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In 2005, the Contra Costa Resource Conservation District and Natural Resources Conservation 
Service hired the Natural Heritage Institute to complete an 18-month Watershed Inventory.  The 
objectives of the inventory were to: 
 

• Identify the important biological resources in the watershed and the underlying physical 
and ecological processes that support them; 

• Determine the trajectory of key physical and ecological processes and the implications 
for biological resources; and 

• Identify opportunities and on-going activities for protecting and conserving key biological 
resources in the watershed. 

 
A technical advisory committee (TAC) oversaw the research of the watershed inventory.  NHI 
reported quarterly to the TAC.  The TAC received preliminary research results, reviewed draft 
documents and other project deliverables, and approved work plans of each of three phases of 
project activity.  We gratefully acknowledge the members of this TAC group who included: 

Lisa Anich, Friends of Mt. Diablo Creek 
Carol Arnold, Contra Costa County Resource Conservation District 
Sheila Barry, UC Cooperative Extension 
Jessica Hamburger, Contra Costa County Resource Conservation District 
Laura Hanson, The Watershed Nursery    
Lisa Hokholt, USDA, Natural Resources Conservation Service 
Thomas Moore, USDA, Natural Resources Conservation Service 
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Jeff Roubal, City of Concord 
Cyndy Shafer, California State Parks - Diablo Vista District 
 

In addition, the following local expert contributors were interviewed and provided valuable 
information about local conditions: 
 

John Ginochio, Rancher 
Jim Hale, Contra Costa County Fish and Wildlife Committee 
Laura Hoffmeister, City of Clayton 
Karl Malamud-Roam, Contra Costa Mosquito & Vector Control District 

 
 
The Mt. Diablo Creek Watershed Inventory Final Report summarizes the research findings of 
the Inventory and makes recommendations for future studies, management strategies, and 
restoration opportunities.  The report includes three appendices.  The first two are Phase I and 
Phase II memos, which document in detail the research and findings of the first two phases of 
project activity.  These are summarized in the final report.  The third memo is from Vollmar 
Consulting, LLC and provides a biological perspective on upland habitats in the Concord Naval 
Weapons Station.   
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1. Watershed Overview: Current Conditions 
 

1.1. Physical Conditions and Processes 
 
The Mt. Diablo Creek Watershed drains over 37 square miles of land in north central Contra 
Costa County, California (Figure 1.1).  Mount Diablo Creek flows from the ecologically unique, 
north slope of Mt. Diablo into the biologically rich tidal marshes of Suisun Bay.  The watershed 
includes the 3,849 foot-high peak of Mt. Diablo, unincorporated land of Contra Costa County, 
parts of the cities of Clayton and Concord, the Concord Naval Weapons Station, the community 
of Clyde, and the salt marshes of Hastings Slough and the Point Edith Wildlife Area.  Along its 
course, the 18-mile creek and its 62 miles of tributaries flow through four general anthro-
geomorphic zones.  These zones generally comport with the zones of erosion, transport, and 
deposition as described in Figure1.2. 
 
The upper zone extends from the bedrock headwaters to the edge of the alluvial Clayton Valley 
where the stream gradient drops considerably and residential development is the dominant land 
use.  Steep slopes, high gradient channels, and relatively high rates of natural erosion 
characterize the upper zone.  The upper zone includes the majority of tributary streams and is 
largely undeveloped.   Portions of the upper zone, particularly along the mainstem are used for 
medium- and low-density residential or ranchette development.  Biologically significant reaches 
of the longest tributaries lie within the state park and are thus protected from additional urban 
development.   
 
The urbanized zone encompasses the intensively developed portion of the watershed and creek 
that drains and flows through Clayton and the southeast section of Concord.   The creek bed in 
this zone flows across quaternary alluvial deposits and appears to actively transport its gravel 
bed.  The channel is relatively undisturbed through Clayton where it is buffered by an ample 
band of riparian vegetation and undeveloped land.  Downstream in Concord, the channel has 
been straightened and de-vegetated to improve flood conveyance.  Despite these alterations, 
the physical habitat conditions are relatively good for an urban creek due to the presence of 
riparian vegetation on the banks and clean gravels along its bed.  
 
Downstream of Concord, Mt. Diablo Creek flows onto the previously altered but mostly non-
urbanized Concord Naval Weapons Station (CNWS) from Bailey Road to Port Chicago 
Highway.  This is the CNWS zone.  The lack of residential development is the principal 
distinguishing characteristic of this reach.   The municipal golf course between Highway 4 and 
the Port Chicago Highway is the principal exception.   Developments of roads, railroads, and 
munitions bunkers on the CNWS have altered run-off, drainage and vegetation patterns, but the 
conspicuous absence of urban development together with large expanses of low-gradient open 
space create a unique refuge for wildlife.  Like the urbanized reach upstream, this reach 
transports gravels, but much of the reach is deeply incised and bounded by steep, narrow banks 
composed of deeply weathered clay soils. 
 
The tidal zone extends from Port Chicago Highway to the southern shore of Suisun Bay.  The 
“tidal zone” is somewhat of a misnomer since it is not all controlled by tidal processes.  
Nevertheless, the Navy has long referred to this area as the tidal zone area.  Through this 
reach, the stream is dominated by depositional processes.  Floodwater periodically overtops the 
banks through this low-gradient reach resulting in sediment deposition across broad floodplain.  
Expansive marsh plains characterize the lower portion of this zone, but the tidal processes that 
once formed them have been disrupted by a rail, road, and pipeline infrastructure that traverse 
the zone.     
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1.2.3. Chaparral/Scrub 
1.2.3.1. Description 

Together, chaparral and scrub comprise approximately twelve percent of the watershed.  
Chaparral and scrub are located entirely within the upper watershed.  The two habitat types are 
characterized by woody vegetation dominated by shrubs.  Chaparral is a semi-arid, scrub-
dominated community adapted to summer droughts, winter rains, and wildfire.  Dominant 
vegetation in chaparral includes chamise, manzanita, and buckbrush.  Oaks and foothill pine will 
occasionally grow in chaparral communities (HCPA, 2005).  A northern mixed chaparral 
community dominates the peak and upper slopes of Mt. Diablo.  The chaparral community on 
the northern slopes of Mt. Diablo is different from that on the southern slopes in adjacent 
watersheds due to variation in underlying geology, soil type, and aspect.  The northern slope 
(Mt. Diablo Creek Watershed side) chaparral community is dominated by chamise, and includes 
black sage, and mountain mahogany (Ertter and Bowerman, 2002).   
 

1.2.3.2. Associated Wildlife Species 
The East County HCP lists the following common wildlife species that use chaparral: 
Gopher snake, western rattlesnake, western fence lizard, brush rabbit, California pocket mouse, 
Botta’s pocket gopher, California ground squirrel, spotted skunk, mule deer, coyote, bobcat, 
mourning dove, California quail, Anna’s hummingbird, western scrub jay, Bewick’s wren, 
California towhee, lesser goldfinch, fox sparrow, white-crowned sparrow, dark-eyed junco, and 
hermit thrush (HCPA, 2005). 
 

1.2.3.3. Species of Concern 
Species of concern that may occur in chaparral or scrub habitat in Mt. Diablo Creek Watershed 
include: Silvery legless lizard (State species of special concern), Alameda whipsnake (State 
species of special concern), golden eagle (State species of special concern, fully protected), 
dusky-footed woodrat (State species of special concern), Bell’s sage sparrow (State species of 
special concern), and yellow warbler (State species of special concern) (HCPA, 2005). 

1.2.4. Oak Woodlands 
1.2.4.1. Description 

Oak woodland covers approximately six percent of the Mt. Diablo Creek Watershed.  (Some oak 
savannah, a form of oak woodland with low oak density and canopy cover, is included in the 
grassland community.)  Oak woodland occurs on the slopes of Mt. Diablo, between the 
chaparral communities and the grassland communities, primarily on its north-facing slopes.  
Oak woodland in the watershed is predominantly blue oak woodland but includes valley oak 
series, mixed oak series and coast live oak series. 
 

1.2.4.2. Associated Wildlife Species 
Oak woodlands support a wide array of animal species.  Depending on the diversity of the 
woodland vegetation and the existence of riparian areas, oak woodlands can support up to 21 
amphibians species, 35 reptile species, 73 mammalian species, and 137 bird species.  Oak 
woodlands will support a greater diversity of biota if they include complex habitat elements such 
as riparian zones, snags, trees with cavities, and large woody debris (IHRMP, 2000).   
 
Oak woodlands are valuable to wildlife because of both the high food value of the acorns they 
generate and because of the abundant insect fauna.  Oak woodland insects provide a valuable 
source of food for both local and migrating birds (Manley, 2000).   
 
Blue oak woodlands support California quail, mule deer, black tailed deer, feral pigs, wild 
turkeys, mourning dove, band tailed pigeons, western meadowlarks, and Pacific-slope 
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flycatchers.  The East County HCP lists the following additional common wildlife species that 
use oak woodlands: gopher snake, western fence lizard, deer mouse, western gray squirrel, 
coyote, red-tailed hawk, American kestrel, barn owl, great horned owl, acorn woodpecker, 
Nuttall’s woodpecker, northern flicker, white-breasted nuthatch, California quail, spotted towhee, 
Bewich’s wren, and bushtit (HCPA, 2005). 
 

1.2.4.3. Species of Concern 
Species of concern that may occur in oak woodland habitat in Mt. Diablo Creek Watershed 
include: California horned lizard (State species of special concern), silvery legless lizard (State 
species of special concern), and white-tailed kite (State fully protected). 
 

1.2.5. Estuarine Wetlands 
Available mapping of land cover combines all wetlands into a single wetland category 
comprising eight percent of the watershed.  Here, we distinguish between the three main types 
of wetlands: estuarine, riparian, and palustrine. 
 

1.2.5.1. Description 
The wetlands with the largest extent in the watershed are estuarine.  Estuarine wetlands occur 
in the lower watershed in the Hastings Slough and lower Seal Creek areas.  These tidally 
influenced marshes are in varying degrees of ecological health due to past and ongoing human 
activities such as diking, diversions, and construction of roads and railroads. 
 
The estuarine wetlands consist of tidal flat and tidal marsh habitats.  Tidal flat habitat is the area 
between the mean lower water level of low tides (MLLW) and the mean tide level (MTL). The 
tidal flat is covered twice a day by high tides. This habitat type was historically found along the 
seaward edge of tidal marshes. Mudflats, sandflats, and shellflats are all types of tidal flats, 
although mudflats are the most common type in the Bay Area and in this watershed. 
 
Tidal marsh habitat is a vegetated wetland that receives some tidal action, but unlike tidal flats it 
is not completely inundated at high tide. Tidal marshes typically have three zones of vegetation 
that are influenced by the height of the tides and the distance from shore.  These are low tidal 
marsh, middle tidal marsh, and high tidal marsh.  Low tidal marsh occurs between the lowest 
margin of the marsh and mean high water.  Middle tidal marsh occurs between mean high water 
and mean higher high water.  High tidal marsh occurs between mean higher high water and the 
upper margin of the marsh.  This high tidal marsh interfaces with the upland plant communities 
and can extend inland for hundreds of yards.  Characteristic tidal marsh plants are Pacific 
cordgass and pickleweed, which are adapted to tolerate the tidal saltwater and saline soil.  
Tules and cattails dominate in areas of prolonged inundation with fresher water.  Estuarine 
wetlands include cordgrass series, pickleweed series, and saltgrass series as described by the 
Manual of California Vegetation, as well as tules and cattails. 
 

1.2.5.2. Associated Wildlife Species 
Mudflats support plant and animal species such as shellfish, green and red algae, worms, 
diatoms (microscopic or unicellular algae), eelgrass, and sea lettuce. During high tide, tidal flats 
are covered by Suisun Bay water, providing habitat for many species of fish to forage. At low 
tide, tidal flats are important feeding areas for shorebirds such as the semipalmated plover, 
American avocet, willet, marbled godwit, western sandpiper, and dunlin (Goals Project, 1999). 
 
Healthy tidal marshes provide habitat for many species: fish such as gobies, sculpins, and three 
spined stickleback; birds such as snowy egret, northern harrier, California clapper rail, California 
black rail, willet, short-eared owl, salt marsh yellowthroat, and San Pablo song sparrow; and 
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small mammals, such as the endangered salt marsh harvest mouse and salt marsh wandering 
shrew (Goals Project 1999). 
 

1.2.5.3. Species of Concern 
Species of concern that may occur in estuarine wetland habitat in Mt. Diablo Creek Watershed 
include: Double-breasted cormorant (State species of special concern), western least bittern 
(State species of special concern), white-faced ibis (State species of special concern), tule 
white-fronted goose (State species of special concern), California clapper rail (state and federal 
endangered listing), California black rail (state threatened), short-eared owl (State species of 
special concern), Suisun song sparrow (State species of special concern), salt marsh common 
yellow throat (State species of special concern), tri-colored blackbird (State species of special 
concern), salt marsh harvest mouse (state and federal endangered listing, fully protected). 
 

1.2.6. Riparian Wetlands/Woodlands 
1.2.6.1. Description 

Riparian wetlands and woodlands are limited to a narrow band alongside stream courses in the 
watershed and comprise less than one percent of the watershed’s land cover.  Riparian 
wetlands are characterized by water received from a remote source (usually from within the 
watershed), high soil moisture content, occasional flooding, and a linear nature.  Vegetation is 
generally large broadleaved deciduous trees, shrubs and herbs (Faber, 1988).  The riparian 
community on the upper steep slopes of Mt. Diablo exists as a narrow belt alongside stream 
courses flowing through chaparral.  As the stream proceeds downstream and penetrates oak 
woodlands and grasslands and slopes decrease, the riparian belt increases in width.  The 
dominant species along permanent streams on the north side of Mt. Diablo are those common 
to Great Valley riparian wetlands: coast live oak, blue oak, interior live oak, white alder, 
California sycamore, Fremont cottonwood, big leaf maple, and red willow.  The understory 
consists of California holly, blue elderberry, cream bush, poison oak, and common snowberry.  
The ground cover is often Pacific blackberry. The area is also known for its spring wildflowers, 
including Diablo helianthella and Diablo fairy lantern. 
 
Further downstream, the riparian community is constrained by urban development and an 
incised stream channel that inhibits floodplain inundation.  Although dominant species include 
arroyo willow, California black walnut, valley oak, and California buckeye (all native species), 
numerous exotic species are also present due to proximity to private residential development.  
Some exotic species are spreading into the riparian zone including Himalayan blackberry, giant 
reed, vinca and others. 
 
In the Concord Naval Weapons Station Inland Area, riparian woodlands are limited to stream 
channel and banks and comprised mostly of poor-quality arroyo willow riparian woodland. 
Dominant species include mule fat, arroyo willow, and valley oak.  Further downstream on the 
CNWS, dominant vegetation includes red willow, Fremont cottonwood, California black walnut, 
and sitka willow. 
 
Downstream of Port Chicago Highway, the riparian wetland width increases to about 40 feet on 
either side of the creek.  Dominant vegetation is primarily Fremont cottonwood and red willow. 
 
Riparian wetlands/woodlands include the arroyo willow series, California buckeye series, 
California sycamore series, California walnut series, Fremont cottonwood series, mixed willow 
series, and red willow series as described in the Manual of California Vegetation. 
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1.2.6.2. Associated Wildlife Species 
Many semi-aquatic animals use riparian corridors for nesting, hibernation, dry season 
aestivation (summer hibernation), foraging, and dispersal, among other activities. In the Mt. 
Diablo Creek Watershed, California red-legged frogs and western pond turtles use riparian 
corridors for occasional dispersal between watercourses, thus promoting genetic diversity in 
local populations.  The East County HCP lists the following additional common wildlife species 
that use riparian wetlands or woodlands: mule deer, raccoon, gray fox, striped skunk, deer 
mouse, harvest mouse, broad-handed mole, dusky-footed woodrat, yellow warbler, northern 
flicker, Bewick’s wren, white-tailed kite, Cooper’s hawk, red-shouldered hawk, song sparrow, 
black-headed grosbeak, Pacific-slope fly catcher, and Wilson’s warbler (HCPA, 2005). 
 

1.2.6.3. Species of Concern 
Species of concern that may occur in riparian wetland/woodland habitat in Mt. Diablo Creek 
Watershed include: California red-legged frog (federal threatened, State species of special 
concern), foothill yellow-legged frog (State species of special concern), Cooper’s hawk (State 
species of special concern), and yellow warbler (State species of special concern).  
 

1.2.7. Palustrine Wetlands 
1.2.7.1. Description 

Palustrine wetlands include any non-tidal wetland not directly associated with the creek or 
riparian area, such as rain-fed ponds or springs.  In the Mt. Diablo Creek Watershed they occur 
in natural and human-made depressions and small dammed reservoirs used for livestock water 
in upland regions of the watershed.  According to the National Wetlands Inventory (reference?), 
in the Mt. Diablo Creek Watershed, these upland wetlands are primarily freshwater emergent 
wetlands, freshwater ponds, and freshwater forested/shrub wetland that are permanently 
flooded, seasonally flooded, or seasonally saturated.  The palustrine wetlands in the watershed 
are mostly less than one-half acre in size each.  Common plant species include: quillwort, sea 
barley, spike rush, pigweed, white water buttercup, willowherb, vinegar weed, and popcorn 
flower.  Species at any given pond will vary depending on factors such as the rainfall patterns 
that year and the presence or absence of livestock (Ertter and Bowerman, 2002).   
 

1.2.7.2. Associated Wildlife Species 
The East County HCP lists the following common wildlife species that use palustrine wetlands: 
Pacific tree frog, western spade foot, Pacific chorus frog, western toad, California tiger 
salamander, killdeer, black-necked stilt, American avocet, Brewer’s blackbird, brown-headed 
cowbird, American pipit, deer mouse, California vole, long-tailed weasel, white-tailed kite, 
northern harrier, and red-tailed hawk (HCPA, 2005). 
 

1.2.7.3. Species of Concern 
Species of concern that may occur in palustrine wetland habitat in Mt. Diablo Creek Watershed 
include: California tiger salamander (federally threatened, State species of special concern), 
western spadefoot (State species of special concern), California red-legged frog (State species 
of special concern), northwestern pond turtle (State species of special concern), and northern 
harrier (State species of special concern) (HCPA, 2005). 

 
1.3. Land Management 

 
Many private and public entities own land in the Mt. Diablo Creek Watershed.  These entities 
use and manage the land for different purposes and outcomes.  The type of management 
utilized impacts the habitats and hydrology of the watershed.  This section briefly describes a 
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few general categories of management types in the watershed and what percentage of different 
land cover types is managed for what purposes. 
 
More than half of the land in the Mt. Diablo Creek Watershed is in the open space and/or 
agriculture category (Figure 1.10, Table 1.2). The remaining land is almost evenly divided 
between land managed as open space, recreation, habitat easements, or non-agricultural land 
uses and urban uses.  Upper watershed lands are divided between open space/agricultural 
lands in the east (grazing lands) and ungrazed open space lands in the south (Mt. Diablo State 
Park). The middle watershed consists mostly of developed land in the cities of Clayton and 
Concord, with both undeveloped, ungrazed and grazed lands to the east. The lower watershed 
is almost entirely undeveloped ungrazed and grazed lands, in the current Concord Naval 
Weapons Station. The bottom of the watershed contains a mix of ungrazed lands in the Pt. 
Edith Wildlife Refuge, developed industrial lands around the Mallard Reservoir, and open space 
and/or agricultural lands in the tidal portion of the Concord Naval Weapons Station and the 
Tesoro Refinery lands. 
 

Table 1.2 Percentage of Watershed in Each Land Use or Cover Type3 
Land management type Area 

(sq. miles) 
% of 

Watershed 

Managed for open space values/no agriculture 8.5 22% 
Managed for livestock grazing and/or agriculture 20.8 54% 
Urban parks and/or golf courses 0.8 2% 
Developed land (urban) 7.9 21% 
Water 0.3 1% 

 
While urban parks and golf courses make up a small percentage of the watershed, most are 
located adjacent to creeks. Therefore, the riparian zone is fairly well protected even through the 
cities in the watershed. With the open space in the upper watershed and the open space in the 
lower watershed separated by developed land in the middle watershed, these urban parks 
appear to form a narrow – but ecologically significant – corridor along the creek connecting the 
upper and lower watershed lands.  

1.3.1. Vulnerability to Urbanization 
In the Mt. Diablo Creek Watershed, several land cover types are found primarily in lands that 
are less vulnerable to urbanization. These areas include Mt. Diablo State Park, Pt. Edith Wildlife 
Area, urban parks and golf courses, the tidal area of the CNWS, East Bay Regional Park lands, 
and Save Mt. Diablo lands.  The less vulnerable lands are primarily at the head and at the foot 
of the watershed.  The habitat types found in these less vulnerable areas include 88% of the 
total chaparral, 64% of the total conifer forest, 64% of the total shrub and 90% of the wetlands 
(Table 1.3).   
 
Areas privately owned (or on the inland portion of the CNWS) that are still undeveloped are 
more vulnerable to urbanization.  These lands include 89% of the grasslands, 70% of the oak 
woodland, and 33% of the shrub. 
 

                                                 
3 Data for the land management map comprised a planned land uses GIS data layer provided by Contra 
Costa County and aerial photographs.  See Appendix III for more information.   



 

12 
 
  

Table 1.3 Vulnerability to Urbanization by Land Cover Type 
Land Cover Total Area of Land 

Cover Type in 
Watershed (mi2) 

Less 
Vulnerable 

More 
Vulnerable 

In Existing 
Urban 
Areas* 

Total 

Annual grassland 12.3 8% 89% 3% 100%
Chaparral 4.5 88% 12% 0% 100%
Oak woodland 2.4 30% 70% 0% 100%
Shrub 2.3 64% 33% 2% 100%
Conifer forest 0.2 64% 33% 2% 100%
Wetland 3.1 90% 5% 4% 100%
*- This category consists of small patches of habitat that are within the existing urban areas. 
 

1.4. Historical Ecology 
 
In some places, the watershed has been so transformed that it is difficult to discern how it once 
functioned.   In other parts, little change is evident from 150 years ago.  Appendix I describes 
the nature and cause of ecological change in each zone of the watershed in detail, as well as 
the implications of those changes for future management.  This section provides a summary of 
the watershed scale changes in Mt. Diablo Creek Watershed.   

1.4.1. Watershed Scale Changes 
The most significant change in the watershed is the location of Mt. Diablo Creek.  Its location 
today is significantly different than during the mid nineteenth century.   Historical maps 
unequivocally illustrate that the alignment of Mt. Diablo Creek changed around the turn of the 
twentieth century, most likely between 1885 and 1915.  Early maps, from 1871 and 1885 
(Figure 1.11 and 1.12), show Mt. Diablo Creek flowing west to the Pacheco Slough in the 
Walnut Creek Watershed. It appears that the creek flowed along the west side of the low-lying 
hills on the Concord Naval Weapons Station.  A separate creek, labeled Seal Creek in some 
early maps, drained a small area to the east of these hills.  The creek had moved to its existing 
alignment by the time the 1898 USGS map was made.  It is not certain exactly why or when the 
creek was relocated, but it was probably relocated to divert floodwaters around early 
settlements and farms near Bailey Road between Clayton Road and Concord Boulevard.   
 
Realignment of the creek appears to have moved the creek out of its native groundwater basin.  
The California Department of Water Resources locates the Clayton Valley groundwater basin 
between Mt. Diablo on the south, Concord fault to the west, Suisun on the north, and Mt. Diablo 
Creek on the east.  The lower portion of Mt. Diablo Creek through the Naval Weapons Station is 
on the east side of a tertiary sandstone formation that separates the Clayton Valley groundwater 
basin from a much smaller basin along the axis of what was once known as Seal Creek. 
 
With the arrival of Europeans and intensive grazing, the grasslands in the watershed shifted 
from perennial to annual grasses.  Actual magnitude of the shift unclear, but change significant 
due to the large area of watershed characterized by the grassland cover type.  Changes from 
perennial grassland to annual effects run-off, erosion, and biodiversity.   
 
Although much of the watershed remains as largely undeveloped open space or grazing land, 
development of roads, drainage systems, and other infrastructure have probably altered local 
hydrologic patterns associated with erosion, flooding, vegetation type, and habitat.  Although 
most of the present day watershed is not heavily urbanized, an enormous part of the historical 
watershed as defined by the historical stream course is now heavily urbanized.   
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2. The Channel and Riparian Corridor: Current Conditions 
 
In support of its efforts to describe and document channel and riparian conditions in the 
watershed, NHI performed extensive fieldwork summarized below and detailed in Appendix II 
and Appendix III.   
 

2.1. Channel Overview 
 
The Contra Costa County Watershed Atlas lists nearly 80 miles of channel in the Mt. Diablo 
Creek Watershed.  Over 90% of these channel miles are listed as “natural”, or not having any 
significant reinforcements.  This includes straightened or channelized sections that have 
vegetated banks.  Over 8% of the channel is concrete (most on smaller tributaries through 
Clayton and Concord) and 1.2% is constructed earth (CCCCDD, 2003). 
 
In order to characterize the nearly 80 miles of channel and riparian conditions in the Mt. Diablo 
Creek Watershed, NHI performed a two-tiered field study.  The first level consisted of field 
reconnaissance at sites throughout the watershed.  The field reconnaissance was performed in 
the spring of 2005.  The second level consisted of detailed field study at 12 sites on the 
mainstem of Mt. Diablo Creek in the urbanized and CNWS zones of the watershed.  The 
detailed field study was performed in the fall of 2005.  These studies focused on these middle 
and lower sites because they were in the reaches most likely to respond to future management 
decisions in the watershed (e.g., land use changes, restoration, changes in storm water runoff 
detention).  Summaries of the reconnaissance level analysis are provided for the upper and tidal 
zones.  Summaries of the reconnaissance and detailed field analysis are provided for the 
urbanized and CNWS zones. 

 
2.2. Upper Zone: Tributaries and Upper Watershed 

 
Irish Creek, Goethels Canyon, Russelmann Creek, Donner Creek, Back Creek, Wild Oat 
Canyon, Mitchell Creek, Deer Flat Creek, Uncle Sam Canyon Creek, and upper Mt. Diablo 
Creek drain the  upper watershed (Figure 2.1).  Figure 2.2 plots the longitudinal profiles of four 
of the headwaters tributaries.  Of the headwater tributaries, only Mitchell Creek has perennial 
flow.  The perennial reaches provide a high level of habitat function including rearing for juvenile 
fish, riparian woodlands that support California red-legged frog, the rare Diablo helianthella and 
Mt. Diablo fairy lantern, and riparian woodlands that cool water temperatures, particularly in the 
summer months.  The intermittent tributaries provide narrow bands of aquatic and riparian 
habitat, and provide a valuable movement corridor between the lower and upper watersheds for 
wildlife (HCPA, 2005). 
 
The slope and character of the tributaries are largely a function of the underlying geology, 
variable hydrology, and the current and historic surrounding land uses.  The steeper reaches 
are characterized by step-pool sequences which deliver sediment that is transported through 
less steep depositional reaches.  The sediment provides substrate for riparian vegetation, 
spawning gravels for salmonids, and the building blocks for geomorphic stream form 
downstream.  Though not measured in this study, we hypothesize that the water quality deriving 
from these tributary reaches varies depending on inputs into the stream from adjacent land uses 
and the presence of riparian vegetation to filter pollutants and cool water as it is transported 
downstream.  Benthic-macroinvertebrate sampling by Friends of Mt. Diablo Creek confirm that 
creek health indicators are highest for upper Mitchell Creek, with values decreasing downstream 
(CCCCDD, 2006). 
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2.2.1. Mitchell Creek 
Mitchell Creek is in a thick riparian forest on State Park land (Figure 2.3). This is the largest and 
widest of the tributaries in the park. The creek flows through formerly grazed lands and is 
adjacent to Mount Zion, an actively mined rock quarry. The channel has a step-pool bedform 
dominated by cobbles and boulders. This high-quality coast live oak riparian woodland provides 
approximately 15 feet of riparian corridor along each bank. Dominant species include California 
buckeye, arroyo willow, and valley oak, all of which are native species.  
 
In 1993, Leidy identified steelhead in Mitchell Creek on State Park land, implying that the 
species had passage from Suisun Bay all the way up the watershed (Leidy, 2002).  According to 
Park staff, this population no longer exists (Leidy et al., 2003).  It is possible that in 1993 the fish 
assumed to be steelheads were actually rainbow trout. 
 
As most of Mitchell Creek is on State Park land, it is not likely to face significant development 
threats or pressures. Although somewhat incised, this tributary reach is a potential reference 
reach for other high gradient tributaries. 

2.2.2. Back Creek 
Back Creek is an intermittent tributary channel in State Park land (Figure 2.3). Parts of Back 
Creek are bedrock channels overgrown with vegetation and surrounded by chaparral vegetation 
in a narrow, steep canyon. The plant community of the riparian corridor is arroyo willow riparian 
woodland. The upper channel consists of cascades and step-pools, and exhibits minor signs of 
incision in its non-bedrock reaches. In contrast, the channel downstream, is a less-steep, lower 
elevation, meandering step-pool channel in an open valley oak woodland meadow. Dominant 
species include arroyo willow, poison oak, and valley oak. All are native species.  
 
Historic grazing practices and low natural flows have likely constrained growth of riparian 
vegetation.  Historic grazing practices that allowed livestock access to the riparian zone may 
have also contributed to the narrow riparian zone.  When grazed, there may have been a more 
open canopy in the riparian zone.  However, there is good floodplain connection along the 
creek. 

2.2.3. Donner Creek 
Donner Creek is in a moderately closed riparian forest on State Park land that was formerly 
grazed (Figure 2.3). The bed morphology is step-pools in steeper, higher elevation reaches and 
riffle-pools in less steep, lower elevation reaches. Large woody debris, shading from streamside 
trees, and diverse bed material (boulders, cobbles, and gravels) provide complex aquatic 
habitat. Small gravel bars suggest that there may be aggradation in the reach, while undercut 
banks, exposed roots, and signs of bank failure are indications of erosional forces. This high-
quality coast live oak riparian woodland provides approximately 15 feet of riparian corridor along 
each bank. Dominant species include California buckeye, valley oak, and poison oak.  All are 
native species.  
 
As most of Donner Creek is on State Park land, it is not likely to face significant development 
threats or pressures. Despite evidence of degradation, likely impacts to the riparian vegetation 
and channel form due to past grazing or vegetation changes, this tributary reach is a potential 
reference reach for other high gradient tributaries. 

2.2.4. Upper Mt. Diablo Creek 
The Marsh Creek Road reach of Upper Mt. Diablo Creek is a moderately closed riparian forest 
on private grazing and rural residential lands (Figure 2.3). This riffle-pool reach has small 
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meanders and shows signs of deposition.  This coast live oak riparian woodland provides 
approximately 10 feet of riparian corridor on each bank. Dominant species include arroyo willow, 
California buckeye, and coast live oak, all native species.   
 
Due to fencing and the fire road that serves as a barrier, cattle do not have access to the 
channel. However, the channel is very incised and impacts from the roads are readily apparent. 
The corridor is littered with trash and culverts under Marsh Creek Road may be barriers to fish 
passage.  The watershed hydrology may be altered by increasing development or certain 
grazing management regimes. 

2.2.5. Irish Canyon 
Irish Canyon is an intermittent tributary, and adjacent to it is a fire road that also serves as a 
public trail surrounded by grasslands (Figure 2.3). This narrow channel is confined in a valley at 
the bottom of a steep canyon. It is deeply entrenched and there is little room for lateral channel 
movement. Culverts from nearby urban development empty directly into the channel, there is 
evidence of erosion from surrounding grazing lands, and channel banks are eroding. The 
channel bed is mostly sand with a few large boulders. The channel opens to a wide 
(approximately 30 feet) detention pond adjacent to the Oakhurst Country Club (golf course) with 
an outflow culvert from the golf course emptying directly into the channel. Thick growth of giant 
reed and arroyo willow in the detention pond suggests succession to arroyo willow riparian 
woodland, absent maintenance by the Country Club. Above the detention pond, open valley oak 
woodland prevails.   
 
Irish Canyon is the most heavily impacted of the observed tributaries. Historic livestock access 
to the creek and low natural flows have likely constrained growth of riparian vegetation. Further 
invasion by the giant reed is a significant concern. 

 
2.3. Urban CNWS, and Tidal Zones 

 
Figure 2.1 plots the twelve field sites selected for detailed field study.  Each site was selected to 
be representative of its reach.  The mainstem of the channel on the Concord Naval Weapons 
Station received emphasis because this reach is most likely to change in the near future.  Land 
use changes on the Concord Naval Weapons Station provide both the opportunity for 
restoration and the potential for negative impact to the creek channel and riparian areas.  
 
Table 2.1 summarizes the results of the field study.  Appendix III has much more detail on 
methods and results.  

2.3.1. Urbanized zone: Clayton Reach 
The most upstream of the detailed analysis field sites, the Mitchell Canyon Rd. site, located in 
the City of Clayton, is bordered by single-family residential houses and a golf course (Figure 
2.4). The riparian corridor itself has a wide buffer, with well-used creekside walking trails and 
city parks adjacent to the channel, although there are sections where residential development 
encroaches on the floodplain. Riparian cover, provided by native species including willow, oak, 
and buckeye, is moderately dense. The grassy banks are relatively gently sloping. Perennial 
pools, with water depths of almost 3 feet in places, were observed at the field site as well as 
along the reach. This water comes from both irrigation (e.g. the Oakhurst Country Club and 
residential yards) as well as several springs in Clayton.  
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2.3.2. Urbanized zone: Flood Control Reach 
Located in the Concord, the Flood Control field site consists of a trapezoidal channel 
constructed by the Soil Conservation Service (SCS) in the early twentieth century (Figure 2.4).  
Along this reach, the historical channel was realigned to make way for the Baypoint-Clayton 
Railroad (Questa Engineering Corporation, 2001).  Along this reach, the creek flows parallel to a 
public right-of-way owned by the City of Concord that serves as an unofficial walking and biking 
trail.  At this site, the channel is quite deep (14.8 feet below the trail adjacent to the creek) and 
wide, and the concrete and grassy banks are fairly steep. This field site, as well as most of this 
reach of the creek, has very little canopy cover.  
 

2.3.3. CNWS Zone: Bailey Rd. Reach 
The Bailey Rd. field site is the most upstream site within the Concord Naval Weapons Station 
(Figure 2.4). In this reach, former walnut orchards and currently grazed open space border the 
channel. There is evidence that cattle currently have access to the creek. Although canopy 
cover is low, five different plant species, including cottonwood, willow, and mule fat, were 
mapped. Channel banks are steep, exposed, and undercut in places. Potential causes of 
observed bank erosion include cattle access as well as an artificially steep longitudinal slope, 
among the highest calculated for the field sites. Analysis of aerial photos, as well as accounts 
from local residents, indicate that a meander bend on Mt. Diablo Creek, just upstream from this 
site, was cut off during the 1930s; these modifications would have increased the channel 
gradient.   

2.3.4. CNWS Zone: Riparian Complexity Reach 
The Riparian Complexity field site consists of an intact riparian forest and a broad floodplain 
connected to the channel (Figure 2.4). This field site has a greater diversity of plant species and 
more dense vegetative cover than other sites surveyed; mapped plant species include ash, 
cottonwood, walnut, willow, buckeye, and giant reed. Despite the thick vegetation and relatively 
low channel gradient – two factors that serve to slow flows and thus increase the likelihood of 
flooding – the site is sufficiently wide (236 feet from bank to bank) that even the 100-year flow is 
contained within the banks (see Appendix III). The site is located on the Concord Naval 
Weapons station, adjacent to grazed open space land. 

2.3.5. CNWS Zone: Culvert Reach 
This field site on the Concord Naval Weapons Station is located in a reach where the creek 
passes through four sets of double-box culverts (Figure 2.4). This reach is adjacent to grazed 
grasslands and cattle are fenced out of the channel. The creek’s grassy banks are very steep 
(between 1:1 and 1:2), and the trapezoidal cross-sectional form indicates that the channel is 
likely to have been physically altered along the reach. Small terraces have formed within the 
channel; one such terrace contains a valley oak tree estimated to be about 250 years old (J. 
Hale, personal communication, 2005). The tree suggests that the channel has been at close to 
its present grade for a long period of time. Canopy cover and plant species diversity are low at 
this site.  

2.3.6. CNWS Zone: Grand Canyon Reach 
At the Grand Canyon field site, the creek is at its most entrenched, with a depth of 20.6 feet 
from the top of banks to the channel thalweg (Figure 2.4). The channel is also quite wide (64 
feet). In this reach, the banks are very steep, particularly the left bank, which has an slope of 
about 1:1. At the site of the cross-section survey, the banks are mostly covered with grass. 
However, just upstream and downstream, the banks are undercut, extremely steep, and have 
little vegetation. This site is surrounded by grazed grasslands, and although unfenced, the 
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steepness of the banks is likely to prevent cattle from entering the creek. Canopy cover is 
moderate, and five different species were mapped at the site: ash, cottonwood, walnut, mule fat, 
and buckeye. Most of this vegetation is located within the channel, at or near grade with the 
bed, rather than alongside the banks.  

2.3.7. CNWS Zone: Vegetated Canyon Reach 
The Vegetated Canyon site is much like the Grand Canyon site, described above (Figure 2.4). 
The primary difference is vegetative cover, which is high at the Vegetated Canyon site. This 
dense cover is provided primarily by cottonwood trees growing inside the channel. Like the 
Grand Canyon site, the banks are quite steep and wide, with exposed soil and some 
herbaceous vegetation. The bed material observed at this site is much finer than adjacent 
reaches, likely because the cross-section location has a large sand deposit. However, gravel 
deposits are located adjacent to the site. Therefore it is likely that the surveyed bed material 
composition is an anomaly within this reach.  

2.3.8. CNWS Zone: Willow Pass Road Reach 
At the Willow Pass Rd. site, the channel is vegetated with cottonwood and buckeye, and walnut 
trees and a coulter pine provide cover from the banks (Figure 2.4). This site is surrounded by 
grazed grasslands and is located just upstream from the Willow Pass Rd. overpasses. The 
channel is considerably less deep and the vegetated banks more gently sloping than at the 
three sites upstream. Banks are well-vegetated and slightly undercut in several locations.  

2.3.9. CNWS Zone: Upper Railroad Reach 
Downstream of Willow Pass Rd., the Upper Railroad site is thickly vegetated with cottonwood 
and walnut (Figure 2.4). Although it is a major thoroughfare, Willow Pass Rd. appears to have 
minimal impact on the channel, probably because the overpass is elevated quite high above the 
channel.  The channel is both narrower and less deep than any of the upstream sites in the 
urban or CNWS zones. There is more fine bed material, especially sand, at this site than at 
those upstream. Flood potential is high.  High water marks after the December 31, 2005 storm 
were observed 6.2 feet above the channel bed. 

2.3.10. CNWS Zone: Summer Pools Reach 
The Summer Pools site, located just upstream of the Highway 4 overpass, is the most 
downstream field site on the Concord Naval Weapons Station (Figure 2.4). So named for the 
presence of perennial pools, which may be spring-fed, this site contains water up to a foot deep 
in places. Tree frogs were observed living in these pools, which also are likely to contain 
suitable habitat for the California red-legged frog (J. Hale, personal communication, 2005).  The 
Summer Pools site is 7.5 feet deep and 39 feet wide. Here the channel capacity is much lower 
than the upstream sites and thus the flood potential is much higher. High water marks after the 
December 31, 2005 storm were observed 4.7 feet above the channel bed. 
 
On the right bank of the Summer Pools field site is a US Army Corps delineated wetland.  This 
wetland is at the foot of an alluvial fan that drains Willow Pass and is also fed by overbank flows 
at a low point in the bank a few hundred yards upstream.  After the December 31, 2005 storms, 
the Willow Pass alluvial fan had an approximately 4-6 inch layer of newly deposited sediment 
that had eroded from upslope near the onramp to Highway 4.  The alluvial fan supports a unique 
upland Baccharis spp community.  The delineated wetland at the foot is dependent on both the 
groundwater surface water interactions and the sediment provided by the alluvial fan and source 
hill slopes nearby. 



 

18 
 
  

2.3.11. Tidal Zone: Port Chicago Highway Reach 
Downstream and outside of the Concord Naval Weapons Station and located adjacent to 
industrial lands, the Port Chicago Highway field site contains a wide, braided channel (Figure 
2.4). At 105 feet, the channel is approximately twice as wide as at the other field sites (with the 
exception of the Riparian Complexity site, which is twice as wide as this site).  A dense 
cottonwood riparian forest provides a thick canopy. The banks are sloping and well vegetated. 
This site contains perennial pools, likely fed by golf course irrigation, springs, and industrial run-
off. Pools at the site contained water up to 2.75 feet deep. Bed material is finer than at upstream 
sites; more than 85% of the bed material is finer than 16 mm. Flood potential is high, and local 
residents report regular flooding in this reach, with flows spilling over the Port Chicago Highway. 
 

2.3.12. Tidal Zone: EBMUD Wasteway Reach 
The EBMUD Wasteway field site is the most downstream of the field sites, located near the 
terminus of Mt. Diablo Creek and where three pipelines cross the creek (Figure 2.4). Grazing 
lands on the Tesoro Refinery property surround this site. Cattle and their impacts were 
observed in the channel. The site is sparsely vegetated – willow was the only vegetation type 
mapped – and the channel has little canopy. Banks are very steep, though vegetated, and the 
channel form is nearly trapezoidal. The straightness of the channel, as well as the trapezoidal 
cross-section shape, suggest that this channel form was modified. The channel is considerably 
smaller than at upstream sites, resulting in a high potential for flooding, as confirmed by 
community members (J. Ginochio, personal communication, 2005).  Almost 100% of the bed 
material is sand. 

2.3.13.  Channel Trends – Channel Form 
Figure 2.5 plots the channel cross-sections for the twelve field sites.  An obvious trend among 
the creek cross-section surveys is the steady deepening of the channel from the Mitchell Creek 
Rd. site to the Grand Canyon site (with the exception of the modified Flood Control site) (Figure 
2.6), and the narrowing of the channel from the Grand Canyon site to the EBMUD wasteway. 
 
With the exception of the Port Chicago and the Riparian Reference reaches, all of the cross 
sections show an overly incised channel disconnected from its floodplain.  Often, streams will 
initially incise in response to changes in the watershed, and laterally erode their banks once the 
streambed reaches something close to equilibrium.  The most dramatic changes to the channel 
probably occurred decades ago.  Surprisingly, the channel has not migrated laterally to any 
significant degree since 1939 (see Appendix III). 
 
The Riparian Reference and Port Chicago Highway reaches are less incised and more 
connected to their floodplains as a result of human alterations rather than the preservation of 
natural conditions.  The Riparian Reference reach was most likely a borrow pit for the 
construction of the nearby railroad beds.  The excavation of soil and gravel next to the channel 
provided a wide, shallow cross-section that the creek could frequently flood and reorganize with 
scour and deposition.  This led to the establishment of the dense riparian forest we see in that 
reach today (Figure 2.4).   
 
The Port Chicago Highway reach was relocated to its current location approximately 20 years 
ago during construction of the nearby industrial park.  When the new channel was excavated, it 
was probably wider than the channel upstream.  This would have slowed waters down, allowing 
sediment and gravel to deposit and reorganize itself into a meandering and occasionally braided 
channel connected to its floodplain.  The relatively young willow and cottonwood riparian forest 
has established itself since the construction of the new channel. 
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2.3.14. Channel Trends – Flooding 
Related to channel size, but also affected by the local slope gradient and roughness of the 
channel, is flood capacity. With the exception of the Riparian Complexity field site (which is not 
especially deep but is two to nine times wider than the other field sites), the deeper field sites 
have a much higher flow capacity. The three most downstream sites have the lowest channel 
capacity.  It is not uncommon to see a downstream reduction in flood capacity as the gradient of 
the channel lessens and as the valley of the watershed widens.  What is interesting about Mt. 
Diablo Creek is the large amount of flow that can be conveyed by the channel much of the way 
downstream. 
 
In Appendix III, we make some very coarse channel conveyance capacity calculations.  What 
makes these calculations so coarse is the fact that we were unable to discern an energy slope 
for the reaches due to the absence of flowing water during our surveys.   
 
On December 31, 2005, a 30- to 40-year storm event occurred in the watershed (CCCFCWCD, 
2006).4  Figure 2.5 notes the high water marks from that event, giving some sense of how large 
storms are conveyed through the stream channel.  Though the storm return interval does not 
relate directly to the stream flow return interval, it is safe to say that an event this size is larger 
than the Q2 flows that we would expect to overtop stream banks. 
 
For the 10 sites we surveyed with high watermarks, only the lower three overtopped their banks 
and inundated their floodplains.  This indicates that the creek is severely incised and floodplain 
connectivity is compromised. 
 
Figure 2.7 shows photos of select field sites before and after the flood event.  Site inspection 
after the high flow event showed signs of erosion, slumping, and deposition, suggesting a 
geomorphically active stream channel that is capable of moving significant amounts of sediment 
during storm events. 

2.3.15. Channel Trends – Vegetation 
Figure 2.8 plots the vegetation maps for all 12 field sites.  Vegetation in the channel is primarily 
Fremont cottonwood, willow, buckeye, and mule fat.  On the terrace above the channel the 
canopy is primarily valley oak and walnut.  The most noticeable pattern is the existence of only 
a narrow and frequently interrupted band of riparian canopy  (except for the Riparian Reference 
and Port Chicago Highway reaches). This is attributable to two factors: the incision of the 
stream prevents flood flows from delivering water, nutrients, seed source, and scouring to the 
floodplains.  In most reaches, floodplains are limited to a narrow bench of soil that has slumped 
into the channel and performs some limited floodplain function.  Second, the riparian habitat is 
limited by grazing.  Some reaches are fenced off or too deep and steep for most cattle to 
venture into, but much of the stream corridor is open to grazing.  This limits regeneration outside 
of the stream channel.   
 
That said, for a creek that passes through densely developed land, the riparian corridor of Mt. 
Diablo Creek is in much better shape than many riparian corridors in Contra Costa County.  The 
corridor may be impaired by the channel form and surrounding land uses, but many stream 
corridors in the county are devoid of any vegetation or confined to concrete.   

                                                 
4 This is calculation is based on precipitation records for rain gauges near and in the watershed.  The 
calculation is based on precipitation, not stream flow.  There is no recording stream gauge in the Mt. 
Diablo Creek watershed.  Therefore we have no record of the actual stream flow or its relative size 
compared to historic flows.  
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2.3.16. Channel Trends – Bed Composition 
Figure 2.9 plots the results of the bed composition surveys at the 12 sites.  Median bed material 
size generally decreases downstream, which is to be expected in a fluvial system. Mitchell 
Canyon Rd. is the only field site with substrate larger than 256 mm, and the EBMUD Wasteway 
has almost 100% sand. Between these sites, the bed material composition varies. Because the 
local slope does not change dramatically between the field sites, the pattern is less pronounced 
than it would be had we included sites in the upper watershed. 
 
Table 2.1 lists the percent of the substrate that is suitable for steelhead spawning.  The values 
range from 0% at the sandy lowest reach by the EBMUD wasteway to 63% in the Grand 
Canyon reach site.  In general, the sediment surveys indicate a reasonable amount of spawning 
gravels in the urban and CNWS zones. 
 

2.4. Tidal Zone 
 
Mt. Diablo (or Seal Creek as it is called at the mouth) drains into Hastings Slough in a once-
continuous tidal marsh in the lower watershed along Suisun Bay.  The US Navy, California 
Department of Fish and Game (Pt. Edith) and the Tesoro Refinery own most of the marsh area.  
EBMUD owns a narrow strip of land that serves both as a blow-off channel for its Mokelumne 
Aqueduct pump and as the mouth of Seal Creek.  The nomenclature of the marsh complex is 
articulated in Figure 2.10.   
 
Roads, railroads, levees, culverts, meander cut-offs and other human interventions have 
compartmentalized the 5,600-acre marsh complex.  Flow constrictions inhibit natural flooding 
and drainage of the marsh, reduce the volume of water entering and exiting during each tidal 
cycle, and may present barriers to upstream migrating steelhead.  Dr. Karl Malamud-Roam of 
Contra Costa Mosquito and Vector Control District (CCMVCD) identified several possible flow 
constrictions that may impact the health and function of the tidal marsh (Figure 2.11). 
 
The most significant barriers in the marsh are Waterfront Road, the Union Pacific Railroad 
(UPRR), and the Burlington Northern and Santa Fe Railroad (BNSFRR).  These roads and 
railroads are built on elevated levees that transect the marsh from southwest to northeast.  
These barriers allow some connectivity for Hastings Slough and Seal Creek but they completely 
cut off many smaller systems that used to connect the now compartmentalized sections of the 
marsh. 
 
Additional constrictions or impediments include:  
 

• At Hastings Slough, immediately downstream of the UPRR, a box culvert once used to 
access an abandoned marina limits flow into and out of what was formerly Hastings 
Slough before it was redirected by Waterfront Road. 

 
• Waterfront Road, as it crosses Hastings Slough, is a 50-foot span bridge with concrete 

piles.  The invert beneath the bridge is high and may reduce draining during low tides.  
At lower low tides, the difference in the water surface elevation on either side of the 
bridge can be as much as a foot. 

 
• The East Hastings Marsh and Clyde Marsh have subsided through oxidation of organic 

soils due to past attempts to levee and drain them, and now, flooded again, act more like 
lagoons than tidal marshes.  This subsided area could provide habitat for invasive 
species and mosquitoes and could impact water quality elsewhere in the marshes. 



 

21 
 
  

 
• Between the Waterfront Road bridge and the UPRR bridge is a cut off portion of the 

natural channel that now flows in a 4-foot box culvert that reduces and mutes tidal 
action.  The Contra Costa Mosquito & Vector Control District has proposed replacing this 
box culvert with a 16-foot long bridge. 

 
• The reach from the confluence of Hastings Slough and Seal Creek upstream to the 

EBMUD pump (including beneath the BNSFRR bridge) has not been mapped or 
measured and could be a flow constriction impeding tidal action and upstream fish 
passage. 

 
The Contra Costa Mosquito & Vector Control District has initiated restoration activities on the Pt. 
Edith portion of the marsh complex.  Increased tidal flows reduce stagnant water and reduce 
habitat for mosquito larvae.  Their restoration actions have included removing culverts and 
improving tidal flow through the marsh channels.  The effect has been to increase the 
dominance of the cattails and tules and decrease the dominance of pickleweed (which performs 
better in hyper-saline conditions) (Malamud-Roam and Hanson, 2000; L. Hanson, personal 
communication, 2005). 
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Table 2.1 Summary of Mt. Diablo Creek Field Surveys 
              
 ← upstream                                                       Field Site                                                                     downstream → 

  

Mitchell 
Canyon 

Rd. 
Flood 

Control 
Bailey 

Rd. 
Riparian 

Complexity Culvert 
Grand 

Canyon 
Vegetated 
Canyon 

Willow 
Pass 
Rd. 

Upper 
Railroad 

Summer 
Pools 

Port 
Chicago 
Highway. 

EBMUD 
Wasteway 

Location Clayton Concord CNWS  CNWS  CNWS  CNWS  CNWS  CNWS  CNWS  CNWS  Concord Unincorp. 
Vegetation 
Cover medium low low high low medium high high high medium high low 
Dominant species:                         

Coulter pine               X         
Coyote brush                 X X     
Ash       X   X             
Fremont cottonwood     X X   X X X X X X   
Valley oak X X     X   X           
Walnut     X X   X X X X X     
Mule fat     X   X X   X         
Willow X X X X           X X X 
California buckeye X     X   X   X X       
Poison oak             X           
Giant reed     X X                 
Choke cherry   X                     

Channel dimensions 
Total channel depth 
(top of lower of 2 
banks to thalweg) (ft.) 6.5 14.8 9.4 12.1 15.1 20.6 17.6 12.5 10.3 7.5 4.9 6.7 

Total channel width 
(top of right bank to 
top of left bank) (ft.) 71 57 43 236 50 64 63 60 50 39 105 25 
Active channel depth 
(ft.) 0.67 2.9 0.8 3.5 3.2 3.3 1.3 1.5 0.6 0.7 1.0 1.0 
Active channel width 
(ft.) 17.8 12.7 21.0 73.0 N/A 21.5 23.1 11.7 11.5 5.1 16.6 9.7 

Right bank angle 9° 34° 37° 7° 36° 29° 35° 28° 37° 14° 9° 34° 

Left bank angle  27° 24° 34° 22° 40° 46° 41° 20° 27° 43° 17° 54° 
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Table 2.1 Summary of Mt. Diablo Creek Field Surveys (continued) 
             
 ← upstream                                                       Field Site                                                                     downstream → 

  

Mitchell 
Canyon 

Rd. 
Flood 

Control 
Bailey 

Rd. 
Riparian 

Complexity Culvert 
Grand 

Canyon 
Vegetated 
Canyon 

Willow 
Pass 
Rd. 

Upper 
Railroad 

Summer 
Pools 

Port 
Chicago 
Highway. 

EBMUD 
Wasteway 

Channel slope 

Local slope at reach 1.1% 1.2% 1.4% 0.5% 1.1% 0.7% 0.8% 1.0% -0.2% 1.4% 0.3% -1.1% 

Slope on long profile 1.0% 0.7% 0.7% 0.6% 0.7% 0.7% 0.7% 0.8% 0.8% 0.5% 0.4% 0.3% 
Bed material 
Principal bed material gravel pebble pebble pebble gravel pebble sand pebble gravel pebble gravel sand 

% bed material that is 
suitable steelhead 
spawning habitat 30% 58% 43% 53% 37% 63% 10% 49% 30% 51% 13% 0% 
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3. Watershed Connectivity: Current Conditions 
 
The habitats in the Mt. Diablo Creek Watershed serve a critical role in the movement of wildlife 
both within the watershed and regionally in the Bay Area eco-region.  Many species in the 
watershed have life cycles that require very different resources and conditions at different 
stages.  For example, steelhead trout must be able to access gravels for spawning in the upper 
watershed, perennial reaches for juvenile rearing, and the Pacific Ocean for adult maturation.  
Similarly, terrestrial species may need to move between different habitat types for hunting, 
foraging, nesting, or other critical life functions.  Red-legged frogs migrate along riparian areas 
between breeding areas ensuring genetic diversity.  The habitats required by individuals may be 
entirely within the watershed or depending on the species, may necessitate movement 
throughout the region. 
 
Human development on the landscape has tended to either destroy or divide habitat and 
generally impair terrestrial or aquatic wildlife migration.  The main threats to connectivity in the 
Bay Area are urban development, highways and roads.  Of lesser importance are fuel breaks, 
water diversions, wind turbines, logging, and poor water quality.  Despite the increasing 
pressure on migration corridors, wildlife still migrate by waterways, riparian corridors, remaining 
contiguous or semi contiguous open space, and under crossings or bridges (CWC, 2001).     
 
This chapter articulates our conceptual model for passage and connectivity and identifies key 
terrestrial and aquatic linkages both within the watershed and between watersheds in the Bay 
Area eco-region. 

 
3.1. Terrestrial Connectivity 

3.1.1. Intra-Watershed Connectivity 
The Mt. Diablo Creek Watershed is bordered upstream and down by biologically diverse areas.  
At the headwaters, Mt. Diablo supports an extremely diverse assemblage of habitat types, many 
of which are rare.  At the mouth of the watershed are Hastings Slough and Suisun Bay, which 
also support an extremely diverse assemblage of habitat types.  One role of the watershed 
lands and the creek is to provide a link for wildlife to move between these biologically diverse 
regions and make use of the abundant resources provided by them. 
 
Though impaired by urban developments, highways, and other barriers, this terrestrial linkage 
still exists both via the riparian corridor and overland corridors (Figure 3.1). 

3.1.2. Riparian Corridor  
Riparian corridors are well documented as migration corridors.  In urban settings where much of 
the upland habitat has been impaired or divided by development, riparian corridors offer the 
best opportunity for continuous, linear movement through out the watershed.  The availability of 
water, diversity of vegetation and food sources, and cover make corridors ideal for passage.  
Features that impair both aquatic and terrestrial passage include culverts, highway, road or 
railroad crossings, bridges, lack of shaded riparian vegetation in or adjacent to the channel, and 
development that encroaches on the riparian corridor. 
 
Wildlife that uses the riparian corridor for movement include: California tiger salamanders, 
California red-legged frogs, coyote, mule deer, gray fox, many bird species, and tule elk (CWC, 
2001).  The riparian corridor in the Mt. Diablo Creek Watershed is in reasonably good condition 
for an urban watershed (as described in the previous chapter).  The urbanized reaches of the 
stream channel are afforded a reasonably sized buffer throughout (with the possible exception 
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of the flood control reach in Concord), and the CNWS has prevented development 
encroachment into the riparian zone on several miles of stream channel.  The most significant 
impacts from the perspective of a terrestrial species migration corridor are the discontinuity of 
riparian vegetation (absent due to flood control management, overly steep banks, or grazing), 
fencing associated with the CNWS, and choke points at all the major road crossings.  Two 
significant features worth noting are the Highway 4 overpass (Figure 3.2) and the Willow Pass 
Road overpass (Figure 3.3).  These overpasses were designed to provide the base’s railroad 
system with uninterrupted access through the CNWS.  Because Mt. Diablo Creek also passes 
beneath the overpasses, they provide a critical riparian and upland migration corridor between 
the lower and middle watersheds. 

3.1.3. Overland Linkages 
Wildlife migration is not limited in the Mt. Diablo Creek Watershed to the riparian corridors.  An 
upland corridor also exists between Mt. Diablo and Highway 4 (Figure 3.1).  This corridor exists 
mostly on privately owned land on Clayton Ridge that is managed for cattle grazing.  This 
incidental open space provides a second migration pathway for terrestrial species.  Species 
likely to use this corridor include: mountain lion, coyote, gray fox, mule deer, Alameda 
whipsnake, golden eagle, and burrowing owl (CWC, 2001). 
 
This overland route experiences a choke point at Willow Pass and Highway 4 overpasses.  
Clayton ridge is bisected by Highway 4 forcing species to either risk traversing the highway or to 
migrate to the riparian areas by the overpasses. 
 
These overland routes are also critical for maintaining migration linkages with other watersheds 
and the rest of the Bay Area eco-region (discussed below). 

3.1.4. Inter-Watershed Connectivity: the Watershed in the Regional Context 
The Mt. Diablo watershed also plays a critical role in the movement of wildlife throughout the 
Bay Area eco-region.  The watershed is located at the northern extent of the eastern arm of the 
Diablo Ridgelands and connects the Diablo Ridgelands with the Suisun Bay (Figure 3.4).  The 
Diablo Ridgelands extend between the Bay and the Central Valley, from the Carquinez Strait to 
Mt. Hamilton and Pacheco Pass.  The Ridgelands consist of the mostly parallel ridges that rise 
above the valleys and urban areas of the East Bay.  The Ridgelands consist of oak woodlands, 
gray, coulter, and ponderosa pine on the higher elevations, chaparral at dryer locations, and 
annual grasses on exposed lowlands or ridges.  The area is known to support mountain lions, 
bobcats, kit foxes, eagles, hawks, red legged frog, deer, Alameda whipsnake, and many more 
species of concern.  The area is a mosaic of large, publicly owned lands (Mt. Diablo State Park, 
Los Vaqueros Reservoir, Tilden Park, Briones Regional Park, Chabot Regional Park, Sunol 
Wilderness, Ohlone Wilderness, Henry W. Coe State Park, and Romero Ranch) and over 
800,000 acres of privately held lands, much of which is used for grazing or irrigated agriculture 
(DRWG, 2001). 
 

3.1.4.1. Regional Overland Linkages 
The Diablo Ridgelands Working Group studied linkages throughout the Diablo Ridgelands area.  
The working group identified the Clayton Ridge/Mount Diablo/Black Diamond/Concord area of 
the Ridgelands as necessary to provide passage, connectivity, and habitat for mountain lion, 
gray fox, bobcat, deer, raptor, and Alameda whipsnake (DRWG, 2001).  Again, the Highway 4 
and Willow Pass Road overpasses are critical to provide passage between the upland habitats 
described in the Ridgelands plan and the Suisun Bay.   
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Not described in the Working Group report is a possible overland connection between the east 
and west arms of the Diablo Ridgelands (Figure 3.4).  The eastern arm is connected to the 
western arm via the Hasting Slough area and a very narrow strip of land right along the 
shoreline that passes under the elevated freeway at the I-680 Bridge.  Though outside the 
watershed and unstudied, this link could make the Mt. Diablo Creek Watershed all the more 
valuable as a conduit for wildlife passing between the two arms. 

3.1.5. Threats to Terrestrial Linkages 
The main threat to habitat and connectivity in the Diablo Ridgelands and the Mt. Diablo Creek 
Watershed is urban development and the infrastructure associated with it; highways and roads.  
Specific to the Mt. Diablo Creek Watershed is the impending development of the Concord Naval 
Weapons Station.  Since the railroads will be decommissioned, the Willow Pass Road overpass 
will likely be torn down and reconstructed at grade.  Due to its proximity to the freeway and the 
North Concord BART station, development and infrastructure is likely to be concentrated near 
the Highway 4 overpass, severely impairing connectivity in the watershed. 
 

3.2. Aquatic Connectivity 
 
Mt. Diablo Creek Watershed also provides aquatic connectivity between Mt. Diablo and Suisun 
Bay.  Upstream connectivity to spawning gravels is critical for steelhead trout to complete their 
life cycle.  It is especially critical given the difficulty of reestablishing connectivity to upstream 
spawning habitat in the adjacent watersheds of Marsh Creek and Walnut Creek.  In this section, 
we identify the barriers to connectivity that impair steelhead passage. 

3.2.1. Steelhead Habitat Needs  
Steelhead trout spawn and hatch in freshwater streams in the San Francisco Bay-Delta estuary 
and mature in the ocean.  They return to freshwater streams to spawn.  Steelhead spawn 
between December and March in small, coldwater, gravel-bedded tributaries such as Mt. Diablo 
Creek.  Unlike salmon, steelhead trout will return to the ocean after spawning if possible.  
Steelhead fry emerge from mid-February through March and spend the first full year or two 
rearing in the stream.  After their first or second year, steelhead will move out of the tributaries 
and into the ocean.  Steelhead return to the tributaries to spawn in the winter after at least a 
year in the ocean (Moyle, 2002).   
 
Leidy et al. (2005) lists the Mt. Diablo Creek Watershed as having a possible run of steelhead 
trout.  Records and anecdotes collected by Leidy et al. indicate the presence of a historical run 
of steelhead. The last reliable sightings in the watershed were in December 1993.  In response 
to both the presence of steelhead historically and the current absence, NHI embarked on a 
scoping-level gap and corridor analysis.    
 
The two most critical habitat elements required by the steelhead lifecycle are: 1) the presence of 
perennial reaches or pools throughout the dry season for over-summer habitat; and 2) passage 
between the ocean and upstream spawning gravels.  Hence, this study focused on barriers to 
migration and presence of pools for over-summering juveniles. 

3.2.2. Existing habitat in watershed  
In 1985, a dry water year, Taylor measured summer flow in 3,500 feet of Mitchell Creek in Mt. 
Diablo State Park.  He speculated that springs along the Deer Flat Creek tributary maintained 
perennial flow in Mitchell Creek.  In 1988, Alexander identified one quarter of a mile of Mitchell 
Creek in Mt. Diablo State Park and about 400 yards of Mt. Diablo Creek near the confluence 
with Mitchell Creek (near the Clayton Library) that were perennial.  Leidy (2005) also reports 
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perennial reaches or pools upstream of Port Chicago Highway on the Diablo Creek Golf Course 
and in the lower reaches of the Concord Naval Weapons Station. 
 
NHI identified pools or perennial flow in the following reaches of the Mt. Diablo Creek 
Watershed (Figure 3.5 and Table 3.1): Upper Mitchell Creek, Mt. Diablo Creek near the Clayton 
Library and city hall, Mt. Diablo Creek downstream of the Oakhurst Country Club, Mt. 
Diablo/Seal Creek upstream and downstream of Port Chicago Highway.  We identified these 
pools in September 2006, three months after the last precipitation in the watershed.  These 
reaches are consistent with those reported in earlier literature with one exception.  The area 
downstream of the Oakhurst Country Club was not previously listed as a perennial reach.  
Either it was not noticed, or it is newly perennial as a result of summer irrigation, or it is 
unreliably perennial in other year types with less precipitation.   
 

Table 3.1 Perennial Reaches or Pools in the Mt. Diablo Creek Watershed 
Location Possible Source of Water Notes 
Port Chicago 
Highway 

Irrigation on Diablo Creek 
Golf Course 

Standing pools upstream of highway and flow 
downstream of highway.  Western Roach, 
stickleback and mosquito fish. 

CNWS near 
Highway 4 

Shallow creek channel near 
water table elevation 

Standing pools 

Downstream of 
Oakhurst CC 

Irrigation on Oakhurst 
Country Club and in the 
City of Clayton 

Western roach, stickleback, mosquito fish, 
crawdads and possibly young trout. 

Clayton Library Residential irrigation in City 
of Clayton and springs, 
small dam on mainstem 

Western roach, stickleback, mosquito fish, 
crawdads and possibly young trout. 

Upper Mitchell 
Creek 

Springs Historic presence of steelhead 

 
 
Because the size, location, and other qualities of the pools will vary based on the time of year 
and the previous years hydrology, we did not attempt detailed measurements of the pools for 
this scoping level analysis.  We measured only the presence or absence of pools or perennial 
reaches. 

3.2.3. Existing Barriers to Connectivity 
NHI surveyed barriers to passage in the watershed.  Any barrier greater than 10 feet is 
impassable.  Barriers less than 10 feet are passable provided that a pool exists immediately 
downstream of the barrier of a depth of at least 1.5 x the height of the barrier.  This provides the 
fish with the necessary space to gain enough momentum to jump the barrier (Bates, 1999).  In 
1977, the Contra Costa County Flood Control and Water Conservation District and the City of 
Concord both reported no barriers to fish migration in Mt. Diablo Creek (Reineck and Paulson, 
1977). 
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Table 3.2 List of Likely and Possible Fish Barriers on Mt. Diablo Creek 
ID Location Nature of barrier Notes 
 Likely barriers   
1 Downstream of EBMUD wasteway Earth blockage in 

channel 
Earth associated with 
three underground 
pipelines (water, natural 
gas, nitrogen) diverts 
creek to a shallow 
depression to the east 

2 Bailey Road Gated stream crossing Debris gate with 6 inch 
slots may prevent 
passage at certain flows 

3 Mitchell Canyon 2 abandoned diversion 
dams 

Downstream dam: 20 ft 
(w) x 5ft (h)   
Upstream dam: 30 ft(w) 
x 8 ft (h)  

4 Mitchell Canyon Hanging corrugated 
metal pipe 

48’, approximately 4 
feet above grade 

 Possible barriers   
5 Downstream end of Inland Area of 

CNWS 
Fenced stream 
crossing 

Small debris gate with 
6” slots and 1’ drop 

6 RR crossing near Highway 4 (CNWS) Box culverts Two 8.5 ft (w) x 5.75 ft 
(h) and one double 6 ft 
(w) by 8 ft (h) box 
culverts within close 
proximity  

7 RR crossing near Willow Pass Rd. 
(CNWS) 

Box culvert Two triple 8.5 ft (w) x 
5.75 ft (h) box culverts 
within close proximity 

8 Willow Pass Rd. (CNWS) Box culvert 17 ft. (w) x 13.75 ft (h) 
box culvert 

9 Contra Costa canal (CNWS) Box culvert 13.2 ft corrugated metal 
pipe 

10 L St. (CNWS) Box culvert Double 7 ft (w) x 10.2 ft 
(h) box culvert 

11 O St. (CNWS) Box culvert Double 7 ft (w) x 10.2 ft 
(h) box culvert 

12 Wildon Rd. (CNWS) Box culvert Double 7 ft (w) x 10.2 ft 
(h) box culvert 

13 S St. (CNWS) Box culvert Double 7 ft (w) x 10.2 ft 
(h) box culvert 

14 RR crossing upstream of S St. (CNWS) Box culvert Double 7 ft (w) x 10.2 ft 
(h) box culvert 

15 Second RR crossing upstream of S St. 
(CNWS) 

Box culvert Double 7 ft (w) x 10.2 ft 
(h) box culvert 

16 Third RR crossing upstream of S St. 
(CNWS) 

Box culvert Double 7 ft (w) x 10.2 ft 
(h) box culvert 

17 Mitchell Creek - Clayton Blvd. Box culvert  Double 10 ft (w) x 5 ft 
(h) box culvert 

18 Mitchell Creek – Caretakers Cabin Corrugated Metal Pipe 24’, approximately 2 
feet above grade 

 
Described below are the four likely barriers to passage and aquatic connectivity in the 
watershed (Figure 3.6). 
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3.2.3.1. EBMUD Wasteway 
Approximately 2.75 miles from Suisun Bay and 1,000 feet downstream of the EBMUD wasteway 
pumphouse is an earthen channel blockage associated with three pipelines to the Tesoro 
Refinery (Figure 3.7).  USGS maps show a continuous, straight channel through this reach.  
Site visits confirm that the channel is blocked and high flows are diverted to the east where they 
pond in a shallow depression.  This pooling area is now dominated by cattails.  When water 
surface elevations behind the barrier get high enough, water spills over near Port Chicago 
Highway and settles in a depression of willow trees.  The water has not carved a channel in the 
depression and the pooled water does not return to the creek.  It is unclear if this earth that 
blocks the channel was placed there to protect the pipelines, whether it deposited onto of the 
pipelines, or arrived there in some other manner.  
 
The Shell Oil Company and Conoco Phillips, Inc operate the pipelines.  Shell Oil operates a 20” 
heated crude oil line and a 6” nitrogen line.  The crude oil line was installed around 1966.  The 
Shell Oil representative did not know how deep the pipe was below the surface.   
 
This barrier completely severs the connection between Hastings Slough/Seal Creek and the rest 
of Mt. Diablo Creek.  Removing this barrier could reestablish aquatic connectivity between 
Hastings Slough and the rest of the watershed and also prevent some of the back flooding on 
grazing lands that reduces the amount of land that can be grazed and can strand cattle during 
high flow events (J. Ginochio, personal communication, 2005). 
 

3.2.3.2. Bailey Road 
Approximately 8.5 miles from Suisun Bay, at the upstream boundary of the CNWS, Bailey Road 
crosses Mt. Diablo Creek.  The span arch bridge crosses a gravel bottomed channel that is 
contained within walls approximately 20 feet apart underneath the bridge.  The bridge has been 
modified sometime since 2000.  Where the creek crosses the fence line delineating the CNWS 
boundary, a 16-foot hinged debris gate with 6-inch slots blocks the channel.  An 8-foot concrete 
lip descends three feet and enters a deep scour hole (Figure 3.8).  Downstream, beyond the 
scour hole, the bed of the creek is approximately the same elevation as the end of the concrete 
lip. 
 
The scour hole provides the steelhead with sufficient depth to jump over the concrete lip.  The 
debris gate blocks upstream fish passage. 
 

3.2.3.3. Diversion Dams and Culvert in Mitchell Canyon 
Approximately 14 miles from Suisun Bay, two diversion dams approximately 25 feet apart were 
once used to divert flow for swimming pools and recreation in Mitchell Canyon (Figure 3.9).  The 
upstream dam (upper photo) is approximately 8 feet tall and 30 feet wide.  The downstream 
dam (lower photos) is approximately five feet tall and 20 feet wide (Sibley, 2001).  Neither of 
these dams has a pool below it of sufficient depth to permit steelhead passage over the dams.   
 
Approximately 700 feet upstream of the two diversion dams, Mitchell Creek passes under a dirt 
road and through an approximately 48’ corrugated metal pipe.  When it was installed, the pipe 
was at grade with the streambed (J. Roskelley, personal communication, 2005), but subsequent 
scouring has left the pipe approximately four feet above the grade of the stream (Figure 3.10).  
Immediately after the December 31,2005 storms, gravel had aggraded the streambed to near 
the culvert invert (C. Shafer, personal communication, 2006).  In June 2006, the streambed had 
dropped to approximately three feet below the culvert (R. Walkling, personal observation). 
 
Though high in the watershed, the dams and the corrugated metal pipe upstream block passage 
to excellent habitat that supports rainbow trout and would likely support steelhead spawning.  
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Mt. Diablo State Park has commissioned studies to remove or modify these dams and re-grade 
the stream channel to pre-diversion geometry (Sibley, 2001). 

3.2.4. Restoring and Protecting Connectivity 
Terrestrial connectivity in the watershed remains but is threatened by new development.   
Aquatic connectivity is lacking but can be restored with some fairly simple actions. 
 
Terrestrial connectivity can be maintained if future development on Clayton Ridge and the 
Concord Naval Weapons Station are planned in such a way that they maintain migration 
corridors.  More studies are required to understand which species are using the migration 
corridors, when they are using them, and what their migration requirements are.   
 
Aquatic connectivity can be restored to 8.5 miles of stream if the lowest barrier in the EBMUD 
wasteway is removed.  At Bailey Road, a simple re-design of the debris gate (or entire removal 
if the fence is not needed after the base closes) will restore an additional five miles of passage.  
The Department of Parks and Recreation has already taken the initiative to address the three 
barriers on their property. 
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4. Opportunities and Recommendations 
 
This document has summarized the current hydrologic, geomorphic, and biologic conditions in 
the watershed with an emphasis on aquatic resources.  The document and the supporting 
appendices serve as an initial inventory and outline some hypotheses regarding ecological 
function in the watershed.  Based on the literature review, fieldwork, and professional judgment 
of the authors, we offer the following initial recommendations on watershed management and 
future studies.  We categorize these by: management strategies, conservation priorities, 
restoration opportunities, and additional studies. 
 

4.1. Management Strategies 
 
The Department of Fish and Game has recommended management of Mt. Diablo Creek as an 
anadromous fishery (Reineck and Paulsen, 1977).  In our fish passage investigations, NHI 
reported that once a barrier is removed from downstream of the EBMUD Wasteway site, the 
watershed will likely support steelhead trout spawning and rearing.  Substrate surveys reported 
in this memo also indicate that appropriately sized gravels exist for steelhead spawning 
throughout the creek (Table 2.1).  
 
In light of both the historic presence of steelhead and the potential to support them in the future, 
the stream channel should be managed to enhance steelhead passage, spawning, and rearing.  
This means increasing the amount of vegetation to provide more cover and cooler water 
temperatures, increasing habitat complexity, increasing floodplain access for juvenile rearing, 
and preventing overly turbid water and fine sediments from clogging redds.5  Management for 
steelhead must consider not only existing watershed conditions but future conditions as well. 
 
Managing the creek as an anadromous fishery has additional benefits for other species. The 
healthy conditions found along the riparian corridor, as described in this memo, include reaches 
with significant amounts of dense vegetation. Through our own field investigations, as well as 
interviews with long-time residents, we have learned that the channel also serves as a 
movement corridor for terrestrial species – including fox, coyote, and mountain lion - through 
areas with inhospitable adjacent land uses. Moreover, in the summer, the creek provides refuge 
for diverse terrestrial species, including large mammals such as tule elk.6 Finally, the perennial 
reaches of the creek, which are generally well shaded, provide habitat for amphibians, including 
tree frog and possibly the California red-legged frog and tiger salamander. 
 
The Mt. Diablo Creek Watershed should also be managed as a key linkage in regional wildlife 
migration.  The watershed is the northernmost extent of the eastern arm of the Diablo 
Ridgelands and connects the entire Ridgelands with the Suisun Bay.  The watershed may also 
be providing part of a key linkage between the two arms of the Diablo Ridgelands.  Specific 
migration corridors requiring conservation are described in Section 4.2 below. 
 
Sediment transport in watersheds plays an equally critical role in ecological function as 
hydrology.  Changes in land use, land cover, and stream form alter the quantity, quality, size, 
and timing of sediment and sediment transport through the system.  Much of the area 
downstream from the town of Clayton and along the base of the Clayton Ridge were alluvial 
fans supported by sediments being delivered off the hillslope into the valley bottom.  Wise 

                                                 
5 A redd is a nest of salmonid fish eggs consisting of gravel. 
6 In February, 2006, the Department of Fish and Game relocated the tule elk herd to the Cache Creek 
Natural Area, making way for redevelopment of the CNWS. 
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management of the watershed should include collaborative land management on private lands 
to ensure appropriate sediment transport and water quality in the stream. 
 

4.2. Conservation Priorities 
 
As described in Section 3, the watershed’s open space plays a key role in the movement of 
wildlife both within the watershed and regionally.  Mt. Diablo State Park, the riparian zones of 
the tributaries and mainstem, Clayton Ridge, and the Hastings Slough area provide wildlife 
migration opportunities between the biologically diverse regions of Mt. Diablo and Suisun Bay.  
Mt. Diablo, Clayton Ridge, and Hastings Slough also provide regional wildlife connections within 
the Diablo Ridgelands and other watersheds in the area. 

4.2.1. Overland Migration Corridor Conservation 
Much of the Mt. Diablo Creek headwaters area is already managed for conservation.  The State 
Park, EBRPD lands, and Save Mt. Diablo properties are all managed for wildlife and 
conservation purposes.  Along the Clayton Ridge, much of the land between the State Park and 
the Concord Naval Weapon Station is privately held and managed for grazing.  As development 
spreads up Marsh Creek Road and Kirker Pass or on the decommissioned Concord Naval 
Weapons Station (CNWS), watershed managers should preserve a continuous wildlife corridor. 
 
The greatest threat to a continuous overland migration corridor is perhaps the loss of the Willow 
Pass Road overpass and development near the Highway 4 overpass.  These two overpasses 
are currently the bottleneck in the connection between the upper and middle watersheds and 
the lower watershed.  They were originally constructed to provide a continuous corridor for the 
CNWS railroad system but have served to provide regional wildlife connections.  With the 
closing of the CNWS, the Willow Pass Road overpass will likely be rebuilt to grade, inhibiting 
migration.  The Highway 4 overpass will be an attractive area for development given its 
proximity to Highway 4 and the North Concord BART station.  In both of these cases, decision 
makers should conserve the regional wildlife connections provided by the overpasses. 
 
It goes almost without saying that the palustrine wetlands in the upland areas of the watershed 
need to be preserved and protected.  Similarly, migration corridors between these wetlands will 
ensure genetic diversity for the populations there, particularly the red-legged frogs.  A key 
wetland complex in the overland migration corridor is immediately south of Highway 4 and Mt. 
Diablo Creek near the overpass (Summer Pools reach).  Preservation of this wetland and the 
alluvial fan that delivers sediment and water to it will provide a necessary linkage between the 
overland and riparian migration corridors. 

4.2.2. Riparian Migration Corridor Conservation 
The riparian corridors of the Mt. Diablo Creek Watershed also provide valuable migration 
corridors in the watershed.  Wise planning decades ago has protected a riparian corridor along 
the mainstem and several of the tributaries.  This study focused much of its efforts on the 
mainstem but the tributaries also serve a valuable migration function.  The University of Arizona 
noted California red-legged frog migration in the riparian areas in the cistern pond subwatershed 
(UA, 1999).  These smaller tributaries serve to connect smaller populations that live in palustrian 
wetlands in upland areas. 
 
Whether or not to preserve riparian areas will probably not be the issue when developing the 
CNWS.  Rather, how wide an area must be preserved will be the key question.  Flooding 
concerns will mandate that development should not encroach in the 100-year floodplain.  The 
size of the 100-year floodplain will be wider for a restored or re-vegetated stream channel than it 
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is under current conditions.  The determination of the 100-year floodplain should be based on 
the potential restored conditions, not current conditions.  Basing it on current conditions could 
limit the amount and type of restoration possible in the future.   
 
Setting the buffer width must also consider what will be allowed in the buffer.  Whether or not 
parks, trails, ball fields, or other features are allowed within the buffer will affect the ecological 
function of the riparian area.  An appropriate buffer may be designed to accommodate a range 
of active and passive recreation as well as a native vegetation/riparian zone.  A buffer should 
include an inner zone of native vegetation but can be adjacent to and outer zone of parks and 
trails or storm water detention basins. 
 

4.3. Restoration Opportunities 

4.3.1. Stream Restoration 
We recommend two general restoration strategies to enhance management of Mt. Diablo Creek 
as an anadromous fishery: 
 
1) Re-vegetate sections of the stream channel with native plants  
Some reaches in the study area and more broadly through out the watershed have less than 
ideal amounts of cover. In some reaches, this may be due to active removal or suppression of 
vegetation (Flood Control Reach).  In others, it is probably due to cattle grazing in the stream 
(Upper CNWS and EBMUD Wasteway Reaches).  If replanted or allowed to re-vegetate, new 
vegetation in these reaches would provide additional cover, habitat complexity, stream channel 
complexity, nutrient inputs, and shading for the stream, greatly enhancing the overall ecological 
value. 
 
2) Restore floodplain connectivity and complexity 
Much of the stream is entrenched in a deep channel that prevents periodic flooding (every 1.5-2 
years) from overtopping its banks.  In some reaches, the stream has reestablished a small flood 
terrace within the trench that provides some marginal floodplain benefits.  The Riparian 
Complexity field site provides a glimpse into what Mt. Diablo Creek may look like if it were not 
entrenched.  The Riparian Complexity site has an active bankfull channel that is probably 
naturally sized to convey a Q1.5 or Q2 flow.  Beyond the active channel is a wide, heavily 
vegetated, topographically diverse floodplain that provides cover, shading, and diverse habitat 
types.  This section of the creek was probably excavated to construct the railroad grades that 
cross just downstream.  The creek responded by forming perhaps its most ecologically diverse 
sub-reach in the lower watershed.   
 
Where possible, consideration should be given to widening the channel at approximately the 
elevation of the water surface during the Q1.5 or Q2 flow (bankfull) to create a two-stage channel.  
This will enhance floodplain connectivity, improve habitat diversity, increase the flood capacity 
of the channel and allow for denser re-vegetation. 
 
We recommend the following for specific measures in the watershed: 
 
a) Urbanized zone: Mitchell Canyon Rd. Reach 
As this is one of the perennial reaches in the watershed, careful attention should be given to 
conditions in this reach. Steelhead require adequate vegetation to keep temperatures down and 
provide cover. This would be an ideal location for intensive native plant restoration.  
 
b) Urbanized zone: Flood Control Reach 
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This reach is perhaps the most impacted of all the study sites.  The trapezoidal channel 
provides little cover or habitat.  The right of way through this site is wide enough that the 
channel could be widened and re-vegetated, and some sinuosity restored. Efforts should be 
made to minimize human impacts to the creek, currently made possible by numerous crossings, 
perhaps through the construction of foot bridges. 
 
c) CNWS Zone: Bailey Rd. Reach 
This reach lacks vegetative cover perhaps due to grazing in the stream.  In much of the CNWS, 
cattle are kept out of the stream channel, but a few sites, including this one, do not exclude 
them.  There is ample space in this zone to restore a two-stage channel. 
 
d) CNWS Zone: CNWS Reaches 
Throughout the CNWS, channels should be widened to create flood terraces (two-stage 
channels) in locations where they do not exist and where significant amounts of existing riparian 
vegetation would not be negatively impacted by excavation. Areas of bank instability should be 
stabilized if they are contributing to fine sediments in the creek. Where channels are widened, 
the banks should be constructed at lower angles in order to prevent bank failure. Cattle should 
remain excluded from the creek.   
 
e) CNWS Zone: Diablo Creek Golf Course 
The channel through the Diablo Creek Golf Course is well vegetated and floods frequently 
(which explains the use of the area as a golf course).  Golf course management keeps the 
riparian corridor tight against the channel.  The manicured golf course comes within 10 feet of 
the channel.  There is the opportunity to expand the riparian corridor through this reach simply 
by establishing and maintaining a buffer on either side of the creek that does not get mowed.  
This may require adjusting some of the fairways on the east side of the creek but compared to 
the cost of reshaping the channel in other reaches, this is a relatively simple restoration strategy 
that could double or triple the total riparian canopy area along this reach.  
 
f) Tidal Zone: Downstream of Port Chicago Highway 
Downstream of Port Chicago Highway, downstream of the heavily vegetated area that runs 
parallel to Port Chicago Highway, is a large, privately held, vacant parcel where the stream is 
channelized and mostly exposed.  Flows after the December 31, 2005 storm remained within 
the stream channel.  Given the broad open space that surrounds it, this reach is deal for setting 
back the banks of the channel, re-vegetating the channel, and restoring some of the creek’s 
natural meander.  This restoration would greatly improve the connectivity of the riparian zone 
with the Hastings Slough area and improve water quality flowing into the marshes. 
 
g) Tidal Zone: EBMUD Wasteway Reach 
The primary concern in this reach is lack of channel connectivity with Hastings Slough.  Once 
connectivity is restored, the character of this reach may change.  Depending on the elevation of 
the streambed, it may become much more tidal in nature with more salinity tolerant plants and 
animals.  Removing this barrier could also prevent some of the back flooding on grazing lands 
that reduces the amount of land that can be grazed and can strand cattle during high flow 
events. 

4.3.2. Steelhead Passage Restoration 
Salmon and steelhead in California have lost access to more than 90% of their historic 
spawning and rearing habitat, causing dramatic declines in their populations.  Steelhead were 
listed in 1988 as threatened under the Endangered Species Act.  Given both the historical 
presence of steelhead in the watershed and the existence of perennial reaches and pools, it is 



 

37 

likely that once the passage issues are addressed, the watershed will be able to support 
steelhead again. 
 
The removal of the lower blockage may be very simple or may require relocating pipelines, 
depending on the elevation at which the pipelines cross the creek channel.  Removal of the 
barrier will impact the hydrology of the entire area.  The tidal range may increase upstream.  
The ponding behind the blockage will cease, changing the local distribution of high flows.  The 
removal of the blockage will also remove a potential mosquito nuisance by restoring flushing 
flows and preventing ponding in the area.  These issues should be studied and accommodated 
in planning for the barrier removal. 
 
The Bailey Road debris gate may be easily modified to allow passage beneath it or removed 
altogether when the CNWS is decommissioned. 
 
Mt. Diablo State Park is well underway addressing passage on Mitchell Creek.  In the past few 
years, they have removed an earthen dam and are studying the removal of the remaining 
barriers.   
 
These relatively simple modifications to the watershed could restore access to over 17 miles of 
stream for steelhead. 
 

4.4. Future Studies 
 
Future studies of the Mt. Diablo Creek riparian corridor should focus on filling the gaps and 
addressing the limitations of this inventory. 
 
1) Flow and floodplain modeling 
As noted earlier and outlined in Appendix III, the flow modeling used in this inventory is quite 
coarse. The software used for this inventory does not model the floodplain, and so we are 
unable to provide more information than whether or not a flow overtops the banks. Information 
about how much of the floodplain would be inundated would be extremely useful. While FEMA 
maps do depict the floodplain, they are limited to only the 100-year flood zone.  FEMA maps do 
not include the CNWS lands. 
 
No gauge exists or has existed on Mt. Diablo Creek, and so there have been no measurements 
of actual flow. Q10 and Q100 estimates came from a 1994 FEMA restudy, which essentially 
consisted of a revision to flow estimates made in 1981 that projected flow values in 2030, based 
on the General Plans of the local governments with jurisdiction within the watershed. Neither the 
1981 nor 1994 peak flows estimated flows with more frequent recurrence intervals. 
 
The following flow and floodplain studies are therefore recommended: 
More precise modeling of Q10 and Q100 flows at the surveyed cross-sections, with more accurate 
measurements of local slope, updated Q10 and Q100 estimates, revised Manning’s n values, and 
inclusion of the floodplain 
 
Modeling of Q2 flows, to understand how much water the channel typically carries 
 
Modeling of the 100-year flood zone on the Concord Naval Weapons Station based on both 
current conditions and restored conditions. 
 
2) Survey of upper watershed 
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The detailed surveys of the upper watershed were beyond the scope of this phase of work. Our 
inventory level understanding of the creek and of trends and patterns would only be improved 
by studies that included the upper reaches of the watershed, above the major tributary 
junctions. Studies of the tributaries would also be useful, though time-consuming because 
access is by foot. 
 
3) Rainy Season Surveys 
Understanding of the hydrology of the creek would be greatly improved by field surveys during 
the rainy season, particularly during large storm events. Estimating flow by measuring velocity 
and water surface elevation at surveyed cross-sections over the course of a rainstorm would 
provide insight into the magnitude of flows and the shape of the hydrograph.  Understanding the 
watershed’s hydrograph is the foundation of all restoration design and planning.  More detailed 
hydrograph studies are necessary to better manage the Mt. Diablo Creek Watershed. 
 
4) Wildlife migration corridors 
Our comments regarding wildlife migration in the watershed are based on literature review and 
professional judgment.  Further studies of the movement of wildlife both within the watershed 
and regionally would greatly increase understanding and hence design and conservation of 
wildlife corridors.  Studies should focus on the use of the overpasses by wildlife and the 
movement of small animals between palustrine wetlands on the CNWS. 
 
5) Pacific Flyway 
This study hypothesized about migration of terrestrial and aquatic species.  The watershed also 
plays a key role in the Pacific Flyway.  Future studies should examine and document the 
specific role particular habitats in the watershed play in larger regional bird migrations. 
 
6) Sediment budget and management in the Mt. Diablo Creek Watershed 
Sediment management in the watershed is necessary to maintain water quality, provide 
sediment to the system for geomorphic and ecological function, and prevent or reduce conflicts 
between flood control and biological objectives.  Appendix I describes the dramatic changes to 
the watershed and stream channel over the past 150 years.  These changes have affected the 
sediment quantity, size, quality, and distribution.  Areas that were once depositional alluvial fans 
are now incised stream channels and disconnected floodplains.  Future changes in the 
watershed must be understood in terms of their impact on sediment transport.  Failure to predict 
and manage these impacts could lead to additional conflicts between flood control and 
restoration. 
 
7) Study of actual imperviousness 
Current estimates of watershed imperviousness are based on planned land use.  Greater 
accuracy could be achieved through the use of aerial photos, field investigations and GIS. This 
information could be used to determined whether the watershed is nearing a threshold that 
would shift the creek’s status from “impacted” to “non-supporting,” i.e., poor aquatic habitat, 
highly unstable banks and high bacteria levels. 
 
8) Alternative futures modeling 
Alternative futures modeling could be used to help urban planners site development in a way 
that would have the least environmental impact.GIS could be used to map sensitive areas, such 
as riparian and wildlife corridors, wetlands and habitat for endangered species. Alternative 
futures could include options such as maximum buildout, maximum conservation of open space, 
and intermediate levels of development sited in less sensitive areas. Modelers could then 
assess the impacts of alternative development scenarios on hydrology, fluvial geomorphology, 
water quality, and wildlife habitat quality and connectivity.  
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9) Document the value of grazed watershed lands for habitat and effect on hydrology 
Livestock graze on much of the grasslands in the watershed.  Livestock grazing creates a 
specific type of habitat critical to species diversity.  As more of the currently grazed lands are 
converted either to urban development or to ungrazed open space, these habitats will be lost or 
transformed and the species that depend on them will be impacted.  Changes in grazing will 
also lead to changes in vegetation cover, evapotranspiration, infiltration, and other factors 
critical to determining rainfall runoff relationships.  If dramatic enough, these changes could 
impact watershed hydrology. 
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6. Figures 


