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CHAPTER 2: STATE OF THE WATERSHED 

Introduction 
From mature redwood forests to coastal dunes, the Salmon Creek Watershed contains a 
remarkable diversity of habitats for its size. With no major water impoundments, 
minimal urban development, and many concerned and active residents, the watershed 
presents excellent opportunities to address issues common throughout northern coastal 
California. The watershed’s forests, streams, grasslands, and estuarine habitats all face 
challenges from historical and recent human impacts. They also support many listed 
plant and animal species, as well as working forests, vineyards, ranches, and dairy 
operations that depend upon well-functioning ecosystems for long-term viability. This 
chapter briefly describes current conditions of Salmon Creek habitats, along with key 
wildlife and plant species.  

Uplands 
Salmon Creek Watershed marks the southern boundary of the extensive mixed 
evergreen forests of Sonoma and Mendocino Counties. The five main tributaries and the 
headwaters of Salmon Creek drain high, steep, forested ridges and canyons. They flow 
into the open, rolling grasslands that typify the countryside to the south through which 
the middle portion of Salmon Creek traverses. The low ridges that form the southern 
boundary of the watershed are mixed grassland and coastal scrub communities. Coastal 
terrace grassland and dune communities occur near the coast. The diverse, multi-layered 
canopies and root systems of these native communities soften the erosive impact of 
rainfall on the land, protecting downstream water quality, and help absorb and store 
water, recharging aquifers. The diversity of the Salmon Creek uplands also supports a 
broad range of wildlife, including threatened and 
special-status species, such as northern spotted owl 
(Strix occidentalis caurina)and Sonoma tree vole 
(Arborimus pomo).  

Redwood Forest 
The forests of the upper watershed make up 
approximately 50 percent (11,474 acres) of the land 
cover (GRRCD & PCI 2007). Of this forested land, 
almost 50 percent (over 5,000 acres) is comprised of 
coast redwoods (Sequoia sempervirens). In mature 
stands, these large conifers create a dense canopy, 
and the understory is often sparse. Common 
understory species include shade-tolerant plants, 
such as sword fern (Polystichum munitum), coastal 
wood fern (Dryopteris arguta) and slim Solomon’s 
seal (Smilacina stellata)3. In younger, more open 
stands, other woody species can also be abundant. 
These include Pacific madrone (Arbutus meniesii), hazlenut (Corylus cornuta), huckleberry 
(Vaccinium ovatum), poison oak (Toxicodendron diversilobum), and wood rose (Rosa 
gymnocarpa).  
 
Logging and clearing for agriculture that began in the early 1800s have reduced and 
shaped the redwood forests of the watershed today. Redwood from the area was used 
                                                        
3 Botanical names and distribution information based on Best et al. 1996 and Lamont 2004. 
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for construction in San Francisco during the Gold Rush and for rebuilding efforts after 
the earthquake of 1906. Timber production declined in the 1920s as old-growth 
redwoods were depleted. Intensive residential and agricultural development began in 
the 1940s, and logging intensified again.  
 
By 2000, most of the headwaters of Salmon Creek had been logged. However, the 
watershed still supports healthy stands of second- and third-growth redwoods in 
moister areas and in the coastal fog belt. According to a 1994 U.S. Forest Service analysis, 
trees in the medium-large and small-medium size classes (12-30” diameter at breast 
height) are most abundant. A few pockets of old-growth redwood forest remain in the 
watershed, including the Grove of the Old Trees located on a ridgetop above Occidental, 
which was protected by conservation easement in the 1990s. Sonoma Land Trust and the 
Sonoma County Agricultural Preservation and Open Space District hold numerous 
other easements in the watershed, particularly along Coleman Valley Road. 
Approximately 4 percent (800 acres) of the watershed is in use for timber production 
today (GRRCD & PCI 2007).  

Mixed Evergreen Woodland 
A mixture of evergreen trees makes up the remainder of forest (over 6,000 acres) in the 
watershed. This includes forests where Douglas-fir (Pseudotsuga menziesii) dominates, as 
well as mixed woodlands of coast live oak (Quercus agrifolia), Douglas-fir, California bay 
(Umbellularia californica), tanoak (Lithocarpus densiflora), madrone (Arbutus menziesii), and 

buckeye (Aesculus californica). Like the 
redwood forest, many of these lands have 
been logged or cleared, and now support 
younger forests or have been converted to 
annual grassland.  
 
Woodlands of the watershed have also 
been altered by other processes. Sudden 
Oak Death, a forest disease caused by the 
pathogen Phytophthora ramorum, has 
infected California bays and killed 
tanoaks and coast live oaks in the 

watershed (UC Berkeley 2010). Aerial 
surveys of the county show many dead or 
dying tanoaks in the central portion of the 

watershed in the hills southwest of Occidental (USFS 2009). In affected areas, the density 
of dying trees ranges from 1 to 10 per acre. (Laboratory testing has not been done to 
confirm P. ramorum as the cause of all these die-offs, but it is considered to be the most 
likely cause (USFS 2009; Bell 2010). Where infection occurs, the abundance of dead and 
dying trees increases the risk of wildfire. Near roads, structures, and populated areas, 
the risks of damage or injury from falling trees is also increased.  
Fire suppression in the watershed and in the region may also be changing forest 
composition (Hastings et al. 1997). Prior to European-American settlement, Native 
Americans used fire in many settings to increase habitat for the oak woodland and 
grassland species most useful to them. Since European settlement, the frequency of low-
intensity fires has been reduced. As a result, fire-sensitive Douglas-fir is increasing in 
abundance, shading out smaller-statured oaks and other hardwoods.  
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Figure 3. Salmon Creek Watershed land cover map. 
 

 
 
Special-status plant species documented in the mixed evergreen woodland of the 
watershed include western leatherwood (Dirca occidentalis) and Napa false indigo 
(Amorpha californica var. napensis) [both considered to be fairly endangered in California 
by the California Native Plant Society (CNPS)]. Western leatherwood is a deciduous 
shrub with very flexible wood. It is endemic to the San Francisco Bay region and occurs 
on moist wooded slopes. Napa false indigo is a shrub in the pea family known only from 
Marin, Monterey, Napa, and Sonoma counties. Both species are threatened by habitat 
loss from agricultural and residential development.  
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Special-status animal species documented in the forests and 
woodlands of the watershed include the northern spotted 
owl and Sonoma tree vole. The northern spotted owl (Strix 
occidentalis caurina) is federally listed as threatened and is a 
California Species of Special Concern. It is a nocturnal 
species that requires dense, multi-layered canopy cover for 
roosting sites – predominately occurring in forested 
habitats; however, occasionally they are observed in 
riparian woodlands along Salmon Creek (Fawcett 2010). 
Spotted owls feed upon a variety of small mammals 
(including dusky-footed woodrats), birds, and large 
arthropods. Nest sites include tree or snag cavities or 
broken tops of large trees. A pair of owls may use the same 
breeding site for 5 to 10 years; however, they may not breed 
every year. The spotted owl has experienced a population 
decline due to the loss and degradation of existing mature 
and old-growth forests.  
 
The Sonoma tree vole (Arborimus pomo) is listed as a 
California Species of Special Concern by CDFG. This 
rodent occurs only in the coastal fog belt from the Oregon 

border to Sonoma County in Douglas-fir, redwood, and mixed evergreen forests. It feeds 
almost exclusively on Douglas-fir needles and prefers to build its nests in tall trees or the 
broken tops of younger trees. Its home range generally consists of one to several 
Douglas-fir trees. Nests are typically constructed from 6 to 150 feet above ground and 
are made primarily of resin ducts from Douglas-fir needles, which they remove before 
eating. The primary predators of Sonoma red tree vole are spotted owls, saw-whet owls, 
and possibly raccoons. 

Grasslands 
Grasslands in the watershed include native-dominated coastal prairie and serpentine 
grassland, as well as annual grassland dominated by European annual grasses. 
Together, these types comprise 37 percent of the land cover (over 8,000 acres).  
 
Coastal prairie occurs primarily in areas that have not been heavily disturbed by human 
uses, on slopes and ridges near the influence of the ocean in the southwestern portion of 
the watershed. Perennial bunchgrasses, bulbs, and other native herbs characterize these 
habitats. Typical species in the Salmon Creek Watershed include purple needlegrass 
(Nassella pulchra), California oatgrass (Danthonia californica), lupine (Lupinus spp.), 
brodiaea (Brodiaea spp.), clarkia (Clarkia spp.), and Douglas iris (Iris douglasiana). 
 
Native grasses also dominate grassland habitats where serpentine soil is present. 
Serpentine soils have unusual levels of some minerals important to plant survival and 
growth; as a result, serpentine plant communities are often unusually rich in native and 
endemic species. In the Salmon Creek Watershed, serpentine grassland occurs in patches 
along two bands of serpentine-derived soil in the northern part of the watershed. 
Typical species include Idaho fescue (Festuca idahoensis), woodland brome (Bromus 
laevipes), woolly sunflower (Eriophyllum lanatum), and buckwheat (Eriogonum spp.).  
 

Photo courtesy of Gerald and 
Buff Corsi  Calif. Academy 
of Sciences 
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Annual grassland occurs in 
more disturbed and 
intensively used areas, 
including many ranchlands. 
Annual grasslands, 
dominated by nonnative 
species, are abundant in the 
southern part of the 
watershed. European 
annual grasses were 
introduced to California in 
the 1800s. The historic 
introduction of European 
grasses to California, 
coupled with disturbances 
such as intensive livestock 
grazing and clearing, have 
led to conversion of native 
grassland to annual 
grassland. Typical species in 
the Salmon Creek 
Watershed include wild oats (Avena spp.), ripgut brome (Bromus diandrus), ryegrass 
(Lolium multiflorum), and velvetgrass (Holcus lanatus). Common forbs found in these 
grasslands include nonnative filaree (Erodium spp.), cut-leaf geranium (Geranium 
dissectum), bur-clover (Medicago polymorpha), vetch (Vicia spp.), and clovers (Trifolium 
spp.).  
 
Local researchers are investigating management strategies to maintain and restore 
native grassland species (Ocean Song 2007). Prescribed burning and managed livestock 
grazing are two of the main tools thought to be effective in coastal grassland settings. 
However, relationships between managed disturbance and plant communities are 
complex, and outcomes vary with plant species, timing of disturbance, climate, and 
many other factors. Research continues to clarify how local land managers can use 
grazing and burning effectively. 
 
Sensitive plant species documented in the grasslands of the watershed include showy 
Indian clover (Trifolium amoenum) (federally listed as endangered) and seaside tarplant 
(Hemizonia congesta ssp. congesta) (considered by CNPS to be fairly threatened in 
California). Showy Indian clover, thought to be extinct until a discovery of a single plant 
in 1993, is now known only from one remnant population in Marin County. Researchers 
are investigating the possibility of reintroducing the species to former habitat. Both 
showy Indian clover and seaside tarplant occur in areas of mixed native and nonnative 
grassland. The primary threat to their survival is habitat loss due to agricultural and 
residential development (CNPS 2010). A number of other species were documented 
historically in the watershed but have not been recently observed: purple-stemmed 
checkerbloom (Sidalcea malviflora ssp. purpurea), perennial goldfields (Lasthenia californica 
ssp. macrantha), and yellow larkspur (Delphinium luteum). In addition to habitat loss, 
competition from nonnative plants, road construction, livestock grazing, and possibly 
trail construction are other likely factors in the decline of these rare plants.  
 
Focal special-status animal species occurring in the grasslands include the burrowing 
owl, American badger, and Myrtle’s silverspot butterfly: 
 

A fenceline separates grassland grazed by livestock (lower right) from 
ungrazed grassland (upper left). 
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The burrowing owl (Athene cunicularia) is a California 
Species of Special Concern. It is a subterranean nester, 
dependent upon burrowing mammals for its 
underground home. In the Salmon Creek Watershed, 
the burrowing owl has been documented in coastal 
terrace prairie with a mosaic of native and nonnative 
grasses and forbs. This species is primarily an 
uncommon winter resident, as it no longer breeds in 
Sonoma County. Threats to this species are habitat loss 
due to agricultural and urban development and habitat 
degradation due to reductions of burrowing mammal 
populations. 
 

The American badger (Taxidea taxus), a California Species of 
Special Concern, occurs in a variety of habitat types with dry, 
friable soils. This carnivorous species consumes primarily fossorial 
rodents but will also eat reptiles, amphibians, insects, eggs, birds, 
and carrion. Badgers are territorial throughout the year with size 
of the territory dependent on the availability of food. Typical 
territory size is approximately 3 or 4 square miles. Territories can 
be shared. Badgers dig their own burrows which are often quite 
extensive. They are active year-round, although less active in 
winter. Mating occurs in summer and early fall with young 
(average 2 to 3) born in early spring. Badgers can tolerate some 
level of human activity. Potential threats to badgers in the 
watershed include ground-disturbing development, pets roaming 
free, and barbed wire fencing (CDFG 2010).  Within the 
watershed, badgers are noted near the Chanslor Ranch and low 
coastal hills and in and around Bodega Creek (  Fawcett 2010). 
 

Myrtle’s silverspot butterfly (Speyeria zerene myrtleae), federally listed as threatened, 
may also occur in the watershed. Historically widespread in coastal areas from the 
Russian River south to San Mateo County, this species is now known only from four 
populations in Marin and Sonoma counties. This brown-to-orange butterfly lives in 
coastal dunes, scrub, and prairie, within 3 miles of the coast. It generally prefers sites at 
less than 1,000 feet elevation, sheltered from the wind and within the fog zone, which 
provide a large numbers of adult nectar plants. Adult Myrtle’s silverspots nectar on a 
number of species including, but not limited to, gum plant (Grindelia rubicaulis), yellow 
sand verbena (Abronia latifolia), mints (Monardella ssp.), seaside daisy (Erigeron glaucus), 
and nonnative bull thistle (Cirsium vulgare) and false dandelion (Hypochaeris radicata). 
Females lay eggs singly on western dog violet (Viola adunca), and the entire reproductive 
cycle is dependent on this species (USFWS 1998).  

Coastal Scrub and Chaparral 
Coastal scrub occurs along the slopes of the southern part of the watershed, typically 
within reach of ocean winds and salt spray. Approximately 2,000 acres of coastal scrub 
are found in the watershed today (approximately 8 percent of the land cover). Dominant 
plants include shrubs, such as coyote brush (Baccharis pilularis), poison oak 
(Toxicodendron diversilobum), and elderberry (Sambucus nigra ssp. caerulea), as well as 
sword fern (Polystichum munitum), bracken fern (Pteridium aquilinum), and rushes (Juncus 
spp.) and sedges (Carex spp.). Coastal scrub often intergrades with annual grassland or 
coastal prairie. In some locations, the extent of coastal scrub may have decreased since 
pre-European settlement, as clearing and livestock grazing have caused a transition to 

Photo courtesy of Joyce Gross. 

Gerald and Buff 
Corsi  Calif. 

Academy of Sciences 
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grassland. In other locations, coastal scrub acreage may have increased as modern fire 
suppression replaced Native American burning practices.  
 
Sensitive plant species documented historically in the coastal scrub of the watershed 
include Baker’s larkspur (Delphinium bakeri, federally and state listed as endangered) and 
coastal bluff morning-glory (Calystegia purpurata ssp. saxicola; CNPS List 1B.2, fairly 
endangered in California). Baker’s larkspur, once known from Coleman Valley, is now 
known from only one remnant population in northern Marin County. Threats to the 
species include agricultural conversion, road maintenance, and grazing. The Coleman 
Valley area is now designated as a portion of the critical habitat for Baker’s larkspur 
where it may be reintroduced (USFWS 2003). Coastal bluff morning-glory is known 
from coastal scrub and dunes of Marin, Sonoma, and Mendocino counties. It is 
threatened by development, foot traffic, and nonnative plants. There are no special-
status animals specific to coastal scrub and chaparral. 

Invasive Species 
Many nonnative, invasive species are abundant in the uplands of Salmon Creek 
Watershed. Three are particularly damaging to local habitat, directly competing with 
native species and also altering ecosystem processes. All three of these species are 
yellow-flowering, evergreen shrubs in the pea family, apparently intentionally  
 
introduced from Europe: gorse (Ulex europaeus), French broom (Genista monspessulana), 
and Scotch broom (Cytisus scoparius). All of these species can fix atmospheric nitrogen, 
helping them colonize nitrogen-poor soils and outcompete native plants. They are also 
unpalatable and/or toxic to livestock, so their infestations reduce rangeland quality as 
well as native habitat. All three species produce abundant, long-lived seed, so 
eradication efforts must be long-term undertakings. 
 
Gorse is a prickly shrub that forms dense, nearly impenetrable thickets on some hillsides 
of the watershed. Gorse tends to spread slowly, with seeds too heavy to be dispersed by 
wind but potentially carried by ants, quail, and humans. Gorse is highly flammable and 
can pose a significant fire hazard (California Invasive Plant Council 2010).  
 

French broom and Scotch broom 
are both abundant along the 
roadsides of the watershed and in 
other disturbed habitats. Pods of 
broom open explosively, 
dispersing seeds several yards 
away. Seeds are dispersed further 
by ants, birds, flowing water, and 
road maintenance machinery. 
Broom is flammable and, in 
wooded areas, can carry fire to 
the tree canopy layer, increasing 
fire intensity.  
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Other invasive species in the watershed that are known to invade native habitat include 
pampas grass (Cortaderia spp.), English ivy (Hedera helix), forget-me-not (Myosotis 
discolor), Himalayan blackberry (Rubus discolor), giant reed (Arundo donax), cape ivy 
(Senecio mikanioides), and periwinkle (Vinca major).  
 
Preventing the spread of invasive plants, and quickly eradicating small new infestations, 
are crucial to managing these and other species. Once established, control is usually 
costly and difficult. Carefully managed prescribed burning, manual removal, and goat 
grazing have all been used successfully to control gorse and broom in other areas. 

Streams 
Salmon Creek and its tributaries flow through steep terrain in their headwaters onto the 
gentle slopes of the southern watershed and enter the Pacific Ocean north of Bodega 
Bay. Many of the upper watershed tributaries remain forested with complex 
communities of redwoods, firs, oaks, and bays shading the streams and stabilizing creek 
banks. In the lower reaches, riparian corridors continue but are often narrowed and less 
diverse. 
 
Historic land-use practices in the watershed have contributed to impaired riparian-zone 
habitat conditions and chronic, widespread disturbances that have altered channel 
processes (PCI 2006, Appendix A). In the late 1800s and early 1900s, riparian clearing for 
tilled agriculture and upland logging practices that used the streambed as a haul road, 
notably in Fay and Tannery Creeks, further simplified, deepened, and widened the 
channels. More extensive and technologically advanced logging and a couple of large, 
upland fires in the mid-1900s generated large sediment loads that are still traveling 
through the system. Additionally, throughout the mid-1950s to 1980s, channel clearing 
activities by the Sonoma County Water Agency, CDFG, and local landowners removed 
all large wood, kept riparian vegetation trimmed, and maintained a simplified channel 
to maximize flood conveyance.   
 
As a result of channel alteration activities, in many locations channel width and 
structure are out of equilibrium with the size of the watershed and the historic flow 
regimes. The combination of incised and artificially widened channels, increased 
sediment loads, and minimal instream structure from large wood or floodplain 
development decreases the ability of the channel to develop good instream habitat 
structure. In fact, in some locations, a bowling-alley effect has been created in which 
sediment moves in large, unsorted masses during high-flow events, filling pools and 
depositing fines in spawning riffles. The high, historic sediment loads moving through 
the system have no areas in which to be stored in the upper and middle reaches of the 
stream system, as the channels are incised and disconnected from their floodplains. 
Thus, this sediment is being transported to, and deposited in, the estuary at an 
unusually high rate. 
 
Agricultural and residential development practices have encroached on the channels, 
narrowing the riparian corridor. In some cases, the channel has been hardened to protect 
infrastructure adjacent to the stream. Water supply extractions in the uplands, the 
alluvial valleys, and instream have decreased the water available for summer dry-season 
flows (PCI and OAEC, in press). Hardening of land throughout the watershed and 
stormwater practices designed to move excess water quickly increases flood peaks and 
fine sediment delivery, while decreasing the amount of water infiltrated and available as 
groundwater in the dry season. 
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Together, this suite of watershed changes has resulted in incised and artificially widened 
channels and loss of instream habitat diversity. High-flow refugia—areas of slower-
velocity water where fish can shelter during storm events—are limited because of an 
insufficient quantity of large wood, few undercut banks, and disconnection of the 
stream channel from its floodplain. Pool frequency and depth are also below desired 
conditions for salmonid-bearing streams. (See Chapter 4 and Appendix A.)  
 
In 2001 through 2003, CDFG completed stream habitat and biological inventories on 
mainstem Salmon Creek and the tributaries of Coleman Valley, Finley, Nolan, Tannery, 
and Thurston Creeks (CDFG 2003a-b; 2004a-e). The inventories were conducted to assess 
the quantity and condition of aquatic habitat, with an emphasis on salmonid habitat, 
and document the presence and distribution of aquatic species. The results of the stream 
inventories found a low number of deep pools, low instream shelter values in pools, and 
gravels/cobbles embedded with fine sediment within the mainstem and all tributaries 
surveyed. 
 
Despite changes in the watershed and their subsequent effects on Salmon Creek and its 
tributaries, the stream channels still support a variety of native fish and wildlife 
communities. Particularly noteworthy are the presence of anadromous salmonids, 
including native runs of steelhead and reintroduced coho salmon, and sensitive wildlife 
species, such as the California red-legged frog (Rana draytonii), western pond turtle 
(Actinemys marmorata), and California freshwater shrimp (Syncaris pacifica).  

Salmonids 
Steelhead trout (Oncorhynchus mykiss) and coho salmon (O. kisutch) are anadromous fish; 
they spawn in freshwater and mature in the ocean. Salmon Creek steelhead are part of 
the central California coast Distinct Population Segment (DPS), which is federally listed 
as threatened by NOAA’s National Marine Fisheries Service. Coho salmon, central 
California coast ESU (Evolutionary Significant Unit), are both federally and State-listed 
as endangered.  
 
Steelhead trout and coho salmon were once abundant in Salmon Creek and its 
tributaries. Tales of their numbers, sizes, and favorite pools are still a vital part of the 
local history and lore; see Historical Timeline of Salmon Creek Watershed in PCI 2006. 
Dating back to the early 1920s, local sportsmen called for blasting the bedrock falls on 
mainstem Salmon Creek, now part of Salmon Creek School, to allow fish passage. 
Throughout the 1950s, fish appeared relatively abundant in the watershed. A record 
from 1953 noted 20 anglers caught 13 silver salmon (coho salmon) in a period of 39 
hours, all ranging in size from 2.5 to 10 pounds.  
 
In 1961, the first stream survey of Salmon 
Creek was conducted by CDFG noting the 
presence of both adult steelhead and coho 
salmon. Stream surveys were also conducted 
in 1964 and 1965. In the 1964 survey, the 
majority of fish observed were silver salmon, 
50 to 100 fish per 100 feet with similar 
findings in 1965—85 silver salmon and 64 
steelhead fingerlings were caught. During a 
survey in 1970, 25 to 40 fish per 100 feet were 
noted. In 1974, there was a record salmon 
catch at sea off Salmon Creek. Up to the 
1970s, fishermen annually broke through the 

Adult coho released into Salmon Creek, 
December 2008. 
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sandbar at the estuary noting coho salmon just “rushed in” and always made it to the 
plate in time for Thanksgiving.  
 
Now only a small population of steelhead continues to return each year, and the last 
naturally propagated coho was seen in 1996 (Cox 2005). Many residents, community 
groups, and agencies have come together to understand reasons for the decline and 
attempt to restore the fisheries. These efforts include restoring the key habitat features to 
support each lifestage of these migratory species. Approximately 500 adult coho salmon 
were reintroduced into the creek in December 2008 and 2009 as part of the California 
Department of Fish and Game’s annual coho broodstock program. The fish were 
selected from two strains from neighboring watersheds in an attempt to recreate the 
likely genetic composition of the historic fishery.  

 
Hines (2010) completed a detailed analysis of coho salmon limiting factors based on the 
findings of the CDFG inventories, some field observations, and anecdotal information 
on the watershed. Habitat indicators by lifestages were rated to determine those factors 
limiting the production of coho salmon within the watershed. Those with the poorest 
ratings included low base flows, primary pools, and shelter ratings during the summer 
rearing period; lack of complex, off channel habitat during winter rearing; poor habitat 

Coho salmon and steelhead trout lifecycles 
 
Adult steelhead trout migrate upstream from the ocean during the rainy season, 
anytime from November to March. They enter the stream only when sufficient flow 
has opened the coastal lagoon. Steelhead spawn (mate and lay eggs) typically at the 
downstream edge of pools where cover habitat exists nearby for predator protection. 
Eggs are laid in a redd, a depression dug into cobble or gravel substrate. Unlike 
salmon, steelhead can migrate out to the ocean after spawning and return in 
subsequent years to spawn again. Eggs hatch in 30-60 days, depending on stream 
temperatures. The newly hatched fish—called alevins—stay in the gravel for a few 
additional weeks until their yolk sac is absorbed. When they emerge, they seek slow-
water areas, often at the stream margins. As they grow bigger, the juvenile fish move 
into faster water to feed on drifting insects.  
 
Juvenile steelhead remain in freshwater streams from 1 to 3 years or longer. Rearing 
juveniles have many habitat requirements. Most important, they need sufficient, cool 
streamflow to transport drifting insects for feeding and cover habitat, such as 
undercut banks, woody material, boulders, and deep pools, to hide from predators 
and areas for refuge during high flows. When juveniles are large enough, they 
migrate out to the ocean as smolts. During out-migration, steelhead and salmon need 
adequate streamflow to swim past barriers and cover for predator protection.  
 
Coho salmon have a similar, but more rigid, lifecycle than steelhead. They spend 
their first year in freshwater streams, migrate out to sea where they mature for two 
years, and return to their native creeks to spawn and die. Because all non-hatchery 
females are three years old, coho salmon develop three consecutive “year classes” in 
each stream; survival of one year class affects subsequent spawning three years later. 
Coho salmon are vulnerable to extreme environmental conditions, such as droughts, 
floods, and the timing of winter storms, which affect when the sandbar opens for 
upstream migration and influence survival of redds and juveniles. 
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availability for estuary rearing smolts; and lack of large wood debris and high turbidity 
levels for multiple life stages.  

Other Sensitive Aquatic Species 
In addition to supporting native fish populations, Salmon Creek and its tributaries 
provide critical habitat for other special-status aquatic species. Particularly noteworthy 
are the presence of California red-legged frog, California freshwater shrimp, and 
northwestern pond turtle. 
 
California red-legged frog (Rana 
draytonii) is federally listed as threatened 
and a California Species of Special Concern. 
In general, they are most common in 
marshes, streams, lakes, reservoirs, ponds, 
and other water sources with plant cover. 
Breeding occurs in deep, slow-moving 
waters with dense shrubby or emergent 
vegetation from late November through 
April. Egg masses are attached to emergent 
vegetation (e.g., Typha sp. or Scirpus sp.) 
near the water’s surface. Tadpoles require 
3.5 to 7 months to attain metamorphosis. 
Adults take invertebrates and small 
vertebrates. Larvae are thought to be algal 
grazers. Within the watershed, California red-legged frogs are known to occur within 
stream channel habitats from the estuary and further upstream near the town of Bodega 
and tributaries. Reservoirs, wetlands, and other large perennial water sources also 
support this species; however, reported observations in these areas are spotty. 
 
California freshwater shrimp (Syncaris 
pacifica) is federally and State-listed as 
endangered. It is a small, 10-legged 
crustacean occurring in low-elevation and 
gradient (less than 1%) perennial streams in 
Marin, Sonoma, and Napa counties. They 
occur in shallow pools away from the main 
current where they feed primarily on 
detritus and, to a lesser extent, on 
decomposing vegetation, dead fish, and 
invertebrates. Most shrimp appear opaque to 
nearly transparent with colored flecks across 
their bodies. Females can appear dark brown 
to purple under certain conditions. Breeding 
occurs in the autumn, but young do not hatch until the following May or early June. 
After breeding, female shrimp carry the fertilized eggs attached to their abdominal 
swimming legs throughout the winter. The freshwater shrimp has been extirpated from 
many streams and continues to be threatened by introduced predators, pollution, and 
habitat loss. Within the watershed, freshwater shrimp are known to occur from the 
upper end of the estuary to just north of Freestone along the mainstem (CDFG 2010). 
Population numbers within the watershed have tended to fluctuate from year to year 
due to pollution and drought (CDFG 2010). 
 

Photo courtesy of Bill Cox 

Photo courtesy of Jennifer Michaud (PCI) 
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The northwestern pond turtle (Actinemys marmorata marmorata) is a California 
Species of Special Concern and is one of two distinct subspecies of the western pond 
turtle. They are most commonly found in or near permanent or semi-permanent water 
sources in a variety of suitable habitats 
throughout much of western California. This 
omnivorous species requires basking sites, 
such as emergent logs, rocks, mud banks, or 
mats of aquatic vegetation, for 
thermoregulation. Underwater retreats are 
also required for predator avoidance. Nesting 
sites of this species have been found some 
distance, up to 400 meters or more, from 
aquatic habitat. They have also been found 
using upland sites for aestivation and 
overwintering. Within the watershed, pond 
turtles occur along stream channel habitats 
and also utilize reservoirs and other 
permanent water sources extensively.  

Riparian and Wetland Plant Communities 
Upper reaches of the watershed’s streams are cloaked in forests of redwood, Douglas-fir, 
oaks, bays, and tanoaks. While logging and clearing have occurred in these areas, the 
streams remain generally well-shaded by second-growth trees. Lower in the watershed, 
red alders (Alnus rubra), big-leaf maples (Acer macrophyllum), and buckeyes (Aesculus 
californica) line the streams. Understory shrubs and vines, including Pacific ninebark 
(Physocarpus capitatus), snowberry (Symphoricarpos spp.), gooseberry (Ribes spp.), 
California blackberry (Rubus ursinus), and honeysuckle (Lonicera hispidula), add to the 
structural complexity of the riparian forest and provide food and shelter for wildlife. 
The complex root structures of this varied vegetation holds soil in place, protecting 
streambanks and water quality. In the gentle terrain of the southern watershed, where 
agricultural uses are more extensive, the riparian corridor narrows. Willows (Salix spp.) 
dominate many stretches. Occasional larger trees, including coast live oaks, buckeyes, 
and alders, also occur.  
 

Patches of seasonal wetland occur 
in low areas near Salmon Creek. 
Typical plants found in these areas 
include common rush (Juncus 
patens), meadow barley (Hordeum 
brachyantherum), and spikerush 
(Eleocharis macrostachya). 
Historically, wetland habitat along 
the middle reach of Salmon Creek 
supported a number of rare plant 
species, including federally 
endangered Sonoma alopecurus 
(Alopecurus aequalis var. 
sonomensis), as well as saline clover 
(Trifolium depauperatum var. 
hydrophilum), bristly sedge (Carex 
comosa), and swamp harebell 
(Campanula californica). With 
agricultural and residential 

Photo courtesy of Jennifer Michaud (PCI) 
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development, marsh habitat has declined, and none of these species has been 
documented in recent times.  

Estuary 
In the lower portion of Salmon 
Creek, the stream’s freshwater 
meets and mixes with saline 
tidewater, to create a coastal 
estuary extending approximately 
1.3 miles inland. The estuary 
supports vital habitat for many 
coastal and marine organisms by 
providing essential food, cover, 
migratory corridors, and 
breeding/nursery areas. The 
brackish water of the estuary also 
provides habitat for returning 
adult salmonids and 
outmigrating smolts as they 
undergo the physiological 
changes necessary for transition 
from freshwater to saltwater and 
back again. The lower estuary is 
part of Sonoma Coast State Beach and is managed by State Parks. As in most small 
Northern California streams, the mouth of the estuary is closed by a sandbar in spring or 
summer every year and remains closed until after the first significant storms. Under 
conditions of adequate streamflow, the closed estuary converts to a largely freshwater 
lagoon during the summer months. 

Coastal Brackish Marsh and Dune Plant Communities 
Coastal brackish marsh vegetation occurs near the mouth of the estuary. These low-
growing plants thrive in the accumulated sediments of the estuary and are adapted to 
fluctuating water and salinity levels. Typical species include jaumea (Jaumea carnosa), 
saltgrass (Distichlis spicata), rushes (Juncus spp.), and bulrushes (Scirpus spp.).  
 
A limited area of dune habitat occurs near the mouth. Plants and wildlife that inhabit 
native dune habitat are adapted to the shifting sandy substrate and constant exposure to 
wind and salt spray. Vegetation is typically sparse, composed mostly of low-growing 
herbs such as beach sand-verbena (Abronia umbellata), sea rocket (Cakile maritima), beach 
strawberry (Fragaria chiloensis), with occasional shrubs such as coyote brush (Baccharis 
pilularis). In Salmon Creek Watershed and along much of California’s coast, dune habitat 
has been altered by the introduction of European beachgrass (Ammophila arenaria). This 
large perennial bunching grass was introduced to stabilize shifting dunes, and it is 
effective at doing so. However, it also reduces habitat for native species adapted to 
natural dune dynamics. Many land managers in coastal California are working to 
remove beachgrass and restore native dune species. 
 
Sensitive plant species documented historically in the coastal dunes of the watershed 
include Blasdale’s bentgrass (Agrostis blasdalei; CNPS List 1B.2, fairly threatened in 
California) and blue coast gilia (Gilia capitata ssp. chamissonis; CNPS List 1B.1, seriously 
threatened in California). However, these species have not been observed in recent 
decades.  

Aerial photograph of the Salmon Creek Estuary 
Photo taken on January 28, 2008 by Lauren Hammack  (Prunuske 

Chatham, Inc.) 
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Species Usage and Habitat Conditions 
Adult salmonids use estuaries for staging in preparation for their upstream migration. 
Juveniles use them for rearing and for completing the physiological adjustment from 
fresh to salt water that will allow them to live in the ocean. Juveniles may linger in the 
estuary for weeks and may move in and out several times before remaining in the ocean. 
Adequate flow, good water quality, sufficient cover, habitat complexity, and 
invertebrate food sources within the estuary are all very important factors for the 
survival of anadromous fish.  
 
Existing biotic conditions of the Salmon Creek estuary were characterized as part of the 
Salmon Creek Estuary Study Results and Enhancement Recommendations (Estuary Study; PCI 
2006). Monthly biota was sampled over a one-year period providing a snapshot of 
salmonid usage and limiting factors with the estuary and occurrence of other coastal 
species. Water quality, hydrologic, and geomorphic conditions were also assessed to 
determine how the estuary currently supports and is utilized by salmonids.  
 
Ten species of fish were collected (by trawl and seine) during the Estuary Study (PCI 
2006). Steelhead were the only anadromous species captured. The largest number of 
steelhead captured was 400 individuals of varying age classes on September 8, 2004. 
Additional sampling by seine yielded 1, 2, 2, 1, and 7 individuals during surveys 
conducted in July, August, October, November, and March, respectively. Other fish 
species documented in the estuary included tidewater goby, prickly sculpin, Pacific 
staghorn sculpin, cabezon, starry flounder, Pacific herring, shiner perch, and topsmelt, 
as well as a variety of invertebrates, including bay shrimp, black-tailed shrimp, and 
opossum shrimp. 
 
The study found that many juvenile steelhead (likely in the thousands) migrate from 
upstream to the Salmon Creek estuary in the late summer/early fall and congregate near 
the mouth where the water remains mixed and cool. This large complement of the 
watershed’s annual salmonid production becomes trapped in the shallow, open area as 
flows upstream drop, and water quality becomes inhospitable in other areas of the 
estuary. Predation by pelagic birds significantly reduces fish populations in this critical 
habitat, with up to 100% predation occurring during drought years.  
 
The study also found that increased water consumption in the upper watershed from 
groundwater and direct stream withdrawals has reduced base streamflows during 
critical periods. Low spring and summer flows increase pool stratification in the estuary 
to create bottom saline layers too hot and low in oxygen to sustain salmonids. Fish are 
confined to the upper freshwater layer and to the well-mixed area near the sandbar 
where they are vulnerable to predation by birds. Low spring and summer flows also 
reduce lagoon elevations and delay the breaching of the sandbar. If the sandbar opens 
after or near the end of the coho upstream migration period, as occurred in the 
2004/2005 winter, coho have little, if any, chance of returning to Salmon Creek. Low 
summer flows also reduce viable salmonid rearing habitat in the main channel and 
tributaries. Many juvenile salmonids are stranded as pools go dry and with no surface or 
subsurface flow, the remaining pools become anoxic. 
 
Changes in the delivery of coarse sediment have also altered the estuary, compromising 
habitat for salmonids and other aquatic species. Significant amounts of coarse sediment 
have dramatically decreased the areal extent and depth of the estuary since the mid 
1800s. Ongoing deposition is occurring at a rapid rate. For example, a 2-year period 
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between 2004 and 2006, over 2 feet of sediment was deposited upstream and 
downstream of the Highway 1 bridge. Summer lagoon depths now range from 2 to 6 
feet as compared to 6 to 12 feet in the 1950s and 1960s. Erosion of fine sediments from 
the upper watershed creates high turbidity levels that impair salmonid physiological 
functioning and behavior. 
 
In addition to supporting salmonids, the lower Salmon Creek estuary provides habitat 
for two other noteworthy special-status species, tidewater goby and western snowy 
plover: 
 
The tidewater goby (Eucyclogobius newberryi) is federally listed as endangered and a 
California Species of Special Concern. It is a small, elongate, grey-brown fish endemic to 
coastal lagoons, estuaries, and marshes of California. Its annual lifecycle is closely tied to 
the dynamics of lagoons and estuaries with breeding commencing after their habitat 
closes to the ocean. Small vertical nesting burrows are dug in the substrate in areas of 
coarse sand with peak breeding activity occurring in late April through early May. 
Threats to tidewater goby include development, water diversion and manipulation of 
habitat, channelization, nonpoint and point source pollution, discharge of agricultural 
and sewage effluents, and impacts from cattle grazing. The Salmon Creek estuary 
supports a robust population of gobies.  
 
The western snowy plover (Charadrius alexandrinus nivosus), federally listed as 
threatened and a California Species of Special Concern, is a small shorebird, 

approximately 6-inches in length. They breed 
primarily on coastal dunes and beaches, 
including beaches at creek and river mouths, 
and salt pans at lagoons and estuaries. They 
forage for small invertebrates amongst beach 
sand, kelp, and low vegetation. The spread of 
the densely growing European beachgrass has 
reduced habitat for the snowy plover. Other 
threats to plover populations include 
disturbance by humans and pets. On-going 
surveys by State Parks have documented 
plovers occupying the lower estuary during 
the non-breeding season (Dekelaita and O’Neil 

2007). One nesting attempt was successful in 2005; however, this was attributed to the 
unusual configuration of the mouth of Salmon Creek at the time. For the most part, this 
species is thought to be an uncommon winter resident. 

Climate Change 
Average temperature in California has risen 1.5° F over the past 50 years and is projected 
to rise another 2-4° F by the end of the century (Karl et al. 2009). In California, 
precipitation is likely to decline slightly overall but with more intense storms during a 
shorter rainy period and a longer, hotter dry season, resulting in both more droughts 
and more floods (Karl 2009). Battin et al. (2007) found the three most important climate-
induced hydrologic changes for salmonids are peak flow during egg incubation, stream 
temperature during pre-spawning, and minimum flow during spawning. Scour from 
high flows during incubation is a significant negative impact for winter-run species 
(Bisson 2008). Lower flows in the summer will reduce pool depth and riffle connectivity 
while higher water temperatures will likely promote algal growth and lower dissolved 
oxygen. These changes, in turn, reduce the quantity of preferred insect food sources 
even as warmer water raises fish metabolism and food demand.  

Photo courtesy of Dee E. Warenycia. 
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Climate change will also impact the health and composition of watershed vegetation. 
Protection and enhancement of riparian habitats can play a vital role in helping aquatic 
and terrestrial organisms adapt to climate change (Seavey et al. 2009). Because of their 
high water content, riparian forests absorb heat and can protect both plants and animals 
from extreme temperatures (Naiman et al. 2000) while providing connectivity to 
different microclimates. 
 
 




