, 1817), 

rock bass

Historical Distribution and Status.  Apparently the 

first attempted introduction of rock bass into California 

was by Livingston Stone who in 1874 planted four adults, 

originally from Vermont into Napa Creek (Stone, 1875).  

According to Evermann and Clark (1931, p. 67), “Noth-

ing has been heard of them since.” Although several 



subsequent attempts to introduce rock bass were made 

throughout California, the permanent establishment of 

reproducing populations has not been successful (Dill and 

Cordone, 1997). 

Pomoxis annularis Rafinesque, 1818, 

white crappie

Historical Distribution and Status. White crappie is na-

tive to the Great Lakes, Hudson Bay and Mississippi River wa-

tersheds, and Gulf drainages from Alabama to Nueces River, 

Texas (Page and Burr, 1991).  White crappie is less common in 

Estuary watersheds than black crappie. Apparently, the first 

plant of white crappie in Northern California was in 1951 

when 3,780 fish were planted from CDFG’s Central Valley 

Hatchery into Coyote Reservoir, Santa Clara County  (CDFG, 

fish planting receipt 1951; see also Dill and Cordone, 1997).  

White crappie spread from Coyote Reservoir downstream 

into lower Coyote Creek where they were first recorded in 

1964, and they subsequently have been collected there in 

1966, and the 1980s and 1990s (see Table 7g in Buchan et al., 

1999). White crappie has been recorded from Anderson Res-

ervoir, which lies on Coyote Creek downstream from Coyote 

Reservoir (Wood, 1970; Scoppettone and Anderson, 1976).  

Other Estuary watersheds with records of white crappie 

include the Guadalupe and Napa rivers, and San Loren-

zo Creek (CDFG, river and stream files, Yountville; Leidy, 

1984). Leidy (1984) collected white crappie from Sage 

Creek, Napa River watershed, just above Lake Hennessey. 

White crappie was not collected during this study.

Ecology. White crappie are primarily a reservoir spe-

cies, and self-sustaining stream populations probably only 

exist in the Estuary in lower Coyote Creek. Records for 

white crappie in streams typically are from fish that have 

washed downstream from reservoirs or juveniles trapped 

in pools that remain in former tributary streams as reser-

voir waters recede during summer. There is some evidence 

that white crappie populations are reduced or replaced 

by black crappie in reservoirs that contain both species. 

For example, while white crappie occurred in surveys of 

Anderson Reservoir in the early 1970s, they seemed to 

have disappeared from surveys in the late-1970s and early 

1980s, while black crappie increased in abundance (CDFG, 

lake and reservoir files, Yountville).   

Pomoxis nigromaculatus (Lesueur, 1829), 

black crappie

Historical Distribution and Status. Black crappie are 

thought to be native to the Atlantic and Gulf slopes to 

Texas, the St. Lawrence-Great Lakes-Mississippi River wa-

tersheds, from Manitoba and Quebec south to the Gulf 

of Mexico (Page and Burr, 1991).  Apparently the first 

planting of black crappie in California’s Central Valley was 

sometime from 1916-1919. They subsequently became 

abundant, especially in reservoirs (Dill and Cordone, 1997; 

Moyle, 2002).  

Although apparently more common in the Estuary than 

white crappie, black crappie only occur occasionally in fish 

collections from streams and are rarely abundant.  Black 

crappie however, is locally common in the Estuary in res-

ervoirs and small permanent ponds into which it has been 

introduced for sport fishing.  The first record found for 

its occurrence in an Estuary watershed was in 1940 down-

stream from Lake Curry on Suisun Creek, Solano County 

(UMMZ 131515). Black crappie is found in several reser-

voirs within the Alameda, San Leandro, San Lorenzo, Coy-

ote and San Francisquito creeks, and Guadalupe River wa-

tersheds of the southern Estuary, including Cull Canyon, 

Don Castro, Chabot, Shadow Cliffs, Coyote, Anderson, Lex-

ington, and Vasona reservoirs (Scoppettone, 1976; Curtis 

and Anderson, 1976; Scoppettone and Anderson, 1976; 

Walkup and Eimoto, 1980; Pit and Bozeman, 1982; EBRPD, 

1997; Launer, 2005).  It has established stream populations 

downstream from several of these reservoirs (Scoppettone 

and Smith, 1978; Leidy, 1984; HRG, 1994; SCVWD, 1995; 

EBRPD, 1997; SCVWD, 2001).  

I located records for the occurrence of black crappie from 

fourteen Estuary watersheds (Appendix 3). Leidy (1984) 

collected black crappie from three geographically wide-

spread watersheds, including Alameda Creek, and the 

Guadalupe and Napa rivers.  Black crappie was not col-

lected during this study.

Ecology. Black crappie is primarily a reservoir and large 

pond species in the Estuary.  They are typically found in 

large, warm, deep pools downstream from reservoirs 

from which they have escaped. Juvenile black crappie 

also may be found immediately upstream from reservoirs 
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in isolated pools within a stream that become exposed 

as reservoir water levels recede during summer and fall 

(Leidy, 1984).  Black crappie is typically associated in pools 

with other introduced centrarchids such as smallmouth 

and largemouth bass, bluegill, green sunfish and black 

bullhead (Leidy, 1984).     

P E R C I D A E  ( P E R C H E S )

Esox masquinongy Mitchill, 1824, 

muskellunge

Historical Distribution and Status.  Muskellunge 

were first introduced into California in May 1893, when 

93,000 fry from New York were planted into Lake Merced 

near San Francisco, apparently in an effort to control com-

mon carp (Smith, 1896, as cited in Dill and Cordone, 1997).  

The planting of muskellunge into California did not result 

in the establishment of reproducing populations (Dill and 

Cordone, 1997).

Percina macrolepida Stevenson, 1971, 

bigscale logperch

Historical Distribution and Status. Bigscale log-

perch are abundant in the Delta and they are occasion-

ally collected in Suisun Marsh (P. Moyle, UCD, personal 

communication, 2004). Bigscale logperch are known from 

three Estuary watersheds, including Alameda and Coyote 

creeks, and the Petaluma River (Caywood, 1974; Moyle et 

al., 1974; Leidy, 1984; SCVWD, 2001).  They were first in-

troduced into Del Valle Reservoir in the Alameda Creek 

watershed in the 1970s, as a result of water transfers from 

the Central Valley via the Tracy pumping plant and South 

Bay Aqueduct (CDWR, 1974; Moyle et al., 1974).  In 1981, 

Leidy (1984) collected bigscale logperch from Arroyo Mo-

cho Creek, near a location where water is released into 

the creek in summer from the South Bay Aqueduct.  Log-

perch presumably is “reintroduced” on a regular basis 

into Alameda Creek system via water transfers.  I collect-

ed logperch in the lower Alameda Creek flood channel in 

1993, indicating that it has spread throughout the lower 

Alameda Creek watershed.

Ecology. In California, logperch occur in a relatively wide 

range of habitats including reservoirs, brackish sloughs, 

and warm, moderate-to-large-sized streams with sub-

strates composed of silt-sand, gravel, and rubble (Mar-

chetti, 1998; Moyle, 2002).  Logperch are often associated 

with emergent vegetation along the edge of streams and 

sloughs (Moyle, 2002). Interestingly, in 1981, I collected 

logperch in the Livermore Valley reach of the Alameda 

Creek watershed with exclusively native fishes, including 

Sacramento sucker, California roach, and hitch.  Follow-

ing its spread downstream into the lower watershed, I 

collected logperch with both native and nonnative fishes 

including hitch, Sacramento blackfish, Sacramento sucker, 

Sacramento pikeminnow, prickly sculpin, golden shiner, 

inland silverside, bluegill, green sunfish, and smallmouth 

bass.  In the lowermost tidal reaches of the Petaluma River 

and Coyote Creek logperch are associated with nonnative 

fishes such as inland silverside, rainwater killifish, striped 

bass, and staghorn sculpin. In Suisun Marsh, logperch have 

been found in salinities of up to 4.2 ppt (Moyle, 2002). 

The apparent tolerance of logperch for slightly brackish 

salinities may allow it to spread into the lower reaches of 

other Estuary streams, especially those bordering Suisun 

and San Pablo bays. 

Perca flavescens (Mitchill, 1814), 

yellow perch

Historical Distribution and Status. In 1984, a re-

producing population of yellow perch was discovered by 

CDFG and EBMUD biologists in Lafayette Reservoir with-

in the Walnut Creek watershed (Dill and Cordone, 1997; 

Moyle, 2002). Subsequent sampling of Lafayette Creek 

below the reservoir and Walnut Creek in the 1980s and 

1990s by CDFG, and during this study from 1992-1997, 

has not recorded any yellow perch.  Lafayette Reservoir 

does not have an outlet into Lafayette Creek so yellow 

perch cannot escape into the watershed through reservoir 

discharges.  However, the possibility of intentional intro-

duction of yellow perch into the watershed by reservoir 

anglers remains a possibility.      

Ecology. Moyle (2002) contains a review the ecology of 

yellow perch in California. 

Conservation Status and Recommendations.  The 

status of yellow perch populations in Lafayette Reservoir 

should be regularly monitored. Stream reaches down-
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stream from Lafayette Reservoir should be sampled annu-

ally in order to provide early detection of yellow perch 

should they escape into the watershed.  Because Lafayette 

Reservoir is a relatively small body of water, serious con-

sideration should be given to the complete eradication of 

yellow perch within the reservoir.

C I C H L I D A E  ( C I C H L I D S )

Cichlasoma octofasciatum (Regan, 1903), 

Jack Dempsey

Historical Distribution and Status. The Jack Dempsey 

is native to Central America on the Atlantic slope from 

southern Mexico to Honduras (Conkel, 1993). In 1986, 

three specimens were collected by CDFG in Lafayette 

Creek in the Walnut Creek watershed (letter from C. Swift, 

Associate Curator, Ichthyology, Natural History Museum, 

Los Angeles, to F. Hoover, CDFG, dated 17 September 1987; 

LACM 44336-1, 70-122 mm SL).  Subsequent sampling in 

Lafayette Creek by CDFG and during this study failed to 

collect any additional Jack Dempsey.  It is likely that an 

aquarium enthusiast released the three specimens of Jack 

Dempsey collected in 1986.

Recommendations. Jack Dempsey is a tropical fish that 

are unlikely to survive low winter temperatures character-

istic of Estuary waters. Lafayette Creek should be sampled 

regularly as part of monitoring for yellow perch (refer to 

recommendations for yellow perch, above) in order to pro-

vide early detection should Jack Dempsey reappear in the 

stream.

G O B I I D A E  ( G O B I E S )

Acanthogobius flavimanus (Temminck and Schlegel, 

1845), yellowfin goby

Historical Distribution and Status. Yellowfin goby is 

native to the estuaries and near coastal waters of China, 

Korea and Japan (Moyle, 2002).  They were first intro-

duced into California in the lower San Joaquin River near 

Stockton in 1963, and by 1966 had spread throughout the 

Estuary (Brittan et al., 1963, 1970). It was recorded at the 

Palo Alto Yacht Harbor and Leslie Salt ponds (Alviso), in 

the southern Estuary, by December of 1964 (Brittan et al., 

1970). There are records for the occurrence of yellowfin 

goby from eleven Estuary watersheds, although it prob-

ably occurs in the tidal estuarine portions of most water-

sheds (Table 6). Yellowfin goby are regularly collected 

during fish surveys in the tidal reaches of the Napa River 

(IEP, 2005). Leidy (1984) collected yellowfin goby from sev-

en (2%) sites in 1981. Yellowfin goby were found at only 

eight (5%) sites during this study, largely because tidal 

sites were generally not sampled (Table 6).

Ecology. Yellowfin goby is an estuarine species that lives 

in the silt and mud substrates of shallow subtidal and in-

tertidal habitats near the mouths of streams. Yellowfin 

goby can tolerate abrupt changes in water salinity and 

therefore, may be found in the salt, brackish, or freshwa-

ter reaches of streams (Moyle, 2002). The abundance of 

yellowfin goby was positively correlated with stream or-

der, average and maximum depth, wetted channel width, 

water temperature, low water clarity, percentage open 

canopy, and conductivity (Table 15).  Yellowfin goby was 

negatively correlated with elevation, dominant substrate 

size, and percent native species. Leidy (1984) and this study 

found yellowfin goby associated primarily with other es-

tuarine fishes including inland silverside, striped bass, 

rainwater killifish, threespine stickleback, Pacific staghorn 

sculpin, longjaw mudsucker, chameleon goby, and starry 

flounder. Within the freshwater reaches of stream yel-

lowfin goby also occasionally occurred with prickly sculpin 

and Sacramento sucker. In the tidal riverine wetlands of 

the Napa River yellowfin goby also was collected with tule 

perch.  

Tridentiger trigonocephalus (Gill, 1859), 

chameleon goby

Historical Distribution and Status. Chameleon goby 

was first introduced into the Estuary presumably in the 

early-to-mid-1960s, presumably from ship ballast (Brittan 

et al., 1963; Ruth, 1964).  It is now geographically wide-

spread and abundant in tidal waters of the Estuary (Baxter 

et al., 1999). It has been collected in tidal waters of Coyote 

Creek and the Guadalupe River in the southern Estuary, 

and the Petaluma and Napa rivers that flow into San Pablo 

Bay (Stevenson et al., 1987; Levy, 1993; Hieb, 2003; IEP, 

2005).  In 1994, I collected chameleon gobies at two sites 

in sloughs of the Napa River Marsh.
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haline species, and therefore does not typically occur in 

low salinity reaches of streams.  In the Napa River, I col-

lected chameleon goby at salinities of 38-42 ppt. A review 

of the ecology of chameleon goby in the Estuary can be 

found in Baxter et al. (1999). 

Tridentiger bifasciatus Steindacher, 1881, 

shimofuri goby

Historical Distribution and Status. Shimofuri goby is a 

euryhaline species native to estuaries bordering the Sea of 

Japan and the northwest Pacific Ocean in Japan and China 

(Pietsch et al., 2000).  Several sources cite the first confirmed 

record of shimofuri goby in California from Suisun Marsh 

in 1985 (Matern and Fleming, 1995; Moyle, 2002). Howev-

er, Baxter et al. (1999) contains a record for the collection 

by CDFG of shimofuri goby from the Estuary in 1984, fol-

lowed by its regular collection during the years 1986-1995.  

Because collections of shimofuri goby were likely confused 

with the nonnative chameleon goby, shimofuri goby proba-

bly was introduced into the Estuary sometime prior to 1984, 

but the exact date is not known. Beginning in 1996, shimo-

furi goby has been collected from brackish marshes of the 

Napa and Petaluma rivers adjacent to San Pablo Bay where 

it now appears to be common (Feyrer, 2003; Hieb, 2003; IEP, 

2005; USACE, 2006). In 1997, I collected several shimofuri 

gobies from a single site within a tidal reach of lower Gray-

son Creek upstream from its confluence with Walnut Creek. 

I was unable to locate collection records for other Estuary 

streams, but shimofuri goby can be expected to occur in the 

brackish waters of other Estuary watersheds bordering San 

Pablo and Suisun bays.

Ecology. Following its likely introduction in the early 

1980s, Shimofuri goby has rapidly spread throughout shal-

low (<2 m) tidal marsh and slough habitats throughout 

the northern Estuary (Matern, 2001; Moyle, 2002). In the 

Napa and Petaluma rivers, shimofuri goby was collected 

in species rich assemblages of native and nonnative fishes, 

including Sacramento splittail, Pacific staghorn sculpin, 

prickly sculpin, threespine stickleback, longjaw mudsucker, 

Pacific herring, striped bass, western mosquitofish, inland 

silverside, American shad, threadfin shad, and yellowfin 

goby (Feyrer, 2003; Hieb, 2003). In Grayson Creek, shi-

mofuri goby was associated with common carp, western 

mosquitofish, pumpkinseed, striped bass, yellowfin goby, 

Sacramento sucker, and prickly sculpin.  

Status. Because of its tolerance for brackish salinities (< 

17 ppt), high water temperatures (up to 37ºC), aggressive 

behavior toward other fishes, high fecundity, and appar-

ent exploitation of underutilized food sources, shimofuri 

goby can be expected to spread into the lower reaches 

of other streams in central and southern Estuary (Matern, 

2001; Moyle, 2002). The potential for shimofuri goby to 

adversely affect other native fishes that occur in brackish 

environments in the Estuary is unknown. 
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Los Heucus Ranch, Santa Clara County. Many 
large ranches in the Diablo Range still support 
intact native fish assemblages and these land-
scapes will be critical components of effective 
conservation strategies for fishes and other 
aquatic organisms. 

Photo: Tim Vendlinski.
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Distributional And Ecological Patterns

The majority of native fishes are geographically wide-

spread, and a moderate to high number of individuals 

characterizes each population. A relatively smaller num-

ber of native species are characterized by low popula-

tion abundances. Several native species have no or little 

existing information on their abundances.  Of the 33 spe-

cies of native fishes recorded historically from Estuary 

streams, at least 24 species (71%) still have reproducing 

populations (Table 6).  Thirteen species (38%) may be 

considered geographically widespread with generally 

moderate-to-high population abundances, including five 

primarily estuarine species (white sturgeon, staghorn 

sculpin, shiner perch, longjaw mudsucker, and starry 

flounder), three species supporting both estuarine and 

stream populations (threespine stickleback, prickly scul-

pin, and tule perch), one species with resident and anad-

romous populations (rainbow trout/steelhead), and four 

species with exclusively non-estuarine or resident stream 

populations (California roach, Sacramento pikeminnow, 

Sacramento sucker, and riffle sculpin).  Although tule 

perch are widespread among Estuary watersheds, their 

abundance varies with geographic region. In the south-

ern Estuary, tule perch populations appear to be rela-

tively small and isolated in a few watersheds (i.e., Coyote 

Creek, Guadalupe River, and possibly Alameda Creek). In 

contrast, tule perch are abundant locally in estuarine 

and riverine environments of several watersheds in the 

northern Estuary (i.e., Napa River, Sonoma Creek, Peta-

luma River, and lower Green Valley Creek). Riffle sculpin 

also are geographically widespread, but their occurrence 

is limited to only 12 watersheds throughout the Estuary 

(18% of the total number of watersheds). 

Although geographically widespread within the Estuary, 

the relative abundance of rainbow trout within individual 

watersheds varies from low to high (Leidy et al., 2005b).  

Rainbow trout/steelhead abundances vary depending on 

total Estuary outflow and local streamflow conditions and 

thus, great variability often exists among years and be-

tween age classes in the abundance of fish within any giv-

en watershed.  In addition, the status of presumed anad-

romous and resident rainbow trout may differ within a 

watershed.  For example, within the Alameda and Coyote 

Creek watersheds, resident rainbow trout may be locally 

abundant in the headwaters, while anadromous popula-

tions below dams in the lower watershed are threatened 

with extinction.  The current population structure of steel-

head in all Estuary watersheds is poorly understood.  For 

example, there are no reliable estimates for the number of 

adult steelhead for any watershed. Steelhead smolts also 

migrate downstream through estuarine environments, but 

the extent of estuarine rearing in the study area is also 

poorly understood. Recent analysis predicted that fifteen 

Estuary watersheds currently support viable (i.e., function-

ally independent) or potentially viable steelhead popula-

tions (Bjorkstedt et al., 2005).   

Hitch, Sacramento blackfish, Sacramento splittail, longfin 

smelt, and Delta smelt exhibit a relatively narrow geo-

graphic distribution within Estuary streams, but where 

found, often are locally abundant (Table 6). Longfin smelt, 

Sacramento splittail and Delta smelt abundances are posi-

tively correlated with total Estuary outflow, and therefore 

their population abundances fluctuate widely and may be 

low in dry years (Moyle, 2002). Suitable habitat for long-

fin smelt, splittail, and Delta smelt is limited in all but the 

largest Estuary watersheds. Hitch currently is restricted to 

less than fifteen watersheds, although they may be locally 

abundant. Hitch historically have been abundant in lower 

Coyote Creek downstream from Anderson Reservoir, but 

the recent spread of red shiner in the lower watershed 

may adversely impact hitch and other native cyprinids. In 

contrast, although Sacramento blackfish were found in 

only nine (13%) watersheds, their populations appear to 

be secure largely because of their tolerance of the poor 

water quality characteristics in the lower reaches of larger 

urbanized streams.  

Species with narrow geographic ranges and generally low 

population abundances in Estuary streams include green 

sturgeon, Sacramento splittail, hardhead, Sacramento 

perch, and Delta smelt (Table 6).  Concern over declining 

populations of green sturgeon led to a 2001 petition for 

its listing as threatened or endangered under the Federal 

Endangered Species Act (ESA) (Environmental Protection 

Information Center et al., 2001). Consequently, on April 

6, 2005, the NMFS proposed listing green sturgeon popu-

lations south of the Eel River, including the Estuary and 

Sacramento-San Joaquin River as threatened under the 

ESA (70 Federal Register 17386).  In Estuary streams, green 
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portions of the Napa, and possibly, Petaluma rivers. Sac-

ramento splittail are restricted primarily to the estuarine 

environments of larger streams in the northern Estuary, 

including the Napa and Petaluma rivers and lower Wal-

nut Creek.  Sacramento splittail have been collected in 

lower Coyote Creek as recently as 1997, but they likely 

only rarely occur there as transitory individuals during 

years of high total Estuary outflow. Hardhead are found 

only in Alameda Creek and the Napa River where they are 

restricted to the middle mainstem reaches. In the Napa 

River, hardhead occur in only about 5-8 km of the middle 

reaches of the watershed. The status of hardhead in the 

Alameda Creek watershed is poorly understood, but ap-

parently hardhead persist in low abundance within and 

immediately downstream of Niles Canyon. Because of 

their restricted distributions and relatively low popula-

tion abundances, hardhead presumably are susceptible to 

extirpation.  Native populations of Sacramento perch may 

persist only in small numbers in the Alameda Creek wa-

tershed. Apparent recent population declines in the lower 

watershed and Calaveras Reservoir suggest their status at 

these locations is precarious at best.

Chinook salmon, longfin smelt, rainbow trout/steelhead, 

and in the southern Estuary, tule perch, are generally 

widespread but may exhibit low population abundances 

in some watersheds (Table 6). Historically, Chinook salm-

on may have occurred only in a few of the larger Estuary 

watersheds (e.g., Guadalupe River, San Leandro Creek, 

Napa River), but their status has been poorly documented 

(Appendix 3). Beginning about the mid-1980s, however, 

spawning runs of Chinook salmon were observed in in-

creasing numbers within several geographically wide-

spread Estuary watersheds.  Evidence exists for the recent 

occurrence of Chinook salmon from at least twelve Estu-

ary watersheds (Appendix 3). Population abundances in 

these twelve watersheds appear low because of the rela-

tively small size of the run (i.e., likely ranging between 

a few to five hundred adult fish), and variable spawning 

success (i.e., egg hatching and juvenile survival).  The in-

creased abundance of Chinook salmon in Estuary water-

sheds is correlated with the release of fish of hatchery 

origin in the lower Estuary. Recent genetic analyses for 

some Estuary watersheds indicate that Chinook salmon 

are of hatchery origin. 

The status of several other native species is either poorly 

understood or entirely unknown. For example, little in-

formation is available on the population status of Pacific, 

river, and western brook lampreys.  Pacific lamprey is geo-

graphically widespread in the Estuary, occurring in at least 

twelve watersheds; however, the status of these popula-

tions is not known.  Even less information is available on 

the distribution and status of river and western brook lam-

prey in the Estuary.  While river lamprey have been collect-

ed regularly in low numbers since 1985 by the CDFG during 

sampling of the open waters of the Estuary (Baxter et al., 

1999), the status of their populations in tributary streams 

is not known.  Western brook lamprey is known only from 

samples taken in Coyote Creek during the 1920s, and its 

current status in Coyote Creek is unknown.  

In addition to lampreys, the status of two other species is 

unknown.  Speckled dace historically occurred in Coyote 

and Alameda creeks.  Speckled dace likely was extirpated 

from Coyote Creek following the 1976 drought (Smith, 

1999).  In Alameda Creek, speckled dace may persist in re-

mote and inaccessible headwater reaches that have not 

been thoroughly sampled.  

The status of coastrange sculpin is unknown and records 

for its occurrence may be based on misidentification.  Pos-

sible historical records exist for its occurrence in the Napa 

and Petaluma rivers, but it has not been recorded there in 

55 and 20 years, respectively.  Adult chum and pink salmon 

have recently been recorded from the lower Guadalupe 

and Napa (chum salmon only) rivers, but their current sta-

tus is unknown. 

Three fish species are extinct in Estuary watersheds.  The 

thicktail chub historically occurred in at least six water-

sheds.  The last record for its occurrence is Coyote Creek 

in 1898 (Appendix 2).  Coho salmon may have occurred in 

as many as fifteen (23%) Estuary watersheds; however, the 

last records for their occurrence are from the Corte Madera 

and Arroyo Corte Madera del Presidio creeks watersheds 

in the early-to-mid 1980s (Appendices 2 and 3; Leidy et 

al., 2005a).  Tidewater goby historically were known from 

several northern and central Estuary locations, but they 

were last collected from Corte Madera and Novato creeks, 

Marin County, in the late 1950s. Presumably this goby dis-

appeared from several other tidal lagoons in the Estuary 



during the 1960s. Attempts to collect tidewater goby from 

several historical locations during the 1990s were unsuc-

cessful (R. Swenson, TNC, personal communication, 1999). 

Estuary streams contain identifiable fish assemblages 

(i.e., fish zones or communities) that are related to envi-

ronmental gradients. Estuary stream fish occur as broadly 

overlapping species assemblages or longitudinal zones in 

response to gradients in environmental conditions.  Dis-

tinct species assemblages are most evident at the extremes 

of the environmental gradient (i.e., upper mainstem and 

tributary sites compared to lower large mainstem sites). 

Results from this study are largely consistent with the find-

ings and conclusions of other studies of fish assemblages 

and environmental gradients within the Sacramento-San 

Joaquin Fish Province (Murphy, 1948; Hopkirk, 1973; Moyle 

and Nichols, 1973, 1974; Saiki, 1984; Smith, 1982; Moyle et 

al., 1982; Brown and Moyle, 1993; Brown, 2000; Marchet-

ti and Moyle, 2001; May and Brown, 2002; Moyle, 2002). 

These earlier studies identified between three and five 

overlapping fish zones or assemblages, each characterized 

by distinct species associations and environmental condi-

tions.

As a geographic transition zone between North Coast and 

Central Valley Province watersheds, Estuary stream as-

semblages share characteristics of both regions. Individual 

Estuary streams typically contain three to five of the fol-

lowing assemblages defined by the dominant fish within 

the assemblage, and/or the general hydrogeomorphic unit 

supporting the assemblage.

Rainbow trout/upper mainstem-headwater tribu-
tary assemblage (Figure VI.1). Within the Sacramento-

San Joaquin Province, the rainbow trout assemblage has 

been described for the Central Valley (Murphy, 1948; 

Moyle and Nichols, 1974; Brown and Moyle, 1993; Brown, 

2000; Marchetti and Moyle, 2001; May and Brown, 2002; 

Moyle, 2002), Clear Lake (Hopkirk, 1973), Pajaro/Monterey 

Bay (Smith, 1982), Pit River (Moyle and Daniels, 1982; 

Moyle, 2002), McCloud River (Moyle and Daniels, 1982), 

and Upper Kern (Moyle, 2002) subprovinces. In the Estuary, 

the rainbow trout assemblage typically occurs in medium 

to high gradient streams with cool water temperatures, 

high water clarity, and relatively low conductivity. Streams 

often are narrow with shallow pools and short riffles, and 

high riparian canopy coverage. Combinations of gravel, 

cobble, boulders, and bedrock characterize the substrate. 

Within the Mt. St. Helena Flows and Valleys, Marin Hills 

and Valleys, Santa Cruz Mountains ecological subsections, 

the rainbow trout assemblage often occurs within riparian 

communities characterized by coast redwood, Douglas fir, 

western creek dogwood, California bay, and tanbark oak 

(Table 2). Within the drier East Bay Hills-Mount Diablo, 

Western Diablo Range, Diablo Range, and Ultrabasic Com-

plex ecological subsections, riparian communities typically 

are dominated by several species of willow, oak, California 

bay, and coulter and grey pine. 

Dominant native fishes within this assemblage are rain-

bow trout, which may occur alone, or with riffle or prickly 

sculpin. Within the upper tributaries of several watersheds 

(including Alameda, Coyote, and Corte Madera creeks, 

among others), California roach, juvenile Sacramento suck-

er, and occasionally threespine stickleback also are present 

in this assemblage, especially in the downstream areas of 

the rainbow trout zone.  Historically, speckled dace also 

would have occurred within the rainbow trout assemblage 

in the upper Alameda Creek watershed.

Downstream from migration barriers this assemblage 

resembles the anadromous fishes assemblage typical of 

many coastal northern California streams described by 

Moyle (2002), and is characterized by anadromous rain-

bow trout (steelhead), coho salmon (historically), and Pa-

cific lamprey. Estuary streams such as Arroyo Corte Madera 

del Presidio and Corte Madera creeks, Marin County, San 

Mateo Creek, San Mateo County; and, San Leandro Creek, 

Alameda County, also historically supported coho salmon 

that used medium-sized, cool tributary, or upper mainstem 

sites, for spawning and rearing.     

Mixed native fishes/middle mainstem-lower large 
tributary assemblage (Figure VI.2a-d). This assemblage 

was confined to warm, low to mid-gradient mainstem and 

lower large tributary reaches above 50 m elevation. Stream-

flow ranged from intermittent to perennial, with medium 

to large, long, deep pools, between shallow, wide riffles. 

Substrate composition varies considerably, ranging from 

sand-dominated pools to gravel-cobble-boulder riffles and 

runs. Water clarity typically is high and riparian canopy cov-

erage low. Conductivities are moderate to high. 
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Rainbow trout/upper mainstem-headwater tributary 
assemblage, upper Coyote Creek watershed, Santa 
Clara County.

VI.1 ▴

VI.2

▴

▴

▴

▴

VI.2a-d

a. Mixed native fishes/middle mainstem-lower large 
tributary assemblage, Arroyo Hondo Creek, Alameda 
County.	

b. Mixed native fishes/middle mainstem-lower large 
tributary assemblage, Upper Coyote Creek, near 
Gilroy Hot Springs, Santa Clara County.

c. Mixed native fishes/middle mainstem-lower 
large tributary assemblage, Sonoma Creek, Sonoma 
County.

d. Mixed native fishes/middle mainstem-lower large 
tributary assemblage, Napa River, Napa County.

a b

c d



Part VI   discussion

150
In the larger (> 400 km2) Estuary watersheds (e.g., Napa 

River, Sonoma Creek, Alameda Creek, Coyote Creek, Gua-

dalupe River, Walnut Creek), there are typically 8-10 spe-

cies present. In the Napa River and Sonoma Creek water-

sheds, species include Pacific lamprey, Sacramento sucker, 

Sacramento pikeminnow, hardhead (Napa River and pos-

sibly Alameda Creek, only), California roach, tule perch, 

prickly sculpin, riffle sculpin, and threespine stickleback. In 

Alameda and Coyote creeks, this assemblage also contains 

hitch.  Historically, Sacramento perch would have occurred 

within this assemblage, but it has been effectively extir-

pated from these watersheds. Within smaller Estuary wa-

tersheds (< 400 km2), several native species may be absent 

from this assemblage or in very low abundances, including 

Sacramento pikeminnow, hitch, and tule perch. 

Mixed native-nonnative fishes/lower small to large 
mainstem assemblage (Figure VI.3a-b). This assemblage 

is characteristic of the lowermost mainstem reaches of 

many streams within the largest watersheds ranging from 

the tidal zone upstream to about 20 m elevation within 

the largest watersheds.  Many of these stream reaches flow 

through highly urbanized environments, and are channel-

ized for flood control or bank stabilization. Stream gradi-

ent is low, and the channel often is wide and composed 

almost entirely of large, deep, pools with silt and sand 

substrates.  Summer water temperature and conductivity 

are high, and water clarity, riparian canopy coverage, and 

cover are low.

Nonnative fishes typically characterize this assemblage, 

although native fishes often are present in lower abun-

dances (i.e., semi-random pattern of dominance and oc-

currence). Dominant nonnative fishes include common 

carp, goldfish, golden shiner, red shiner, brown bullhead, 

channel catfish, green sunfish, bluegill, pumpkinseed, 

redear sunfish, largemouth bass, smallmouth bass, inland 

silverside, western mosquitofish, and bigscale logperch. 

Rainwater killifish, striped bass, and yellowfin goby often 

occur within this assemblage nearest the tidal zone. Native 

fishes occurring as common members of the assemblage 

include Sacramento sucker, Sacramento blackfish, three-

spine stickleback, and prickly sculpin and, near the tidal 

zone, staghorn sculpin.

Within the comparatively undisturbed reaches of small to 

medium-sized watersheds in Marin County (e.g., Arroyo 

Corte Madera del Presidio, and Corte Madera, Miller, and 

Novato creeks), 3-5 of these native species may dominate. 

Within the lower Napa River and Sonoma Creek, tule perch 

are abundant, particularly near the tidal zone.  Pacific lam-

prey is present in lower Coyote Creek, Santa Clara County. 

Threespine stickleback may be the only native fish in Es-

tuary watersheds regularly occurring in small (< 10 km2) 

watersheds with intermittent streamflow. These water-

sheds may support brackish and freshwater populations of 

stickleback. Nonnative fishes found with stickleback in this 

assemblage include western mosquitofish and rainwater 

killifish. These smaller watersheds may support other na-

tive fishes such as Pacific lamprey, prickly sculpin, staghorn 

sculpin, and longjaw mudsucker, in varying abundances.

Estuarine fishes/tidal riverine assemblage. (Fig-
ure VI.4). The estuarine fishes assemblage described by 

Moyle (2002) focuses largely on the Delta, Suisun Bay, and 

northern California coastal Pacific streams, not on estua-

rine fish assemblages of streams tributary to San Francisco 

Bay.  Stream fishes utilizing estuarine environments must 

be able to tolerate seasonal, daily, and hourly changes in 

salinities attributable to tidal cycles, total river discharge, 

and local stream discharge. The estuarine assemblage is 

most evident within the tidal portions of the larger Estu-

ary watersheds including the Petaluma River, Napa River, 

Sonoma Creek, Walnut Creek, Alameda Creek, Coyote 

Creek, and the Guadalupe River, although all tributaries 

regardless of watershed size have estuarine conditions 

near their mouths. 

Native fishes characteristic of the tidal riverine assem-

blage within large watersheds include white sturgeon, 

green sturgeon, Sacramento splittail, Delta smelt, longfin 

smelt, threespine stickleback, prickly sculpin, Pacific stag-

horn sculpin, tule perch (northern Estuary region), shiner 

perch, longjaw mudsucker, and starry flounder (Table 4; 

Appendices 2 and 3; Hopkirk, 1962; Caywood, 1974; Ma-

drone Associates, 1977; CDFG, 1979; Moyle et al., 1985; 

Stauffer Chemical Company, 1986; Wang, 1986; Stevenson 

et al., 1987; Herbold et al., 1992; USFWS, 1993a; Sommer et 

al., 1997; SCVWD, 2001; Baxter et al., 1999; Goals Project, 

2000; Feyrer, 2003; Hieb, 2003; USACE, 2006). Sacramento 

perch likely occurred historically within the low-salinity 

portions of the lower Napa River marshes.  
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tuarine environments of the smaller watersheds of Corte 

Madera and Novato creeks, Marin County. Nonnative fish-

es characteristic of tidal riverine habitats within the larger 

watersheds include black bullhead, brown bullhead, white 

catfish, channel catfish, wakasagi, rainwater killifish, west-

ern mosquitofish, inland silverside, striped bass, yellowfin 

goby, shimofuri goby, and chameleon goby (Table 5; see 

also references above).

Two other possible Estuary fish assemblages not clearly es-

tablished by the TWINSPAN and CCA analyses also occur in 

Estuary streams. These assemblages have been described 

for other subprovinces within the Sacramento-San Joaquin 

Province (Moyle, 2002).

Reservoir-affected assemblage/lacustrine assem-
blage (Figure II.13).  Natural lakes within the Estuary his-

torically were fishless, except for floodplain lakes adjacent 

to larger streams such as Willow Marsh, within the Alam-

eda Creek watershed, and Laguna Seca, within the Coyote 

Creek watershed. Approximately 43 major reservoirs that 

support assemblages of mostly nonnative fishes are known 

in watersheds of the San Francisco Estuary. This assemblage 

is associated with artificial reservoirs and large ponds, in-

cluding the reservoir pool and stream reaches immediately 

upstream and downstream from the impoundment within 

the reservoir fluctuation zone (Smith, 1982; Moyle, 2002). 

Reservoir assemblages may lay within other Estuary fish 

assemblages in the upper-to-middle elevation reaches of 

watersheds where most reservoirs are sited. For example, 

Calaveras and San Antonio reservoirs, Alameda Creek wa-

tershed, and Anderson and Coyote reservoirs, Santa Clara 

County, were constructed at sites historically characterized 

by the mixed native fishes/middle mainstem-lower large 

tributary assemblage. Other Estuary reservoirs, such as Up-

per and Lower Crystal Springs reservoirs, San Mateo Creek 

watershed, were built within areas characterized by the 

rainbow trout/upper mainstem-headwater tributary as-

semblage. The mixed native fishes/middle mainstem-lower 

large tributary and rainbow trout/upper mainstem-head-

water tributary assemblages still occur in reaches above 

and below the reservoirs.    

Reservoir assemblages may consist of resident reproduc-

ing and non-reproducing (i.e., periodically stocked, game 

and forage fishes), as well as several native fishes tolerant 

of lacustrine environments. Native fishes able to maintain 

reproducing populations in reservoirs and their tributary 

streams include Pacific lamprey, Sacramento blackfish, Sac-

ramento pikeminnow, Sacramento sucker, rainbow trout, 

prickly sculpin, Sacramento perch, and tule perch. 

Common nonnative fishes dominating reservoir assem-

blages include threadfin shad, common carp, goldfish, 

golden shiner, black bullhead, brown bullhead, white 

catfish, channel catfish, inland silverside, green sunfish, 

bluegill, redear sunfish, largemouth bass, white crappie, 

and black crappie.  Stream reaches immediately above and 

below reservoirs may contain nonnative reservoir species 

not typically found in similar stream environments in the 

absence of reservoirs. For example, Arroyo Hondo Creek 

upstream from Calaveras Reservoir supports a rainbow 

trout/upper mainstem-headwater tributary assemblage 

containing rainbow trout, California roach, prickly scul-

pin, and Sacramento sucker. Individual adult black bull-

head and largemouth bass are scattered within the deeper 

pools of Arroyo Hondo Creek immediately upstream from 

Calaveras Reservoir from which they immigrated. 

Releases of water into streams below reservoirs often re-

sults in the downstream spread of nonnative fishes.  The 

extensive spread of nonnative species into downstream 

reaches following their initial introduction in reservoirs 

is evident for several Estuary watersheds (e.g., Alameda 

Creek, Coyote Creek, and Guadalupe River). Smith (1982, 

p. 132) aptly termed this assemblage below reservoirs in 

the Pajaro River watershed, the “reservoir-escape, intro-

duced fishes association.”

California roach/small, warm, intermittent tribu-
tary assemblage (Figure VI.5). This assemblage is char-

acteristic of small intermittent streams with low overhead 

riparian cover, high summer water temperature (> 28° C), 

and low dissolved oxygen, and is dominated by Califor-

nia roach (Moyle, 2002; this study). California roach often 

occur in great abundance in small isolated pools. This as-

semblage is typically found downstream from the rainbow 

trout/upper mainstem-headwater tributary assemblage, 

or it replaces the rainbow trout assemblage in more arid 

watersheds of interior regions of the Estuary (e.g., Diablo 

Range).  Fishes regularly found with California roach in-



Part VI   discussion

152

VI.5 ▴

VI.4 ▴

VI.3

top left
a. Mixed native-nonnative fishes/lower 
small to large mainstem assemblage, 
lower Walnut Creek, Contra Costa County.

top right
b. Mixed native-nonnative fishes/lower 
small to large mainstem assemblage, 
lower Alameda Creek flood channel, 
Alameda County.

VI.4

Estuarine fishes/tidal riverine assemblage, 
lower Napa River, Napa County.

VI.5

California roach/small, warm intermittent 
tributary assemblage, upper Coyote Creek 
watershed, Santa Clara County.

VI.3

▴a ▴b
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with shoals of roach in pools. The nonnative green sunfish 

also is occasionally observed in the deeper pool habitats 

where this assemblage is found. 

Ecological gradients as measured by stream fish assem-

blages generally are shorter or more compressed in Estu-

ary streams compared to those of the larger Central Val-

ley Subprovince watersheds. Central Valley watersheds 

generally are much larger as measured by watershed area 

and longitudinal profile than Estuary watersheds. As such, 

environmental gradients tend to be longer and fish as-

semblages more distinct than in Estuary streams (Moyle, 

2002). Central Valley watersheds that drain from the Sierra 

Nevada support a distinctive and well-developed deep-

bodied fishes assemblage in their lower reaches on the 

valley floor (Moyle and Nichols, 1974; Brown, 2000; May 

and Brown, 2002; Moyle, 2002). With few exceptions, geo-

graphically extensive, alluvial, lowland riverine environ-

ments are poorly developed in Estuary watersheds. As a 

result, the mixed native-nonnative fishes/lowermost small 

to large mainstem assemblage (analogous to the deep-

bodied fishes assemblage of Moyle, 2002) is restricted to 

relatively short reaches within a few of the largest water-

sheds, particularly Alameda Creek, Coyote Creek, Sonoma 

Creek, and the Petaluma River. Similarly, the rainbow 

trout/upper mainstem-headwater tributary assemblage is 

less extensive than in the Central Valley Subprovince. This 

is explained by two factors (1) the greater availability of 

headwater environments in the Sierra Nevada compared 

to the Estuary, and (2) the introduction of trout into his-

torically fishless streams of the Sierra Nevada.  

Although Estuary and Central Valley streams share a com-

mon pool of freshwater dispersant stream fishes, Estuary 

streams support saltwater dispersant species not typically 

found in the Central Valley. Estuary watersheds support 

mixed-freshwater and estuarine-marine fish assemblages. 

Because of the historical connection to Sacramento River 

system during periods of lower sea levels, Estuary streams 

share freshwater dispersant fish species found in the Cen-

tral Valley. Relatively recent (5,000 – 8,000 years before 

present) changes brought on by rising sea levels have cre-

ated a relatively short, but extremely variable, gradient in 

water salinities at the mouths of every Estuary watershed 

(see III. Zoogeographic Relationships, above).  Water salin-

ities within the marine-estuarine-riverine transition zone 

in each Estuary watershed vary based primarily on complex 

interactions between the tides, total Delta outflow, indi-

vidual watershed size, and local streamflow.  Unlike the 

Central Valley, Estuary watersheds are dominated by salt-

water dispersant fishes (euryhaline marine and obligatory 

freshwater-salt water dispersant species in Tables 4 and 

5). Estuary streams generally exhibit a greater diversity of 

aquatic habitat types, as well as alpha and beta species 

diversity, than Central Valley watersheds of comparable 

size. Fish assemblage structure in this ecological transition 

zone is not well understood. Contrary to Moyle (2002), this 

research supports the inclusion of streams of the Estuary 

within a separate zoogeographic subprovince of the Sac-

ramento-San Joaquin Province.  As discussed above, Estu-

ary streams display several zoogeographic and ecological 

characteristics distinct from Central Valley streams.

Estuary streams and fish assemblages are transitional eco-

logically from coastal Pacific to Central Valley watersheds.  

As discussed previously, Estuary streams display ecological 

conditions and species assemblages transitional between 

north and central coastal Pacific watersheds and Central 

Valley watersheds. Thus, Estuary streams exhibit character-

istics of both geographic regions. In addition to containing 

more saltwater dispersant fishes than the Central Valley, 

Estuary streams also support more freshwater dispersant 

fishes than coastal Pacific drainages. For some species, such 

as coho salmon, a gradient of decreasing population abun-

dance exists from coastal Pacific, to Estuary and to Central 

Valley watersheds. In addition, Estuary watersheds support 

fishes uniquely adapted to estuarine conditions (e.g., Sac-

ramento splittail, Delta smelt).  Finally, Krejsa (1965) and 

Hopkirk (1973) note that populations of prickly and riffle 

sculpin exhibit geographic variation in morphology from 

coastal Pacific to Central Valley (i.e., inland) populations. 

According to Hopkirk (1967, p. 185), morphological “…in-

tergradation between coastal and inland populations [of 

prickly and riffle sculpin] apparently occurs in drainages of 

the San Francisco Bay system.” The extent to which stream 

fishes exhibit morphological and/or molecular variation 

from conspecifics within watersheds proximate to the Es-

tuary remains to be investigated. 

Freshwater dispersant fishes are geographically isolated 

within individual Estuary watersheds from one another.  
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All Estuary watersheds are tributary to the tidal portions 

of the Estuary where salinities may reach 36 ppt. Salinity 

acts as a barrier to the movement of freshwater disper-

sant stream fishes. There is a north-to-south gradient of 

increasing water salinity in tidal portions of the Estuary, 

suggesting that stream fishes in the southern Estuary 

generally are more isolated from adjoining watersheds 

than in the northern Estuary. The extent to which the 

proximity of the mouths of adjacent watersheds accom-

modates the transfer of native freshwater is unknown. 

Localized populations of freshwater dispersant species 

such as California roach, Sacramento pikeminnow, hard-

head, and riffle sculpin presumably are more vulnerable 

to extirpation than other fishes within individual water-

sheds because there is no opportunity for re-coloniza-

tion from adjacent populations. Historically, Central Val-

ley freshwater dispersant fishes could migrate between 

watersheds during average runoff years because of sea-

sonally continuous freshwater connections. An evolu-

tionary consequence of isolation of local populations of 

stream fishes in the Estuary may be species divergence 

in response to watershed specific environmental condi-

tions, as shown for California roach in the San Joaquin 

drainage (Brown et al., 1992; Jones, 2001).  

Small Estuary watersheds and relatively undisturbed 

stream reaches within larger watersheds support assem-

blages dominated by native fishes. Several small (< 150 

km2) watersheds support fish assemblages dominated (as 

measured by relative and total population abundance) by 

between three to seven native fishes. These assemblages 

contain 70-90% of the native species expected to occur 

under pre-European historical conditions.  For example, 

several Marin County streams support intact native as-

semblages of fishes, including Pacific lamprey, California 

roach, Sacramento sucker, rainbow trout, prickly sculpin, 

riffle sculpin, and threespine stickleback.  Native fishes his-

torically (now extirpated) present in some Marin County 

streams include coho salmon, tule perch, and tidewater 

goby. Within several larger watersheds (> 150 km2), native 

fishes dominate from the headwaters and upper tributar-

ies downstream through the middle mainstem and lower 

large tributaries. For example, within Napa River and So-

noma Creek, native fishes are numerically dominant along 

a longitudinal gradient in assemblages of one to nine spe-

cies (see V. Results, above).   

The lower reaches of several highly urbanized watersheds 

contain diverse assemblages of native and nonnative fish-

es. Although nonnative fishes tend to dominate assem-

blages within the lower urbanized reaches of watersheds, 

native fishes also are present.  The result is that several 

large urbanized watersheds contain variable abundances 

of native and nonnative species. For example, species pres-

ent within the lowermost reaches of Walnut, Alameda, 

and Coyote creeks at any given time (mixed native-nonna-

tive fishes/lowermost small to large mainstem assemblage) 

may include six to twelve nonnative and two to five native 

fishes (Appendix 3).

The relative abundance of native and nonnative fishes is 

correlated with several characteristic environmental vari-

ables at sites within Estuary streams.   Sites dominated by 

native fishes have several general environmental charac-

teristics. Native fishes generally occur in relatively undis-

turbed stream environments, but this pattern varies with 

species and local conditions within and between water-

sheds. Species composition of the rainbow trout/upper 

mainstem-headwater tributary assemblage consists pri-

marily of rainbow trout alone, or rainbow trout with riffle 

sculpin. The rainbow trout assemblage displays a wide 

geographic distribution generally at elevations >100 m in 

the coastal hills and mountains surrounding the Estuary. 

Rainbow trout and riffle sculpin had the highest elevation 

distribution of any native species. 

Other characteristic environmental conditions associated 

with the rainbow trout assemblage include narrow chan-

nels with moderate to high gradients with clear, cool, 

shallow pools and riffles. Riparian canopy coverage was 

greatest for all native species.  The substrate consisted of 

gravel, cobble, boulder and bedrock. Conductivity is the 

lowest for all native fishes.   Land use is rural consisting of 

undeveloped range and woodlands in mixed public and 

private ownership.

Environmental characteristics associated with native fishes 

within the middle mainstem-lower large tributary assem-

blage include low gradient, moderately deep, warm pools, 

with a high percentage of open riparian canopy (low 

shading). Pools are separated by short, shallow riffles. The 

dominant substrate is typically mixtures of sand and grav-

el. Water conductivity is usually high. This assemblage is 
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ple, in the Napa River and Sonoma Creek the assemblage 

contained a diverse array of six to nine native species, 

including Pacific lamprey, California roach, Sacramento 

pikeminnow, hardhead (Napa River), Sacramento sucker, 

riffle sculpin, prickly sculpin, threespine stickleback, and 

tule perch.

Conservation

Why Do Estuary Streams Support Assemblages of 
Native Fishes? The San Francisco Estuary is one of the 

most urbanized in the United States. The number of people 

living within the Estuary region is more than 7 million with 

the population projected to exceed 8.7 million people by 

2030 (Association of Bay Area Governments, 2006). Human 

activities over the last 150 years have modified the environ-

ments of all streams surrounding the Estuary. Urbanization 

is known to adversely affect native stream fishes worldwide 

and Estuary fishes are no exception (Leidy and Fiedler 1985; 

Brown et al. 2005).  Adverse effects on tributary streams in-

clude: urbanization; agricultural conversion; the release of 

water-borne pollution and contaminants; grazing; water 

diversions and groundwater extraction; dredging and wa-

terway modification, including channel alteration for flood 

control; construction of dams and reservoirs; sedimenta-

tion; and the introduction of nonnative aquatic organisms 

(Leidy, 1984; San Francisco Estuary Project, 1997; The Bay 

Institute, 1998). Notwithstanding these impacts to Estuary 

streams, this study shows that many watersheds contain 

healthy assemblages of native fishes. For the following 

text, I discuss six reasons why I believe Estuary watersheds 

maintain native assemblages of fishes.

First, headwater and upper mid-elevation environments 

(i.e., stream orders 1-3, or elevations > 125 m) of many Es-

tuary watersheds are in non-urbanized, forest and range-

land communities (Figure VI.6a-b).  For example, approxi-

mately 80% of the upper reaches of the Coyote Creek and 

Alameda Creek watersheds are within forest and range-

land communities (Buchan et al., 1999; SCCWMI, 2001). 

Within the Coyote Creek watershed, the upper reaches of 

Arroyo Aguague, San Felipe, Little Coyote, Middle Fork 

Coyote, Soda Springs, Grizzly, and many other unnamed 

streams lie within non-urbanized landscapes (SCCWMI, 

2001). Native fish assemblages typically characterize these 

non-urbanized lands (e.g., rainbow trout/upper main-

stem-headwater tributary and mixed native fishes/middle 

mainstem-lower large tributary assemblages).  Many ru-

ral lands are within large public land holdings (e.g., Henry 

Coe State Park at approximately 32,000 hectares).  In ad-

dition, there are mid-elevation stream reaches (40-100 m 

elevation) within some watersheds (e.g., Sonoma Creek 

and the Napa River within the northern Estuary) charac-

terized by non-urbanized, agricultural lands that contain 

assemblages dominated by native fishes.  Finally, suburban 

environments (e.g., Marin County) characterized by low-

density housing contain stream reaches that support rela-

tively intact assemblages of native fishes.

Second, sixty-four percent (n = 21) of the Estuary’s 33 native 

stream fish species are either euryhaline marine (6 species) 

or saltwater dispersant, obligatory freshwater fishes (15 spe-

cies).  Estuarine and marine fishes utilize the lower tidal por-

tions of many Estuary streams. Dominance in Estuary streams 

by saltwater dispersants likely is explained by several factors. 

Anadromous and amphidromous fishes comprise 43% of the 

freshwater species in Estuary streams. Presumably, anadro-

mous fishes utilized streams within the Estuary region prior to 

the most recent rise in sea levels beginning 8,000-10,000 ybp.  

Fossil remains of a salmonid (Salmonidae) dated from early 

Pleistocene from the east side of San Francisco Bay, Alameda 

County, indicate the presence of perennial, cold, headwater 

streams (Casteel and Adam 1977).  Historically, several anad-

romous species in the genera Oncorhynchus, Lampetra, and 

Gasterosteus have benefited from the proximity to ocean and 

estuarine environments of hundreds of kilometers of suit-

able freshwater habitat for spawning and rearing.  Saltwater 

dispersant fishes also may be able to maintain or recolonize 

habitats in watersheds from which they have been extirpated 

by natural events and/or human activities. 

Third, estuarine and marine fishes utilize the lower tidal 

portions of many Estuary streams. By definition estuarine 

environments are areas where river-derived freshwater 

mixes with higher salinity ocean water.  Water salinities 

at any given location within the tidal portions of the Estu-

ary may vary from near 0 ppt (freshwater) to 36 ppt (in 

excess of open ocean salinities).  Tidal reaches of streams, 

in particular, are environments that exhibit widely fluctu-

ating salinities over hourly, daily, seasonal, and multi-year 
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cycles in response to the complex interactions of freshwa-

ter discharges, tidal cycles and winds.  In response to vari-

able salinities, the tidal stream reaches are characterized 

by fish assemblages composed of euryhaline marine and 

estuarine species that shift in dominance in response to 

temporal and spatial shifts in water salinities and life his-

tory strategies. 

For example, the lower tidal portions of several larger Es-

tuary streams, particularly the Napa River, Napa County; 

Sonoma Creek and the Petaluma River, Sonoma County; 

Walnut Creek, Contra Costa County, Alameda Creek, Alam-

eda County; and Coyote Creek and the Guadalupe River, 

Santa Clara County, support fresh water to brackish water 

tidal riverine environments.  Tidal freshwater and brack-

ish environments provide suitable conditions for a vari-

ety of native species tolerant of variable salinities, most 

notably white sturgeon and green sturgeon, Sacramento 

splittail, Delta smelt, longfin smelt, topsmelt, threespine 

stickleback, prickly sculpin, Pacific staghorn sculpin, tule 

perch, shiner perch, tidewater goby, longjaw mudsucker, 

and starry flounder, among others (Appendix 3). Smaller 

watersheds without well-developed estuaries typically 

support fewer euryhaline species, but will support native 

species such as threespine stickleback, Pacific staghorn 

sculpin, and prickly sculpin. These estuarine species com-

prise a significant portion of the species found in some 

Estuary watersheds.                    

Fourth, saltwater at the mouths of all Estuary watersheds 

is a barrier to the invasion of nonnative, obligatory fresh-

water dispersant fishes. Presumably, in the Central Valley 

nonnative fishes can invade watersheds through largely 

continuous freshwater environments that connect them. 

Only during periods of extremely high total estuarine dis-

charge can nonnative freshwater fishes disperse between 

Estuary watersheds, particularly in the southern portions of 

the Estuary. Saltwater dispersal barriers may benefit native 

fish assemblages by reducing the frequency of opportuni-

ties for invasion and establishment of nonnative fishes.  

Fifth, many Estuary watersheds lack large permanent reser-

voirs.  There are approximately 45 Estuary watersheds that 

do not contain major reservoirs (> 50 acre-feet capacity). Res-

ervoirs contribute to the spread of nonnative fishes in two 

primary ways. Reservoirs serve as continuous sources of non-

native fishes to downstream and tributary reaches.  Second, 

the operation of reservoirs designed to store large volumes 

of water alter the natural hydrograph downstream from the 

dam. For these reasons, native fish assemblages may benefit 

from the lack of large reservoirs.  Watersheds with small-

to-moderate-sized reservoirs are typically characterized by 

a more natural flood regime in downstream reaches com-

pared to reservoirs with greater storage capacities.

Sixth, native fishes have benefited from management 

practices including stream restoration projects through-

out the Estuary. Several geographically large tidal estua-

rine and riverine wetland restoration projects have been 

completed to the benefit of native fish communities, and 

many more are in the planning and implementation stag-

es (The Wetland Project Tracker, 2006). For example, the 

Napa River floodplain restoration project implemented in 

2000 has restored several thousand acres of tidal riverine 

and floodplain habitats utilized by native estuarine fishes 

(USACE, 2006).  Other examples of stream restoration proj-

ects benefiting native fishes include projects to remove mi-

gration barriers to steelhead and Chinook salmon in the 

Guadalupe River, Coyote Creek, and San Francisquito Creek 

watersheds in the southern Estuary (D. Salisbury, SCVWD, 

personal communication, 2003). Several restoration proj-

ects in highly urbanized environments also have benefited 

native fishes. Restoration of portions of the lower reaches 

of Codornices Creek, Alameda County, has resulted in the 

reestablishment of steelhead and other native fishes in a 

highly urbanized setting. Efforts to restore the headwa-

ters of Sausal Creek in the Oakland Hills will presumably 

benefit resident rainbow trout (Leidy et al., 2005b). Finally, 

native fishes including California roach, Sacramento suck-

er, threespine stickleback, and prickly sculpin have been 

reintroduced to the headwaters of Strawberry Creek on 

the U.C. Berkeley campus (Charbonneau and Resh, 1992). 

There are dozens of other planned and completed resto-

ration projects within Estuary watersheds that already, or 

in the near future, will benefit native fishes (The Wetland 

Project Tracker, 2006). 

How Can Estuary Streams Contribute Significant-
ly to the Conservation of Native Fishes within the 
Sacramento-San Joaquin Fish Province? Conserva-

tion strategies aimed at fishes within the Sacramento-San 

Joaquin Province should place much greater emphasis on 
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watersheds, rather than focusing primarily on streams of 

the Central Valley. Many Estuary watersheds already sup-

port healthy assemblages of native fishes and for this rea-

son alone, conservation strategies focused here are likely 

to be more successful. In addition, from a societal perspec-

tive, there exists strong public and political support for the 

protection of aquatic biodiversity in streams surrounding 

the Estuary. Several measures can be implemented in Estu-

ary watersheds to conserve native stream fishes.

(1) Develop an Estuary-wide stream monitoring 
strategy. Scientifically based monitoring is necessary to 

assess baseline conditions, as well as spatial and temporal 

changes to aquatic biodiversity, and, therefore serves as an 

effective foundation for setting subsequent research pri-

orities and management decisions (USEPA, 2002). The first 

step in the implementation of a conservation strategy to 

protect native Estuary stream fishes is the establishment of 

an effective, unified regional monitoring strategy. With-

out systematic monitoring, baseline ecological conditions 

and the success of conservation measures in protecting na-

tive fishes cannot be evaluated effectively. Such a monitor-

ing strategy should include the development of a regional 

hydrogeomorphic classification for streams and the estab-

lishment of a suite of stream reference sites encompassing 

representative fish assemblages as well as fishless waters. 

A reference framework will provide baseline information 

on the range of environmental conditions within Estuary 

streams. Once established, reference conditions can be 

used in the setting of restoration goals, assist in project 

design in the context of environmental permitting, and be 

used to monitor the relative success of restoration activi-

ties. An Estuary-wide monitoring strategy for stream fishes 

could be developed using a subset of the sampling sta-

tions established during this study.  An integral part of any 

monitoring strategy should include focused sampling to 

determine the population status of several species whose 

conservation status is uncertain (e.g., all lamprey species, 

speckled dace, salmonids, and Sacramento perch).

(2) Protect and manage low order (i.e., Strahler 
stream orders 1-3), headwater, tributary streams. 
These streams are characterized by a range of hydrologic 

regimes (i.e., ephemeral to perennial), may contain fish or 

be fishless, and typically account for greater than seventy 

percent of the total linear stream miles in many water-

sheds.  The headwaters of many Estuary watersheds that 

lie at greater than 100 m elevation currently are within 

public and private protected parks and wildlands. This may 

explain in part, why healthy assemblages of native fishes 

persist within the upper reaches of several of these water-

sheds.  However, other headwater streams are threatened 

with destruction and chronic degradation through filling 

and other alterations related primarily to urbanization. 

Headwaters streams are in many ways most important to 

overall watershed health providing multiple hydrologic, 

biogeochemical, and ecological benefits to downstream 

receiving waters, including the fish communities and urban 

population centers (Rosenberg, 2003). Alteration of head-

water streams will have negative affects to downstream 

receiving waters, primarily through changes in the hydro-

graph as impervious surfaces are increased in headwater 

areas (Meyer and Wallace, 2001; Paul and Meyer, 2001, 

Konrad and Booth 2005). Downstream waters are easier 

to restore if the headwaters are intact. Several headwa-

ter species in the Estuary also occur in downstream stream 

reaches, so headwaters can serve as a source of potential 

native colonizers. 

(3) Take a “Protect the Best” conservation approach 
focused on riverine landscapes. Conservation actions 

should be directed at largely intact native stream fish as-

semblages and their habitats within the Estuary.  Focused 

protection and management of native fish assemblages 

that approach historical reference conditions should be 

given high priority by local, state, and federal agencies 

and public and private land stewards. This “protect the 

best” approach to conservation of native fishes is likely 

to be most cost effective because many of these stream 

habitats are already encompassed within public parks and 

wildlands that are managed to protect biodiversity. 

Four assemblages within the Estuary (i.e., rainbow trout/

upper mainstem-headwater tributary; anadromous fishes/

small to medium, cool, tributary; California roach/small, 

warm, intermittent tributary; and mixed native fishes/mid-

dle mainstem-lower large tributary) are characterized by 

native fishes. These assemblages are increasingly threat-

ened within the Central Valley, but are well represented 

within several Estuary watersheds. The mixed native fishes/

middle mainstem-lower large tributary assemblage of me-
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dium to large watersheds in the Estuary is perhaps the most 

threatened with changing land use practices and could 

benefit most from an aggressive conservation strategy 

that includes acquisition and management. For example, 

the acquisition and/or protection through a conservation 

incentive program of lands bordering the middle reaches 

of the Napa River and Sonoma Creek would contribute 

greatly to the protection of native fish assemblages.

 (4) Develop a strategy for the reintroduction of native 
fishes into streams of historical occurrence.  Streams 

with intact assemblages of native fishes combined with his-

torical and archaeological data could be used to build a ref-

erence framework to infer past species distributions. Several 

watersheds with suitable habitat potentially could benefit 

from the reintroduction of native fishes. For example, there 

may be opportunities to introduce California roach into 

several small streams where it historically occurred or was 

likely to have occurred (e.g., San Leandro Creek, lower Wild-

cat Creek, and upper San Pablo Creek) from populations in 

adjacent watersheds. Reintroduction programs also could 

provide opportunities for natural experiments into those 

ecological processes and mechanisms important in the struc-

turing fish communities. Priority should be given to restora-

tion strategies for regionally extirpated or declining species 

such as coho salmon, steelhead, speckled dace, Sacramento 

perch, and tidewater goby.

(5) Manage reservoirs and other impoundments 
to benefit native fishes through the establishment 
of natural f low regimes. Altered flow regimes are 

recognized increasingly as having adverse effects on na-

tive fishes, perhaps most notably by promoting the inva-

sion and establish of alien species (Bunn and Arthington, 

2002; Marchetti and Moyle, 2001; Marchetti et al., 2004). 

Fourteen reservoirs in Estuary watersheds have a storage 

capacity of approximately ≥ 10,000 AF (Table 3).  Modi-

fied operation of these reservoirs for the benefit of native 

fishes through changes to the amount and timing of water 

releases could help restore remnant or extirpated popu-

lations of steelhead and possibly coho salmon in stream 

reaches below reservoirs with suitable habitat.  In addi-

tion, seasonal flow releases during late-winter to early 

spring months that mimic natural flood flows are likely 

to benefit native fishes over alien fishes in downstream 

reaches (Brown and Ford, 2002). For the thousands of 

permanently flooded ponds and reservoirs (<50 AF stor-

age capacity), there should be a focused management 

program to eradicate non-native fishes and encourage re-

stocking with appropriate native species (e.g., Sacramento 

perch, Sacramento blackfish, hitch).  Such small reservoir 

and pond management programs could potentially be 

supported through local Resource Conservation Districts 

under the Natural Resources Conservation Service, which 

traditionally have effective working relationships with lo-

cal landowners, and/or through local mosquito abatement 

districts (Figure VI.7).

(6) Conduct an assessment of the projected effects 
of various climate change scenarios on stream and 
f loodplain environments.  There is a growing body 

of information on the possible environmental effects of 

global climate change (i.e., IPOC, 2007).  An assessment 

should be made of how future projected changes in physi-

cal factors such as sea level, precipitation, and other global 

and local climatic and weather patterns are likely to influ-

ence Estuary stream environments and fish communities. 

For example, sea level rise may have significant effects on 

tidal and non-tidal reaches of confined urbanized streams 

by shifting salt- and brackish-water environments in an 

upstream direction. Thus, sea level rise could reduce the 

extent of freshwater environments with potentially dra-

matic changes to existing fish assemblages. Assessment of 

potential future climatic scenarios will help stakeholders 

wisely plan, prioritize, and implement stream and flood-

plain restoration projects (see (7), below).        

(7) Identify opportunities for restoring riverine 
f loodplain functions. Floodplain environments are 

important to maintaining the physical, chemical, biologi-

cal functions of streams, including native California fishes 

(Crain et al., 2004; Ribeiro et al., 2004).  Low elevation (< 

100 m) reaches of many Estuary streams have been con-

fined artificially as a result of urbanization and agricul-

tural activities. Artificial reduction of stream cross-sec-

tional area increases bed sheer stress and may reduce the 

diversity of instream habitat important to native fishes 

by increasing channel and bank erosion while decreasing 

channel bed microtopography. Opportunities to increase 

stream cross-sectional area, especially flood prone width, 

with the goal of enhancing instream microtopography 

and adjacent flood plain terrace functions should be iden-
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top left
a. Diablo Range, Alameda County.

top right
b. Diablo Range, Santa Clara County.

VI.7

Sizer Flat Reservoir, Santa Clara 
County. Photo: Tim Vendlinski.
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tified. For example, there may be opportunities to direct 

public and private funds toward the restoration of flood-

plain buffers or meander zones in agricultural settings, 

and toward the strategic removal and/or modification of 

key individual hard-engineered structures (i.e., buildings, 

parking lots, and non-functioning flood control structures) 

in more urbanized floodplain settings. Successful restora-

tion of floodplain functions will necessarily require imple-

mentation of measures “outside of the channel” in order 

to reduce the effects of impervious surfaces and the artifi-

cial extension of drainage networks on surface hydrologic 

patterns, sediment transport dynamics, and instream and 

floodplain habitats. Importantly, in addition to benefiting 

native fishes, floodplain restoration will contribute to in-

creased flood protection for adjacent land uses. 

(8) Establish demonstration reaches that showcase 
stream restoration activities. Demonstration reaches 

function to educate the public on the environmental bene-

fits of implementation of an array stream restoration prac-

tices to the conservation of native fishes and their habitats 

(Barrett and Ansell, 2003; Murray-Darling Basin Commis-

sion, 2004).  Demonstration reaches could be positioned 

within a watershed at sites with impaired or degraded 

ecological functions in order to maximize environmental 

benefits, as well as community awareness of restoration 

activities. Demonstration reaches also could be designed 

to incorporate public participation in various ongoing 

restoration activities.  Ideally, oversight of a demonstra-

tion stream reach program could be housed within a state 

agency, such as the San Francisco Regional Water Quality 

Control Board, which could serve to advertise demonstra-

tion reaches to promote and foster public participation. As 

Estuary stream reaches are restored and restoration goals 

are achieved, new demonstration reaches showcasing 

emergent technologies and methods can be added.  
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Historical (pre-1981) distributional records for native 

stream fishes in Appendix 2 are organized taxonomically 

by family and species, and in phylogenetic order. Scien-

tific nomenclature and phylogeny follow Moyle (2002). In 

some instances common names for species (e.g., “suckers”, 

“steelhead”, etc.) are used, especially when quoting di-

rectly from a historical source. Within an individual species 

account, records are further organized by watershed and 

county (ies), beginning with Marsh Creek, in eastern Con-

tra Costa County and continuing clockwise around the Es-

tuary to Suisun Creek, Solano County.  Named watersheds 

and tributary streams are presented in Appendix 1. Within 

a particular watershed, historical records are further orga-

nized chronologically from earliest to most recent record. 

While the amount of available information varies widely 

between records, data is typically organized as follows: 

183

Appendix II

Historical References for Native Stream 

Fishes for the Period 1854-1981, 

San Francisco Estuary, California

The full version of Appendix II is available at www.sfei.org/leidy_No530/index.html
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Collection locality (individually bolded for convenience), 

date of collection or source, type of survey (e.g., visual, 

electrofishing, seine or gill netting, fish kill, fish stock-

ing record, etc.) and record collector(s), (source of infor-

mation and publication date, followed by page number, 

if applicable, and for museum collections, collection or 

file number, followed by the number and size range of 

specimens, when available). In some instances, complete 

or partial quotations are directly excerpted from the pri-

mary source in order to augment a record; in these cases 

“quotation marks” are used. Records from the published 

literature are presented by author followed by publication 

year and, page number, and the number and size range of 

specimens, when available. Published sources are included 

in the Literature Cited section of this study. 

Historical records housed in museums and universities and 

in agency files for Estuary streams and selected portions 

of San Francisco Bay were collected from the sources are 

listed alphabetically below. Acronyms contained in the 

various records precede each source.

Note: Appendix II may not include all historical records 

documented in the literature after 1981. These records are 

cited in the main body of the report and may be found 

within Section Vii. Literature Cited.

ANSP Academy of Natural Sciences, Philadelphia, PA;

BNMH British National Museum of Natural History, London, Great Britian

CAS California Academy of Sciences, San Francisco, CA;

CDFG California Department of Fish and Game, Stream and Lake and Reservoir Files (Yountville, Menlo Park, 
and Monterey offices, CA);

CNHM Chicago Field Museum of Natural History Museum, IL;

CU Cornell University, NY;

FLMNH Florida Museum of Natural History, FL;

IU Indiana University, Natural History Survey, IND (housed at CAS);

KU Kansas University Natural History Museum, KS;

MNHN Museum of Natural History, Netherlands;

NRM Swedish Museum of Natural History, Ichthyology Section;

SFSU San Francisco State University, CA (records provided by Margaret Bradbury);

SIO Scripts Institute of Oceanography, CA

SJSU        San Jose State University, CA (records provided by Jerry J. Smith);

SNSU Sonoma State University, CA (records provided by John D. Hopkirk);

SSU Sacramento State University, CA (records provided by Martin R. Brittan);

SU Stanford University, CA (housed at CAS); 

UCB University of California, Berkeley (housed at CAS);

UCDPM University of California, Davis (records provided by Peter B. Moyle);

UH University of Hamburg, Ichthyology Collection, Germany;

UMMZ University of Michigan, Museum of Zoology, Fish Division;

USNM United States National Museum (Smithsonian Institution) of Natural History, Fish Collection, Washington, D.C.;

YPM Peabody Museum of Natural History, Yale University, CT;

ZMH University of Hamburg, Germany;



R
.A

. 
Le

id
y

Table xx  
Title of table

185

Appendix III

Presence of Fish Species by Watershed, 

San Francisco Estuary, California
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Note:

The number associated with each stream name corresponds 

to numbering on maps within Appendix I. Listings of na-

tive and nonnative species within watersheds are complied 

from historical and recent records. The author accepts re-

sponsibility for any omissions and errors. The author also 

acknowledges that fish species may be added and/or de-

leted from the list as more information is developed from 

additional field sampling and museum research, and from 

natural and human-induced species’ range contractions 

and expansions.

Presence of Fish Species in Watersheds of Contra Costa County West - Alameda County North Watershed Index
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13 14 15 16 17 18 19 20 21 22 23 24 25

Pacific lamprey — — — — — — — — — — — — N

River lamprey
— — — — — — — — — — — — N/E?

White sturgeon — — — — I — — — — — I — N?

Threadfin shad
— — —

— — — — — — — I I

Common carp
— — — — I — — — — — I I I

Goldfish
— — — — I I — — — — I I I

Golden shiner
— — — — I — — — — — I I I

Tui chub
— — — — — — — — — — — — I?

Thicktail Chub
— — N/E — N/E — — — — — — — N/E

Hitch
— — — — I* — — — — — N — N

California roach — — N/I — — — — — — — — N N

Sacramento blackfish — — — — — — — — — — — — N

Sacramento splittail — — — — — — — — — — — — N/E

Hardhead
— — — — — — — — — — — — N?

Sacramento pikeminnow — — — — — — — — — — — N N

Speckled dace
— — — — — — — — — — — — N/E?

Sacramento sucker — — N/I — — — — — — — N N N

Channel catfish
— — — — I* — — — — — I I*  I*

White catfish
— — — — — — — — — — — — I*

Brown bullhead — — — — — — — — — — — I* I

Black bullhead
— — — — — — — — — — — — I*

Coho salmon
— — N/E — — — — — — — N/E N?/E N/E

Chinook salmon — — — — — N? — — — — N/E — N

Rainbow trout
— N N/E — N/E — N N N N?/E N N N

Brown trout
— — — — — — — — — — — — I?

Brook trout
— — — — — — — — — — — — I/E

Rainwater killifish I — — — — — — — — — — — I

Western Mosquitofish I I — — I I — — — I — I I

Inland silverside — — — — — — — — — — I
I

Threespine stickleback N N N/I — N N — N — N N N N

Striped bass
I — — — — — — — — — — — I

Sacramento perch — — N/E — N/I — — — — — — — N/E?

Black crappie 
— — — — I* — — — — — I I* I*

White crappie
— — — — — — — — — — — I* —

Warmouth
— — — — — — — — — — I I* —

Green sunfish
— — — — I I — — — — I I I

Bluegill
— — — — I — — — — — I I I

Redear sunfish
— — — — I — — — — — — I* I

Largemouth bass — — — — I — — — — — I I* I

Smallmouth bass — — — — — — — — — — — I I

Redeye bass
— — — — — — — — — — — — I*

Bigscale logperch — — — — — — — — — — — — I

Shiner perch, 
— — — — — — — — — — — — N

Tule perch
— — — — N/I/E — — — — — — — N?

Yellowfin goby — — — — — — — — — — — — I

Longjaw mudsucker — — — — — — — — — — — — N

Staghorn sculpin — — — — — — — — — — — — N

Prickly sculpin
— N N/I — — — — — — — N N N

Riffle sculpin
— — — — — — — — — — N? — N?

Starry flounder — — — — — — — — — — — — N

No. native species 1 3 8 0 5 2 2 2 1 2 8 7 24

No. introduced species 3 1 0 0 13 3 0 0 0 1 11 15 24

Total species
4 4 8 0 14 5 2 2 1 3 19 22 48

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status uncertain. Emboldened font identifies populations at risk of extinction

* Primarily a reservoir species, but locally common in streams.
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1 2 3 4 5 6 7 8 9 10 11 12
Pacific lamprey — — N? — — — — — — — — —
White sturgeon — — N — — — — — — — — —
Common carp — — I — — — — I — I I I
Goldfish — — I — — — — I — — — —
Golden shiner — — I — — — — I — — I —
Fathead minnow — — I — — — — — — — — —
Thicktail chub N/E — N/E — — — — — — — — —
Hitch N — N — — N — — — — I/E —
California roach N N N N — N — N — N — —
Sacramento blackfish N — N — — — — — — — — —
Sacramento splittail N — N — — — — — — N? N? —
Hardhead N/E — — — — — — — — N/E N/E —
Sacramento pikeminnow N — N — — N — N N N N —
Sacramento sucker N N N N — N — N — N N —
Channel catfish — — — — — — — — — — I —
White catfish — — I — — — — I — — — —
Brown bullhead — — — — — — — I — I — —
Black bullhead — — I — — — — — — — — —
Delta smelt — — N? — — — — — — — — —
Coho salmon — — N/E — — — — — — N/E — —
Chinook salmon N — N N — — — — — — — —
Rainbow trout N? N N N? — — — N — N N —
Rainwater killifish — — I I — I — I I — — I
Western mosquitofish I I I I — I I I I I I I
Inland silverside — — I I — — — I — — — —
Threespine stickleback N N N N — N N N N N N N
Striped bass I I I — — — — — I — —
Sacramento perch N/E — N/E I — — — — — — I —
Black crappie — — I — — — — — — — I —
Green sunfish I — I — — I — I — — I —
Bluegill I — I — — — — — — I I —
Pumpkinseed — — I — — — — — — — —
Redear sunfish — — I — — — — — — — I —
Largemouth bass — — I — — — — — — I I —
Yellowfin goby — — I I — — — I I — — —
Longjaw mudsucker — — — — — — — — N — — —
Shimofuri goby — — I — — — — — — — — —
Chameleon goby — — I — — — — — — — — —
Staghorn sculpin — — N — — — — — — — — N
Prickly sculpin — N N — — — — N — N — —
No. native species 12 5 17 5 ? 5 1 6 3 9 6 2
No. introduced species 4 2 19 5 ? 3 1 10 4 5 11 3
Total species 16 7 36 10 ? 8 2 16 7 14 17 5

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status uncertain.

( a and b )	   pg. 175 - 176
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Presence of Fish Species in Watersheds of Contra Costa County West - Alameda County North, South and East 
Watershed Index

Common Name
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13 14 15 16 17 18 19 20 21 22 23 24 25
Pacific lamprey — — — — — — — — — — — — N
River lamprey — — — — — — — — — — — — N/E?
White sturgeon — — — — I — — — — — I — N?
Threadfin shad — — — — — — — — — — I I
Common carp — — — — I — — — — — I I I
Goldfish — — — — I I — — — — I I I
Golden shiner — — — — I — — — — — I I I
Tui chub — — — — — — — — — — — — I?
Thicktail Chub — — N/E — N/E — — — — — — — N/E
Hitch — — — — I* — — — — — N — N
California roach — — N/I — — — — — — — — N N
Sacramento blackfish — — — — — — — — — — — — N
Sacramento splittail — — — — — — — — — — — — N/E
Hardhead — — — — — — — — — — — — N?
Sacramento pikeminnow — — — — — — — — — — — N N
Speckled dace — — — — — — — — — — — — N/E?
Sacramento sucker — — N/I — — — — — — — N N N
Channel catfish — — — — I* — — — — — I I*  I*
White catfish — — — — — — — — — — — — I*
Brown bullhead — — — — — — — — — — — I* I
Black bullhead — — — — — — — — — — — — I*
Coho salmon — — N/E — — — — — — — N/E N?/E N/E
Chinook salmon — — — — — N? — — — — N/E — N
Rainbow trout — N N/E — N/E — N N N N?/E N N N
Brown trout — — — — — — — — — — — — I?
Brook trout — — — — — — — — — — — — I/E
Rainwater killifish I — — — — — — — — — — — I
Western mosquitofish I I — — I I — — — I — I I
Inland silverside — — — — — — — — — — I I
Threespine stickleback N N N/I — N N — N — N N N N
Striped bass I — — — — — — — — — — — I
Sacramento perch — — N/E — N/I — — — — — — — N/E?
Black crappie — — — — I* — — — — — I I* I*
White crappie — — — — — — — — — — — I* —
Warmouth — — — — — — — — — — I I* —
Green sunfish — — — — I I — — — — I I I
Bluegill — — — — I — — — — — I I I
Redear sunfish — — — — I — — — — — — I* I
Largemouth bass — — — — I — — — — — I I* I
Smallmouth bass — — — — — — — — — — — I I
Redeye bass — — — — — — — — — — — — I*
Bigscale logperch — — — — — — — — — — — — I
Shiner perch, — — — — — — — — — — — — N
Tule perch — — — — N/I/E — — — — — — — N?
Yellowfin goby — — — — — — — — — — — — I
Longjaw mudsucker — — — — — — — — — — — — N
Staghorn sculpin — — — — — — — — — — — — N
Prickly sculpin — N N/I — — — — — — — N N N
Riffle sculpin — — — — — — — — — — N? — N?
Starry flounder — — — — — — — — — — — — N
No. native species 1 3 8 0 5 2 2 2 1 2 8 7 24
No. introduced species 3 1 0 0 13 3 0 0 0 1 11 15 24
Total species 4 4 8 0 17 5 2 2 1 3 19 22 48

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status uncertain. Emboldened font identifies populations at risk of extinction

* Primarily a reservoir species, but locally common in streams.

( b and c )	   pg. 176 - 177



Appendix III   presence of f ish species by watershed, san francisco estuary, california

188 ( d )	 pg. 178

Presence of Fish Species in Watersheds of Santa Clara County Watershed Index
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26 27 28 29 30 31 32 33 34 35 36

Pacific lamprey — — N N — — — — — — —
Western brook lamprey — — N/E? — — — — — — — —
White sturgeon — — N N — — — — — — —
Threadfin shad — — I I* — — — — — — —
American shad — — I N — — — — — — —
Common carp — I I I I — I I I — —
Goldfish I? — I I I I I — — — —
Golden shiner — — I I I — — — — — —
Fathead minnow — — I — — — — — — — —
Red shiner — — I I — — — — — — —
Thicktail chub — — N/E — — — — — — — —
Hitch N — N N N — N — — — N?
California roach N — N N N N? N N N N N
Sacramento blackfish — — N N — — — — — N —
Sacramento splittail — — N/E? N/E? — — — — — — —
Sacramento pikeminnow — — N N — — N — — — N/E?
Speckled dace — — N/E — — — — — — — N/E?
Sacramento sucker — — N N N — N N N N N
Channel catfish — — I I* — — I* — — — —
White catfish — — I* I* — — — — — — —
Brown bullhead — — I I — — — — — — I
Black bullhead — — — I* — — — — — — —
Yellow bullhead — — I? — — — — — — — —
Longfin smelt — — N N — — — — — — —
Pink salmon — — — N? — — — — — — —
Coho salmon — — N/E N?/E — — — — — — N/E
Chum salmon — — — N? — — — — — — —
Chinook salmon — — N N N/E? — — — — — N?
Rainbow trout — N/E N N N N/E N N/E N/E N/E N
Brown trout — — I/E? I/E? — — I/E — — — —
Rainwater killifish — — I I I — I I I I
Western mosquitofish I I I I I I I I I I I
Inland silverside — — I I — — I* — — — —
Threespine stickleback N — N N N N N N N N N
Striped bass — — I I — — — — — — —
Sacramento perch — — N/E — — — — — — — N/E
Black crappie — — I* I* — — — — — — I*?
White crappie — — I* I* — — — — — — —
Green sunfish — — I I — — I — — I I
Bluegill — — I I — — I I — I I
Pumpkinseed — — I I* — — — — — I?
Redear sunfish — — I* I* — — — — — I I?
Largemouth bass — — I I — — I — — — I
Smallmouth bass — — I I — — — — — — —
Bigscale logperch — — I — — — — — — — —
Shiner perch — — N N — — — — — — —
Tule perch — — N N — — — — — — —
Yellowfin goby — — I I — — — — — — —
Longjaw mudsucker — — N N — — — — — — —
Staghorn sculpin — — N N — — — — — — —
Prickly sculpin — — N N — — — — N N N
Riffle sculpin — — N N — — — — — — N
Starry flounder — —  N N — — — — — — N
No. native species 3 1 24 23 6 3 6 4 5 6 13
No. introduced species 2 2 26 23 5 2 9 4 3 5 9
Total species 5 3 50 46 11 5 15 8 8 11 22

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status uncertain. Emboldened font identifies populations at risk of extinction.

* Primarily reservoir resident, but locally common in streams.
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Presence of Fish Species in Watersheds of San Mateo-Santa Francisco County Watershed Index

Common Name

Re
dw

oo
d/

A
rr

oy
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O
jo

 d
e 

A
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a

Co
rd

ill
er

as

Be
lm

on
t
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el

Sa
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eo

Sa
nc

he
z

Ea
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on
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s

Co
lm

a

37 38 39 40 41a 42 43 44 45

Pacific lamprey — — — — N? — — — —

California roach — — — — N — — — —

Sacramento sucker — — — — N — — — —

Coho salmon — — — — N/E — — — —

Rainbow trout — — — — N N? —

Rainwater killifish I I I I I I — I

Western mosquitofish I I I I I — — I I

Threespine stickleback N N N N N N — — N

Green sunfish — — — — — I — — —

Redear sunfish — — — — — I — — —

Tule perch — — — — N/E? — — — —

Yellowfin goby — — — — — — — — I

Staghorn sculpin — — — — N — — — N

Prickly sculpin — — — — N — — — —

Riffle sculpin — — — — N/E? — — — —

No. native species 1 1 1 1 10 1 ? 1 2

No. introduced species 2 2 2 2 2 4 ? 1 3

Total species 3 3 3 3 12 5 ? 2 5
aKnown stream fishes only. Fish species found in Crystal Springs Reservoir not included. Abbreviations: N, native; I, nonnative; E, extint in watershed; ?, status 
uncertain. 
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Presence of Fish Species in Watersheds of San Fran-
cisco County Watershed Index

Common Name

Pr
es

id
io

M
ou

nt
ai

n 
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ke

La
ke

 M
er

ce
d

46 47 48

American shad — — I

Common carp — — I

Goldfish — — I

Golden shiner — — I

Hitch — — N/I?

California roach — — N/I?

Sacramento blackfish — — N/I?

Sacramento spittail N/E1 — —

Sacramento sucker — — N/I?

White catfish — — I

Rainbow trout — — I

Western mosquitofish — — I

Threespine stickleback N N N

Sacramento perch — — N/I?

Green sunfish — — I

Bluegill — — I

Largemouth bass — — I

Tule perch — — N/I?

Tidewater goby — — N/E

Prickly sculpin — N N

No. native species 2 2 9(+6?)

No. introduced species 0 0 10

Total species 2 2 19

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status 
uncertain.
1Crissey Field tidal marsh?
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Presence of Fish Species in Watersheds of Marin County - Sonoma County West Watershed Index

Common Name
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49 50 51 52 53 54 55 56

Pacific lamprey — — N? — — — — —

Common carp — — I I — — — —

California roach — N N N — N N N

Sacramento pikeminnow — N N — — — N —

Sacramento splittail — — — — — — — N?

Sacramento sucker — — N N/E — N N —

Coho salmon — N/E N/E — — — — —

Chinook salmon — — N — — N — —

Rainbow trout N?/E N N N N?/E N N N/E

Rainwater killifish — I I — — — I —

Western mosquitofish — I I — — I I I

Inland silverside I — — — — — — —

Threespine stickleback N N N N N N N N

Striped bass — — — — — — I —

Sacramento perch — — N/E — — — — —

Black crappie — — I? — — — — —

Green sunfish — — — — — — I —

Tule perch — — N/E — — — — —

Tidewater goby — — N/E — — — N/E —

Longjaw mudsucker — — N — — — — —

Staghorn sculpin — N N N — — — —

Prickly sculpin — N N N — N N —

Riffle sculpin — — N N — — — —

Starry flounder — — N — — — — —

No. native species 2 7 16 7 2 6 7 4

No. introduced species 1 2 4 1 0 1 4 1

Total species 3 9 20 8 2 7 11 5

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status uncertain. Emboldened font identifies populations at risk of extinction.
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Presence of Fish Species in Watersheds of Sonoma 
County West, East - Napa CountyWatershed Index

Common Name

Pe
ta

lu
m

a

To
la

y

So
no

m
a

Sc
he

ll

57 58 59 60

Pacific lamprey N — N —

River lamprey — — N/E? —

Green sturgeon N — — —

White sturgeon N — N —

Threadfin shad I — — —

American shad I — — —

Common carp I — I —

Goldfish I — — —

Golden shiner I — — —

Fathead minnow I — — —

California roach N — N N

Sacramento blackfish N — — —

Sacramento splittail N — N? —

Sacramento pikeminnow N — N —

Sacramento sucker N — N —

Brown bullhead I — — —

Delta smelt N — — —

Longfin smelt N — — —

Coho salmon — — N?/E —

Chinook salmon N — N —

Rainbow trout N — N N

Brown trout — — — I?

Rainwater killifish I — — —

Western mosquitofish I — I I

Inland silverside I — — —

Threespine stickleback N N N N

Striped bass I — I —

Black crappie I — — —

Green sunfish I — I —

Bluegill I — I —

Largemouth bass I — I —

Bigscale logperch I — — —

Shiner perch N — N —

Tule perch N — N —

Yellowfin goby I — I —

Longjaw mudsucker — — N —

Shimofuri goby I — — —

Chameleon goby I — I —

Staghorn sculpin N — N —

Prickly sculpin N — N —

Riffle sculpin N — N —

Coastrange sculpin N/E? — — —

Starry flounder N — N —

No. native species 20 1 18 (2?) 3

No. introduced species 19 0 8 2
Total species 39 1 26 5

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status 
uncertain.

Presence of Fish Species in Watersheds of 
Napa County Watershed Index

Common Name

H
ui

ch
ic

a

N
ap

a

61 62

Pacific lamprey N N
River lamprey — N
White sturgeon — N
Threadfin shad — I
American shad — I
Common carp — I
Goldfish — I
Golden shiner — I
Thicktail chub — N/E
Hitch — N
California roach N N
Sacramento blackfish — N
Sacramento splittail — N
Hardhead — N
Sacramento pikeminnow — N
Sacramento sucker — N
Channel catfish — I
White catfish — I
Brown bullhead — I
Black bullhead — I
Delta smelt — N
Wakasagi — I
Longfin smelt — N
Coho salmon — N?/E
Chum salmon — N
Chinook salmon — N
Rainbow trout N N
Brown trout — I?
Rainwater killifish — I
Western mosquitofish — I
Inland silverside — I
Threespine stickleback N N
Striped bass — I
Sacramento perch — N/E
Black crappie — I*
White crappie — I*
Green sunfish I I
Bluegill I I
Redear sunfish — I
Largemouth bass I I
Smallmouth bass — I
Shiner perch — N
Tule perch — N
Tidewater goby — N?/E
Yellowfin goby — I
Longjaw mudsucker — N
Shimofuri goby — I
Staghorn sculpin — N
Prickly sculpin — N
Riffle sculpin — N
Coastrange sculpin — N?/E
Starry flounder — N
No. native species 4 28
No. introduced species 3 24
Total species 7 52

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status 
uncertain.

* Primarily a reservoir resident, but locally common in streams.
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Napa County Watershed Index

Common Name

H
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N
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a

61 62

Pacific lamprey N N
River lamprey — N
White sturgeon — N
Threadfin shad — I
American shad — I
Common carp — I
Goldfish — I
Golden shiner — I
Thicktail chub — N/E
Hitch — N
California roach N N
Sacramento blackfish — N
Sacramento splittail — N
Hardhead — N
Sacramento pikeminnow — N
Sacramento sucker — N
Channel catfish — I
White catfish — I
Brown bullhead — I
Black bullhead — I
Delta smelt — N
Wakasagi — I
Longfin smelt — N
Coho salmon — N?/E
Chum salmon — N
Chinook salmon — N
Rainbow trout N N
Brown trout — I?
Rainwater killifish — I
Western mosquitofish — I
Inland silverside — I
Threespine stickleback N N
Striped bass — I
Sacramento perch — N/E
Black crappie — I*
White crappie — I*
Green sunfish I I
Bluegill I I
Redear sunfish — I
Largemouth bass I I
Smallmouth bass — I
Shiner perch — N
Tule perch — N
Tidewater goby — N?/E
Yellowfin goby — I
Longjaw mudsucker — N
Shimofuri goby — I
Staghorn sculpin — N
Prickly sculpin — N
Riffle sculpin — N
Coastrange sculpin — N?/E
Starry flounder — N
No. native species 4 28
No. introduced species 3 24
Total species 7 52

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status 
uncertain.

* Primarily a reservoir resident, but locally common in streams.

Presence of Fish Species in Watersheds of 
Solano County Watershed Index

Common Name
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63 64 65 66

Pacific lamprey — — N N

Common carp — — I I

Golden shiner — — — I

Fathead minnow — — — I

Hitch — — — N

California roach — N N N

Sacramento blackfish — — — N

Sacramento pikeminnow — — N N

Sacramento sucker — N N N

Delta smelt — — — N

Chinook salmon — — — N

Rainbow trout N/E? N? N N

Rainwater killifish — — I I

Western mosquitofish — — I —

Inland silverside — — I —

Threespine stickleback — N N N

Striped bass — — — I

Black crappie — — — I*

Green sunfish — — — I

Bluegill — — — I

Largemouth bass — — — I

Tule perch — — N N

Yellowfin goby — — I —

Prickly sculpin — N N N

Riffle sculpin — — N —

No. native species 1 5 9 12

No. introduced species 0 0 5 8

Total species 1 5 14 21

Percent native species 100 100 64 58

Abbreviations: N, native; I, nonnative; E, extinct in watershed; ?, status 
uncertain. 1Reservoir fishes not included.
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above
Fish sample station, Arroyo Hondo Creek, Alameda County.
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