Appendix I: Historical Ecology

Introduction

In some places, the Mount Diablo Creek Watershed has been so transformed by human
activities that it is difficult to discern how it once functioned. In other parts, little change
is evident from 150 years ago. This chapter describes the nature and cause of
ecological change in each zone of the watershed, and the implications of those changes
for future management.

Historical ecology, the study of the ongoing relationship between human activities and
natural processes on the landscape, can provide insight into how to manage a
watershed to achieve ecological objectives. It is seldom possible to restore a watershed
to a “pristine” historical state, but a clear understanding of historical ecological
conditions and how the watershed has changed and can help identify opportunities for
restoring specific watershed functions that humans value.

Obtaining reliable, quantitative information on historical biological conditions is often
impossible due to the lack of historical records and studies, but it is possible to glean
gualitative information regarding the historical condition of the physical environment.
Ecology is variously defined as the relationship between organisms and their
environment or the interrelationship between biotic and abiotic processes. It is difficult
to quantify the number or condition of species that were historically present in a
watershed, particularly when the watershed was significantly changed before the advent
of aerial photography, as is the case with Mt. Diablo Creek. But it is often possible to
definitively identify geomorphic features and hydrologic processes that would have
largely determined historical biological diversity in such an arid environment.

This chapter relies on historical geomorphic analysis, historical descriptions and maps,
and general principles to provide a conceptual description of :

e Types of habitats and species that historically existed in the watershed,;
e Causes of habitat changes and loss; and
e Potential conflicts between natural processes and human settlement.

The purpose of this exercise is not only to provide an illustration of historical and
potential biological diversity of the watershed, but also to develop a conceptual
framework that can guide future research and planning in the watershed. Most of our
analysis is little more than informed speculation, and we recommend additional
research to prove or disprove hypotheses that are relevant to long-term management of
the watershed.

Historical Setting

William Brewer, a botanist who accompanied Josiah Dwight Whitney on the Geological
Survey of California in 1860 wrote that "The region north and northwest of Mt Diablo is a



beautiful one — pretty valleys scattered over with oaks, many of enormous size, with
wide branches, often dropping like the elm. The rugged mountain rises against the clear
sky, and when illuminated by the setting sun is an object of peculiar beauty. Our camp
was in a very pretty place, with great trees around, and the mountain in full view."

Brewer camped on the banks of a creek near Clayton that was almost certainly Mt.
Diablo Creek or its principle tributary, Mitchell Creek.

Clayton (formerly Deadfall) - Sunday, October 6: Still here, and a lovely day it is,
but warm. | am writing this in a lovely “bower.” By our camp runs a watercourse,
the bed of a considerable stream in winter and spring, but all dry now. The bed is
three or four rods wide, sunk a few feet, covered with gravel, and shaded
overhead with large oaks and here and there willows and grapevines. A pretty
place here is shadowed and festooned by vines, under which | am writing, a
gentle breeze plays through, very pleasant, but it blows my papers—the
thermometer in this cool place is 80° F., but in the sun, laid on the dried grass, it
is 120°. Pete is making a couple of pies for dinner, the rest are lounging about in
the shade, birds flit and sing overhead, and quail trip around near me.

Even before Brewer described the landscape for the survey, the valley attracted the
attention of the Spanish missionaries who first described Monte del Diablo, a large
wetland near present day Buchanan Field. Monte del Diablo is also the name of the
local Spanish land grant that is mapped and conspicuously labeled on most of the
historical maps. Variously described as a willow thicket, woodland, or woodlot, the
monte was the principal village site of the Chupcan people who inhabited the region
(Ortiz, 1989). The Baylands Ecosystem Habitat Goals report maps this area as
approximately one square mile of riparian woodland adjacent to thousands of acres of
tidal marsh and moist grasslands (Goals, 1999).

A newcomer to the watershed from other parts of the country or region might
reasonably assume that the environment of the Clayton Valley was not significantly
altered until after World War 1l when the area’s population began to grow rapidly. In
reality, however, the valley was the site of major economic activity in the middle
nineteenth century. Mineral and agricultural wealth combined with proximity to
navigable waterways and its central location between San Francisco and Sacramento
paved the way for economic development shortly after European settlement. This
economic activity not only altered the landscape, but it also created local capital that
enabled the development of roads, drainage, and other infrastructure which further
changed the environment.

By the 1860’s mining and agriculture were active in the region. The mines of Nortonville
and Somersville served as the chief source of coal for manufacturing on the west coast
until the arrival of the transcontinental railroad. The Black Diamond Mines trail along
Irish Canyon and Peacock Creek is testament to the traffic that once traversed the
Clayton Valley when the mines were in operation. By 1863, county residents were also
mining lime from Lime Ridge, and discoveries of copper ores with traces of gold
triggered a small copper and gold rush in Mitchell and Bagley Canyons.



According to the Clayton Historical Society, Clayton had become a hub of mining
activity by 1861. “With miners walking over the hills for supplies and entertainment,
Clayton became a bustling community with hotels, a general store, school, tavern and
two churches. Roaring tumultuous clamor filled the streets of Clayton as hordes of
prospectors, miners and settlers poured into the valley. Food, mining supplies, and land
were in big demand, and prices soared. By 1868, the early ‘boom’ period of the
Coalfield, Clayton, one of the largest cities in Contra Costa County, had a population of
900.”

Agriculture thrived not only to support the mines, but also for export to the international
market. Dry land wheat crops cultivated in Central Contra Costa were exported to
London where they commanded record prices in the late nineteenth Century (CCC
Historical Society, 1998). Early settlers also grew a number of crops such as hay,
vineyards, and orchards, which may have required periodic irrigation.

The story of Paul De Matrtini reported by the Clayton Historical Society provides a sense
of the level of economic activity in the valley in the nineteenth century.

After Joel Clayton died in 1872, his heirs sold the vineyard and sherry house, which
encompassed 43 acres, to Paul De Martini. Paul De Martini was born in Genoa, Italy, in
1844. He came to the U.S. in 1861 and moved to Concord, California in 1865. He had a
vegetable garden on the Galindo property in Concord. Later he moved to the coal mining
community of Nortonville, where he operated a boarding house for two years. He then
moved to Clayton, where he bought approximately 44 acres from Joel Clayton, and
planted his vineyard. This occurred during a period of tremendous expansion of both
vineyards and wineries in the Clayton area and the rise of Clayton to pre-eminence
among Contra Costa County’s grape growing regions. A 1920 survey of the County
indicated that hay or grain represented about 20% of the total crops grown in the area,
livestock grazing represented about 20% of the total economy, and that grapes and
apricots, pears and prunes represented the remaining 60% of crops grown. (Clayton
Historical Society)

Where did they get the water to support agriculture in such an arid environment?
Undoubtedly, they relied heavily on groundwater resources, and in all probability,
farmers diverted Mitchell and Mt. Diablo Creek to maximize production. Thus, early on
settlers began to alter the hydrology of Mt. Diablo Creek and this altered habitat
conditions and species distribution in the watershed.

The Bay Point and Clayton Railroad was incorporated in 1906 to carry agricultural
products from Clayton and Portland cement from Cowell. The plan was to haul hay,
grapes, wine, rock and other products from the area around Clayton, but the backers
were unable to afford a right-of-way across the orchards and vineyard between Cowell
Junction and Clayton, and thus completed a more direct route to Cowell in 1911 (Rego,
1999).

Even before agricultural and mineral development, the Spaniards, Mexicans, and Native
Americans before them managed the landscape for their own purposes. Native
Americans most likely employed fire to manage vegetation, resulting in a mosaic of
grassland, oak savannah, and shrub lands rather than one dominated by dense woody



shrubs (Keely, 2002). Spaniards began using Mt. Diablo area for winter grazing by
1880 (Adams, 2000) and this most likely influenced vegetation patterns. Unfenced and
unmanaged cattle populations would have congregated along creeks and wetlands
during the dry periods potentially resulting in a long-term degradation of these habitats.

Historical Biological Diversity

Mt. Diablo and the Mt. Diablo Creek Watershed supported a greater diversity of species
historically than it does today. Several species of mammals have been extirpated from
the watershed including grizzly bear, wolf, tule elk, and pronghorn antelope. Several
other formerly common species have not been sighted in recent times and are thus
presumed extirpated including American badger, San Joaquin kit fox, spotted skunk,
and ringtail (Pelonio). Extirpation of these large predators and herbivores has
presumably altered the entire plant and animal ecology of the watershed. For example,
extirpation of badger and kit fox would have reduced predation pressure on ground
squirrels leading to their overpopulation. Use of poisons to eradicate ground squirrels
may in turn have harmed other animals such as raptors that feed on ground squirrels.
Eradication of ground squirrels may have reduced habitat for burrowing animals
including burrowing owls, kit fox, and tiger salamanders.

Grizzly bear was the largest and most impressive mammal native to the watershed and
apparently quite common. Jeremiah Morgan is said to have moved from the Ygnacio
Valley to unsurveyed public land on the east side of Mt. Diablo in about 1850, because
the grizzly bear hunting was so good (Mt. Diablo Interpretive Assoc.).

Grizzly Adams, a nineteenth century frontier icon that was once the subject of a
twentieth century television show, also frequented Mt. Diablo for the grizzly
hunting. Adams found the poorly explored, hot, brushy Coast Ranges of
California a paradise for bears, pumas, deer and even an occasional jaguar. He
established a permanent hunting camp in the isolated Corral Hollow area of
eastern Alameda County at the very edge of the San Joaquin Valley. From his
base camp Grizzly Adams would often hunt on Mount Diablo and its Contra
Costa foothills, a wilderness rich in elk, deer, bears and mountain lions. (Contra
Costa County Historical Society)

Watershed Scale Changes

Creek Alignment

The location of Mt. Diablo Creek today is significantly different than during the mid-19™
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 I-1), 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 what is now 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 been moved to its existing alignment by the time the
1898 USGS map was made.

Because these maps do not offer much detail, it is difficult to determine the precise
location where the creek diverged from its present-day course. We did not find any field
evidence of the former channel, and it may be difficult to do so, because the Concord
Naval Weapons Station and surrounding lands where it would have flowed were graded
to construct munitions bunkers, rail spurs, and urban development. However, a
suspicious sharp bend immediately downstream of the “culvert reach” appears to be a
likely prospect for where the creek was diverted from its original channel (Figure I-2).
The Clayton Valley Drain in the City of Concord appears to follow the original course of
the channel that flowed to the Pacheco Slough at the Monte del Diablo.

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. The creek also makes a suspiciously
sharp turn immediately downstream of Brazil Quarry Park before entering into an
unnaturally straight reach. The creek already followed this alignment as early as 1885.
The lower resolution 1871 map appears to follow a similar course, but the sharp curve
near the location of Brazil Quarry Park is not obvious. As discussed below, this section
of the creek is near the toe of an alluvial fan and may have therefore been more subject
to flooding.

Groundwater

Realignment of the creek appears to have actually moved the creek out of its native
groundwater basin. The Department of Water Resources locates the Clayton Valley
groundwater basin between Mt. Diablo on the south, Concord fault to the west, Suisun
Bay on the north, and Mt. Diablo Creek on the east. The lower portion of Mt. Diablo
Creek through the Concord 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. Movement of the
creek from its native groundwater basin would have diminished groundwater recharge in
the Clayton Valley and thus reduced the volume of springs and the area of wetland
vegetation.

Grasslands

The historical character, distribution, and modification of grassland in the watershed
may be a key factor influencing the biological diversity of the watershed, since
grasslands comprise nearly one third of the watershed. During the last 300 years,
exotic annual grasses have largely supplanted native perennial grasses as the
dominant grassland species in California (Baker,1989). Grazing, particularly the heavy
stocking levels of the late 19" and early 20" centuries may have favored annual, exotic
grasses over native perennials (Heady, 1977). Changes in fire regime may have also
affected the character and distribution of grassland.

There is considerable uncertainty regarding the character of pristine native grasslands,
the causes of their change, the ecological importance of this change, and the
appropriate management regime for grasslands. Pristine grasslands were probably
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dominated by perennial bunch grasses interspersed with some native annuals, but
support for this widespread assumption is weak due to the difficulty of scientifically
documenting pre-settlement vegetation patterns (Hamilton, 1997). Heavy livestock
grazing probably played a large role in the invasion of exotic, annual grasses over the
last 150 years, but recent studies indicate that grazing can actually improve conditions
for native grasslands and limit undesirable exotics in certain situations (D’Antonio et al,
Marty, 2004). Appendix 4 of this document reports that dominance of invasives on
various grasslands of the Concord Naval Weapons Station may be a product of “under
grazing” and that vernal pool associations at CNWS could be enhanced through a
proper grazing regime.

The dominance of exotic annuals in the grassland ecosystem have led some to
hypothesize that exotic annual grasses have replaced perennial grasses solely through
competition and greater seed production (Heady et al. 1977, Bartolome and Gemmill
1981 all in D’Antonio et al.) leaving little hope that changes in management could
restore native grasslands. More recent studies, however, have demonstrated that
natives compete favorably with exotics in experimental plots (D’Anotonio and Corbin,
2002) suggesting that competition from exotics is not the cause for decline of native
grasslands. Recent research regarding the competitive interactions of native and
exotics indicate that a low seed supply may explain the lack of regeneration of native
grasslands, and suggest that management changes combined with seed augmentation
may be sufficient to create viable populations of native annual species in areas that are
currently dominated by exotic species (Seabloom et al 2003).

Urbanization

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. Most of the present day watershed is not heavily urbanized, but an enormous
part of the historical watershed as defined by the historical stream course is now heavily
urbanized. Drainage and urbanization of historical wetlands, seeps, and springs
probably had the greatest impact on native biological richness and diversity.

Loss of large oak trees

The number and size of oak trees scattered across the grasslands of the watershed has
apparently decreased substantially since European settlement. In 1860, Brewer
described the area to the north of Mt. Diablo as “pretty valleys scattered over with oaks,
many of enormous size, with wide branches, often dropping like the elm.”  Aerial
photographs from the 1930’s (figure I-2) show an intensively farmed landscape with
relatively few large trees — and very few trees along the creek from Clayton to Clyde.
Modern aerial photographs and field surveys reported elsewhere in this report indicate
that there are far more oak trees along the creek today then there were in 1939. The
regeneration of oaks since the 1930’s along with Brewer’s description suggest that oaks
were once more abundant and could be restored to even more abundant levels in the
future.




Upper Zone

Geomorphic Setting

The headwaters are characterized by very steep slopes, shallow rocky soils and active
erosion. Gravity inevitably seduces these rocky slopes into the channel of Mt. Diablo
Creek and its tributaries. The steep slopes are vegetated by various chaparral species
and the channel below is characterized by a steep gradient, active erosion, exposed
bedrock, good drainage, near surface groundwater, and riparian tree species -- live
oak, bay, and alder — that are adapted to these conditions. In some cases, particularly
in the lower reaches of the upper zone, the channel cuts through alluvial terraces.
Bowerman (1944) reports that these are the only soils suitable for agriculture in Mt.
Diablo State Park.

Vegetation Patterns and Changes

The north faces of the peaks are so steep and rocky that a continuous cover of
vegetation cannot be supported over much of the area. The plants are a mixture of true
chaparral species and some which, typically, are a part of the broad-sclerophyll
woodland. Bowerman (1944) mapped the distribution of chaparral in the 1930’s and
Ertter and Bowerman (2002) reported that the distribution of chaparral had not changed
significantly.

Although the upper zone is largely undeveloped and mostly protected in Mount Diablo
State Park, the area was the site of considerable activity in the mid-nineteenth century.
As early as the 1860, miners were prospecting for gold and other minerals. Paths and
roads were later constructed, sometimes parallel to the alignment of the creek, and
settlers established homesteads and ranches along the upper stream courses of Mt.
Diablo, Donner, and Mitchell Creeks. This activity, particularly the road building in such
a steep and erosive location, must have altered the transport of sediment into the creek,
and diversion of water from the stream would have reduced flows. Livestock foraging
and watering along the creeks must have also altered regeneration of riparian
vegetation and potentially the shape of the stream banks. If indeed there were rainbow
or steelhead trout in the stream, these human activities would have significantly affected
their lifecycle.

Livestock grazing was the primary land use at Mount Diablo for over 150 years and as
late as 1989 more than half of the park was used as rangeland (Micallef, 1998 in Ertter
and Bowerman, 2002). Bowerman (1944) reported the impacts of grazing during the
1920’s and 30’s.

The grasslands have been grazed extensively and continuously. The main peak was
especially subjected to overgrazing during the 1920’s. In 1935 (a wet season) the
vegetation was so luxuriant that no effect of grazing was discernible, but in previous
years small areas protected from grazing contrasted strongly with the adjacent areas of
clipped herbage.

Overgrazing favors the spread of introduced weeds at the expense of native plants. In
1932 a south-facing hillside on Oyster Ridge west of Riggs Canyon had no native
species whatsoever. . .



In the state park grazing has been prohibited since 1934. (As a result of abnormal
conditions, intensive grazing is being practiced in 1942. If continued it will nullify the
beneficial results of the preceding years’ restrictions.) Since that time restoration of the
native vegetation has been marked. Some neighboring property owners have also
restricted their grazing.

Vegetation studies to measure the impact of grazing are described in the The Flowering
Plants and Ferns of Mt. Diablo (Ertter and Bowerman). Hillyard and Bartolome
established 44 vegetation transactions in the park in 1982 to monitor vegetation trends
related to livestock grazing. Huntsinger and Micallef resurveyed the transects in 1992
and 1996 respectively. According to Ertter and Bowerman (p. 81), Micallef found that
“native forbs were significantly more common in areas not grazed at least during the
preceding thirteen years when compared to the most intensely grazed areas. . . The
proportion of native to non-native vegetation was lowest under intense grazing.” Ertter
also reports that Hillyard and Bartolome (1982) found that native grasses were most
common in the understory of trees at ungrazed sites.

Despite the reported impacts of heavy grazing on Mt. Diablo, it is important to note the
potentially beneficial impacts of some grazing regimes for native plants (D’Antonio et
al). This is discussed further in the grasslands section above.

Blue oak woodlands form a significant cover type in the upper zone both in Mount
Diablo State Park and in Irish Canyon. Swiecki and Bernhardt (1993 in Ertter and
Bowerman) studied a blue oak woodland in the north end of the state park and
determined that it was a second growth stand resulting from cutting during settlement
times. They reported that saplings were uncommon due to grazing pressure, raising
guestions about the effect of grazing on blue oak recruitment and long-term
sustainability.

Urban Zone

Geomorphic Setting

Through much of Clayton and Concord, Mt. Diablo Creek flows across and through an
alluvial fan that it has deposited over thousands of years. This zone can be divided into
two related geomorphic units: the channel and valley bottom. In the upper zone from
the southern edge of Clayton to approximately Kirker Pass Road, the creek is
entrenched in an ancient alluvial fan and bounded by bluffs of three meters or more on
both sides. Downstream from Kirker Pass Road, the creek flows across a more recent
fan deposit formed in part by alluvium eroded from the upstream fan deposit. Review of
historical maps and geomorphic principals suggest that the creek may have changed
course multiple times over the last several hundred years in the lower urban zone.
Subsurface flow probably watered springs, seeps, and wetlands along the toe of the fan
where coarser alluvium overlies relatively impermeable clays.

Even today, tectonic forces continue to push Mt. Diablo upward, while water works with
gravity to erode sediments and deposit them downstream in the Clayton Valley. Were
it not for the hill slopes that confine the Clayton Valley, these alluvial deposits would



form a classic alluvial fan. As climate varied over centuries, Mt. Diablo Creek
alternately built up and cut into this alluvial deposit. It is possible to view evidence of
this today by driving from Clayton Road to Lydia Lane Park along Lydia Lane - dropping
from an ancient alluvial terrace down to a more recent valley bottom and then to the
creek itself. During erosive periods, the creek cut into previously deposited alluvium
and transported it downstream where it deposited in a secondary fan. The toe of this
fan probably lies just north of Bailey Road, and is evidenced by a pronounced grade
change on both Clayton Road and Concord Boulevard in this vicinity.

We hypothesize that the vicinity of Bailey Road between Clayton Road and the present
stream channel historically supported springs, seeps and generally high groundwater,
which in turn supported a variety of wetland habitats. This water resource also would
have provided good conditions for agriculture in the era before large dams and canals
delivered irrigation water to the region. Early maps support this hypothesis. A
particularly interesting map from 1851 (Figure 1-3) shows two stream channels
emanating from small ponds near the present day location of Bailey Road and large
lakes on the northwest edge of the fan where Galindo Creek currently flows along the
base of Lime Ridge. Maps from 1897 (USGS) and 1915 (Denny’s Pocket map (Figure
I-4) show a relatively high density of development at the toe of this fan, which was
unique in Central County outside of specific town sites.

A broader view of the creek suggests that the creek shifted course across its fan over
the last several hundred years — forming and abandoning channels from Galindo Creek
at the base of Lime Ridge all the way across its fan to its existing course. Modern and
early maps (CCC Watershed Atlas; Whitney,1873) show the creek making a hard right
turn about one-half mile upstream of Bailey Road. Close examination of drainage
patterns and topographic lines on maps and aerial photos suggest that the creek may
have once turned left at this location where it may have even flowed into Galindo Creek.
Apparently, the creek seeks the lowest ground on the edge of the fan deposit. For the
last 150 years, it has flowed to the low ground along the northeastern flank of the
alluvial fan. Galindo Creek occupies the low ground along the southwestern edge of
the fan against the base of Lime Ridge and to this day is still characterized by a tule bed
providing evidence that it is largely derived from groundwater'. The nose of the fan,
between Clayton Road and Concord Boulevard, occupies slightly higher ground
between the two creeks.

Significant changes in channel form and process are common on alluvial fans, and will
potentially result in major challenges for the long-term management of Mt. Diablo Creek.
Due to their steep gradients and large sediment supply, alluvial fans and the streams
that traverse them are inherently unstable. During periodic floods when large plugs of
sediment may clog the channel, it is common for creeks on alluvial fans to abandon or
avulse their channel and establish new channels. Over longer periods of time (10 -
1,000 years) it is common for channels to entrench into their fans or fill deeply
entrenched channels in response to climactic change, increased sediment load, or

! Galindo Creek along the base of Lime Ridge was once the site of two large lakes (lagunas) and an
extensive tule wetland or “Tular”. An 1851 map refers to it as Laguna de Chequanamy(sp)? and it is
marked by the bold letters TULAR.



tectonic activity (Schumm et. al 1984). Bull (1964) has identified two general types of
alluvial fans. The first occurs where deposition is near the mountain front and the fan
surface is undissected. The second occurs where deposition is at the toe of the fan and
water and sediment move to this location through a trench in the fan surface. The
morphology of alluvial fans alternates back and forth between the two types over long
periods (100 — 10,000 years) in response to changes in climactic regime, sediment
supply, and tectonic activity. The Mt. Diablo Creek fan currently falls into the second
category, but could potentially shift dramatically in the future creating major
management challenges.

When viewed from this broader perspective, Mt. Diablo Creek was not simply a channel
conveying water, but rather an entire alluvial fan system consisting of active and relict
channels on its surface conveying both water and sediment, subsurface groundwater
flow, and an ever changing constellation of springs, seeps, wetlands, and ponds along
its base. This spatial and temporal complexity of physical habitat undoubtedly
supported a diverse flora and fauna.

Hydrologic Processes

Water was critical to agricultural success and groundwater was the most reliable water
source in the valley until the Contra Costa Canal was constructed in the late 1930’s.
Farmers would have naturally settled in areas with groundwater near the surface since
pumping groundwater from great depths was prohibitive in the era before deep drilling
technology and abundant power. Early irrigators, however, used horse-power for
shallow wells. Later, they adapted steam engines. Hydropower development in the
Sierra and transmission lines through the area brought electric power to the farm,
allowing irrigators to use large electric motors. As the war ended, gas, oil and diesel
motors were set up to power wells. By 1938, the Contra Costa Canal was constructed
to import water into the valley to facilitate agricultural production and to offset depleted
groundwater resources. Today, this imported water, together with isolated wells, is
used to irrigate residential landscapes, parks, and golf courses.

It is unclear how groundwater levels have changed from the pre-settlement era. Early
reliance on groundwater would have probably lowered groundwater levels. On the
other hand, intensive irrigation with imported water would have generally raised
groundwater levels. Well data from the Department of Water Resources indicate that
ground water levels have gradually declined during the period of record? and declined
more sharply during the 1976-77 and 1987-92 droughts but subsequently recovered.

From a biological perspective, groundwater levels near the surface are most relevant.
Near surface drainage infrastructure designed to dewater the surface has obviously
reduced the number of areas where groundwater emerges at the surface. This in turn
has reduced the availability of water for plant and animal species. The absolute level of
deeper groundwater levels may influence how creek water infiltrates and “mounds” in
the saturated/unsaturated zone underneath the creek. This in turn would effect the
frequency and duration of periods when the channel is wet

% The publication does not report when the period of record begins, but it does indicate that it extends
back to at least the late 1950’s. More research is necessary.
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Peak Flows

Stream channels and stream habitat are shaped by peak flows (Leopold, et al, 1964).
Since there are no reservoirs upstream, peak flows on Mt. Diablo Creek upstream of
Clayton remain unchanged. Peak flows in the reaches through Clayton and Concord
may be increased due to increased runoff from pervious surfaces and rapid conveyance
of these flows through storm drains. We did not conduct any quantitative analysis of
changes in peak flows. It is unlikely, however, that increases in pervious surfaces have
significantly increased peak flows or their ability to shape the channel in Mt. Diablo
Creek. The amount of runoff from the urban areas is probably relatively small when
compared to natural runoff because the urban areas are relatively small and the
precipitation is much lower than the upper watershed. Even if the peak run-off from
urban area is significant, there is a high probability that the urban peak runoff is not
synchronous with the upper watershed peak flow and thus does not increase the
instantaneous peak flow.

Vegetation Patterns and Changes

Biological conditions and changes in stream, wetland, and habitat conditions have
changed dramatically north of Kirker Pass Road where the stream historically
debouched from its entrenched fan. Upstream of Kirker Pass Road, however, the creek
and associated wetland and riparian habitats has changed less, particularly in portions
of Clayton where the creek is bordered by a relatively wide buffer. Based on historical
maps and the alluvial fan hypothesis posited in this paper, the area north of Kirker Pass
Road encompassed a mosaic of shifting channel, grassland and scrub, woodlands,
wetlands, and springs at the base of the alluvial fan. The wetland areas may have been
relatively small and even intermittent, but they would have provided important habitat for
a host of species, including large mammals and endangered species such as red-
legged frog and tiger salamander. All of these habitats were eliminated early on when
the land was cleared and drained first for agriculture and later for urban settlement.

Upstream of Kirker Pass Road, the stream is entrenched into its fans and its associated
wetland and riparian habitats have thus always been confined to a relatively narrow
area between bluffs on each side of the creek. Where large buffer areas were set aside
on each side of the creek, a healthy riparian corridor persists and appears quite similar
to the “bower” William Brewer described in 1860.

CNWS Zone

The upper part of the CNWS zone, just downstream of Bailey Road, is located along the
toe of the alluvial fan and was probably changed in much the same way as the urban
zone upstream. The 1938 aerial photograph (Figure 1-2) shows a very sinuous relict
meander that had been cut-off from the channel by Bailey Road. The photo was taken
in late July®, but the meander appears to be filled with water suggesting significant
seepage from groundwater. The sinuous meander is uncharacteristic of the relatively
steep gradient channel further upstream. Streams conveying gravel across alluvial fans

%1938 was a wet year, but followed the longest drought of record. Deliveries from the Contra Costa
Canal had not begun by that time.
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generally form relatively straight, braided channels rather than highly sinuous
meanders. We hypothesize that this reach of channel, on the northeast flank of the fan
escaped filling by coarse alluvium and was watered entirely by groundwater. A
substantial flow would have been required to maintain the channel and create a
meander.

This evidence of substantial seeps or springs at the toe of the alluvial fan both along
Galindo Creek and Mt. Diablo Creek indicate that these areas along the toe of the fan
were biologically significant. The groundwater was probably high in calcium and other
nutrients, which would have contributed to high growth rates of aquatic macro-
invertebrates, an important food source for fish and herptofauna.

Movement of Mt. Diablo Creek eastward into what was historically a separate
watershed, Seal Creek, is the most pronounced hydrologic change to the lower portion
of the CNWS zone. The creek downstream of its realignment point is deeply incised
into what appears to be heavily weathered colluvium. The channel does not resemble a
natural channel, but rather a deep gully. A thin veneer of sand and gravel transported
from upstream overlies weathered tertiary sandstone deposits. 1938 aerial photographs
indicate that the creek was already deeply incised in this reach by that time, and that the
creek has not moved or widened substantially in the last 70 years. The primary
difference from the 1938 photo is the significant increase in riparian vegetation. The
presence of several large, and presumably old, oak trees in the bed or lower banks of
the incised channel provides further evidence that the channel has been incised to
somewhere near its present level for several decades.

Relocation of the creek and construction of rail infrastructure in the CNWS zone have
significantly altered drainage patterns and may have significantly reduced late spring
and summer soil moisture on the low-lying areas. The deep gully formed by the creek
down the middle of the CNWS must decrease local groundwater levels and accelerate
drainage from nearby lands. Drainage ditches constructed throughout base must also
reduce local soil moisture after rains and reduce the areas of local ponding. In some
cases where drainage was not properly engineered, infrastructure has resulted in
ephemeral ponding. These areas have a greater diversity of vegetation species
suggesting that increased ponding elsewhere may have resulted in different vegetation
patterns.

Tidal Zone

The low lying area downstream of Port Chicago Highway was once a mosaic of tidal
marshes and mudflats bordered by seasonal wetlands and dissected by sloughs and
ponds. This marsh is part of the Suisun Marsh complex that sits at the transition
between the Delta and San Francisco Bay. The Baylands Ecosystem Habitat Goals
report (Goals Report) refers to it as the North Contra Costa region and characterizes the
historic marsh as brackish marsh, but historical salinity levels fluctuated both seasonally
and annually. In winter and spring months freshwater inflow would bring fresh water to
the Suisuin Bay, but low flows during later summer and fall would allow salt water to
intrude eastward inundating the marsh with brackish or salt water. Thus, during parts
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of the year the area would have been a freshwater tidal marsh while during drier months
and years it would have been a saltwater marsh. Inflows of freshwater from springs and
creeks (Mt. Diablo, Seal, and Pacheco Creeks) would have flushed salts from soils on
the margins, but soils on the interior combined with seasonal increases in salinity would
have restricted the types of plant species that could become established. The end
result would have been a dynamic mosaic of wetland types that supported a rich
diversity of species. Migratory and transient species, particularly birds and fish,
probably moved into and out of the marsh as salinity conditions changed.

Salinity patterns in Suisun Bay and the San Francisco Bay-Delta estuary have been
substantially altered by upstream reservoirs that regulate flow in the Sacramento and
San Joaquin River systems. The effect of upstream reservoir management has varied
over the last 65 years as reservoir capacity increased and reservoir management
objectives evolved. In general, reservoirs have dampened salinity fluctuations by
reducing spring flows and increasing summer and fall flows. Thus water in San
Francisco and Suisun Bays has experienced shorter duration of freshwater conditions
during the spring, but less saline conditions during the summer. As water diversions
from the Delta increased during the 1970’s and 80’s, summer salinity levels in the
Suisun Marsh increased (SFEP, 1997). More recently, the State Water Resources
Control Board promulgated a salinity standard that requires minimum salinity levels for
various seasons. As a result, salinity levels in the Suisun Marsh region are more
controlled than they were naturally, but still fluctuate between fresh in the spring and
brackish during the late summer and fall.

Salinity patterns and habitat type in the North Contra Costa marsh have also been
transformed by more local modifications of the landscape, but a relatively large portion
of the area is still composed of tidal marsh. Figure I-5 is a map from the Bayland
Ecosystem Habitat Goals report that depicts historical and present wetland habitat types
on the North Contra Costa shoreline. It is important to note that the Goals report did not
distinguish between freshwater and saltwater tidal marsh and thus any changes in the
distribution of these types is not depicted in the map comparison. The four primary
changes evident from Figure I-5 are an overall reduction in wetland area, elimination of
seasonal wetlands (moist grassland and riparian) south of the marsh, a major reduction
in tidal flat on the northern edge of the marsh, and a substantial increase in shallow bay
habitat. Loss of the seasonal wetlands is primarily a result of channelization for flood
control and urbanization. Increase in shallow bay habitats is a result of sediment
deposition following the hydraulic mining era. The loss of the tidal flats may be a result
of changing salinity patterns in the Suisun Marsh. Prior to regulation of freshwater
inflow by reservoirs, seasonal salinity spikes may have prevented vegetative
colonization on the tidal flats. Increased freshwater flows after dam regulation and prior
to major diversion out of the Delta may have freshened water enough for vegetation to
establish and persist into the present despite more recent brackish conditions in the late
summer and fall.

In addition to the large-scale reduction in the area of different habitat types, the remnant
marsh has been fragmented and altered by linear infrastructure across the marsh plain.
The most obvious and significant barriers in the marsh are Waterfront Road, the Union

Pacific Railroad (UPRR), the Burlington Northern and Santa Fe Railroad (BNSFRR), the
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EBMUD aqueduct, and a series of pipelines. This linear infrastructure transects the
marsh from southwest to northeast and significantly constrains hydrologic connectivity
between the northern marsh and the southern marsh. The roads and rails are
constructed on levees which preclude flow across the marsh plain and have blocked the
small tidal channels, while the pipelines appear to entirely block the stream channel
entering the marsh from Mt. Diablo Creek. Water is only able to pass across the marsh
at a few main crossings where culverts or bridges exist. These crossings appear to
constrict the amount of water that can pass across the marsh on tidal cycles or during
flood events. In general, these crossings restrict fresh water run-off from draining from
south to north during the winter and spring months, while they limit the amount of tidal
flow onto the southern marsh in all months. This has generally converted the southern
marsh plain from a tidal marsh to a seasonal freshwater marsh. Oxidation of the
desiccated southern marshes during the summer months has resulted in marsh plain
subsidence.

The location of tidal/drainage channels across the marsh has changed significantly.
The historical channel of Seal Creek (Mt. Diablo Creek) once meandered west across
the Marsh Plain from Port Chicago Highway, but has now been replaced with a linear
channel that flows more directly northward. Much of this new, linear channel
corresponds with the EBMUD “wasteway,” an artificial channel that was built in the
1930's to facilitate drainage of the aqueduct during infrequent maintenance operations
and emergencies. EBMUD holds a narrow drainage easement along the course of the
wasteway.

Table 1. Pipeline easements across EBMUD wasteway and drainage easement

Pipeline Year Design depth below
channel bottom (ft)

Shell Oil hydrogen pipeline 1954 4

Shell Oil 10" diameter gas transmission pipeline 1964 4

USBR "Short-cut" pipeline 1970 8

USBR 1938 ? ?

Tosco 8" diameter natural gas pipeline 1983 3

Pipelines that block the flow of Mt. Diablo Creek water into the northern marsh are the
most significant hydrologic alteration of the tidal zone. Although the EBMUD wasteway
was designed and constructed specifically to facilitate drainage from south to north,
pipelines constructed across the wasteway now block the northward flow of Mt. Diablo
Creek water. It is unclear when and why the pipelines were allowed to block the
wasteway, but EBMUD has records of at least five pipelines that were granted
permission to cross EBMUD’s drainage easement (Table 1). Although all channels
were constructed below the bottom of the channel, a berm across the channel currently
blocks all northward flow. Appendix I-A provides documentation and maps on four of
the five pipelines.

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

14



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). This work, however, has
not proceeded to the southern most reaches of the marsh that are hydrologically most
disconnected.

The tidal zone has also been altered by military and industrial operations at the Concord
Naval Weapons Station and local oil refineries. We have not analyzed these impacts as
part of this study, but potential impacts of these facilities on groundwater and soil should
be evaluated prior to management decisions.

Biological Changes in the Tidal Zone

The biological consequences of historical changes to the tidal zone are large and
complex. Loss of riparian and seasonal wetlands along with tidal mud flats has reduced
habitat for a host of species including waterfowl, shorebirds, neotropical song birds,
native fish, and amphibians. These lost habitats probably harbored a rich population of
large mammals prior to European settlement, but this population was probably
extirpated by early settlers long before the wetlands were destroyed.

Infrastructure that disrupts hydrologic connectivity and natural drainage on the
remaining wetlands prevents passage of fish, such as steelhead, through the marsh and
watershed and alters salinity and inundation patterns in the tidal zone. The pipeline
crossings apparently block migration of steelhead upstream and may block migration of
other fish as well. Alterations of inundation and salinity patterns can affect the quality
and type of habitat for different species. For example, structures that restrict tidal flow
and reduce freshwater drainage tend to favor seasonal freshwater plants at the expense
of saltwater, tidal species. Restoring more natural tidal and salinity patterns, however,
could harm rare species that have become accustomed to the current, artificial regime.
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