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1.ExecutiveSummary

The Marin Coastal Watershed Enhancement Project (MCWEP) was initiated in
Spring, 1994, in response to an increased focus on nonpoint source (NPS) pollution
by regulatory agencies. The primary god of the project is to develop solutionsto
water quality problems that affect both agriculture and natural resources in West
Marin.

While water quality is affected by many natural and human causes, this project
focused on agriculture because it is the predominant land use in West Marin, and as
such, isone of thefew forces that can be positively changed. Many other human
induced changes—such as construction of reservoirs, natural occurrences, and
intense storms and droughts—can have profound effects on water quality and
stream function, but these changes are largely beyond our control.

The project area— including the watersheds of Stemple Creek/Estero de Sen
Antonio, Walker Creek, Lagunitas Creek, and smdler tributaries to Tomaes Bay—
covers 232 square miles of productive agricultural land that not only produces
food, but provides much of Marin County's fish and wildlife habitat.

Many individuals and agencies contributed to this project. A team of staff from
the University of California Cooperative Extension, Natural Resources Conserva
tion Sarvice, Point Reyes Nationa Seashore, Marin Agricultural Land Trust, and a
local rancher worked together on this project. Guided by an Advisory Committee
made up of representatives from agriculture, resources management, and environ-
mental groups, the project team provided outreach and education to landowners
and compiled information on locad water quality and watershed condition. Per-
sona meetings and informational workshops on ranch planning, water quality
testing, and water qudity regulations brought critical information to area landown-
es

Thisreport summarizesinformation on the status of natural resources and
water quality inthe project area, reasons for water quality problems, and stepsthat
can be taken to makeimprovements. The first sections of the report describe the
areas physica characterigtics, natural resources, land use, history, agency respons-
bility and present status of water quality.

The last section is devoted to project recommendations. Recommendations
formulated by the Advisory Committee identify existing and needed resources,
and recommend additional assessment and funding priorities.

Specific recommendations include creating mechanisms for sharing expertise
on water quality; providing technical assstance for writing ranch plansto land-
owners, continuing educational workshops and other materids, educating the
public about agriculture's efforts to improve water quality; and completing specific
water quality and resource assessmentsin area streams to determine needs for
enhancement work. Also included in this section isasummary of landowner
comments and concerns from persona interviews and public meetings.
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2. Introduction

Sncethefirst Europeanimmigrants settled here in the early 1800s, agriculture has
been away of lifein West Marin. Agriculture is vital to the loca economy, contrib-
uting over $45 million every year. The spectacular scenery of coastal Marin
County—protected largely by the tradition of ranching—draws over 6.5 million
visitors to West Marin County each year, a secondary yet important economic
effect.

Aswell as these economic vaues, agricultural lands preserve important bio-
logical and cultural resources. These lands include vast acreages of grasdands,
shrublands and forests, habitat for myriad plant and animal species. Much of the
history of the area dems from its agricultural heritage, and many of the families
that operate ranches today are third and fourth generation descendants of the first
Immigrants.

Theviability of agricultureis threatened by an increasingly restrictive regula-
tory environment. Since European immigrants first arrived—equipped only with
ther tools, knowledge, seads and animals—ranching has evolved fromasmple
enterprise to an industry wrought with pressures and regulations.

Increased focus on NPS pollution by federa, state, and locd regulatory agen-
aes presents agriculturists with new management challenges when animal agricul-
tureis facing difficult economic times. Similarly, fish and other aquatic resources
are suffering from the impacts of years of habitat degradation due to sedimenta-
tion, water pollution, and loss or physical alteration of their habitat. Populations of
coho samon (Oncorhynchus kisutch) and stethead trout (Oncorhynchus mykiss), two
fish species that have been mainstays of commercid and sports fishing industries
in coagtal Cdifornia, are at al-timelows throughout the state. Many streams and
rivers have logt their entire runs of these fish. Marin County is fortunate to ill
have severd streams that support viable salmon and stedhead runs.

West Marin has changed dramatically snce European settlersfirst arrived in
the early 1800s. The human population hasincreased greetly, and with that, land
use has become moreintensive. Land that for centuries was used for hunting and
gathering by Coast Miwok, is now intensively managed for production of beef,
sheep, and dairy products. Population dengties have, however, remained much
lower than in urban areas. Because of this, rural residents have aways been ableto
provide and manage their own water sysems. Ranches of severa hundred to
severd thousand acres generdly produce enough water from springs, wels, and
streams, to sustain agricultural and residentia needs.

In cities, municipaities own watershed land, sometimes far removed from city
centers, and resdents have little connection to their water sources. City residents
often do not know where their water comes from, but in rural areas the connection
is more direct, and rural landowners havea high level of responsibility for main-
taining their own water quality.

Everyone is affected by water pollution and will somehow benefit from im-
proved water quality. While agriculture is not the only source of water quality
degradation in West Marin, it is the predominant land use, and as such, hasa
greater effect on water quality and natural resources than many other land uses.
This report isintended to provide a better understanding of agriculture's effect on
water quality and natural resources so that agriculturists and conservationists can
work together to improve stream condition and fish populations.

2 « The Marin Coastal Watershed Enhancement Project



3. Project Area Description

Setting

The project area encompasses 232 square miles (148480 acres) of land in West
Marin that drainsinto Tomales Bay and Bodega Bay. Thesebays, their estuaries
where fresh and salt water meet, and their freshwater tributaries, provide vital
habitat for myriad wildlife species, as well as sustaining commercia fish species,
and providing recreationa opportunities and aesthetic benefits.

The project area extends from the low hills that define the northern boundary of
the Stemple Creek/Estero de San Antonio watershed just north of Dillon Beach, to
the southern end of the Lagunitas Creek watershed on the northern dope of Mount
Tamapais (se Figure 1). Mg or watersheds within the project areainclude Stemple
Creek/Estero de San Antonio watershed (the 25 square miles that are within Marin
County), Walker Creek (except for asmall area that is within Sonoma County), and
Lagunitas Creek. Mgjor tributaries include Chileno, Keys, Sdmon, and Arroyo
Sausal Creeks within the Walker Creek watershed, and Nicasio, San Geronimo,
Olema, Devil's Gulch, and Deadman's Gulch, within the Lagunitas Creek water-
shed. Alsoincluded arethe small coastd streamsthat draininto the east Sde of
TomalesBay. Theseinclude Millerton Gulch, Tomasini Canyon, Grand Canyon,
and numerous small unnamed streams. Each of these major watersheds comprise
distinct geographic units, with variable climatic, physical, and biological features.

In the northern part of the project area, topography is characterized by the low,
gently rolling hills of the Stemple Creek/Estero de San Antonio watershed and the
northern part of the Walker Creek watershed. Moving south, the landscape be-
comes more rugged as Waker Creek and Lagunitas Creek wind through narrow,
steep Sded canyons.

Variationsin climate are most affected by proximity to the coast. For example,
Chileno Vdlley, in the upper Walker Creek watershed, isone of the drier areas. This
subtle climatic difference has affected locd land use in that Chileno valley was
never an important potato growing area, as the climateistoo dry. Climatic differ-
ences within the project areadso control, to adegree, the types of vegetation and
stream characteristics in the different watersheds. Average annual rainfall in the
lower Lagunitas Creek watershed is nearly ten inches greater than in the lower
Walker Creek watershed. This difference affects the quality and quantity of ripar-
ian cover on these streams, streamflow, and to a degree fish habitat within the
streams. Because of these characteristic differences, each of the project area water-
shedsisdescribed individualy later in thisreport.

Geology and Erosion

Underlying geology and geomorphic processes play adominant role in soil forma-
tion, eroson, water flow, streambed compasition, and many other features that
control the way watersheds and streams function. Inherent differencesin geology
may determine the stability of some streams and watersheds, and intrinsic instabil-
ity in others.

Some erosiona processes are cyclic in nature, occurring periodicaly when dl
forces acting on them coincide. Although human land use can dramatically affect
erosona proocesses, inherent geologic characteristics strongly influence the ten-
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dency toward eroson. Complex erosona processes have extremely variable rates,
often for no clearly evident reason. A hillsde may beactively gullied for afew
years or decades, then the gullies may stabilize and be covered with vegetation. A
stream may have stable banks for decades or centuries, then during one flood may
undercut, and the stream may enter a period of active bank cutting and channel
shifting. Many of the changes in eroson rate and the processes acting on erosion
are probably dueto changesin climate, sealevd, or to deformation of the land
through mountain-building processes (Wahrhaftig and Wagner, 1972).

It is often impossible to distinguish between processes that are the result of
human activities and natural processes. Hect (1980) believes that the physical
condition of stream habitat in Marin County is strongly affected by the amount and
intensity of rainfall, the magnitude and duration of runoff, and upland influences
on sediment production, and states that sediment transport in coastd California
streamsis strongly affected by episodic sediment-producing events. Fires, land-
dides, land use changes, and numerous other watershed processes often result in
sharply increased sediment loads.

Inthe TomdesBay area, the most predominant geologic featureisthe San
Andreasfault. The Sasn Andreasisan activestrike-dipfault that movesabout 175
milesin 23 million years (dightly lessthan 1/2 inch per year). Thefault followsa
northwest trend through the Olema Valey, Tomaes Bay, and Bodega Bay. Tomales
Bay occupies the northwest end of the fault valley, and the bay was formed by
invasion of the seafollowing the last ice age between 10,000 and 5,000 years ago
(Wahrhaftig and Wagner, 1972).

Thisfault playsaprimary role in the topography, geology, and stability of the
region and serves as a divide between two distinct underlying geologies. On the
northeast sde of the fault, bedrock is Franciscan Formation, deposited as muds,
sands, and lava flows on a sea floor 80-140 million years ago, that has since been
disturbed by thrusting below the continental crust. Thisformation underliesdl of
the project area except for the southwestern portion of the Olema Creek
subwatershed, which is composed of granitic and young sedimentary rocks.
Franciscan Formation is inherently subject to debris flows and landdides, espe-
cidly on steep dopes.

North of Walker Creek, Wilson Hill Formation (formerly caled Merced Forma-
tion) was deposited over the Franciscan Formation about 5 million years ago. This
formation conggs of soft sand, Sit, and clay that has uplifted and eroded, leaving
remnants on the hilltops. According to Wahrhaftig and Wagner (1972), the Wilson
Hill Formation has less tendency toward landdiding, but is highly erodible and
eesly gullied. Erosonfrom higtoric potato farming in the Tomaes area was prima:
rily on Wilson Hill Formation soils

In themillions of years snce the Franciscan and Wilson Hill Formationswere
laid down, various erosiona processes have moved material off of hilltopsand into
valeys. Alluvium, whichis eroded materia deposited by water, has accumulated
in valeysand continues to be deposited where upstream erosionisactive. This
materia isupto20to Dfeetthickinsomeareas. Both  Lagunitas andWalker Creek
are bordered by dluvid plains severa hundred feet wide.

Typica types of erogon that contribute to stream degradation in the project
areainclude streambank erosion, gullies, sheet and rill eroson (on unvegetated
areas), and, in naturally unstable aress, landdides and debris flows. Streambank
erosion isa problem on streams that lack riparian vegetation, and, because eroded
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materid is deposited directly into streams and bays, isa primary source of water
quality and habitat degradation. \WWoody riparian vegetation provides natural
armoring againg the erosive power of flowing streams, and tree and shrub roots
bind soil, increasing its cohesion.

Gullies result from concentrated water flow, often in areas lacking protective
vegetation. They commonly result from poorly constructed or maintained roads.
Unprotected culvert outlets, road drainage ditches that concentrate water flow, and
roads where surface flow is not properly diverted, are common causes of gully
initiation. Gopher tunnelsand livestock trailsin pasturescan dso help to initiate
gullies

Cultivated fields and overgrazed pastures are potentia sources of shedt, rill,
and gully eroson. Lack of vegetation leaves soil unprotected and decreases water
infiltration in these areas, resulting in increased runoff and remova of surface ol
particles. All of these types of eroson result in degradation of soil productivity as
wdll as sedimentation of Streams, estuaries and bays. Specific significant eroson
problems are discussad in more detail in the Water Quality section and the water-
shed profileslater in this report.
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4. Land Use History

The predominant land use in much of the northern part of the project area, is, and
has been for over 100 years, animal agriculture, including beef, sheep and dairy
production. Cultivated crops, including potatoes and hay, at one time also played
an important role in the loca economy. Other land uses now include non-agricul-
tural open space, watershed, and recreation. Tomaes Bay and itstributariesaso
support commercia shdlfish production and commercia and recreational fishing.

The importance of the different
agricultural commodities producedin
this region has ebbed and flowed over
theyears, and has varied somewhat by
watershed, dueto the suitability of the
land and climate to producing different
crops. Dairying, which was widespread
throughout West Marin at onetime, is
now concentrated in the northern part
of the project area, where topography is
gentle, rural residentia development is
lessextensve, and grasdandsare the
predominant vegetation type. Beef
ranching and some sheep ranching dso
occur here, but are more prevaent in
the steeper, rugged, lessfertilehillsto
the south. Scattered throughout this
agrarian setting are severd smdl communities which originated as agricultural and
fishing villages and summer tourist destinations.

Further south, ontheforesteddopesofthe Lagunitas Creekwatershed,logging
was once an important industry. Much of this areais now owned by the Marin
Municipal Water Digrict (MMWD) and is used for watershed to supply water to
residents of East Marin. Theresidentia communitiesin the Lagunitas Creek
watershed originated as logging towns and summer homes.

Agriculture

Animal Agriculture. Because of ademand for hidesand tallow, and later beef, the
cattle industry boomed in Cdliforniain the mid-1800s. In 1850, Marin County was
among theten leading cattle countiesin the state, with 6,981 head. Marin County's
share of statewide cattle production decreased over the following two decades, and
the county did not rank among the top ten again until 1880, at which timeceattle
were censused at 32,449 head, most of which weredairy cattle. Thiswasthelast
year that Marin County was among the top ten cattle counties; by thistime, cattle
production waswell established in the Central Valey which substantialy
outproduced the coastal areas (Burcham 1957).

Sheepbecameanimportantcommodityinthelate 1850s, althoughsheep
numbers have been highly variable between years and decades snce then. In 1860,
the county's sheep population was 9,979, up from 500 in 1850. Sheep production
decreased dramatically in 1880, and did not rebound to the 1860 level until 1920
(Burcham 1957). The next few decades saw sheep numbers that were many times
higher than in recent years.

The Marin Coastal Watershed Enhancement Project « 7



In the dairy industry, Marin was the statewide leader from 1862 until about
1910 by 1920 Marinwasthe 11th dairy countyinthestate, havingbeen surpassed
by the San Joaquin Valey and Humboldt County. The successes of Marin County's
dairy production apparently led to widespread overgrazing by the turn of the
century. A number of sources describe the pasturage in many areas as overstocked
and depleted in the early 1900s (US. Census Agricultural Statigtics, Haible, 1976;
Boissevain, M. B., Annual Reports, 1922-1939).

In the 1950s there were about 200 dairiesin Marin County. By 1960 this number
had dropped to 150, and by 1972, to lessthan 100. Thedeclining trend inthe
number of dairiesistill continuing. Asaresult of increasing codts, decreasing milk
prices, and deaths or changes in property ownership, West Marin dairies continue
to go out of business every year. Thereare presently 25 operating dairieswithin the
project area—ten in the Stemple Creek/Estero de San Antonio watershed, three
withinthe Lagunitas Creekwatershed (intheNicasoCreek subwatershed), seven
in the Walker Creek watershed (four in Chileno valey, two in Keys Creek and one
on maingtem), and five along the east Sde of Tomaes Bay.

While the number of dairies has declined snce the 1950s milk production per
dairy hasincreased substantially due to increased production per cow and larger
herd szes. Whilethetypica dairy had amilk herd of less than 100 cows up until
the 1960s today the average herd numbers around 300 cows. When herdswere
smaller and dairies were often part of a more diversified farming operation, cows
were fed lessand spent more time grazing in pastures. During these times, the
volume of manure produced on dairieswasless, and accumul ated manure pre-
sented less of a problem, although waste facilities were much less sophisticated
than today.

Beef ranches, sheep ranches, combination beef and sheep ranches and replace-
ment dairy heifer operations occupy most of the agricultural lands that are not
used for dairying. Most ranching families that have traditionally been in the sheep
business now graze both sheep and beef cattle. This combined production more
efficiently utilizes pasture forage and provides someinsulation against volatile
pricesin thesheepindustry.

Potatoes and Other Cultivated Crops. The soil and climate around Tomaeswas
recognized by pioneersas favorable for growth of potatoes. Seafogs during the
summer promoted potato growth, while grains such as wheat and barley did better
inland around Chileno Valley. By 1862 Marin wasfourth in the state for potato
production (133,500 bushels), most of which was occurring in the northern part of
the county.

In the mid-1800s most farmersin the Tomaes area grew potatoes. 1n 1860, out
of 75 farmsin the Tomaesarea, only eight were producing more than 1,000 pounds
of butter, whereas 26 farms produced more than 1,000 bushels of potatoes; only 28
produced no potatoesat dl. Wheat, oats and barley were dso major crops among
these farms. By 1880, most farms were making more than 3,000 pounds of butter
per year (some up to 20,000 Ibs), and yet dmogt dl of them continued to grow a
commercia crop of potatoes averaging 600-2,000 bushes on an average of 30 acres
per farm. Wheat, oats and barley production fell. Smal apple orchards began to
appear inthe 1870saswell. Virtualy every rancher in 1880 wastilling at least 25
acresof hisland, with the average closer to 100 acres. Eventually potato produc-

8 ¢ The Marin Coastal Watershed Enhancement Project



tion dwindled; a writer described the state of affairsin the vicinity of Tomaes
around 18385

In old times, when potatoes were worth several cents a pound, fortunes were often
realized in a single crop. But with the opening up of the state other fields have come
into the market, with the inevitable result of reducing prices. In due course of time the
great profits disappeared and, what was still worse, the productive resources of the soil
became serioudly impaired. Several years came on during which the price of potatoes
was reduced to about the cost of raising them. The consequence was inevitable. Land
owners saw their neighbors growing rich around them, who were engaged in butter
making .... Most of them changed their base .... Tomales, that once shipped hundreds of
thousands of sacks yearly, does not produce ten per cent of theformer output. Still, the
[Tomales] section continues to affect the market and is noted in all commenced quota-
tions. Tomales potatoes again are noted among thefavorite growths of California
(Clark, ca. 1880).

The potato farmers, striving to obtain better marketable varieties and improved
methods of growing, worked with thefirst U. C. Extension Farm Advisor in Marin
County, M. B. Boissevain. The British Queen potato was the major type grown,
especidly around Fdlon. Boissavain promoted the Burbank potato and a new
variety, the Farley potato, devel oped by James Farley of Fallon. Nevertheless,
Boissevain admitted that, although potatoes continued to be one of the principa
cash crops in north Marin, it was "not avery profitable undertaking” due to the
need for fertilizers, poor strains of seed potatoes, and the fact that the variety which
traditionally grew best in the region did not command a very high price at market.
By 1938 hewrote, "potato growing seemsto be ontheway out in our section.”
Whilethe market for milk productsincreased during thistime, the potato industry
had developed a stronghold in southern Cdiforniaand by 1940 only about 100
acres were given to potato growing in Marin County.

Other Agriculture. The upper Stemple Creek watershed, noted for lack of water
needed for both dairying and farming, was once the western outpost of the famous
Petaluma chicken industry. Severd poultry (turkey and chicken) operations till
exig in thiswatershed. One of the largest local poultry farms is the Reichardt Duck
Farm. The duck farm — which produces about 1,000,000 ducks per year—drains
into Laguna Lake, at the headwaters of the Walker Creek watershed.
In recent years, several truck farms have dso been established in the Lagunitas
Creek and Stemple Creek/Estero de San Antonio watersheds.

Non-agricultural Land Uses

Non-agricultural Open Space (Watershed Lands/WildlifePreserves /Park Lands).
Non-agricultural open space comprisesasubstantia percentage of the Lagunitas
Creek watershed, but very little of the remainder of the project alee MMWD owns
approximately 20,000 acres, or 30% of the Lagunitas Creek watershed (Dana Roxon,
1995). The MMWD lands, in the southernmost part of the watershed, include
Alpine, Bon Tempe, Kent and Lagunitas Lakes and their surrounding
subwatersheds. MMWD managestheir propertiesfor water supply and dlows
non-water contact recreation such as hiking, bicycling, horseback riding and fish-
ing. Most of the MMWD property is not grazed, although there are smal areas
within the Nicaso Creek subwatershed that are grazed.
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Golden Gate National Recreation Area (GGNRA) and Point Reyes National
Seashore (PRNS) own acombined total of 14,122 acres within the Lagunitas water-
shed, 8,925 acres of which arein the Olema Creek subwatershed. Within the
Lagunitas Creek watershed, 10822 acresare in ranching, 5825 of which are within
the Olema Creek subwatershed.

Other non-agricultural open space lands within the Lagunitas Creek watershed
include a42 acre wildlife preserve on OlemaMarsh owned by Audubon Canyon
Ranch, the 2010 acre Samue P. Taylor State Park, and six properties owned by the
M arinCounty OpenSpaceDistrict(MCOSD)totalingapproximately 700acres.
MCOSD may acquire an additional 1,600 acresin the San Geronimo area pending
development of the French Ranch and Sky Ranch properties.

Non-agricultural open space lands make up minor parts of the Walker Creek
and StempleCreekwatersheds. MMWD owns2,100acresadjacenttoSoulgjule
reservoir, some of whichis grazed by cattle. DFG owns 20 acresat the confluence
of Walker Creek and Keys Creek.

On the east shore of Tomaes Bay between the magjor watersheds, thereare
several small wildlife preserves. Twelve propertiestotaling 370 acres are owned by
Audubon Canyon Ranch, and there are numerous smdler parcelsthat are used as
home sites that currently provide non-agricultural open space. Tomales Bay State
Park encompasses gpproximately 2,000 acres along the east shore of Tomaes Bay.

Rural Residential Development and Small Communities. Small pockets of
residential devel opment are scattered throughout the project area. In the Stemple
Creek/Estero de San Antonio watershed, most of the smaler residentia parcelsare
in Sonoma County, outside of the project area. Walker Creek is the least populated
of the project area watersheds, with the only densely populated community being
Tomdes. Inthesmal watersheds draining directly into Tomaes Bay, communities
include Dillon Beach and Marshal. The most well-developed residentiad commu-
nitiesarein the Lagunitas Creek watershed and include the communities of Forest
Knolls, San Geronimo, and Woodacre, in the San Geronimo Valey; Nicasio, in the
Nicaso Creek subwatershed; Olema, in the Olema Cregk subwatershed; and Point
Reyes Station at the mouth of Lagunitas Creek.

Commercial and Recreational Fishing and Aquaculture in
Tomales Bay

Oygers (Crassostrea gigas) and (C. virginica), hdibut (Paralichthys californicus),
herring (Clupeapallasi), and to alesser degree ghost shrimp (Neotrypaea
californiensis) and rock crab (Cancer spp.) aredl commercidly harvested from
TomaesBay (TomMoore, 1995).

The oyster industry has been active on Tomades Bay since the early 1900s
Much of the eastern shore of Tomaes Bay has at onetime been a growing ground
for oysters, with the first recorded plantings near Millerton Point in early 1875. In
1876, newspapers reported that oysters were being shipped to San Francisco, but
there was no more mention of TomaesBay's oyster industry until the early 1900s
when pollution in San Francisco Bay drovethe oyster growers back to Tomaes Bay.
Statigtics show that Tomaes Bay oyster production grew from asmadll industry
@6 of the Californiamarket) in 1915, to being the largest producer in the state by
the 1950s (79.3%0 in 1953) (Livingston, 1989). Jensen's Oyster beds operated at
Hamlet from the 1920s or 1930s until 1983 when DFG ordered abandonment of
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their leases. The Jensens were plagued with contamination of oysters by their
septic system, as well as problems from sedimentation of their beds at the mouth of
Walker Creek. Due to sediment buildup at the mouth, Jensen's lease shrank from
88 acresin 1939 to 0 acresin 1980. Heavy stormsin January 1982 destroyed what
was left of the Jensen oyster beds, filling them with mud and debris, and washing
the oysters away (Livingston, 1989).

Oysers are farmed on leased par-

cdsthat aremanaged by DFG. DFG
Ingpects and regul ates the amount of
sead shipped and planted, collectsrent
ontheleases and issuesand checks
mariculture leases (Livingston, 1989).
There are saven companies currently
fanning oystersin Tomales Bay, and
severd other leasesthat are not actively
farmed (Olin, 1995). Thisindustry has
been fairly stable snceits beginning
near the turn of the century. Although
relatively smdl in economic terms
(approximately $1 millionin grosssdes
annually), it has growth potential, Snce
several of these oyster companies hold
leases that await devel opment.

Halibut and herring are commercialy harvested from wild populations that
fluctuate with environmental conditions. Herring has been harvested commer-
cidly in TomadesBay sncethelate 1800s when it went out on therailroad to San
Francisco and other destinations. Since 1973, locally harvested herring has been
exportedtoJapan for theroe.

Herring landings have fluctuated dramatically over the years and are limited
by quotas set by DFG, basaed on an estimate of the spawning biomass. Thisfishery
was ¢l osed between 1989 and 1993 dueto low spawning biomassinduced by
severd yearsof drought. Snceherring thriveintheless sdine parts of thebay,
years in which fresh water inputs are low diminish the herring population. 1n 1994,
275 tons of herring, with an gpproximate value of $462,000, was landed at Tomdes
Bay

Hdlibut is harvested commercidly, as well as by recreationd fishermen.
Tomaes Bay isat the northern end of the halibut range due to low water tempera
tures dong the northern Cdiforniacoast. During El Nino years, the range pushes
north and halibut fishing improvesin TomaesBay. The commercid halibut take
fluctuates year to year and in 1994, the take was 7,500 tons, with a value of approxi-
mately $20,000 (Tom Moore, 1995).
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5. Habitat Needs of Coho Salmon and
Steelhead Trout

Riparian corridors—streams and the vegetation that surrounds them— provide
habitat for many important plant and wildlife species. Although some of the
creatures that rely on riparian habitats, such as insects, may seem insignificant, they
are part of an integral system that helps to support vital fish and wildlife species
The two riparian species that have historically been most important for commercia
harvest and recreational use are coho salmon and steelhead trout.

Coho salmon and steel head runs along the Pacific coast have dropped sharply
over thelast 50 years. Both wild and hatchery coho salmon in California have
declined 70% since 1960, with wild coho at only one percent of their historical
abundance. Stedhead populations are lessthan haf of what they were 30 years
ago, and both fish are likely to be listed as endangered or threatened species Many
streams and rivers have lost their entire runs of these fish (California Department
of Fish and Game, 1994).

In Waker Creek, which probably once had large populations of coho salmon
and steelhead (Rich, 1989), both of these gpecies have declined to very low levds.
Stemple Creek/Estero de San Antonio and itstributaries historically supported a
good run of steethead, which has now dwindled to dmost none. More promising
isthefactthat Lagunitas Creek, withanestimated runof 500 coho, isthoughtto
support 10% of the total runin California (Cox, 199 and California Department of
Fish and Game, 1994). Sdmonid populationsin the smal streams on the east Sde
of Tomaes Bay areundocumented.

Habitat needs of anadromous salmonids, which spawn in fresh water and
mature at seq, vary seasondly and by species. Generdly, afavorable habitat for
salmonidswill have an adequate supply of unpolluted water, afavorablerange of
water temperatures, poolsfor rearing young and resting, an adequate food supply,
water with sufficient oxygen, clean spawning gravel, and a balanced ecosystem
with few competitors (Rich, 1989). Stedhead are moreflexiblein their habitat
needs and are more adaptabl e to change than are coho salmon. Coho inhabit
streamsfor oneyear and are especidly sengtive to stream environments. Coho
have agreater need for certain habitat characteristics such aslow water tempera-
tures, shade, and cover. Woody debrisin the stream from fallen trees and branches
are especidly important to coho salmon. Coho salmon spend their first year in
freshwater streams, migrate out to ssawhere they livefor two years, and returnto
their native stream where they spawn and die. Steelhead have a similar life cycle,
but live in fresh water for one to two years, spend one to four years at sea, and can
return to spawn up to four times.

From November to March, mature sdmonidsreturn to their native sreamsin
coastal Marin County. At thistime of year, good spawning habitat iscritical.
Requirementsfor spawning include adequate streamflows, silt-free spawning
gravel, appropriate water temperatures, and unpolluted water (Rich, 1989). During
late spring and summer, conditions for development and surviva of young become
more critical. Y oung coho salmon and steelhead trout prefer habitats which have
cool water, shalow rifflesfor catching food, good cover, uncrowded conditions,
and clean water. Theided temperature range for sedhead is 55°F to 60°F, while
coho need water that is only 48°F to 57°F
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Many of the conditions that are necessary for successful reproduction and
growth of sdmonids have been dtered by land use and severe weather.
Streamflows have been reduced by water diverson and impoundments for agricul-
ture, and much more significantly, to supply residents of East Marin. Stream
temperatures have been greatly affected by destruction of riparian vegetation and,
in some aress, by the release of warm water from reservoirs.

Accelerated erosion and resulting sedimentation have contributed to many of
the problems that these fish face. Erosion has been increased by both human land
uses and by severe winter storms which trigger natural, cyclic erosion events.
Sediment accumul ation in streams reduces the number and depth of pools where
adult salmonids rest and young survive the summer. It dso embeds spawning
gravel, reducing the oxygen level, and allowing eggs to wash downstream with
fine sediment during high flows. Coarser gravel provides a more stable environ-
ment for developing eggs.

Habitat destruction has a twofold negative effect on sdmonid populations.
With the continued decrease in the amount of good habitat available to salmonids,
competing fish that are better able to survive the less than optimal conditions
compete with salmonids for habitat. Water pollution can stress fish severdly, and
some pollutants can cause death at high levels. Ammonia, especidly initsun-
ionized form, low leves of dissolved oxygen (DO), and high levels of dts, can dll
result from animal waste and can cause ress or death of fish.

Some activities that may seem like good management can actually be harmful
tosdmonids. Cleaning the woody debris out of streams can decrease vital cover
and shade. Thistype of stream cleanup should be balanced with erosion protection
needs, as downed trees and branches provide cover and shade for samonids.
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6. Water Quality

Local Importance of Water Quality

High quality water is vital to fish and other aguatic organisms, as well as many
human activities. Surface water isused for watering livestock; for recreation, such
as boating and fishing; for domestic use by residents of East Marin; and isthe
medium that oyster farmersrely on to grow their crop. Water isrequired to grow
and process the food we eat, and directly or indirectly to produce or operate most
of the materials and goods that we use every day. Most drinking and domestic
water in West Marin is from groundwater—underground aquifers that are pumped
through wells up to severa hundred feet deep. Clearly, there are many important
human activities that depend on abundant sources of dean water.

Water quality can be affected by land use and by natural factors. Background
levels of some pollutants occur naturally, and in some cases it can be difficult to
know if natural processes, human activities, or acombination of both, are the cause.
Human activities have a great impact on the quantity and quality of both surface
waters and ground water. Groundwater contamination can be aproblem in areas
whereintensive land uses continualy contribute pollutants that percolate into the
ground, rather than running of in surface waters. Because West Marin is sparsaly
populated, topography is hilly, and land useisrelatively extensve, pollution of
surface watersis more likely than ground water contamination.

Types of water pollutants vary according to land usein different areas. In
urban areas sources of water pollution include runoff of oil and gasoline from
dreets, industrial chemicas, and sewage. Marin resdentsare fortunate to livein
an areawhere mgjor industria pollutantsare not a primary concern. Locd pollu-
tion sources include sawage treatment plants and septic systems; runoff from
streets and highways, sediment from construction, road building, and agriculture;
and waste from anima agriculture and horses. In West Marin, land use is prima-
rily agricultural, with many dairies, beef, and sheep ranches. Because of this, water
pollutants that are most likely to occur, and are therefore of greatest concern, are
those which are produced by animal agriculture.

Theterm nonpoint sour cepollution (NPS pollution) isused to describe pollutants
contributed from many smal sources that cannot be easly identified individualy,
but collectively degrade water quality. Pollution caused by release of waste or
contaminated water through a man-made structure such asa pipeis termed point
source pollution. Smilar types of land use can cause both non-point and point
source pollution; it isthe way in which pollutants are disseminated that distin-
guishes between the two. For example, manure that is pumped from a manure
pond onto ahillsde can become NPS pollution if it iswashed off the hill by rain.
That same manure would be considered a point source if it was pumped through a
pipedirectly into astream. The concept of NPS pollution consders that pollution
can accumulate from many diverse sources from al over a watershed, and that
many smal management improvements can have a beneficid effect on water

quality.
Agricultural Sources of Water Pollutants in West Marin

Although generdized statements about the effects of livestock and grazing on
water quality are often made, redidticaly, each operation differs in intensity,
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management practices, and site characteristics; therefore, the pollution potentia on
each steisdifferent. Livestock related pollution can be highly variable throughout
aranch and throughout the seasons. On any ranch, most management practices
may be very good, but there could be an occasiona "event” that contributes sgnifi-
cant pollution to a waterway. On some properties many seemingly insignificant
pollution sources may cumul atively degrade water quality. Other properties may
not contribute to pollution at al. In order to improve water quality and stream
conditions, it is essentid to identify the activities and sources that are actually
causing water quality degradation on asite by Sitebasis.

Nationally, sediment is considered to be the number one category of NPS
pollution on rangelands. However, because of the number of dairiesin West Marin
which, by their nature, require the confinement of large numbers of animals, water
quality degradation from animal waste is considered to be the most critical source
of water quality degradation localy. Animal waste can contribute to nutrient
pollution and can be a source of pathogens. It isimportant to note that confined
horse facilities, which are not technically consdered to be agricultural operations,
may aso be asignificant source of animal waste pollution in some areas of Marin
County.

Although some compounds found in animal waste (such as un-ionized ammo-
nia) can cause acute toxicity and immediate death to aquatic organisms, they can
disspatefairly quickly. Sediment, however, accumulatesin streams, causing
greater and greater problems that often cannot be corrected. Examples of this type
of damage are the sedimentation of Waker and Keys Creeks and the Estero de San
Antonio.

Locd representatives from the Regiona Water Quality Control Boards (Re-
giona Boards), Cdifornia Department of Fish and Game (DFG), University of
Cdlifornia Cooperative Extension (UCCE), Natural Resources Conservation Service
(NRCS), and Point Reyes National Seashore (PRNS), have held severd meetingsto
develop guiddinesfor locd water quality monitoring programs. One of themain
purposes of these meetings was to make sure that agency representatives working
with landownersto do their own water testing are consistent in their recommenda-
tions. Agency personnel have identified water quality variables that are most likely
to cause problemsin agricultural areasin West Marin. These are, in order of de-
creasing importance, anmonia, temperature, pH, conductivity, water flow, dis-
solved oxygen (DO), and sediment.

In certain areas, water quality monitoring has shown that other water quality
variables aso contribute to water pollution. For example, water testing conducted
by the Santa Rosa Subregiond System in Stemple Creek/Estero de San Antonio,
has reveded dlevated levels of copper. Following are descriptions of the common
pollutants from anima agriculture.

Ammonia. Ammonia results from decomposition of organic nitrogenous com-
pounds in manure and other organic debris by microbes. Total ammoniais com-
posed of two forms: ionized anmonia (NH, "), and un-ionized ammonia (NH3). Of
these two forms, theun-ionized NH3 isfar moretoxic. The percent of total ammo-
nia in the harmful un-ionized form increases with higher temperatures and pH
vaues. Un-ionized ammonia can belethal at concentrations of 0.025 parts per
million (ppm).
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High levels of ammonia are toxic to fish and other organisms. Ammoniais
naturally produced by fish and is excreted primarily through their gills Ammonia
excretion isreduced if there are high ammonia levels in surrounding waters,
causing high blood ammonialevelsin fish. Fish respond to thisincrease in blood
ammonia by reduced feeding, which dows metabolic ammonia production. High
blood ammonialevelsincrease afish's need for oxygen, while at the same time
reducing the ability of the fish's blood to transport oxygen. Extremely high ammo-
nia levels can damage gills and ultimately kill fish.

NPS pollution by nutrients can be caused by animal
wastes, decaying vegetation (such as slage), and pas-
. ture fertilization. Pollution from animal waste can
Any activity that allows  eqyit from rangeland grazing, but most often occurs

i when livestock are confined and anima wastes are

. animal Was.te to. be concentrated. Any activity that allowsanimal wasteto
directly deposited in, or be directly deposited in, or very near awaterway, could

be a source of NPS pollution. Accumulation of animal

very near a Waterway’ wastein corrds, feeding or watering aress, and dley-

could be a source of ways creste potential sources of NPS pollution if these

i aress are located near waterways or where runoff could
NPS pOl lution. carry nutrientsinto waterways.

Incorrect application of anima wastesto pastures
and crop fields can dso cause NPS pollution. Wastes
should be applied at rates appropriate for thecrop being fertilized. Improper
storage of slage can allow highly concentrated nutrients to flow into waterways or
percolate into the groundwater, which can eventually flow into waterways.

Conductivity. Conductivity isameasure of the capacity of water to transmit an
electrica current. Conductivity isuseful in detecting pollution from livestock urine
dueto the high concentration of sdtsin urine and thefact that the sdts persst
much longer than ammonia. High sdt concentrations in surrounding waters
disrupt the balance of sdtsin fish blood. This causes stress, and at extremely high
levels can kill fish.

pH. pH isameasure of the hydrogen ion concentration and ranges in value from O
to 14. A valueof 7 isreferred to asneutral, while valuesbelow 7 are cdled acidic,
and above 7 are said to bebasic. The pH of water isinfluenced by water source,
underlying soil, effluent discharges from agricultura, industrial, and urban
sources, dgae, and microbid activity. ThepH of water isimportant because it
influences the amount of total ammoniathat isin the most toxic un-ionized form
(NHs). High pH vauesincrease ammoniatoxicity because agreater percentage of
the total anmoniaisin the un-ionized form.

Temperature. Temperatureisimportant becauseit directly affects animalsand dso
influences the physical characteristics of water and pollutants such as ammonia
Extreme temperatures have harmful effects on animal metabolism, feeding,
growth, disease resstance, and reproduction. Cool water contains higher levels of
dissolved oxygen than warmer water and has lower levels of toxic un-ionized
ammonia. The optimum water temperature range for coho sdmon is48°F to 57°F,
well below the summer temperature of many loca streams.
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Dissolved Oxygen. Dissolved oxygen, often referred to by the initiads DO, is a
measure of the oxygen that is dissolved in water. DO iscritical for al aguatic life,
just like oxygen in air is essential to humans and other terrestrial organisms. Be-
cause DO makes up a very small percentage of water, changes as seemingly minor
as 1 ppm can have alarge impact on aquatic life. At awater temperature of 50°F
DO would typically be 11 ppm. When water temperaturerisesto 80° F, DO can
drop dramatically to 8.0 ppm, a27% decrease.

Water How. Water flow rate influences the concentration of pollutants and has a
sgnificant effect on habitat conditions for fish and other aguatic animals. At low
flows, pollutants can become concentrated, increasing their toxicity. Low water
flows can dso cause rearing and migration problems for saimonids. Adequate
water flowsareneeded inthefall for migration and spawning, and in the summer
to maintain rearing pools.

Sediment/Erosion. Excessive sediment from erosion can fill in gravel beds used by
salmon and trout for spawning. This can make the beds unsuitable for spawning
or smother developing eggsin the gravel. Sediment can aso fill in deep pools that
remain cool in the summer and provide habitat for young fish.

Sources of excessive sediment include streambank erosion; gullies, sheet and
rill eraoson from bare corras, crop fields, unpaved roads, other unvegetated aress,
and landdides. Many different ranch activities can cause accelerated erosion.

Sreambank erosion is the most serious source of sediment because eroded soil
Is deposited directly into streams. Upland erosion sources dso move sediment, but
this sediment may never reach a stream. While some streambank erosion does
occur naturaly, it is often caused by removal of woody riparian vegetation. Woody
riparian vegetation armors streambanks against the force of flowing water, acting
like natural rip-rap. Livestock trampling and congregation in streams is another
common cause of streambank erosion. Any stream that has significant areas of bare
s0il on the banks, particularly if the banks are vertical and actively eroding, contrib-
utes damaging sediment to the stream system.

Gullies are another major source of damaging sediment. Gullies are often
caused by activities that concentrate water flow, such as road building, crop culti-
vation, and livestock trails. Natural occurrences, such as rodent tunnels, can also
initiate gullies. Maintaining good vegetative cover isimportant for preventing
gullies. Vegetative cover improveswater infiltration, reducing the chance for
concentrated runoff. Overland flow increases on bare soil surfaces and can cause
gulliesto form.

Landslides may contribute to water quality degradation, but in most cases they
cannot be effectively treated. Landdides often occur when saturated soils dide
over subsurface bedrock, and are controlled by inherent physical factors.

Sheet and rill erosion commonly occur on unvegetated crop fields, corras and
roads, and can aso occur on overgrazed pastures where vegetative cover is poor.
When vegetation is inadequate to dow water flow and dlow infiltration, water can
run off in a continuous sheet, moving soil particlesdowndope. Concentrated flows
can causerillsto form, which can grow into gullies. Sheet and rill eroson increase
toward the base of dopes, as water moving downd ope accumulates, increasing its
erosve power. Sheet and rill eroson tend to cause depletion, or loss of soil near the
top of eroding dopes, and accumulation of soil at the base of eroding dopes. Accu-
mulation of soil around fence posts or trees at the base of dopesisasign that
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accumulation is occurring. "Pedestalling” of small pebbles, where soil has eroded
around them, and formation of small rivulets on the soil surface, are signs of soil
depletion.

Pathogens. Since pathogens are transmitted through animal wastes, the same
conditions that cause nutrient pollution from animal wastes can cause pathogen
pollution. Many of the pathogens that are carried by livestock can cause illnesses
in other livestock, humans and wildlife.

Many pathogenic organisms that can be transmitted through livestock waste,
including bacteria, viruses, and parasites. Of the potential diseases that can be
caused by these organisms, Cryptosporidia, a protozoan which causes the gas-
trointestinal disorder Cryptosporidosis, is of greatest concern because it isdifficult
to remove from domestic water systems.

Water Quality Laws and Agency Responsibilities

Water quality is regulated by federa and state laws. Although many government
agencies are involved with water quality regulation, most of these laws are en-
forced locally through the Regional Boardsand DFG. In California, authority for
enforcing federal water quality lawsis passed from the Environmental Protection
Agency (EPA), to the State Water Resources Control Board (State Water Board), and
then to the Regiona Boards. DFG dso hasauthority to regulate water pollutants
that are damaging to aquatic life. Water qudity laws that specifically address
nonpoint NPS pollution include the Cdifornia Porter-Cologne Act, the federa
Clean Water Act (CWA), and the federal Coastal Zone Act Reauthorization Amend-
ments (CZARA). Fish and Game actsunder the authority of Section 5650 of the
State Fish and Game Code, which prohibits water pollution by "any substance or
material deleterious to fish, plant life, or bird life."

The Porter-Cologne Act, enacted in 1969, was Californias first water quality
law to significantly affect dairy waste management. This act designated the State
Water Board as the statewide water quality planning agency and gave loca author-
ity to the nine Regional Boards, which were established in the 1940s. Though the
Porter-Cologne Act addressed both point and nonpoint sources of pollution, it has
focused on point sources and resulted in construction of waste ponds on most
dariesinthemid-1970s The State Board is responsible for developing statewide
water quality plans, while the Regional Boards are responsible for devel oping
Regiona Water Quality Control Plans (Basin Plans)—which in turn are approved
by the State Water Board and the EPA. Both the statewide and Basin Plans identify
beneficial uses, water quality objectives, and implementation mechanisms. Re-
giond Boards have the primary responsbility for implementing both the statewide
and basin plans.

West Marin fals under thejurisdiction of two Regiona Boards. The Stemple
Creek/Estero de San Antonio watershed and Estero Americano watershed are
within the North Coast Regiona Office (Region 1) inSantaRosa Marin County
south of the Stemple Creek/Estero de San Antonio watershed iswithin the San
Francisco Bay Area Regiona office (Region 2) in Oakland.

The federal Clean Water Act, originaly enacted in 1972, has been amended
numerous times, most importantly by Section 319, in 1987. Section 319 of the CWA
wasthe first law that strongly emphasized control of NPS pollution. Section 319
specifies that sediment, nutrients, pathogens and chemicads are important NPS
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pollutants. The most recent federal law addressing NPS pollution isthe CZARA of
1990, which require landowners to treat NPS pollution. CZARA affectsdl lands
within coastal zones nationwide and the entire state of California.

EPA hasauthority to implement and enforce the CWA, and along with the
National Oceanic and Atmospheric Adminigtration (NOAA), hasjoint authority to
approve state NPS programs related to CZARA. CZARA requires each state water
resource agency to establish coastal NPS programs that are consistent with Man-
agement Measures and M anagement Practices specified by EPA. Implementation
of these Management Measures and Management Practices is expected to reduce
NPS pollution to acceptable levels.

Local Application of Water Quality Regulations

Locdly, the two agencies that are primarily responsible for monitoring water
quality and enforcing related laws are the Regiond Boards and DFG. Responshbil-
ity for enforcement of al these federal and state water quality laws, except for Fish
and Game code, restswith the Regional Boards. The Regional Boards act on their
authority to protect "beneficial uses' of water, which include domestic, municipd,
agricultural, recreational, aesthetic, preservation and enhancement of fish, wildlife,
and other aguatic resources or preserves, and others. InWest Marin, because
agricultureisthe primary type of land use, these agenciesfocus on controlling
agricultura sources of pollution.

Regiond Board staff identify water quality violations through citizen com-
plaints, observation of blatant violations, and by notification from DFG. Regiond
Board staff have no prior right of access to private property without notification,
unlike Fish and Game wardens. Air reconnaissance has dso been used to identify
violations.

DFG wardens are the primeinvestigatorsin reports of water quality violations
for Fish and Game. Violaionsareidentified primarily through citizen complaints,
but wardens dso find violations if they are on a property for another reason (such
as reports of poaching), or if there are blatant problems visble from a public road.
DFG wardensare deputized, and havetheright to enter property with duecause, if
aviolation is suspected.

Citations occur when DFG staff find levels of chemicals, or physica properties,
that arelethal to aguatic life. Theselevdsare st by EPA and represent the same
standards that are in the Regional Boards Basin Plans.

Locdly, a cooperative arrangement between the Farm Bureau, the Regional
Boards, and DFG isused to address water quality violations caused by animal
waste. The Farm Bureau is notified by DFG or the Regiona Boardsif aviolation is
suspected, S0 that a Farm Bureau member can work with the landowner to remedy
problems and attempt to avoid enforcement actions.

Water Quality Assessments

Thefirst question that many landowners ask when the relationship of agriculture
to water quality is mentioned is "how do | know if | have a problem?' The best
way to determineif land use on a particular ranch is contributing to water quality
problemsisfor thelandowner to test surface waters for common pol lutants.
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State Board and Regional Board Assessments. On alarger scale, statewide asess
ments are produced by the Regional Water Quality Control Boards and the State
Water Resources Control Board, and national assessments are made by the Environ-
mental Protection Agency. The national water quality assessments set the frame-
work for state and loca agency involvement in water quality assessment and
regulation. Section 305 (b) of the Clean Water Act requiresthat states assess their
water quality biennidly to determineif the goals of the CWA for fishable and
swimmable watersare being met (EPA, 1994). The state and national assessments
are respectively cdled the Water Quality Assessment and the National Water
Quality Inventory.

The Regional Boards provide water quality assessment information to the State
Water Board for their biennial statewide Water Quality Assessment. This docu-
ment lists water bodies by region and type (Estuary, Rivers and Streams, etc.), and
rates water quality condition as good, intermediate, impaired, or unknown. It dso
has brief descriptions of problems and needs for impaired water bodies. The State
Water Board requires that these assessments be prepared, but Regionad Boards do
not receive funding to prepare them. Therefore, the assessment information is
largely based on sporadic data and observations by staff and concerned citizens.
Often "professiond judgment,” rather than water testing data is used to designate
awater body asimpaired.

Somedatahavebeenused in preparingassessmentsfor Lagunitas Creek,
Walker Creek, and Stemple Cresk. MMWD has conducted water quality sampling
for water rights hearings on Lagunitas Creek that has been used in the state assess-
ment. Data on mercury contamination from the Gambonini Mine have been col-
lected on Walker Creek, and water quality data for Stemple Creek have been
collected by the City of Santa Rosg, the Regional Board, and DFG.

Basin Plans prepared by the Regiona Boards identify Water Quality Objectives
for each beneficia use. These "objectives' are criteria that are based on standards
st by EPA. Mogt of these objectives are in narrative form, but a few specify nu-
merical limits of certain toxins. Since the Baan Plans cover large areas that include
many different potentia sources of pollution, the narrative objectives give Regional
Board staff the ability to decide what substances to test for in different situations.

For example, the narrative objectives for toxicity in the North Coast Basin Plan
gtates "All waters shdl be maintained free of toxic substances in concentrations that
are toxic to, or that produce detrimental physiologica responsesin human, plant,
animal, or agquatic life" This objective further describes the tests that can be used
to determinetoxicity. Pollution from ammoniawould come under this objective.

DFG Water Quality Monitoring Program. Between 1991 and 1995, DFG con-
ducted a water quality monitoring program in West Marin to identify locdized
water quality problems, primarily on dairies. Funding to operate the DFG water
quality lab was discontinued as of July, 1995. Information from this program was
shared with the dairy industry at the monthly Sonoma/Marin Animal Waste
Committee meetings 0 that industry leaders could work with individual dairy
operatorsto correct pollution sourcesin problem areas. DFG had 20 water sam-
pling stations at locations that were determined to be high priority areas based on
concentration of dairies, Sting, and topography. Thesestationsweredl in areas
that can be accessed from public rights-of-way.
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A memorandum summarizing the 1994 results of DFG's Marin-Sonoma Coun-
ties Agricultural Runoff Influence Investigation, states that "the majority of stations
sampled revealed acceptable concentrations of dl parameters, e. g. concentration of
dissolved oxygen near saturation, low total ammonia, and conductivity during
most sampling events. Even at those locations where exceedances were locally
greet, the station averages appeared to indicate that conditionswere marginaly
acceptable, most of thetime. However, averages can be mideading as fish and
aquatic life arequitesengtiveto change, andaremorelikely tobeadversely af -
fected by extremesrather than by averages” (Rugg, 1994).

State Department of Health Sarvices.
The State Department of Health Ser-
vices monitors water quality in Tomaes
Bay and in someof thelower partsof
tributary streams, to assess contamina
tion levels from feca coliform bacteria
Thisisdoneto determine if growing
watersare suitablefor oysersthat are
consumed raw. The Department of
Health Services does not have regula-
tory authority for water quaity laws,
but performsthis testing to "certify"
the safety of commercia oyster leases.

Hedlth Services, in cooperation with
the San Francisco Bay Regiona Water
Quadlity Control Board and the Tomaes
Bay Shdllfish Advisory Committeg, is
conducting astudy to determine sources of coliform bacteriain the Tomdes Bay
watershed. Thisstudy, which will be completed in 1996, amsto pinpoint sources
of coliform and determine whether they are from human or livestock waste based
onsampling locations. During thewinter of 194 and 1995, alimited amount of
water sampling was conducted to refine the full sampling program to be carried
out next winter. Sampling will take place in many areasthat are not currently
subject to testing by DFG or the Regiona Boards.

Solutions —Addressing Water Quality Problems

InWest Main, an impressive array of individua ranchersand agricultural and
conservation groups have, for years, implemented projects and programs amed at
conserving soil and improving habitat and water qudity. Despite these efforts,
water quality problems persstin someareas. Improving water quality will require
the continued efforts of these same individuas and groups ufitrly this good
work is oftendefeated by afew "bad actors' that don't practice good land steward-
ship or landownersthat smply don't redize the impact they have.

It iswdl documented that early potato farming had a devastating effect on
lower Keys and Waker Creeks and on the Estero de San Antonio. Reported heavy
grazing in thelate 1800sto early 1900sisaso often cited as a cause of rangeland
degradation. Recognizing the problems caused by some ranching and farming
practices, many ranchers began working with UCCE and the Soil Conservation
Sarvice (SCSisnow the Natural Resources Consarvation Sarvice) inthe early to
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mid-1900s to improve management practices and the condition of their land.
Awareness of water quality problems from dairies peaked in the early 1970s with
thedairy industry's attempts to comply with pollution control provisions of the
1969 California Porter-Cologne Act.

Assigted by these and other local conservation organizations, West Marin
ranchers have implemented numerous soil conservation and pollution control
practices on their ranches. The following sections describe these support agencies
programs.

U. C. Cooperative Extension. Beginning in 1920, the University of Californiahired
afarm advisor to work with Marin County's farmers and ranchers. M. B.
Boissevain helped areafarmers and ranchersimprove range and soil conditions,
farm production, and livestock management for dmost three decades. Most of
Boissevain's work focused on northern Marin County, which had the highest
concentration of smal farms.

In 1922, Boissevain noted that fruit and potato growing were important in the
county but that the dairy industry was the major agricultural industry; sheep
rasing was minimal at the time. He wrote the next year that much of the land had
been greatly overstocked (quoting an average of ten acres per cow) and that annual
grasses and weeds had taken the place of much of the "origind good” grasses. Ina
driveto improve these "greatly run down" pasture conditions, Boissevain ingti-
tuted programs of deferred and rotation grazing, and introduced species such as
Handing grassin test plotsaround the county. He aso brought his knowledge of
feed crops, encouraging dairymen to experiment with improved slage crops such
ascorn and vetch. Boissevain'swork during the 1920s and 1930s had a notable
positive effect in the way land was used and in dairy production in the county.

Since Boissevain'stime, UCCE has continued to assst local ranchers and
farmers with improved practices through the farm advisors. In 1994, UCCE initi-
ated the Marin Coastd Watershed Enhancement Project. This project has provided
workshops on water quality regulations, water quality testing, and preparing ranch
plansfor loca ranchers. A seriesof informational fact sheets on various aspects of
water quality has been prepared for distribution. A video and companion work-
book on preparing aranch plan has dso been prepared by project Saff. Mogt of
these meetings and educational materials have been jointly produced by staff from
UCCE, Marin Agricultural Land Trust (MALT), PRNS, NRCS, and MCRCD.

Marin County Resource Conservation District Resource Consarvation Didtricts
were established by thefederal government in the days of 1930s dust bow! to
providealoca link between landowners and the newly formed Soil Conservation
Sarvice. Now RCDs function asdivisons of state government, governed by an
elected Board of Directors. RCDs are non-regulatory and work through voluntary
cooperation with landowners (Prunuske, 1987). The Marin County Resource
Conservation Didtrict (MCRCD) has been assisting West Marin landowners with
natural resource conservation work sinceitsformationin 1959. Aided by technica
staff from the NRCS and private consultants, the MCRCD's primary purpose is
conservation of natural resources. Over the past twelve years, the MCRCD has
operated severd specific watershed enhancement programsin West Marin.,
Lagunitas Creek Watershed Project. In 1983, the trend toward grant-funded,
comprehensive watershed projects began when the MCRCD received grantsfor
eroson control in the Lagunitas Creek watershed from the State Coastd Conser-
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vancy and the San Francisco Foundation. In 1984 and 1986, additional monies were
obtainedfromDFG. Thegoal ofthe Lagunitas Watershed ErosionControl Program
was to reduce the rate of sedimentation in both the stream channels and in Tomales
Bay (Prunuske, 1988). During thefive years of the MCRCD's Lagunitas Watershed
Erosion Control Program, over 35 gullies, 21 miles of unsurfaced roads, approxi-
mately 13 reaches of streambank erosion on Lagunitas Creek and its tributaries,
@d severa didesand miscellaneous erosion problems were repaired—at a cost of
76,778.

Additional program activitiesincluded holding two educationa erosion control
workshops for landowners, publication of ahandbook on erosion control for
landowners, and tours of project work. Trout Unlimited joined with MCRCD to
sponsor two volunteer work weekends with participation from MMWD, numerous
citizen volunteers, and Samuel P. Taylor State Park. Also, many individual
streambank erosion sites were repaired in San Geronimo Valey by private land-
owners.

San Geronimo Creek Watershed Bedload Sediment Reduction Project. This
project, which the MCRCD formally became involved with in 1991, focuses on
reducing bedload sediment in Lagunitas Creek through source-control measures on
various stes in the San Geronimo Vadley. Funded by MMWD, the program is based
on recommendations from the Sediment Overview Report: Development of an Initial
Sediment-Management Plan for Lagunitas Creek, that was submitted by MMWD to the
State Water Board in 1992. This report summarizes the studies and findings that
have led to the current coarse-sediment reduction program proposed as mitigation
for enlargement of Kent Lakeby MMWD.

The project includes a three-year desgn and construction phase followed by ten
years of maintenance and monitoring. Construction projectsinclude bank eroson
repairs and sediment retention structures; the maintenance phase will alow re-
mova of sediment from retention structures. Monitoring will evaluate the effec-
tiveness of sediment reduction projects over aten year period. An ad hoc commit-
tee approvesa project priority lis, reviews and approves project plans and specifi-
cations, and ingpects projects.

Walker Creek Watershed Project. In 1986 the MCRCD and NRCS funded an
inventory of erasion problemsin the Walker Creek watershed (Chatham et d.,
1986), which marked the beginning of the MCRCD's Walker Creek Watershed
Erosion Control Program. With $L million in funding from the State Coastal Con-
servancy, MCRCD repaired major gullies, eroding streambanks, and constructed
exclusonary fencing on 15 individual stes. Approximately $150,000 remains
unspent; the remaining funds will be used for fish habitat enhancement and related
erosion control work in the Walker Creek watershed by June, 199%.

Semple Creek/Estero de San Antonio. The MCRCD's Stemple Creek/Estero de
San Antonio Watershed Enhancement Project was launched in 1991 when work on
a Stemple Creek/Estero de San Antonio Watershed Enhancement Plan began with
funding from the State Coastd Conservancy. This plan was completed in 1994 after
a s=ries of meetings of a project advisory committee, and preparation of biologica
asesIment, vegetation and habitat restoration, eroson and sediment, water re-
sources, and geomorphic and hydrodynamic anaysis reports by specidigs. Dur-
ing the planning process, watershed landownerswere interviewed to help focus
the planning effort on local concerns. In addition to the specidigts reports, the
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plan includes enhancement goas and recommendations drafted with input from
the Advisory Committee.

Unlike the previous State Coasta Conservancy funded projects in the Walker
Creekand Lagunitas Creekwatersheds,theStempleCreek/EsterodeSanAntonio
Watershed Enhancement Project has not yet receilved Conservancy funding for
implementation. Project implementation will be carried out with multiple, smaler
funding sources. These currently include a 319(h) grant from EPA/State Water
Board for preparing dairy plansand implementing water quality enhancement
demonstration projects ($76,646); riparian fencing and planting paid for by the
Shrimp Club; U.S. Fish and Wildlife Service Partnersfor Wildlife Program; Sonoma
County Fish and Wildlife Advisory Board; and Americorps participants working
through the NRCS Petaduma office.

The Marin andSouthernCounty ResourceConservation Digtrictshaveapplied
for NRCS PL566 Small Watersheds Program funding for project implementation in
the Stemple Creek/Estero de San Antonio Watershed. If approved, this program
would provide aRangeland Conservationist for technical assistance and financia
assistance for conservation practices to improve water quality.

Natural Resources Conservation Service (NRCS - formerly Soil
Conservation Service - SCS). Thefirst locd SCS office was estab-
lished in Point Reyes Station in the late 1950s. This office was
responsble for organization of the MCRCD, through which staff
provided technical assstance for erosion control to agricultural
landowners. Controlling soil erosion was the primary function of
this agency until the mid-1970s, at which time SCS took on a major
rolein asssting locad dairy operators with designing waste control
sysems.

Between 1974 and 1977, through a cooperative arrangement
between the County of Marin and SCS approximately three-
guarters of thedairiesin Marin County installed dairy waste
ponds. SCS personnd provided waste system design at no cost to
thedairy operators. Construction costs were shared by the County, Agricultura
Stabilization and Conservation Sarvice, and the dairy owners.

Consolidated Farm Services Agency (CFSA - formerly Agricultural Stabilization
and Conservation Service). Thisagency has provided cost sharing for numerous
s0il and water conservation projects on Marin County ranches. CFSA administers
severd federal cost share programs; the program which has been most widely used
by locd landownersisthe Agricultura Conservation Program (ACP), which
presently receives approximately $40,000 per year for the county. This funding is
distributed to applicantsfor up to 75% of the cost of conservation projects, though
cost share cannot exceed $3500. Typicaly, landowners provide labor and a portion
of materialscods. Projects—which caninclude pastureimprovements such as
reseeding and fertilization, water source development, and fencing—must meet
NRCS design criteria. High cost projects, such as waste pond construction can be
cost shared through along term agreement (LTA) which can be accelerated, giving
landowners up to $35,000 in five years. Individual projects implemented by land-
owners through ACP and other CFSA programs within the project area probably
number in the thousands.
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Sonoma/Marin Animal Waste Committee. The Sonoma/Marin Animal Waste
Committee is a committee of the two county Farm Bureaus that is coordinated and
facilitated by UCCE. The committee was formed in Marin County in the early
1970s to asss dairy operators with waste management. The Animal Waste Com-
mittee serves asaforum for Regiona Board and DFG personnel to bring animal
waste pollution concerns to industry representatives. It was the first such commit-
teeformed in Cdifornia. At monthly meetings, DFG personnel report the results of
their water quality monitoring program, and alert dairy representatives to Site-
specific and regiona water quality problemsin need of remediation. In 1992, the
committee produced and mailed to all producersin the two counties, Appropriate
Animal Waste Management Guidelines: Containment and Reuse of Manure from Confined
Animal Facilities. This document recommendspracticesfor preventing water
pollution by animal waste.

Animportant function of the committeeis to act as a liaison between the Re-
giond Boards, DFG, and ranchers. Under an agreement between these agencies
and the Farm Bureaus, when waste discharge violations occur, Animal Waste
Committee representatives make the first vigit to the subject ranch, then inform the
Regionad Boardsand DFG what corrective action will be taken. The NRCS pro-
vides technical assstance to help resolve waste problems. Theformalized proce-
durefor dedling with waste discharge problems are described in a document
produced by the committee titled Sonoma-Marin Animal Waste Committee Complaint
Investigation Resolution Procedure.

A subcommittee, including representatives from NRCS, UCCE, Western United
Dairymen, and others, has, over the past year, developed a worksheet for evaluat-
Ing the adequacy of dairy waste handling facilities on individual darries, titled A
DairyResource Conservation and Enhancement Plan. Thecommittee plansto expand
the plan to include assessment of waste management on upland acreage. Thiswill
evaluate the potential for proper disposd of liquid and solid manure, and other
potential sources of NPS pollution.

Efforts of Individual Ranchers. Many landowners regularly engagein land
management practices to maintain good water quaity. Some of these practices
Involve construction of complex, engineered erosion repairs or waste systems, and
such projects are usudly ingtdled with the help of the Natural Resources Conserva-
tion Service and Consolidated Farm Sarvices Agency. Other practices are smpler,
and include many seemingly smdl actionsaimed at kegping soil on theland and
preventing pollution from livestock waste. Preventive measures often keep small
problems from becoming serious. Over theyears, the cumulative effect of such
practices can have a significant beneficia effect on water quality.

There are many individual landowners who regularly implement conservation
practices. Following are three brief profiles of loca ranchers who have made an
effort to maintain good water quaity.

Thornton Dairy and Sheep Ranch. Gordon Thornton, who owns the Thornton
Dairy and Sheep Ranch in Tomdes with his son, continues the stewardship tradi-
tion that was started by hisundes, Jm and Bill Marshadl. Before the Marshall
Brothers cameto theranch in 1918, it had been leased out, and the soil was in poor
condition from years of farming without regular fertilization.

Soon after the Marshall brothers took over the ranch, they began the process of
Improving soil fertility and pasture condition, and stabilizing erosion stes. Inthe
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1920s they worked with M. B. Boissevain, UCCE Farm Advisor, to establishclo-
vers. Since that time, periodic reseeding with clovers and perennial grasses, and
regular pasture fertilization have kept pastures productive, which isimportant
both for animal nutrition and soil protection.

Careful management of livestock plays an important role in soil and water
conservation at the Thornton Dairy and Sheep Ranch. Cross-fencing of 31 pastures
and well distributed water sources, alow animals to be moved around to best meet
seasonal pasture conditions and avoid overuse of any one pasture. Low wet
pastures, and those that include streams, are managed to keep livestock out during
the wettest months to avoid damageto these sensitive aress.

Facilitiesand landscape improvementsare also continually added. Smple
practices such as cutting ditches across cow trails or filling them with rock are used
to prevent gullies from forming. Willows and blue gum trees have been planted
on the ranch snce the early 1900sto stabilize gullies and streams—the Thorntons
dill plantwillows for shadeaong streamsand to stabilizedrainages. Flumes, or
smdl spillways, have been congtructed in drainagesto stabilize gulliesand keep
headcuts from growing. The Marshal brothers built flumes out of wood in the
1940s—Gordon Thornton has constructed concrete flumes more recently.

Despite the effort that is put in to eroson protection, nature Sometimes takes its
course and some erosion isinevitable. In themid-1980s, Gordon Thornton fenced a
big gully that feeds into Walker Creek to keep livestock from breaking down the
edges. During the intense sormsof 1994/95, this gully became saturated and cut
loose, dumping tons of sediment into the creek. The Thorntons are now working
with the MCRCD to repair the gully.

Bob Giacomini Dairy. Bob Giacomini's 700-acredairy isamode of efficient
waste management where manure is treated as an assg, rather than aliability. The
dairy waste system, which was initialy ingdled in the late 1960s, has been ex-
panded and upgraded over the years, and the Giacominis continue to test new
technology for improving manure management.

Overlooking TomaesBay, theranchisidedly stuated on gently rolling hills
alowing cultivation of slage on nearly hdf of theranch. Therelatively large
acreage and gentle topography over much of the ranch alow most manure to be
effectively utilized on-gite. Carefully coordinated management of animals, pas-
tures, slage fields, and physical waste system components, work together to
protect water quality and boost feed production.

During winter, al cows are confined in loafing barnsto prevent damage to
pastureswhen soilsare saturated. In spring, animals are rotated between eight
pastures. Slagefiedsare planted using ano-till drill, to minimize soil erason.
Waste systern components include a manure separator; two manure ponds, pumps
for recycling wash water and irrigating; and an extensive network (over three
miles) of underground pipethat distributesliquid manureto sprinklerson 350
acres

Manure from the milking barn and loafing barns is flushed into a pit, then
pumped through the separator which extracts most of the liquid. The experimental
separator that the Giacominis are presently using is a screw-type rather than
screen-type separator, which more effectively separates liquids from solids, produc-
ing drier solids. The Giacominis are working with a Petaluma-based company that
hopes to market the finer, drier solidsas a peat moss substitute for use as a garden
amendment.
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Separated liquid isheld in ponds and recycled for flushing barns. Ponds are
emptied only twice ayear, in the fall and spring, when application of liquid manure
can augment natural rainfall. Fall irrigation with liquid manure provides early
green feed in pastures, and spring irrigation produces a second silage crop. Ap-
proximately haf of the ranch isirrigated with liquid manure. In spring and fall,
after ponds have been emptied, barns are flushed with fresh water until ponds
have filled up enough to begin recycling wash water. Once sufficient liquid waste
has accumulated, it is continually reused for flushing until ponds are emptied
again.

Solids, which come out considerably drier than from traditional screen-type
separators, are reused for bedding after bacteria have been killed by composting for
ten days. Solidswhich are not used for bedding or sold for garden use arefield
gpread on the portion of the ranch that is not fertilized with liquid manure.

MartinDairy.AlthoughthisdairyisinSonomaCounty,outs deoftheMCWEP
area, the Martins have participated in project activities and have generously shared their
experiences with water testing and stream protection with other ranchers.

A project that started in response to DFG citation became an award-winning
Future Farmers of America (FFA) project for Betsy Martin, and has alowed Paull
Martin to improve water quality through diagnosing and remediating animal
waste problems. The 80-acre Martin dairy is Situated on Stemple Creek, just north
of the Marin County border. Paul and hisdaughter Betsy have taken thejob of
water quality testing—something that has long been a mysterious regulatory
procedure—into their own hands and have implemented management practices to
Improve water quality in Stemple Creek. In addition to water testing, they have
fenced and revegetated Stemple Creek with the help of the Brookside School
Shrimp Club.

In 1993, the Martinswere cited by DFG for dairy waste pollution of Stemple
Creek. By discussing water test results with DFG staff, and attending Animal
Waste Committee meetings, Paul became familiar with water quality parameters
and testing methods. He purchased smple ammonia and dissolved oxygen test
kits, and now regularly tests water samples, records results, and takes photographs
to document water quality conditions. He traced the source of contamination that
he was cited for to aswale area where manure had been stockpiled for years, and
he now avoids storing manure there.

Betsy had been observing erosion on Stemple Creek when the DFG citation
occurred. Concerned about the condition of the creek, she wasinspired to do her
FFA Soil and Water Management project on water quaity in Stemple Creek. Her
project addressed both water testing and stabilizing and revegetating Stemple
Creek. Project results were written up in a paper that earned a statewide
Agriscience Student of the Y ear award. Betsy's water testing program involved
testing for total ammonia, dissolved oxygen, temperature, pH, and sediment where
Stemple Creek entersand leaves the Martin property. This procedure would be less
extengveif it weredone soldy for identifying dairy waste contamination rather
than for a science project.

Ted results have been pogtive, and demondtrate that water quality is generadly
good—and will only improve—when trees grow up and shade Stemple Creek as it
flows through the Martin Ranch.
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7. Watershed Profiles
Stemple Creek/Estero de San Antonio

Water shed Summary - The Stempl e Creek/Estero de San Antoniowater-
shed is one of Marin County's most productive agricultural areas, support-
Ing numerousdairies, beef and shegpranches. Historically, potatofarming
was a mgjor industry, and poor farming practices were a major cause of
watershed degradation. Physical characteristicsof the Estero have been
drastically altered over the past 150 years. Sedimentation, caused prima-
rily by potato farming, has resulted in such a reduction in the Estero's
volume, that the mouth no longer flushes completely. Thisresultsin a
seasond sand bar that eliminates tidal and estuarine circulation, which
adversdly affects aquatic life.

The Egtero and Stemple Creek provide habitat for the endangered Califor-
niafreshwater shrimp (Syncaris pacifica), and many other species of mam-
mals, reptiles, amphibians, birds, and fish. The Estero does not support
coho salmon or steelhead trout; there was a steelhead run as recently as
the 1960s (Paul Martin, 1995), but due to habitat degradation, this species
no longer inhabits the Estero. Much of the stream system lacks riparian
cover, causing water temperaturesthat aretoo high for salmonids. Addi-
tionally, the streambed substrate in Stemple Creek/Estero de San Antoniois
composad of relatively fine sediments and lacks the coarse gravel that
salmonidsneedfor spawning.

Water quality testing has shown ammoniato be the most common cause of
water quality degradation. Low levels of dissolved oxygen and high water
temperatures are dso common problems.

Setting. The Stemple Creek/Estero de San Antoni o watershed encompasses 50
square miles, nearly dl of whichisused for agriculture, including dairying, and
beef and sheep production. There are dso severd poultry farmsin the watershed,
and many dairy ranches grow hay and slage for on-gte consumption. Most of the
Stemple Creek/Estero de San Antonio watershed is compased of gently rolling
hills surrounding awide, flat valey bottom. Vegetation reflects the fact that much
of the watershed iswithin the fia wind gap; the predominant upland vegeta-
tiontypeisgrasdand, amixtureof annual and perennid grassesand forbs, with
patches of coastd scrub on some of the stegper north facing dopes near the coast.
Nativetreestend to grow only in areasthat are protected from the fierce, drying
winds.

In mog of thewatershed, grasdands are dominated by introduced annual
grases and forbs, athough some native grass gpedies dill exig inareas. The
proportion of native perennia grassesincreases near the coast and on the steep
dopestoward the mouth of the Estero. Forest and woodland is of very limited
distribution. Nearthesouthernedgeof thewatershed, justwestof theM arin/
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Sonoma County line, and toward the northeastern end of the watershed, thereare
patches of mixed oak and bay hardwood forest. Riparian woodland, which has
been preserved in some drainages, varies according to stream gradient and loca
tion. Inlow valleys, it iscomposed primarily of willows (Salix spp.), and in the
steeper drainages includes coast live oak (Quercus agrifolia) and California buckeye
(Aesculus californica). Many of the tributary channels and most of the main Stemple
Creek channel do not currently support riparian woodland. Scattered throughout
the watershed are blocks of the non-native blue gum (Eucalyptus globulus) which
have been planted for windbreaks.

From Bodega Bay inland approxi-

mately fourmiles the Estero deSen
Antonio occupies the estuarine portion
of this stream system where fresh water
from upland tributaries mixes with salt
water from the ocean. Tidd and current
action, and seasond rainfall and runoff
in this area results in acontinuously
changing mix of salt and fresh water.
Above the estuary, the freshwater part
of this system becomes Stemple Creek.

The Estero was formed over the last
10,000 years asrising sea levelsinvaded
thevalley of Stemple Creek, following
the last ice age (Williams and Cuffe,
1993). Williams and Cuffe speculate
that previous to European settlement,
watershed vegetation was relatively undisturbed, and that sediment delivery rates
were low. During this time period, sea level rose about 1/2 foot per century, ex-
ceeding sedimentation and buildup of the valley bottom, and alowing tidal influ-
ence to extend inland. Due to accelerated sedimentation over the past 200 years,
the Estero mouth isnow dosaed by asand bar during the late spring and summer.
Asaresult, water quality problemsare worselatein theyear. Tidd influenceis
eliminated, and evaporation is high, sometimes resulting in a hypersaline estuary
with sdinities far above that of the ocean (Madrone Associates, 1977). Because of
this, organisms must be able to tolerate awide range of sainity, water temperature,
pH, dissolved oxygen, turbidity, and other physical factors (Madrone Associates,
1977).

Stemple Creek/Estero de San Antonio is unique among streams in the project
area both in terms of its morphology, and the floraand fauna that it supports.
While Stemple Creek does not provide the quality of Anadromous fish habitat that
other local streams do, thetidally influenced Estero supportsa unique array of
aquatic lifeand is an important nursery area for many marine fishes. The Stemple
Creek/Estero de San Antonio watershed supports numerous types of wetland
habitats, including saltwater and brackish marsh within the Estero and freshwater
marsh inland of the tidal influence.

The Estero provides habitat for the endangered California freshwater shrimp,
and thediversity of the associated habitat types supports many species of mam-
madls, reptiles, amphibians, birds, and fish. At themouth of the Estero, common
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species include Pacific herring, Staghorn sculpins, shiner surfperch, tidewater and
arrow gobies, starry flounder, surf smelt, and topsmelt.

Land Use Higtory. The Stemple Creek areawas originaly noted for its heavy black
loose soil that produced fine crops of potatoes, whest, barley and oats.

In 1855 George Burbank built a home and ranch on the banks of Stemple Creek,
first producing the crops mentioned above, and later operating adairy ranch.
Potato fiel ds sometimes encroached into the creskbed with the construction of
bulkheads, farmers plowed both the leved and steep portions of their land with
horses, causing winter runoff that clogged the creek. After rainsthe fords were
often miry with Slt, making passage dangerous. Wooden bridges and culverts had
to be congructed (Dickinson, 1993).

Until the 1940s potato production was one of the main uses of the lower water-
shed, athough dairy ranching had become the dominant land useinthe 1880s The
upper watershed, noted for lack of water needed for both dairying and farming,
became apopular chicken producing area, forming part of the western outpost of
the famous Petdluma chicken industry. The smdl scae dairy, potato and barley
farms enjoyed relative success until the five creameries in the area shut down in the
1930s Nearly dl of thelocd farmerswent into production of market milk, and
sheep or beef ranches began to appear (Pozz, persond communication, 1995). The
last potato grower in the area was Frank Gambrosini, whose commercia organic
crop waswiped out by floodsin January of 1982 (Thornton, personal communica-
tion, 1995).

No other industrieswere prevaent on Stemple Creek. One old-timer recdlsa
large number of sweet water clamsin the creek and lots of fishermen. Stemple was
a"well-moving" creek, where onefound stedheed asfar upstream as Two Rock.
He now damsthe creek supports only "junk fish." The creek has never had a
major dam, but many smal dams were developed around Two Rock and in the
generd watershed for stock ponds. A current concern is sedimentation from the
Sonoma County landfill.

The Stemple Creek/Estero de San Antonio watershed now supportsdairies,
beef, and shegp ranches, afew poultry operations, and an organic truck farm.

Physica Watershed Changes. The character of the Estero and Stemple Creek has
been transformed by historic land use changes within the watershed and continues
to be affected by sedimentation and poor water quaity (Williams and Cuffe, 1993).
Over thelast 150 years, mgor human induced changes have occurred that greetly
affect the physicd functioning of the estuary. Cattle grazing, and later, arable
farming in the watershed have resulted in accderated eroson and significant
increases in sediment ddlivery to the Estero (Soil Conservation Service, 1992).
Sediments, mainly eroded by the formation of gulliesand arroyos, were carried
downstream in large flood events. Coarser sediments have remained in the Estero,
filling in the deeper parts of the channd. Over time the Estero became shdlow, and
fringing shodsbecamelarger, narrowing thechannd. Eventualy thetidal marshes
were smothered with sediment, converting them to floodplain meadows (Williams
and Cuffe 1993).

Williams and Cuffe (1993) found that formerly the Etero's tidal prism was large
enough to keep it fully tidal throughout the year—the volume of water exchanged
between high tide and low tide was greet enough to keep the mouth of the Estero
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flushed out. With increased sedimentation, the scouring potential of currents
within the entrance channel was greatly reduced. At some point the entrance
channel became small enough to be dosed off by beach sand deposited during
periods of high wave energy. Thefirst closure probably occurred in the late 1800s
Now, the volume of water exchanged by the Estero daily between mean high tide
and mean low tide is only about 20% of the volume that existed in 1862, and the
mouth usually dases off in the spring or summer, remaining dosed until thefirst
sgnificant flood flow of winter. During drought periods the mouth can stay
dosad for morethan ayear. According to Williamsand Cuffe (1993), if no action is
taken and sediment delivery to the Estero continues at historic levels, further
reductionsin the tidal prism will occur, gradualy changing the Estero from a
seasondly dosad estuary to onethat is dosed most of the year.

Once the entrance channel doses in the spring or summer, and depending on
the amount of freshwater inflow, the lagoon can become hypersaline (Madrone
Assodiates, 1977) or brackish throughout most of itslength. The estuary then
becomes a seasond lagoon wheretida and estuarinecirculation iseliminated. The
mouth remains dosad until the first sgnificant winter scorms fill the lagoon and
overtop the beach built up in the summer. Once breaching occurs, adegp channel
can be scoured quickly, returning the lagoon to tidal action.

Stream ConditionandFishHabitat. UnlikeWalker Creekand Lagunitas Creek,
thefishery resource in Stemple Creek/Estero de San Antonio does not, and prob-
ably never did include a significant coho salmon run. Though there was reportedly
astedhead run at onetime, this stream does not now have the potential to support
sdmonids. Much of the stream system lacksriparian cover, causng water tem-
peraturesthat are too high for sdmonids. Because of land use and inherent physi-
cd characterisics—a very low gradient, and abundant sources of fine sediment—
sedimentation has decreased stream depth, and created a streambed substrate that
lacks the coarse gravel that salmonids need for spawning. Although it may be
unredlitic to expect restoration of the historic gedhead run, condition of the
riparian corridor and water quality are important for freshwater shrimp and other
organisms for which the Estero provides habitat.

Peak average monthly flow in Stemple Creek is 114 cubic feet per second, which
IS much greater than in nearby Americano creek. The bar typically doses while
freshwater continues to flow into Estero de San Antonio, causing the water surface
elevationsto dowly increase and dilute sdinity.

Surveys of fish and other aquatic organisms were conducted in Stemple Creek
and The Estero de Sen Antonio by Commins et d (1990). This study found that the
tidewater goby, afish that isbeing congdered for lising by the State of Cdifornia
asrare or threatened dueto habitat loss and degradation, was found to be abun-
dant in the upper reaches of the Estero de Sen Antonio.

Water Quality. North Coast Regiona Water Quality Control Board staff conducted
periodic water quality sampling in Stemple Creek from 1990 to 1994. Water quality
sampling has aso been conducted in the Stemple Creek/Estero de San Antonio
watershed by DFG, and Commins Consulting and David W. Smith Consulting, for
the Santa Rosa Subregiona Sysem. Summaries of water monitoring resultsin the
Stemple Creek/Estero de San Antonio have been compiled by M. Kim Cordell for
the Stemple Creek/Estero de San Antonio Watershed Enhancement Plan (Prunuske
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Chatham, 1994) and by the Regiona Board (California Regional Water Quality
Control Board, North Coast Region Staff, 1995).

Water quality data have shown toxic leves of dissolved oxygen, ammonia,
copper and nitrate to occur in the Estero. High water temperaturesaredso a
common problem. Ammonia, which is present in the Estero throughout the year, is
the most common problem. Some of the highest ammonia levels measured oc-
curred during the winter, when rains cause runoff of animal waste from manured
areas and waste ponds. The highest values of un-ionized ammonia occurred in
spring (March through May), asrising water temperature and pH incresse the
percentage of ammonia in the un-ionized form.

Low levesof dissolved oxygen
were dso shown to bea probleminthe
Stemple Creek/Estero de San Antonio
watershed. Thismay beattributableto
animal waste, as the organic component
of manure has ahigh biologica oxygen
demand (BOD), which depletes oxygen
inthewater. Temperature wasaso
identified asaproblem. According to
Cordell (1994), temperatures above 24°C
(75°F) are unacceptable for most aquatic
gpedies. |n Stemple Creek, summer
water temperatures are high dueto the
absence of riparian vegetation. Copper
contamination results from use of
copper sulfate for cattle foot baths for
the prevention of foot rot.

In Cordell's summary, she states that despite the water quality problems identi-
fied by these monitoring programs, the water quality of Stemple Creek is generally
good. DFG monitoring datahave, however, shown severa areas within the water-
shed to have recurring problemsrelated to animal waste contamination, while
other areas are relatively problem free. According to the Regional Board summary
(Cdifornia Regional Water Quality Control Board, North Coast Region Staff, 1995),
Stemple Creek exceeded the national criteria for un-ionized ammonia throughout
thewatershed at different times of the year, stream sediments were high in nutri-
ents, and water temperatureswere high, starting in the spring. Regional Board
data show that most of the significant nutrient loadings to Stemple Creek takes
place in the upper watershed (Sonoma County), but strongly affects the down-
stream portion of Stemple Creek and Estero de San Antonio. Because of high levels
of un-ionized ammonia and dissolved oxygen, in 1990 the Regiona Board listed
Stemple Creek and Estero 3e San Antonio asimpaired waterbodies under section
303(d) of the federal Clean Water Act.
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Walker Creek

Walker Creek, named after L. W. Walker who had settled on the creek in the
early 1850s, was originally called Arroyo San Antonio on charts and maps.

Watershed Summary. The Walker Creek watershed is composed of a
small number of large, privately owned parcels. Much of the watershed
is steep and rugged, making it less suitable for farming and dairy produc-
tion than the Stemple Creek/Estero de San Antonio watershed. Dairies
are concentrated in the valleys and gentle hills near Tomales and in
Chileno Valley, with much of the remainder of the watershed used for
beef production. Historic potato farming in the Tomales area filled lower
Keys Creek with sediment and contributed to growth of the Walker Creek
delta.

Significant geomorphic changes have occurred in the Walker Creek
watershed and have been studied by researchers, yet the causes of these
changes are largely undocumented. Similarly, reasons for the depleted
condition of salmonid populations have been contemplated by various
fishery biologists, yet specific factors limiting these fish populations are
not fully understood. A program proposed by MMWD to mitigate the
effects of enlarging Soulajule Reservoir in the late 1970s failed to restore
fish runs.

Stream condition and fish habitat are severely degraded in many areas,
characterized by streambank erosion, lack of riparian vegetation, and
sediment-embedded spawning gravels. Since 1980, summer flows have
been augmented by releases from Soulajule Reservoir. These flows, as
wellasrevegetationworkdonebythe MCRCD and Marin County Office
of Education, have improved riparian cover. The MCRCD has conducted
an erosion control program in the Walker Creek watershed over the past
nine years but significant sediment sources still exist. Remaining critical
sediment sources include an old mercury mine and numerous reaches of
severe streambank erosion.

Little is known about water quality throughout most of the watershed.
Large amounts of sediment can be observed in the creek for many days
following rainstorms, and lack of riparian cover on much of mainstem
Walker Creek and its tributaries indicates that high water temperatures
are a likely problem.
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Setting. Walker Creek flows through an aluvial valley encircled by gently rolling
to steep hilldopes. TheWalker Creek watershed covers 73 square miles, composed
of four main subwatersheds that have distinct physical characteristics. These
subwatersheds include Chileno Creek, which flows through Chileno Valey; Arroyo
Sausd and Sadmon Creek, which flow through Hicks Valley; and Keys Creek,
which flows through the low hills east of Tomales.

The predominant land use in the
Walker Creek watershed is livestock
production, primarily beef cattle, witha
small number of sheep ranchesand
seven dairies. Dairying is concentrated
in thelevel and productive valleys of
the Chileno Creek and Keys Creek
subwatersheds. Some ranchersraise
their own hay and slage, and there is
amdl-scdecommercia hay production
inHicksValey. Intheupper Chileno
Creek watershed, above the northern
end of Laguna Lake in Sonoma County,
thereis aduck farm.

Topography in the upper Walker
Creek watershed, including the Arroyo
Sausd and Samon Creek subwater-sheds, congsts of steep hills surrounding
narrow valeys. Stream channelsin the upper Walker watershed, including Arroyo
Sausd, SAmon Creek, and the mainstem of Walker Creek, have downcut dramati-
cally, leaving old stream terraces high above the stream channel. Soulgjule Reser-
vair, built and maintained by MMWD, isolates Arroyo Sausal from the rest of the
watershed approximately 2.75 miles upstream of Walker Creek.

The dramatic downcutting characteristic of the upper watershed isabsent in
Chileno Creek and Keys Creek. Chileno Creek originates at Laguna Lake, a shd-
low, approximately 200 acrefreshwater |ake at the Sonoma-Marin County line. It
flows through the long and narrow Chileno Valley before entering Walker Creek
approximately seven milesupstream of TomaesBay. Topography in the Chileno
Creek watershed is somewhat gentler than in the Arroyo Sausd and Salmon Creek
watersheds. Keys Cregk, which enters Walker Creek only one mile upstream of
TomaesBay, is physicaly distinct from the rest of the Walker watershed, and is
composed of low rolling hillswhich more closely resemble land formsin the
Stemple Creek watershed to the north.

Vegetation in the Walker Creek watershed isapproximately 63% open grass-
land and 37% woodland and shrub communities (Zumwalt 1972). Grassandsare
composed of a mixture of native and introduced annual and perennial grasses and
forbs. In some partsof the watershed, especidly on stegp dopes with poor soils,
where annual grasses are not as competitive, there are significant stands of native
perennia grasses. On deep, productive soils, grasdand vegetation is mostly com-
posed of introduced annuals.

Steep hilldopes in the Waker watershed above Keys Creek are wooded with
mixed hardwoods and a few conifers. Dense forest and woodland, composed of
Cdiforniabay (Umbellularia californica), coast live oak, buckeye, Oregon white oak
(Quercusgarryana), and madrone (Arbutus menziesii), with smal numbers of
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Douglasir (Pseudotsuga menzesii) and coast redwood (Segquoia sempervirens),
occupy steep hillsdes. Common shrubsinclude coyote brush (Baccharis pilularis),
ocean spray (Holodiscus discolor), and poison oak (Toxicodendron diversilobum).
Vegetation in the Keys Creek subwatershed is almost entirely grassand.

Walker Creek and its four main tributaries all have numerous reaches that are
devoid of riparian vegetation. Where woody vegetation exists along Arroyo
Sausdl, Salmon Creek, and Walker Creek, it includes willows, coast live oak, buck-
eye, and Cdliforniabay, with white alder (Alnus rhombifolia) on Walker Creek and
on the lower reaches of Salmon Creek. Riparian cover on Walker Creek hasim-
proved significantly since 1980, when summer releases from Soulgule Reservoir
began. Much of upper Chileno Creek is denuded, supporting only sparse clumps
of willows. Thelower end of Chileno Creek near the confluence with Walker Creek
iswell vegetated. Keys Creek islargely unvegetated.

Land Use Higtory. Early descriptions of the Tomales area spesk of wild oats as
high as a deer's shoulder, antel ope, deer and elk in great numbers, and fish-filled
open streams with tidewaters reaching to the Town of Tomales (Dickinson, 1993).

Bodega potato farmers John Keys and Alexander Noble settled in the Tomales
areain 1850 and dozens of newcomers soon followed. From 1850 through the
1870s potato farming, by pioneers who were mostly Irish, was extensive on the low
hillsand in the fertile vdleys, mid-19th century farms aso produced commercia
crops of oats, wheat, barley and beets, al of which were shipped by schooner at
Keys Creek until the railroad went into operation in 1874. John Keys constructed a
commercid areaat the confluence of Keys and Dutton Creeks below present-day
Tomades, complete with wharves, warehouses, a store, and eventually a blacksmith
shop and hotel. Fellow potato farmer Warren Dutton joined Keys in 1852 and
"Lower Town" prospered until arivalry between the two broke out five years later.
Dutton created anew town above Keys ste and built a competing wharf and
warehouse further downstream at the confluence of Keys and Walker Creeks
(Dickinson, 1993).

Meanwhile, glt was causing trouble for Keys, whose schooners could not reach
Lower Town without dredging. Potato fields were usualy plowed in Marchin
preparation for May planting, then plowed again after the fall harvest. The major
gt runoff occurred in the late fall and early winter as rains washed the loose, sandy
dirt into thewaterwaysand to thebay. By 1870 the problem was 0 severe that
Dutton had to move further downstream to Ocean Roar, and by 1875 had been
pushed even further south to the northeastern shore of Tomales Bay, where he
established his operation at Hamlet (a 1,000-foot wharf was needed in order for
boats to unload at Hamlet during World War 1) (Pensotti, 1989). A great dedl of
commercial activity occurred at the landing on Preston's Point, where there was
reportedly eleven feet of water dongsde the wharf (Mason, 1976). The rapid
sltation of Keys Creek has been generaly blamed on the extensive potato farming
in the watershed; Keys himsdf accused road builders for much of the problem (a
county road had been built along the east bank of the estuary in 1869) (Livingston,
1989). TheHistory of Marin Countycommented onthestuationin 1830:

Caused by the debrisbrought  down  from the mountain, the [ Keys Creek] estuary isfast
filling up, and long ere another quarter of a century shall have come and gone, naught

but tradition will remain to point out the shipping, the harbor or Keys Creek (Munro-
Fraser, 1883).
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In 1874 the North Pacific Coast Railroad built awood trestle across Walker/
Keys Creek above Ocean Roar and ended the era of sea-going commerce and
navigation of the creek. The first freight shipment on the railroad in December of
1874 was 300 sacks of potatoes grown by James Falon; the second shipment was
140 sacksof oats(Dickinson, 1981 and 1983). During thistimeabook waspub-
lished extolling the quality of farming in Tomales:

It is the best body offarming land we have, and for that matter is second to none in the
dtate ... Thisis potato country par excdlence. \Whoever wants a good farm and a
cheap one should seek this locality (Gift, 1879).

Potato farming gave way to dairy ranching during the 1870s but did not en-
tirely disappear. While many ranchers continued to raise potatoes as a cash crop
until the 1940s, butter and cheese making became the "great staple product” of the
region. The excdllent quality of the native grasses brought immigrant dairy farm-
ers, largely from southern Switzerland, to operate the dairies—often astenants. By
theturn of the century most of the land was used for grazing and many of the
tenant ranchers owned their lands (Dickinson, 1993, Mason, 1976).

Non-agricultura activities have aso had a significant effect on the Walker
Creek watershed. Crewsfrom Marin County publicworkstook gravel from
Walker Creek, on what are now the Brazil and Thornton Ranches, for ashort time
inthe 1960s Inthe 1940s exploration for mercury beganinthearea. A large
mercury mine was developed in 1964 on the Gambonini ranch on Saimon Creek,
the only active mine known in the watershed; the Buttes Gas & Oil Company
operated the mineuntil 1970, dumping itstailingsand overburden into thedrain-
age and clinker into asmal adjacent gully. The mine produced 3541 flasks of
mercury. The 1982 storms caused serious erosion at the te; efforts to clean up the
gte have been amajor focus of conservation interests snce 1987. A mercury mine
a0 operated on the Robert Dolcini Ranch in the Chileno Creek subwatershed
during thissametime.

Representatives of the city of Petaluma reportedly surveyed Walker Creek with
the intention of damming the creek and shipping water to that growing city, but
these plans were short-lived. The Marin Municipa Water Digtrict constructed
Soulgjule Dam on Arroyo Sausd in 1980, impounding 10570 acre feet of water
which is pumped as needed over the hillsto Nicaso Reservoair.

Thornton noted that despite the dam, there has not been much bank changein
his lifetime, but a greetly depleted fishery which was affected by the dam. The
water reeases from Soulgjule keep the creek flowing dl season and possbly cause
abuildup of dgaein the cresk. Hedso notesahigh amount of slt in the soil near
hisranch, citingBrazil's 18-acre dam, builtin 1960, filledinwithslt (Thornton,
1995). William W. Haible'sthesis on Holocene profile changes on Walker Creek
dtates that snce 1916 the creekbed has degraded up to eght feet in the upper
watershed, leaving streamside terraces that were once the flood plain, and has
aggraded downstream, burying fence posts and drowning ader trees (Haible,
1976).

Thisislargely blamed on overgrazing during the period of the late 19th and
early 20th century and fall tilling and grazing, which has caused dope failure and
gullying. Haibleinterviewed Boyd Stewart of Olema, who had worked on the
Walker Creek Ranch in 1915, and reported:
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Based on [ Sewart's] description of the stream channel there about 1915, the inner
terrace was theflood plain at that time. He pointed out riparian trees that have grown
and are now standing on the inner terrace well above the active channel. He states that
in the area around Synanon (now Walker Creek Ranch), the stream was narrow enough
in many places that one could almost jump across theflow itselfand that the width of
the channel at the top of its banks was about 1/4 of what it is now at the top of the high
terrace. He states that the inner terrace was much wider in this reach and was used for
hay production...He also recalls that the sinuosity of the stream channel about 1915
was the same as it is today [1976]; in other words it was not a meandering stream
(Hable, 1976).

Physica Watershed Changes. Significant geomorphic changes, those that affect
the form and topography of the earth's surface, have occurred in the Walker Creek
watershed during thiscentury. Asaresult, the habitat vauesin Walker Creek and
its tributaries have been severely degraded. Physical changesin the Walker Creek
watershed include downcutting of stream channelsin the upper watershed; down-
stream filling and widening of the channel; destruction of riparian vegetation;
isolation of Arroyo Sausd by construction of Soulgule Reservoir; changes in flow
regime, from perennia, with low summer flows, to intermittent, with recent resto-
ration of summer flows by releases from Soulgule Reservoir; and increased water
temperatures.

Severd researchers have attempted to reconstruct the history of erosion and
sedimentation that have led to these changesin Walker Creek. Curry in Chatham
et d. (1986), Haible (1976), Daetwyler (1966), and Hollibaugh (1995) have specu-
lated about the causes and timing of the worst episodes of erosion and sedimenta-
tion.

In July 1985 afidd tour of the Walker Creek watershed was conducted by
Jerdd Curry, NRCS State Geologist and Thomas Smith, NRCS Sail Mechanics
Engineer. Thereport of observations made during thistour areincluded in
Chatham, et d. (1986). According to this report there has been no uplifting within
thewatershed or any changein the baselevel—the elevation at the mouth of
Walker Creek—in recent geologic time.

An in-depth study of geomorphic changesin the Walker Creek watershed
above Keys Creek (Hable, 1976) documents the dramatic changes that have oc-
curred in the Waker Creek watershed in the 60 years|eading up to that study.
According to Haible (1976), during this time period, stream flow became seasond,
upstream reaches of Walker Creek incised five feet, and downstream reaches filled
with sediment. These changes have decreasad the gradient of Walker Creek, and
have had a profound negative effect on riparian habitat.

Downcutting in upstream reachesleaves ungtable, vertica banks, excessve
amounts of sediment in the stream channel, and undermines riparian vegetation.
The profiles of tributary streams are partialy controlled by the elevation of Walker
Creek wherethey joinit, o downcutting in upper Waker Creek has caused amilar
changesin thetributary drainages. Downstream of this cutting, sediment has been
deposited, decreasing channel depth and capacity, creating a wide, shalow chan-
nel. Atthetimeof Hablésstudy, downstream filling, or aggradation, was pro-
ceeding at the samerate that it had over the previous 60 years. Over the past 100
years, the estuary at the mouth of Walker Creek has been extended seaward severa
kilometersby thisaggradation.
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By comparison of historic bathymetric surveysin Tomaes Bay, Daetwyler
(1966) documented over 20 feet of shoaling at the mouth of Walker Creek and
estimated that 3.3 million cubic yards of solid sediment were deposted in that area
since 1861 (seeFigure2). Most of thisdeposition occurred prior to 193L

According to Hollibaugh (1995), sediment delivery rates over the last five years
appear to be about half that of the average over the last fifty years. Smith et 4.
(submitted) states that sedimentation rates are highly variable; they believe that
from 1830 to 1890 sedimentation wasdoseto along-term averagerate. From 1890
to 1900 rapid sedimentation occurred, followed by 40 years of average or bel ow-
average sedimentation. From 1940 to 1980 sedimentation was apparently coseto
the 114 year average, and the past ten years have seen dower than average sedi-
mentation, although 1982, 1983, 1986, and 1993 all had higher than average sedi-
mentation due to intense storms.

Thereasonsfor these dramatic changes in the functioning of the Walker Creek
watershed are complex and numerous, but are believed to belinked to land use.
While land use has been primarily agricultura during the past 140 years, different
agricultura commodities have been produced during different segments of this
time period. Other human disturbances have undoubtedly affected the stability of
thewatershed. Two mercury mines operated in the Waker Creek watershed inthe
1960s and streamflows have aso been affected by congtruction of Soulgjule Reser-
voir in 1968 and enlargement of the reservoir in 1980. Samonid runs however, had
declined to token levelswell before the Reservoir was constructed.

No data exigs that can actualy link prevaent types of land use with corre-
sponding changesin watershed function. Severa authors however, have sug-
gested cause and effect relationships, and anecdotal information provides some
association between periods of dramatic change and prevalent land uses. Itisthe
opinion of several authorsthat "overgrazing” has been the primary cause of the
dramatic changesin the watershed. Kelley (1976) states that the most reasonable
hypothesisto explain the changesin Walker Creek is overgrazing in the watershed.
His report suggests that this type of land use has led to accelerated runoff, reduced
infiltration into soil, depletion of the moisture storage capacity of the sail, intensifi-
cation of the flash characteristics of floods and resultant streambank erosion,
vertical incison of Walker Creek, and lowering of the water table, resulting in
elimination of summer flows.

Daetwyler (1966) states that sedimentation at the mouth of Walker Creek
reflectstheintensive agriculture of thearea. Trussd (1960) believesthat, by thelate
1860s, overgrazing and poor fanning practices resulted in significant soil erosion
and sediment depositioninthe Bay. Bassd on documentation of the potato indus-
try inthisareg, it ssemslikey that potato fanning was the primary cause of this
damage.

Stream Condition and Fish Habitat. Sedimentation has clearly had a devastating
effect on fish habitat in Walker Crek. Many of the degp, coadl poolsand gravel that
sdmonids depend on for spawning and rearing young have been filled in with fine
sediment. Because of sedimentation, the channel has become wider and shallower
and water temperatures have increased; tree canopies are not able to shade the
wider stream as effectively, and shalower water heats up more esslly.

Fishery biologists have suggested numerous reasons for declining fish popula
tions, including low fall and winter flows (before Soulgule was enlarged); high
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Figure 2
Map of Shoding at the Mouth of Walker Creek
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summer water temperatures due to lack of shading; filling of rearing pools; lack of
cover and woody debrisin the channe; embedded spawning gravels, and devated
nutrient levels. Local residents observed good runs of salmonids until the late
1970s when a serious and prolonged drought occurred. Construction of Soulgjule
Reservoir is thought by some locds to be the cause of declining fish populations.
Observations made during field surveys point toward numerous contributing
factors. To date, however, recommended habitat enhancement measures have not
improved fish populations in Walker Creek. Anin-depth analysis of limiting
factorsis needed to help guide future enhancement efforts.

MMWD Studies and Mitigation for Soulajule Reservoir Several studies were
commissonedby MMWD inthe mid- tolate 1970sinanticipation of impactsfrom
enlargement of Soulgule Reservoir. Don Kelley, afishery biologist hired by
MMWD suggested that salmon and steelhead runs could be restored by increasing
summer flows via rdeases from Soulgule Reservoir (Keley, 1976). Helisted three
major constraints to the restoration of historic runs. zero summer and fall flows
annually reduce rearing habitat to afew smdl standing pools, winter flows often
drop to low levels between storms, leaving many salmon and steelhead eggs to die;
and streambank eroson washes away riparian vegetation needed for shade and
fills the pools with sand.

Longterm area resdents reported to Kelley that in the 1920s and 1930s summer
flows were very greatly reduced, but rarely cessed completely, and that pools had
been larger. Kdley did not believe that loss of shade was a major reason for the
demise of sAlmon and steelhead runs. He stated that nearly two-thirds of the
stream was till well shaded and water temperatures there remained sufficiently
cool. Sincethisreport waswritten, riparian vegetation on some reaches of Walker
Creek hasincreased substantialy. Rich (1989), however, believes that sdmonid
popul ations have decreased in Walker Creek as aresult of the reduced habitat from
sedimentation and from high summer water temperatures, and, according to Bill
Cox, DFG Fishery Biologigt (Cox, 1995), high summer temperaturescould bea
limiting factor.

Therestoration strategy proposed by Keley in his 1976 report was built around
increasing summer and fall stream flows. The report dso proposed maintaining a
floor on winter flows to increase egg surviva. Findly, the report suggested that
reducing the flash characterigtics of flood flows would reduce bank eroson, thus
reducing sand deposition in the bed, improving the quality of spawning and
rearing habitat. 1t was suggested that the combined effect of these controls would
encourage reproduction and growth of riparian vegetation to provide shade and
maintain lower water temperatures. Ultimately, the report suggeststhat dl of the
above described effectswould result in average runs of about 600 adult silver
salmon per year and 500 to 600 adult stedlhead per year.

Little quantitativeinformation exists on the present status of sdmon and
steelhead runs in Walker Creek, but informal surveys have been conducted by
severd biologiss.  Although survey methods have been inconsstent and have not
aways been scientifically based, they do indicate that rather than improving with
increased flows from Soulgule, slmonid populations have continued to decline.
Despite the fact that riparian vegetation has increased considerably, fish runs have
not. Anecdotal evidence of athriving historic sdlmon and steelhead run exigts.
Peter Worsdly wrote that "Walker Creek itsdlf at one time had a good return of
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spawning coho saimon and steelhead. It is sad that 40 to 50 years ago (the 1920s
and 19309 it was difficult to drive a horse and buggy across the stream at the
height of the winter run because of the numbers of fish in the shalow water"
(Worsdy, 1972). Recordskept by DFGWarden Lt. Al Giddingsdocument some
steelhead angling at the lower end of Walker Creek in the mid-1950s, but very little
since then; there is no documentation of salmon angling.

In the summer of 1975, Kelley and his assstants intensively surveyed Walker
Creek for sdmon and steelhead. A total of eight young-of-the-year sddmon and 326
young-of-the-year steelhead were found in the 14 miles of stream above tidewater.
A few yearling sedhead were found in the deeper pools. Neither fish were found
in unshaded reaches of the stream. 'Y oung-of-the-year steelhead were abundant in
the lower mile of Frink Canyon Creek in May 1975, but numbers diminished later
In the summer asthe stream dried up. A few young-of-the-year salmon were
found in the high quality saimonid habitat near the mouth of Chileno Creek.
During thesesurveys, as the summer progressed, streamflow diminished, pools
became smaller, young fish were preyed on, many pools dried up completely, and
most of the young salmonids disappeared. RecordsfromtheU. S G. S streamflow
gaugein Waker Creek showed this to be the typical summer pattern at that time.

In 1976 MMWD and the Department of Fish and Game entered into an agree-
ment to regulate stream flows from Soulgjule in an attempt to improve fish habitat
conditions. The agreement caled for maintaining winter flows of 20 cfs in normal
years (63% of years) and 10 cfsindry years (11 % of years), summer flowsof 5cfsin
normal yearsand 2 cfsindry years. Incriticaly dry years (26% of years) theflow
releasewasto be maintained at .5 cfsyear-round (Emig, 1981). DFG dso agreed to
stock 18,300 yearling coho salmon each year for three consecutive yearsto help
reestablish this species, and to stock the same number during criticaly dry years.
Efforts to plant coho smoltsin 1979 and 1980 were unsuccessful due to high water
temperatures and poor condition of the fish. Dueto limited supplies of coho eggs,
no additiona attempts at stocking were made.

Other Fishery Surveys. Emig (1981) surveyed populations of eight fish soecies
in Walker Creek in an effort to estimate fish populations produced as a result of
enhancement flows released from Soulgule Reservoir. Only five young-of-the-year
salmon and 275 young-of-the-year sedlhead were actually found, but populations
of saimon and steelhead were estimated at 875 and 36,756 respectively.

In October 1984, Bill Cox, Eric McGuire (MMWD), and fisheries biologist Paull
Bratovich (D. W. Kdley and Associaes), surveyed Walker Creek and lower Arroyo
Sausa from Soulgjule Reservoir, downstream to within 1.5 miles of the confluence
with Chileno Creek. The purpose of this survey wasto qualitatively assess
instream flow, instream habitat, riparian vegetation, and streambed, streambarnk,
and overal watershed conditions. In asubsequent memorandum to Don Kelley,
Paul Bratovich stated that the condition of the streambed was the major factor
adversdly affecting aquatic habitat in Walker Creek. He stated that the streambed is
largely comprised of sand and other fine materids, and that cobbles and boulders
in many of the riffles, which should provide important fish food-producing habitat
and juvenile rearing aress, are highly embedded (Bratovich, 1984).

Site specific commentsin this memorandum suggest other possible sources and
causes of habitat degradation. Dense dumps of filamentous green algae and
patches of duckweed were observed in Arroyo Sausdl, just downstream from
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Soulgule Reservoir, indicating the possibility of elevated nutrient levels below the
Reservair. Inafollow-up 1984 memorandum to Richard Rogers, Assistant General
Manager of MMWD, Kelley (1984) states that "If we could solve the problem of too
much sediment from bank erosion and the restoration of more shade along the
stream, | am sure healthy salmon and steelhead runs could be restored.”

In the summer of 1989, A. A. Rich and Associates conducted fishery habitat
surveys on Walker Creek. Detailed surveys were conducted from the mouth of
Walker Creek to Marshall-Petaluma Road. Poor rearing habitat conditions above
Marshall-Petaluma Road (due primarily to high silt levels in the water) precluded
thg:éjseful nessof detailed surveysin thisarea, and only general observationswere
made.

These summer surveys focused on evaluating juvenile rearing habitat and
availability of spawning areas. Surveysfrom the mouth of Walker Creek to
Marshall-Petaluma Road showed that habitat conditions varied considerably
between stream reaches, but that lack of cover and woody debrisin the channedl,
embedded substrate, and high water temperatures were common problems. Some
reaches provided acceptable to good salmonid habitat with gravel and cobble
substrate, overhanging vegetation and woody debris, and acceptable water tem-
peratures.

The area from Marshdl-Petaluma Road to Soulgjule Reservair is in great need
of repair. Although spawning gravels were found in this reach, they were highly
embedded with slt. Rich statesthat "Until the excessve bank eroson problems
and high st load within the Creek throughout this area are reduced, the entire
reach isunsuitablefor sdmonid rearing or spawning.”

- . Water Quality. Very little water quality data exists for Walker
a1 "’/ﬁ Creek. Itisclear that sediment isa primary water quality problem
~inthiswatershed, aslarge quantities of sediment can be observed in
the stream and in bank deposits following heavy rains.

According to the Draft Water Quality Assessment, A Catalog of the
Sate's Water Bodies and Their Water Quality Condition (State Water
Quality Control Board, 1994), impaired waters are "water bodies
that cannot reasonably be expected to attain or maintain gpplicable
water quality standards.” Walker Creek islisted as an impaired
water body in thisdocument. Problems are listed as sedimentation,
NPS pollution from dairies, and mining discharge.

The Water Body Fact Sheet for Walker Creek (San Francisco Bay
Regiond Water Quality Control Board, 1994), which provides more
detail on water quality problems within Walker Creek and its tributaries states that
agricultural activitiesand two abandoned mercury mines have contributed to
severe sedimentation and nutrient loading problems. These problemswere not
identified by water quality testing and are not backed up by quantitative data; the
method of assessment is listed as Best Professond Judgment.

The DFG water testing program includes two sampling stationsin the Walker
Creek watershed, at Laguna Lake and Samon Creek. Though toxic levels of am-
moniaand high water temperatures have been aproblem in Laguna Lake in past
years, water quaity here hasimproved considerably over the past few years (Mike
Rugg, 1995). Up until 1991, locd landowners pumped the water out of Laguna
Lake in the summer 0 that the lake bed could be farmed. Due to thermal pollution
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and high ammonialevdsthelandowners have had to discontinue the practice of
pumping thiswater into Chileno Creek.

Bratovich, in his October 1994 memorandum to Don Kdlley, stated that lower
Arroyo Sausd exuded a strong sulfurous odor, characteristic of hydrogen sulfide
where discharge from Soulgjule Reservoir entered. Dense clumps of filamentous
green agae and patches of duckweed were observed in the Creek. Bill Cox (1995)
stated that the eastern arm of Soulgjule Reservoir has been choked with phy-
toplankton, giving it the appearance of peasoup. He believesthat the reservoir
generates nutrients which could be transported downstream in summer releases.
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Lagunitas Creek

Lagunitas Creek was originally called Arroyo San Geronimo, and the lower
section of the stream is popularly called Paper Mill Creek.

Watershed Summary. Agriculture is no longer the predominant land use
within the Lagunitas Creek watershed. Much of the watershed is owned
by MMWD and is now used for water supply to east Marin. Significant
portions are also owned by Point Reyes National Seashore and Golden
Gate National Recreation Area, some of which are leased for ranching.
There are numerous small communities within the watershed, with the
highest concentration in the San Geronimo Valley.

As is true throughout the project area, the Lagunitas Creek watershed has
undergone significant physical changes since Europeans arrived. The most
obvious change is that MMWD has constructed reservoirs in many of
Lagunitas Creek's tributaries, drastically altering streamflows. Changes in
watershed condition are also likely linked to past agricultural use and
logging. Despite these changes, fish populations are in relatively good
condition, and Lagunitas Creek is thought to be one of the best coho
salmon streams on the California coast.

Physical watershed changes have not been analyzed in as much detail as
in other watersheds in the project area. Most studies on Lagunitas Creek
have focused on the condition of the fishery, particularly the effect of
MMWD'swaterimpoundmentsoncohosalmonandsteelheadtrout.
Conclusions drawn in some of these studies, commissioned by MMWD as
required by the State Water Board, have been criticized by environmental
groups for focusing too heavily on the effects of sedimentation, and mini-
mizing the importance of water flow. An erosion and sediment study on
Olema Creek that was commissioned by Point Reyes National Seashore in
the late 1980s attributed some reaches of bank erosion to faulting along
the San Andreas.

There is no program for monitoring agricultural sources of water pollution
in this watershed. The most regular and comprehensive water quality
monitoring program is conducted by MMWD to assure that domestic
water sources are clean and that water quality variables are suitable for
salmonids.
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Setting. Lagunitas Creek and its tributaries occupy the largest drainage area
emptying into TomaesBay, including much of west central Marin County. The
watershed areatotals 103 square miles. The upper watershed conssts mostly of
open space and watershed lands, and in the lower watershed there are beef ranches
and four dairies.

It originates on the northern dopes of Mount

Tamdpais and flows northerly approximately 25 miles
before entering the Pacific Ocean at the southern end of

Water developments TomaesBay. Lagunitas Creek isfed by five main tribu-
: taries. Nicaso Creek, San Geronimo Creek, and Olema
have had a maj or Creek arethe largest tributaries. Devil's Gulch and

influence on the biotic Deadman's Gulch are also significant tributaries.
: Row within Lagunitas Creek is highly regulated.
resources of Lagunltas The only major tributaries which are not regulated are

Creek aswell as on San Geronimo Creek and Olema Cresk. Reservoirsin
remaining tributaries provide a significant proportion of
local land use
OCal land use. thewater supply for the Marin Municipal Water District

(MMWD). Four of these reservoirs (Kent, Alpine, Bon

Tempe, and Lagunitas) arelocated in the upper
Lagunitas Creek watershed, while the Nicaso Reservoir islocated in Nicaso
Creek, approximately one mile upstream from its confluence with Lagunitas Creek
(Bellinger, 1995). Thereare also anumber of additional water diversons which
service water supply and agricultural water rights within the basin, and a small
impoundment is created annually by construction of asmal gravel dam across the
lower end of Lagunitas Creek on the Giacomini Dairy.

In the upper watershed, where rainfal is heaviest, Lagunitas Creek flows
through steep-9ded, heavily wooded canyons. Downstream, where rainfall is
lighter, the canyons open up and the Creek flows through rolling grasdands on
broad aluvia terraces (Roxon, 1992). Most of Lagunitas Creek iswdll vegetated
with dense riparian forest. Between Tocaloma Bridge and the Coast Guard Station
in Point Reyes Station a dense riparian forest of willow and alder shades with degp
pools. Theupper reaches through San Geronimo Valley and Samuel P. Taylor State
Park are dso well vegetated, primarily with redwood, ader and occasiona clusters
of willow. Theuplands consst of open grasdands on ridgetops and south-facing
dopes, and bay, coast live oak, and Douglas-ir forest on the north-facing dopes
with redwoods in the draws (Prunuske, 1988).

According to Hect (1979), the watershed isunderlain by a diverse and structur-
aly complex group of rock types, which is a predominant influence on habitat. The
watershed isunderlain largely by Franciscan formation rocks types including
graywackes, sandstones, shaes, greengiones, and serpentinites. Sediment yields
arevariableintime, and according to rock typein thesource area. Hect (1979)
divided the mainstem of Lagunitas Creek into five major reaches based on hydrau-
lic, morphologic, and bed sediment characteristics. Hect (1979) described these
reaches as follows:

1. Lower Lagunitas. Extending fromthemouth to Nicaso Creek.

2. Tocaloma: Aggradedand probably aggrading, thisreach hassandy andfine
gravel beds below dense riparian vegetation and log jams, extending to about
one-haf mile above the Tocdoma Bridge.
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3. Sate Park: From the end of the Tocaloma Reach to the mouth of San Geronimo
Creek, thisis regarded as the premier habitat in the stream system presently
ble to fish.

4. Shafter Bridge: The reach from Shafter Bridge upstream to Peters Dam; it is
distinguished from the State Park reach by a steeper gradient and the absence of
sand and fine gravel in the bed.

5. San Geronimo Creek: This includes the mainstem of the creek and its major
tributaries.

The stretch of Lagunitas Creek with preferred rearing habitat (the State Pak
reach) appearsto coincide with the distribution of greenstones underlying the
channel inthisarea. Thisrock typeisa source of clear, cool water, and the boulders
and cobbles that weather from the greenstone provide a suitable environment for
salmonids.

Lower Lagunitas Creek, below the mouth of Nicaso Creek, isan unusua and
geomorphically complex environment (Hect, 1979). Before construction of damsin
the watershed, most of the sediment load entered the creek in thisreach. Even after
construction of Nicaso Reservoir, mineralogy of the bed sedimentsin thisreach
indicate that most of the material is derived from the Nicasio Vdley.

The Olema Creek watershed is physicdly distinct from other subwatersheds
within the Lagunitas Creek drainage. Olema Creek enters Lagunitas Creek ap-
proximately two miles upstream of the Lagunitas Creek deltaand isauniquely
linear drainage basin oriented along the San Andreas Rift Zone. Under normal
rainfall conditions, Olema Creek flows year around, with the summer flow sus-
tained primarily by the perennid tributaries that drain Inverness Ridge; tributary
streams from the west Side generdly go dry during summer months (Questa
Engineering, 1990).

The Olema Creek watershed isamost entirely within Point Reyes National
Seashore and Golden Gate National Recreation Area. Geology and topography of
the Olema Creek basin arelargely determined by the San Andreas Fault. Thebasin
is approximately nine mileslong and two mileswide at itswidest point. Itis
bounded by Inverness Ridge on the southwest and Bolinas Ridge on the northeast.
Approximately 70% of thewatershed lieseast of the San Andreas Fault, draining
thewest flanks of Bolinas Ridge. The remainder of the watershed drains the
eastern dopes of InvernessRidge. Numeroustributary streams flow into Olema
Creek from the east and west 9des. West Sde streams are generally steeper than
east Sde streams, with gradients of 15 to 20% on the west Sde, compared with four
to eight percent onthe east Sde. Vegetation isdosdy related to the different
landforms, and is distinct on thewest and east Sdes. West Sde dopes are forested
while east Sde dopes generdly support grasdand and shrubland; steep ephemerd
drainages on the east Sde support hardwoods and Douglasirs.

Land Use History. Water developments have had a mgjor influence on the biotic
resources of Lagunitas Creek aswell ason locd land use. Twenty-six private water
companies were consolidated by formation of MMWD in 1912, Prior to that time,
the area that now comprisesthe District had a population of less than 20,000 and
was served by two mgjor and over 20 minor private, unrelated companies. Since
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th_zi\t time, the District has grown to serve 170,000 people residing in a 147 square
mile area.

Thefirstsignificantdiversonfrom Lagunitas Creekwasvia Lagunitas Dam,
congtructed in 1873. Following formation of the Didrict, an engineer was hired to
investigate potential sources of water for Digtrict distribution. Upon the engineer's
recommendation, Alpine Dam was constructed in 1913, marking the beginning of a
trend that continued into the mid-1970s to construct new water storage projects
within the Lagunitas Creek basin every time Didtrict water consumption outpaced
theyidd of the current water system (Roxon, 1992).

In 1982, Kent Lake was enlarged, doubling the storage capacity. These water
devel opments have been the source of much public controversy, and the State
Water Board has required extensive studies on fishery resources and sediment
sources in Lagunitas Creek as conditions of the permit for enlarging Kent Lake.

The following history separates the Lagunitas Creek watershed into four
geographic aress.

Upper Watershed (headwaters on Mt. Tamalpais to Shafter Bridge/San
Geronimo Creek). The northern dopesof Mt. Tamapais were logged of coast
redwood and Douglasir in the latter part of the 19th century, evidenced by
stumps, ded roads and mature second growth. Itislikely that cord wood was dso
taken here. Further downstream near Lily Lake and at Alpine, savmills were active
in the 1880s and 1870s (Fairley, 1986). Still further downstream, logging activity
was heavy during the late 1870s through about 1900, landowners Shafter and
Howard built a 3.3-mile railway from the main lineinto the canyon at Carson
Creek to transport logs and lumber to market in San Francisco (Dickson, 1981).
Much of thisareawas dlear-cut during the 1940s and early 1950sto make way for
Kent Lake, filled in 1954 (Roxon, 1992).

The area between Lake Lagunitasand Lily Lake was once used for dairy and
sheep production. Two daries, one operated by the Bauntempi brothersand the
other at Liberty Gulch leased by Loomis Curtisand later Vincent Liberty, werein
operation until shortly after the turn of the century. Sheep grazed in many areas
until at least 1930; cattle grazing leases in the Pine Mountain area lasted until 1969.
There weredso anumber of small resortsand cabinsaong the creek inthe Lib-
erty/Alpine area (Fairley, 1986). The county road from San Rafael to Bolinas fol-
lowed Lagunitas Creek for severa miles; it was moved uphill during the construc-
tion of Alpine Lakein 1919,

The first mgjor dam on the creek, cdled Lake Lagunitas, was constructed in
1873 at the confluence of the three headwaters forks above Bon Tempe meadows;
the earth dam impounded 127 million galons from a watershed of 1,094 acres and
was the first interurban transfer of water in the county. In 1919, the newly formed
Marin Municipa Water Didrict built Alpine Dam, with a4,774 acre watershed, and
later enlarged the concrete dam twice to provide a capacity of 2,900 million gallons.
Bon Tempe Lake, built in 1949, impounds 1309 million gdlons, and Kent Lake,
after enlargement in 1982, impounds ten billion gdlons. Until the construction of
NicasoDamin 1960, virtuallyal of thewater supply for easternMarin County
came from Lagunitas Creek (Fairley, 1986; Roxon, 1992).

Fires siwept through the upper part of the Lagunitas Creek watershed a number
of imes. Notable is thefire of 1904, which burned much of the western watershed,
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and the famous fire of 1945, which devoured practicaly the entire watershed from
San Geronimo to Stinson Beach; it started at the Ruoff saw mill in the canyon above
the confluence with Carson Creek (Livingston, 1987).

San Geronimo Creek and Nicasio Creek Subwatersheds. San Geronimo and
Nicasio Valeys, more populous than the upper Lagunitas, were settled in the
1850s Dairy farms occupied virtualy al of the grazeable land and no doubt many
acres were cleared for the purpose. Smdl potato farms have been recorded as early
as the 1840sin the San Geronimo Valey, and the fertile lowlands around Nicasio
were no doubt farmed and plowed at times (Revere, 1872). Mogt of the dairy
ranches grew hay crops, a practice that expanded in the 1920s with the popul ariza-
tion of motorized tractors and died out in the 1940s as central valley hay farms
provided feed at alow price (Stewart, 1995). Only one grazing ranch remainsin the
San Geronimo Valey; of the others, two have been incorporated into a golf course
and the rest subdivided. San Geronimo Valley is now abedroom community with
most of its workers commuting to jobs e sewhere. Nicasio Valey has seen less
suburban devel opment, but many of the dairies have turned to beef raising and
horse breeding. Nicaso Reservoir, built in 1960, flooded hundreds of acres of prime
grazing land and put at least five family-owned dairies out of business (Mclsaec,
1994).
Both San Geronimo and Nicasio Valeys have forested areas on their south
Sdes Both were exploited for lumber beginning in the 1850, continuing as recently
as 1960. Fires have burned portions of both areasanumber of timesduring the last
150 years (Livingston, 1987).

Central Watershed (Lagunitas Creek from Shafter to Jewett). This region has
seen a surprising amount of industry. Samue P. Taylor built the west's first paper
mill on the banks of Lagunitas Creek near Devil'sGulch in 1856. The origind mill
was powered by water, captured in adam opposite Dead Man's Gulch and carried
by aflume to the mill; later this dam provided water for steam production. Pollu-
tion from the mill was dumped into the creek, raising protests at times from fisher-
men. The mill operated 24 hoursaday until it dosed in 1893. Taylor ran dairy
cows on the northern hillsand in Devil's Gulch, and his son operated alarge resort
at Camp Taylor, where amenities included a three-story hotel, dozens of canvas-
walled cabins, tent Stes, a dancing pavilion and bowling dley, and saloons
(Livingston, 1987). Thefishery apparently recovered after the paper mill dosed in
1893, for in 1898 the Cdifornia Board of Fish Commissioners noted that "Paper Mill
Creek is probably more frequented by fishermen than by any other stream in the
state." The fishery was soon depleted, however, no doubt a victim of its own
popularity. Nearby, the state had established a short-lived fish hatchery on Bear
Valley Creek in 1893 where eastern brook trout were raised (Mason, 1976).

A black powder factory operated upstream from Camp Taylor from 1864 until
1870. A smdl dam and flume provided the power. At Irving (aralroad flag stop) a
furtannery, later atanbark processing plant, operatedfor many yearsuntil 1893,
Wood cutters worked in the surrounding forests cutting oak, tanoak, madrone and
other woodsfor fuel (Livingston, 1987). Logging for lumber is evident in the
number and Sze of redwood stumpswhich remain.

Lower Watershed (Jewetttoheadof Tomales Bay). FromJewell tothehead of
TomadesBay, dairy farming dominated the landscape. At least ten dairy ranches
werein busnessin thisregion until 1970. All have converted to beef production
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and most are owned by the National Park Service. Tree cutting for cord wood has
been the only use of the mostly hardwood forests in the area (Mclsaac, 1994)
Roadswereconstructed along Lagunitas Creek beginninginthe1850s withan
engineered county highway from San Rafael to Point Reyes built in 1867. The
North Pacific Coast Railroad constructed its railbed along the banks of the creek
from San Geronimo to Point Reyes Station and beyond in 1873-74 (Jodin, 1986). The
impacts of the large cuts and fills al ong the stream banks were no doubt major
contributorsto siltation and erosion. Therailroad was abandoned in 1933 but the
graderemainsin useas ranch access and arecreationd path. At the confluence of
Lagunitas and Nicaso Creeks a commercia gravel firm extracted sands and gravel
from the creek bed between 1939 and 1962, owners found that after Nicaso Dam
was constructed the natural gravel flows ceased. Further downstream a portion of
theflood plain at the Gallagher Ranch was reclamed as a crop field, and il
further at the Genazzi Ranch gravel has been taken from the streambed for ranch
purposes, a practice common upstream aong the creek (Gallagher and Genazzi,
1995). The seasond gravel dam at the Waldo Giacomini Ranch, adjacent to the
confluence of Olema and Lagunitas Creeks, has been in use since the 1950s and is
used to trap water for irrigation of the reclamed pastures at the head of Tomaes
Bay.
Olema Creek Subwatershed. Land usein this watershed reflects the vegetation
patterns found there: cattle and sheep grazed on the eastern grassy dopes, and
logging occurred on the forested western dopes. Cattle grazing occurred as early
as 183 and probably earlier; thelandsin thevaley weredivided into dairy
ranches beginning in 1856, with fourteen dairiesin operation by 1880. Someland
clearing occurred dthough the locations are not pecificaly known. The 19%th
century dairy ranchers supplemented their income with crops, mainly potatoes and
wheat; they grew their own hay until the late 1940s (Livingston, 1987). Almost
1,000 acres of the Parsons (L upton) and Randall ranches were grazed by sheep
during the 1930s and 1940s. All of thedairy ranchesin the OlemaValey went out
of business by 1975, largely due to environmental requirements of the early 1970s,
and most have made the transition to beef and dairy replacement stock raising.
The Nationa Park Service has snce bought the entire watershed except for the
town of Olemaand the adjacent Vedanta Society property.
Portions of the Olema Creek watershed werelogged during the 19th century.
James McMiillan Shafter owned a portable sawmiill that he operated at Olema and
Laurel Grove (Five Brooks) during the 1880s providing for theloca lumber needs.
Shafter dso harvested thousands of cords of firewood for use by the railroad for
firing the steam engines and for other commercia and domestic uses (Livingston,
1995). The only large scade modern logging operation recorded in the Olema Creek
watershed was that of the Sweet Lumber Company at Five Brooks, in operation
from about 1956 to 1962. Douglasir forests on the Stewart and Tevis properties
were clearcut until the National Park Service intervened with the creation of Point
Reyes National Seashore.
A locd landowner, John Rapp, had a cand constructed to reclam the flats
between Olema and Point Reyes Station in 1922. The former meanders of the
stream were plowed and crops planted, including feed crops and artichokes and
other vegetables. Theflats have been used for cattle grazing for at least 30 years

(Livingston, 1995).
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Physical Water shed Changes. Geomorphicchangesinthe Lagunitas Creekwater-
shed have not been analyzed as extensively as in the Stemple Creek/Estero de Sen
Antonio and Walker Creek watersheds. However, gpparent major changes can be
attributed to significant land uses within the watershed. Geomorphologist Barry
Hect (1979) suggeststhat Lagunitas Creek, as many other streams on the Cdifornia
Coadt, hasincsad in upper reaches and filled near the mouth due to natural and/or
land use influences. Smith et d. (submitted) statesthat logging in the Lagunitas
Creek watershed between 1850 and 1870, and again around 1960, was largely
respongble for rapid growth of the Lagunitas Creek ddlta. Eroson and sediment
sudies within digtinct areas of the watershed by Hect (1979; 1980,1992) point to
sgnificant changes in sediment transport from congtruction of water impound-
mentsby MMWD.

A detailed eroson and sediment
study was conducted in the Olema
Creek sub watershed in the late 1980s
(Questa Engineering, 1990). This study,
commissoned by PRNS, involved
monitoring streamflow and sediment
discharge on themain channel of
Olema Creek and tributary streams,
review and interpretation of historical
aeria photographs, and field survey
and evaluation of stream channel
gability and watershed erosond
features. Unfortunately, field work was
conducted from 1986 through 1989,
yearsin which rainfall was substan-
tidly below normal. Theauthors state
that the study did not benefit from
direct observation of eroson and sediment discharge characteristicsunder norma
or above average rainfall-runoff conditions and that the monitoring data and
findingsarethereforelimited in thisregard. However, the report provides vauable
information on generd watershed condition.

The Olema Creek Sedimentation and Erosion Study (Questa Engineering, 1990)
includes aWatershed Conditions I nventory based on interpretation of historic
aerid photographs, and field examination and evaluation of stream channd stabil-
ity and significant erosiond features. Aeria photographs from 1943 through 1985
were used to assesswatershed condition following three major events, including
thestorms of 1964 and 1983 and extensivelogging of the southwest part of the
watershed prior to 1964.

Investigators determined that, with the exception of heavy logging in the
southwest part of the watershed in 1963 or 1964, land use has changed very little
over the 42 year period of the photo record. Mogt of the existing ranch roads and
facilitieswerein place by 1943, Though approximately one-fifth of the watershed
was clearcut tractor logged, with numerouslogging roads on steep dopes, aerid
photograph interpretation did not conclusively reveal eroson damage that can be
linked to thelogging. Aerid photographs showed that landdides and soil dips
have not enlarged or become more frequent, and significant changes in grasdand
tributary streams was not evident (forested streams are hidden from view). Land-
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dides and gully advances subsequent to 1942 are believed to have occurred very
recently, probably during the winter of 1982-83.

Results of the stream survey confirmed the findings of the upland watershed
inventory and stream sediment monitoring studies—the mgjority of the sediment
moving down Olema Creek appears to be originating from the channel banks, and
severa notable stream bank failures, totaling 6,000 to 7,000 feet were mapped
(Questa Engineering, 1990). This study concludes that overall the upland portion
of the watershed isin good to fair condition. At least some of the notabl e reaches of
bank erosion on Olema Creek appear to be attributable to faulting. Field examina-
tion of erosond features in the Olema Creek watershed by investigators from
Questa Engineering showed that few of the advancing gullies and headcutting
tributary drainages could be associated with specific practices such as road con-
struction or location.

Theinvestigators believe that most of the current gullies, landdides, and soil
dips observed in the eastern Sde of Olema Creek watershed date back at least 40
years, and possbly originated during the time of intensve sheep grazing around
theturn of the century. They state that the sngle most significant source of erosion
appears to be the large landdides that impinge on Olema Creek at Five Brooks,
where the stream channel crosses the San Andreas Fault. Thisareawas subject to a
22 foot lateral movement during the 1906 earthquake; the present instability is
believed to be largely attributabl e to this geologic condition. Anannual sediment
yield to Olema Creek of about 50 tonsis estimated for this single erosion feature.

Therdatively steep gradient of the Olema Creek aluvia channel, combined
with its dignment dong the San Andreas Rift Zone, are believed to be mgor factors
contributing to the observed ingability of stream banks and the stream channd.

Stream Condition. Relativeto other streams in the project area, and throughout
coagta Cdifornia, cohoandstedheadrunsin  Lagunitas Creekareingoodcondi-
tion. Infact, Lagunitas Creek issad to presently support 10% of the coho runin
the entire state (Cdifornia Department of Fish and Game, 1994). Despite this
positive circumstance, habitat and fish populationsin Lagunitas Creek have de-
clinedgresatly overtheyears.Constructionof K entandotherreservoirsoyMMWD

has played amgor rolein altering the habitat conditionsin Lagunitas Creek. These
water impoundments have resulted in the drowning of habitat under Kent Reser-
voir; undependable stream flows for migration, spawning, and juvenile rearing;
reduction of habitat by the accumulation of sand in the stream bottom, and reduc-
tion of coarse sediment; and increased frequency of egg losses by scour asthe
stream bottom grew softer (Kelley and ENTRIX, Inc. 1992).

Fishery Sudies by Don Kelley and ENTRIX. In response to enlargement of
Kent Dam in 1982, the State Water Board required MMWD to conduct studies that
would establish appropriate minimum instream flows and other requirements for
the protection of salmon, steelhead and other aguatic life in Lagunitas Creek.
Numerous studies have been conducted by fishery biologigts including Don Kelley
and Associaes, geomorphologist Barry Hect, and more recently by biologists from
ENTRIX, Inc. Studies commissioned by MMWD provide the bulk of the existing
biologicd and geomorphologica information on Lagunitas Creek and itstributar-
les Someof the conclusionsreached in these studies have been chdlenged by
environmental and fishery groups during the State Board hearings. Generdly, the
studies have been criticized as overemphasizing the role of sedimentation and
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underestimating the role of streamflows to survival and reproduction of saimonids
(Richard Plant, 1995).

Two major problemsthat have been identified in these studies include deficient
instream flows, and accumulation of sand in the stream bottom. Sand accumulation
has created a soft streambed which contains small sediments that are easlly scoured
by high winter flows. During the winter small fish take cover in the gravel and
cobble of the streambed. 1n streams where gpaces between these coarser particles
are filled with sand, young fish cannot take cover and are washed downstream on
high flows or are subject to predation if not sheltered. Asaresult of scouring, major
destruction of coho slmon occurs as often as once every three years. Accumulation
of sand dso reduces juvenile rearing habitat by filling in dry season pools (Kelley
and ENTRIX, Inc., 1992).

Sediment Studies by Barry Hect et al. Hect (1979) cites the lack of adequate dry
season rearing habitat as asignificant limitation to populations of coho salmon and
gsedheadin Lagunitas Creek. Hestatesthatjuvenilesof both speciesarenotableto
find adequate cover and therefore move downstream to salt water at a premature
age, leading to high mortality rates. Preferred habitat, with deep pools, sheltering
cobbles and boulders, and overhanging bar and bank vegetation, is very limited
below San Geronimo Creek, largely due to coarse sand and fine gravel depositionin
the channdl.

Sediment studies conducted by Hect (1979) determined that San Geronimo
Creek contributes well over haf of the sediment in the Stream as far as the Tocaoma
Bridge, and perhapsto Nicasio Creek. Below Nicaso Creek, channel sediment
appears to derive dmost exclusvely from Nicasio Valey; this reach is not thought
to have significant rearing and spawning habitat. Inalater study, Hect (1980)
concluded that Olema Creek contributes a disproportionate amount of the sediment
supplied to the south end of TomalesBay. He measured sediment delivery from
Olema Creek to the upper reaches of Tomaes Bay to be greater than that ddivered
by the rest of the Lagunitas Creek drainage network. This study suggested delivery
of about 68,000 tons of sediment to Tomdes Bay from Olema Creek in 1979-80,
compared to 34,000 tons from the rest of the Lagunitas Creek watershed. Thisdata
has been questioned by Questa Engineers (1990), who estimated sediment delivery
from Olema Creek to be significantly lower.

The Sediment Overview Report for Lagunitas Creek (Hect e d., 1992) examines
the sources, types, trangport modes, and effects of sediments on the fishery habitat
in Lagunitas Creek. Thisreport concludes that the reduction in flushing flows
resulting from the enlarged Kent Reservoir will exacerbate the sand problem unless
theamount of sediment contributed to the stream is reduced by an annual 10 to
20%. In an effort to prevent further degradation to streambed conditions from the
enlargeddam,the Marin County Resource Conservation Didtrictisimplementinga
sediment reduction plan in San Geronimo Creek with funding from MMWD.
Though this program is intended to prevent further degradation of the streambed,
additiona measures would have to be undertaken to actually improve conditions.

Thefollowing is an abbreviated list of findings included in the Sediment Over-
view Report:

* Lagunitas Creek and its tributaries were in a non-equilibrium condition prior
to construction of Peters Dam. These streamswereincising in their upper
reaches and filling near their mouths, due to natural and/or land-use influ-

ences.
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» Thehabitat in Lagunitas Creek isimpaired primarily by coarse sand and fine
gravel.

» Sand minerdogies and gravel lithologies showed that San Geronimo Creek
contributes well over haf the sediment in the stream asfar as the Tocaoma
bridge, and perhapsto Nicaso Creek.

» Bedow Nicaso Creek, channd sediment is dmost exclusvely from Nicasio
Vadley. Thevolumein storageis much larger than that which can be trans-
ported by the stream under present flow regime. Minor rdeases from Kent
and Nicaso Resarvoirs may be effective in diminating concentrations of fine
sand and dlt. However, this reach is not thought to have significant rearing
and spawning habitat.

* Detention of coarse sediment in San Geronimo Creek appears to be the most
effective control measure. Releases from Kent Lake may be used to supple-
ment gravel removal.

Fish and Habitat Surveys/Studies. No definitive estimates of fish populations are
available for Lagunitas Creek. Fish counts have been conducted by severa fishery
biologists and citizen volunteers; however, sampling has not been consistent, and
has not been done in such away that accurate estimates of fish populations can be
projected from these samples. Fishery biologids presently under contract with
MMWD have sampled fish populations for two years and conducted habitat typing
in the Spring of 1995, Thisinformation may be used to generate popul ation eti-
mates (Roxon, 1995).

Fish Surveys by DFG and Lagunitas Creek Citizens Advisory Committee. In
1982, DFG began a periodic monitoring programin which 22 gteswere
electrofished in September and/or October. Due to budget limitations the number
of sampling stations was subsequently reduced to nine, and sampling has been
gporadic ance. Between 1982 and 1986 DFG dectrofishing at 22 stations counted
coho samon from alow of 20 in 1986 to a high of 63 in 1984, and steelhead from a
low of 315in 1983 to ahigh of 861 in 1982. Bill Cox, DFG Fishery Biologist, has
conducted casua counts of adult coho saimon by walking Lagunitas Creek from
Woodacre to Devil's Gulch, up Devil's Gulch, and Lagunitas Creek from Shefter
Bridge to Peters Dam. He has obsarved increases from generdly around 30 fish in
the early 1980sto consstently over 100 fish for the last few years (Cox, 1995).

In fall/winter 198586 Bill Cox and Lagunitas Creek Citizens Advisory Com-
mittee (LCCAC) volunteers conducted fish counts on Lagunitas Creek and tributar-
les (Cox, 1986). Cox's survey documented 52 cohoin 3.9 miles of San Geronimo
Creek, 25 coho and one stelhead in 32 miles of Lagunitas Creek, and four coho in
14 miles of Devil's Gulch. LCCAC surveys documented 53 coho and four sted-
head in 4.7 miles of San Geronimo Creek, 42 coho and 15 stedlhead in 5 miles of
Lagunitas Creek, onecoho in Devil'sGulch, and42 cohoand 12 steehead in Olema
Creek.

In spring of 1987 Bill Cox described fish habitat between the CaTrans mainte-
nanceyard and Lagunitas Creek as "surprisingly good" (Cox, 1987). Thisreach
was described as having good riparian cover, sable bankswith a condderable area
of undercut, a moderate amount of woody debris providing structural habitat, and
severd riffleareas with gravel suitable for spawning.
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FishSurveyson Olema Creek. Afishsurvey of OlemaCreek conducted by
personnd from the DFG Fisheries Management Unit in Menlo Park in September,
1979 (Anderson and Paulsen, 1979) documented numbers of steelhead sculpin,
roach and severd other species, notably, no coho were counted at either of the two
sampling stations. At astation located upstream of the Bear Valley Bridge 29
steelhead, and 34 each sculpin and roach were counted. Water temperature was
relatively cool (59° F) at 9:30 am. At an upstream reach adjacent to the Stewart
Ranch, 48 stedhead, 109 roach, and 11 sculpin were counted. Here water tempera
turewassubstantially warmer (71° F) though samplingwasdoneat 3:00PM.
Congderable sun exposure was noted here.

Quadlitative habitat surveys and quantitative fish surveys have been carried out
in Olema Creek by fishery biologists and citizen volunteers. In October, 1985
private fishery biologist Don Kelley, DFG hiologigt Bill Cox, Point Reyes staff and
Interested citizens conducted a reconnai ssance survey of fish habitat on Olema
Creek. In amemorandum following this survey, Kelly (1985) characterized habitat
as falows

* Marshto Bear Valey Road. This reach was described as poor salmonid
habitat dueto low flows and alarge amount of sand in the stream bottom.
Causesfor the sandy substrate were cited as eroding banks due to lack of

woody vegetation and access to the stream by horses.

» Bear Valley Road to Olema Creek. This reach was describes as having better
spawning and rearing habitat than the lower two miles. Riparian cover was
good, but the streambed contained much sand, making pools shdlow, and
embedding cobbles.

* Olema Cemetery to Boyd Stewart's Ranch. This reach meandersin the
bottom of an unusual canyon presumed to be the San Andreas Fault. Canyon
wallsare 100 feet or more high. Two areas of significant bank eroson were
noted in this reach.

Generaly, Kelly found that the quality of sdlmonid rearing habitat improved as
he moved upstream. Upper reaches contained increasang amounts of unembedded
cobbles and boulders. Limiting factors included low flows and sand in the
sreambed. Fsh that were noted during this survey included hundreds of Cdifor-
niaroach, afew dozen young-of-the-year steelhead, very few that might have been
yearlings, and one adult steehead that had been trapped in the stream the previous
year. Kelly estimated that there were thousands of roach and a few hundred
sedhead in the stream.

Life History Stage Study by Bratovich and Kelley, An anayds of the important
environmenta factors that correspond to the life history stages of sdmonidsin
L agunitasCreekwascompletedby BratovichandK elleyin1988. Thisstudy,
titled Investigations of Salmon and Seelhead in Lagunitas Creek, Mann County, Califor-
nia. Volume 1. Migration, Spawning, Embryo Incubation and Emergence, Juvenile
Rearing, Emigration, individually assesses the life stages and associated stream
conditions that are required for eech life sage. The following paragraphs are
adapted from the study summary.

Upstream Migration. Adult sddmon begin migrating upstream from the
Lagunitas Creek estuary in the fall after rains provide sufficient flow. Based on
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data generated from experiments that the investigators conducted, and from
estimated flows and daily salmon catch at the DFG Nicasio fish trap during the
seven years that it operated (1963/64 to 1967/70), Bratovich and Kelley determined
that amean daily flow of 35 cfs at the Point Reyes gauge is needed to attract sdmon
into Lagunitas Creek. Past lack of flow sufficient for upstream migration has
probably had an adverse effect on salmon runs in Lagunitas Creek. They state that
there has usually been sufficient unregulated flow in Lagunitas Creek during the
winter to providefor upstream migration of the steelhead that migrate later in the
winter than salmon.
Note: Rich (1987) states that one of the most important factors known to influence a
steelhead's ascent of coastal streams is streamflow connected with storm events. Other
factors include passage barriers (e. g. shallow riffles and debris dams), water quality (e. g.
siltation problems), water temperature, and angling pressure.

Spawning. During the study Bratovich and Kelley

determined that approximately haf of the sdmon and
stedhead spawned in Lagunitas Creek and hdf in the

Salmon and steelhead
smolts emigrate from
Lagunitas Creek from
March through June,
withmost emigrating

during April and May.

tributaries. In Lagunitas Creek, most reddswerebuiltin
the State Park reach. Nearly al reddswerelocated in
the center of the channel where dewatering was unlikely.
The total amount of spawning habitat increased with
increased flow.

Embryo Incubation. Samonid embryosincubate
under amound of gravel in the redds during winter and
soring. Theonly problem that was observed with
embryo incubation in Lagunitas Creek was streambed

scouring. Thesandy

streambed becomes mobile and is easily scoured at high
flows. The magnitude, duration, and frequency of flows that scour the streambed
to depths that adversdy affect incubating embryos depend on streambed condi-
tions. Sedimented streambeds with loosdy compacted fine materia are more
prone to scour than streambeds of larger, or more tightly compacted material.

Fry Emergence. Samonid eggsand newly hatched sac fry developin the
gravel of the streambed and subsequently emerge from the gravel as fry. Sediment
that accumulates on the redds during incubation can act asaphysica barrier tofry
emergence. Bratovich and Kdley stated that fry emergence did not appear to bea
major problem during the study period but that increased sedimentation of the
streambed will reduce sddmonid surviva during both incubation and emergence.

Juvenile Rearing. Fry of both coho and steelhead remain in the stream feeding
and growing during their first summer. Bratovich and Keley, in agreement with
DFG biologids, state that the quantity and quality of summer rearing habitat
sometimes limit populations of both sdlmon and stedhead in Lagunitas Creek.
Streamflows directly affect water depths and velocities, and indirectly affect sub-
strate and cover characteritics. Bratovich and Kdley measured juvenile summer
rearing habitat increasing with increased flow up to 5 cfs in the State Park reach
and up to 12 cfsin the Tocdomareach. DFG biologist Gary Smith estimated that in
1982 juvenile steelhead habitat increased with streamflow up to approximately 30
cfs.

Cobblelarger than about 45 mm in diameter provides cover for juvenile sdmo-
nids but losssitsvalueasit becomes embedded in sediment. Bratovich and Kelley
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found that relatively smal increases in embeddedness were associated with large

decreasesinjuvenilested head popul ationdensitiesin  Lagunitas Creek. Adight

iﬂncrease in embeddedness could easily negate the benefits of increased summer
ows.

Salmonid Emigration. Samon and steelhead smolts emigrate from Lagunitas
Creek from March through June, with most emigrating during April and May.
During high flow years, emigration can be delayed until June, exposing smoltsto
high water temperatures. The number of salmon smolts captured during the study
continuoudly increased over the three year study period, the highest number being
collected in 1985, the number of smoltsis however, dill quite low. Numbers of
smolts and the age and Sze composition of the smolt popul ation were highly
variableamong thethreeyears. Numbers, age, and 9ze of smoltsthat emigratein
any given year depend on conditionsthat occurred earlier that sameyear and in
eech of thetwo previous years.

Estuarine Environment Nearly al sdmonids were collected in the upper
section of the estuary where there is more shade, riparian and instream cover, and
where sdlinity islower and water temperatures are cooler. Water temperatures
through much of the estuary reached high levels consdered to be harmful to
juvenilesamonidsduring part of the emigration period. Thisisaproblem that
requires further investigation.

Samonid smolts and their most important food source, opossum shrimp
(Neomysis mercidis), wereboth associated with cooler water temperatures and lower
sinity. Water temperatures and sainity concentrations incressed farther upstream
in the estuary as flows declined during spring.

Water Quality. MMWD conducts the only routine water quality monitoring pro-
gram in the Lagunitas Creek watershed;, DFG's water monitoring program does not
includeany stationsin thisdrainage. North Marin Water Digrict (NMWD) aso
conducts monitoring relating to their wells near the mouth of Lagunitas Creek.
Water data have aso been collected by Dr. Tim Hollibaugh of the Romberg Tiburon
Center for Environmental Studies as part of an ongoing study of nutrient levelsin
TomdesBay. Datafrom Lagunitas Creek is, however, not independently pub-
lished.

Inthelate 19805 at the request of locd citizens, MMWD started regular water
quality monitoring of Lagunitas Creek downstream of itsreservoir syslem. The
program monitors temperature, turbidity, DO, and copper (to test for contamina
tion by copper sulfate dgaecide that isused in reservoirs). MMWD's program has
been formalized in a self-monitoring program plan that has been submitted to the
San Francisco Bay Regiond Board. Sampling has shown compliance with appli-
cablewater quality stlandards, and according to Roxon (1992) water quality datain
the Lagunitas Creek basin is, for the most part, excdlent, particularly in the rocky
canyons above Peters Dam (Kent Lake). The clayey grasdands of the Nicaso
Resarvoir drainage produce awater whose quality is not as good asin the upper
reaches of thebasin, but sill generally good.

Sdinity, temperature, and DO data for lower Lagunitas Creek (1000 feet from
the mouth) areincluded in NMWD's report titled the Summer Dam (Nelsonet d.,
1987). TemperaturesinJuly and August ranged from 73° Ftoamost 80° Fat a
depth of fivefeet. By mid-September, temperatureswere below 70°. At adepth of
35 to 5 feet, dissolved oxygen ranged from 55 to over 10 ppm.
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Small Tributaries on the East side of Tomales Bay (Millerton
Gulch, Grand Canyon, Tomasini Canyon and unnamed
tributaries)

No existing studies or anecdotal information on physical watershed changes,
stream condition or fish habitat and populations in these watersheds were
located. The resource values of these smaller streams seem to have been over-
looked.

The area between Point Reyes Station and Hamlet isamost entirely grasdand
with pockets of hardwood forest and brushy areas in the gulches. The areahas
been grazed by cattle since the Mexican era, with the heyday of dairy ranching
occurring between 1865 and 1965; sheep have dso beenraised here, mainly during
thelast 50 years. Thelargest drainages, Tomasini and Grand Canyonsand
Millerton Gulch, saw traditional fire wood cutting but no extensive logging. The
Martineli family established West Marin Sanitary Landfill in 1965 in Tomasini
Canyon to replaceasmadler dump inasdegulch. More recently the Bordlo family
opened arock quarry in Millerton Gulch; there are dso septic waste ponds on the
Bordlo property where pump trucks haul dudge from loca septic sysems. On the
bay shore, a number of industries such as oyster farms, poultry farms, smal fishing
ports, boat works, restaurants and private homes have existed for morethan a
century.
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8. RECOMMENDATIONS AND ACTION PLAN

The following recommendations have been compiled from severd sources and are
organized accordingly. Sources include the MCWEP Advisory Committee,
MCWEP project staff, suggestions made during landowner interviews and at
landowner meetings. These recommendations vary in scope from individua
practicesthat |andowners can implement to large-sca e programsthat will require
outsde funding.

Landowner Interviews
and Meetings

During the summer of 1994, MCWEP
daf persondly interviewed 54 bed,
sheep, and dairy operatorsto discuss
concernsabout NPS pollutionand
familiarize them with the MCWEP. A
seriesof informationa meetingswere
later held to bring thisinformationto a
larger audience.

Responses from these interviews
and meetings are summarized in the
Appendix. Theseresponsesillugtrate
the types of resources that arealand-
ownersfed they need to improve water
quality, and their related concerns. Responses are summarized in these two generd
categories. Needed sources of asssance are further arranged by type, and are dso
summarized in Table 3 in the Appendix.

Advisory Committee Recommendations

In March, 1995, the MCWEP Advisory Committeebegan the process of recom-
mending a strategy for maintaining "hedthy watersheds and viable agriculturein
Wes May Preiminary recommendations made during this Advisory Commit-
tee meeting were summarized and categorized into Sx groups, under the following
headings. funding, conservation planning and implementation, education and
outreach, assessment and prioritizing, coordinating public resources, and agricul-
tura land and open space preservation. These preliminary recommendationsare
included in Table4 in the Appendix.

In July, 1995, these preliminary recommendations were refined by the Advisory
Committee, working insmal groups. The Action Plan beow istheresult of these

groups.

Saff Recommendations

In May, 1995 project staff, who are involved in other watershed enhancement and
conservation programs devel oped asat of additional recommendationsbased on
their familiarity with natural resources and agriculture within the project area.
Both the Advisory Committee recommendations and staff recommendations are
summarized in Table4 in the Appendix.
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Action Plan

Following is the Action Plan that was produced by working groups at the July 20,
1995 Advisory Committee meeting. The groups came up with goas and objectives
for each topic that was identified at a previous Advisory Committee meeting.
Many of the groups aso listed specific tasks needed to accomplish the objectives.
Some objectives dso have timelines and benchmarks, which could be used to
evaluate success

All text that isin plain or bold type was transcribed from the group notes.
Text that isinitalics was added by staff. The Current Efforts sections were
added by staff to show activities that are already taking place that relate to these
tasks. Tasksthat have been initiated by existing programs or efforts are indi-
cated by aV. Thisdoes not mean that these tasks have been completed, or that
they are not in need of additional attention, but Ssmply points out existing
effortsthat relate to the tasks.
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COORDINATING PUBLIC AND PRIVATE RESOURCES

GOAL: Identify resources and solicit active participation by
public and private parties to improve coastal watersheds
and water quality.

OBJECTIVE #1: Identify and facilitate agency cooperation and
participation.

(Potential Agenciesand Groupsto Implement: RWQCB, USEPA,
DFG, RCD's, UCCE, NRCS, Farm Bureau, Private, PRNS, Any-
body That has Money, Landowners).

Timdine As so0n as possible - minimum quarterly meeting rotated.
Animal Waste Committee, MCRCD, and Semple Creek Water-
shed Restoration Program Advisory Committee meetings pro-
vide existing forums.

Benchmark: Improved water quality for al beneficial uses.

Current Efforts. This objective has been initiated by the Marin Coastal Watershed
Enhancement Project (MCWEP), Sonoma/Marin Animal Waste
Committee and others. Safffrom the above agencies have been
involved with the MCWEP Advisory Committee. Safffrom
NRCS, PRNS UCCE, MALT, and MCRCD have worked
together on Ranch Plan Workbook and Fact Sheets. These staff
regularly share information regarding local water quality that
relates to agriculture. The MCRCD and Southern Sonoma
County RCD are also working together to implement the
Semple Creek/Estero de San Antonio Watershed Enhancement
Plan. The NRCS has an application pending for PL-566 Small
Wiatershed funding for a project in the Semple Creek watershed.

OBJECTIVE #2: Create resource center or mechanism to share expertise.
Tasks VStreamline and consolidate state and federal permits and regula-
tions
\/Coordinate distribute information on uniform water testing
practices and standards.
Encourage water quality monitoring by landowners.
\/Coordinate Geographic Information System (GIS).

\Distributeinformation on good practices, such as septic tank
cae.

Public agencies should develop award program for good
management.
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Timdine:
Benchmark:

Current Efforts:

1995-96

Various resource agencies are regularly sharing information and
materials.

Water quality monitoring tasks have been initiated by UCCE spon-
sored water testing workshops and Fact Sheets on water testing; by
NRCSAmericorps water testing for individual landowners and water
testing Fact Sheets; and by upcoming MCRCD water testing work-
shops in the Stemple Creek water shed.

There are presently at least four Geographic Information Systems being
developed that include information on west Marin. These are owned by
the County of Marin, MALT, PRNS and a private forestry consultant.

Information on septic care is availablefrom the Sonoma County
Environmental Health Department. Marin County does not have
information.for public distribution.

Resource Conservation Districts have a "Conservation Farmer of the
Year" award. Southern Sonoma County RCD gives an annual award.
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CONSERVATION PLANNING AND IMPLEMENTATION

GOAL: Continue to provide technical assistance and educational
information on ranch planning, nutrient budgeting, and
wildlife considerations to landowners.

OBJECTIVE # 1. Continue to provide technical assistance for preparing
ranch plans.

Tasks Get as many ranchers as possible doing ranch plans.
Note: Ranchers need to understand that this will be mandatory

if they don't do it on their own.

Have someone from this group attend Coastd Commission
meeting and find out what they are going to want from these
watersheds on the coadt.

Agencies need to havean inventory of ranchesin watersheds
and know if they have done a Ranch Plan.

\Use resources that are available, suichas UCCE, NRCS, CFSA,
RCD - inter-agency agreements.

Timdine: See Education and Outreach section for specific timeline regarding
Ranch Plans.
Benchmark: Landowners are satisfied that technical assistance is being provided.

Evaluate through personal communication.

Current Efforts.  This Objective has been initiated by the ranch planning course that
UCCE offered last Spring, Fact Sheet and the Ranch Plan Work book
beingdevelopedbythe  MCWEP, theDairyResourceand Enhance-
ment Plan being developed by a subcommittee of the Animal Waste
Committee, and by the MCRCD SSCRCD 319(70 grant that will
provide ranch plans on two dairies in the Semple Creek watershed.
Some individual ranchers have also completed their own ranch plans.

Agencies mentioned above have collaborated on ranch planning class
and on the Ranch Plan Workbook.

The NRCS has a pending application for funding through PL-
566 Small Watershed Projects. This project would provide a full-
time NRCS daff person to help with ranch plans and cost-share

funding.

OBJECTIVE # 2: Focus on landowners that have shown interest.

Taks Have a non-regulatory person come out to ranch to help iden-
tify the problems on the ranch.

Make funding for large projects available to landowners that
have ranch plans and take care of management problems

62 « The Marin Coastal Watershed Enhancement Project



Timdine Ongoing.
Benchmark: Landowners complete ranch plans and implement projects.
Current Efforts. See current efforts under Education and Outreach, Objective # 2.
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EDUCATION AND OUTREACH

GOAL: Keep all Marin and Sonoma ranchers and landowners
informed.

OBJECTIVE# 1. Fund coordination of ranch plan development. Lead agen-
cies should be UCCE, NRCS, PRNS, and MALT.

Tasks Obtain number of livestock and dairy operations names and
addresses - ty 10/95

Write proposa for funding sources - by 12/95

Hire atechnician to assg in development of Ranch Plans (vist
ranches, educate on NPS, work with them to develop Ranch
Plan) - 12/97

Timdine See specific times associated with individual tasks above.
Benchmark: Ranch Plans completed for entire watersheds by 12/97.

Current Efforts  Winter workshop series completed (1994); spring series planned for
Sonoma. County.

OBJECTIVE # 2: Continue educational workshops on:
Water Quality
Grazing Systems
Plant Identification
Use ranch field trips for assessment
Timdine: Ongoing/quarterly
Benchmark: At |east three workshops will occur in 1995/96.

Current Efforts:  This Objective has been initiated by ranch planning and water testing
workshops that were conducted by UCCE in Spring, 1994. As part of
their 319(h) grant for Semple Creek, the MCRCD and SSCRCD
planstofitwowater testingworkshopsinFall, 1995. TheMCRCD

willalsoconductatour ofthetwodairiesfor whichtheyhaveprepared
ranch plansand of demonstration Sites where they have implemented
alternative riparian protection techniques. UCCE also plans to hold a
water testingworkshopforall Marin - and Sonoma Countyranchersin
Fall, 1995.
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OBJECTIVE # 3: Continue newsletters and other educational materials

Tasks: MALT to continue publishing "Downstream” for landowners
with contributions from other groups.

Have dl educational materids from central location - contact
person and place.
Expand project and effort to Sonoma - take the show on the road.
Timdine: Ongoing.
Benchmark:  Neweditionsof"Downstream” published; project materialspublished
and digtributed widely.

Current Efforts.  MALT has published three issues of "Downstream,” a newsletter on
nonpoint source pollution and other water quality issues. "Down-
stream” hasbeenmailedtoall Marin Countyagricultural landowners
and Sonoma County landowners in the Semple Creek Watershed.

OBJECTIVE # 4: Provide outreach to public on water quality improvements
efforts by agriculturists.

Tasks Devel op schedule and produce press releases regarding positive
aspects of ranching, progress being made, new manure systems,
€fc. - donein an gppropriate way. Lead agencies MALT, Farm
Bureau, Western United Dairymen.

Invite public to tours of ranches
Timeline 1995/96
Benchmark: MALT to hire coordinator to develop education program.

Current Efforts:  See description of planned MCRCD tour under Objective # 2. MALT
Isin theprocess of hiring an education program coordinator. This
person will arrange educational tours of ocal ranches.
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ASSESSMENT AND PRIORITIZING

GOAL: To assess each watershed to identify and prioritize
problems and projects to improve fish habitat.

OBJECTIVE #1: Review existing information (including Project Report) to
determine need for level of assessment for each watershed.
Include subwatersheds and determine causes including land
uses.

Tasks, Determine basdine data needed on area resources.
Get water quaity assessments for each watershed.

QComplete other needed assessment, i.e. habitat and/or erosion
survey.

QQuantify and eval uate data collected - develop GISto do this.
Prioritize problems and projects.

Note: See Funding section for specific projects suggested for
each watershed.

L ead Organizations and Supporting Agencies. MCRCD,
PRNS-Olema& Lagunitas Creeks MVM\D,NorthMarinWater
Didtrict, Landowners, NRCS Watershed Assessment Team.
Could be formal and/or informal - efforts must be multi-agency.

Current Efforts.  This objective has been initiated by compilation of existing resource
informationin  MCWEP Project Report. MCRCD planstoapplyfor
funding for assessment of fish habitat in Walker Creek. See Objective #

There are presently at least four Geographic Information Systems being
developed that include information on west Marin. Theseare owned by
the County of Marin, MALT, PRNS and a privateforestry consultant.

Timdine One year to conduct additional more specific assessment and
obtain funding.

Benchmarks Good, accessble description of water quality and land use by
watershed and sub-watershed.

Fish and habitat restoration projects.

| dentification of greatest opportunities for "most bang for the
buck."
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FUNDING

GOAL: To provide funding to implement critical water quality and
conservation projects.

OBJECTIVE #1: Research and explore the Farmer Security Act - dairy as-
sessment for producer/consumer interest.

Tasks. Earl Holtz to explore idea with Western United Dairymen - if
interest there, figure out "how" to adminigter in afair manner.

Note: Only 28% milk in fluid production - consumer accep-
tance. Assessment at processing plant for sheep/cattle/poultry?

Current Efforts.  Discussion level only with Western United Dairymen.
Timdine: ASAP

Benchmarks: More funding availablefor implementing water quality improvement
projects.

OBJECTIVE #2: Obtain funding for technical assistance for writing and
completing Ranch Conservation Plans.

Tasks Use NRCS American Corps volunteers if program gill funded.

QContinuejoint agency effort to put workshops on. Lead Agen-
desshouldinclude MALT, UCCE, NRCS, MCRCD.

Current Efforts.  Seecurrent efforts under objective # 2 on page 3.
Timeline Fall/Winter 95-96.
Benchmarks: Pending funding from federal government.

OBJECTIVE #3: Obtain funding for erosion control on Stemple Creek. Lead
Agency should be MCRCD.

Current Efforts:  This Objective has been initiated by MCRCD funding applications
and present contracts. Individual ranchersworking on their own and/
or with the Shrimp Club have also been working on replanting and
stabilizing Semple Creek.

MCRCD

Applications. Grant application to the Sate Coastal
Conservancyfor $200,000.

MCRCD

Existing Contracts:. MCRCD-SSCRCD presently has a
319(h) grant for $76,646 which
includes funds to demonstrate
alternative riparian protection mea-
sures in the Semple Creek watershed.
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Timdine Fall/Winter 9596
Benchmarks Successful funding.

OBJECTIVE #4: Obtain funding for water quality assessment and enhance-
ment in Walker Creek. Lead Agency should be MCRCD.

Current Efforts.  This Objective will be initiated by the MCRCD's application for
fundsfor habitat assessment on Walker Creek. Riparian habitat

enhancement work has been funded through the Sate Coastal Conser-
vancy and the Northwest Emergency Assistance Program.

Timeline The above application will be madein Fall, 1995.
Benchmarks. Successful funding for projects.

OBJECTIVE #5: Obtain funding for demonstration of profitable waste
reclamation projects. Lead Agency should be MCRCD.

Current Efforts:  This Objective has been initiated by a $120,000 319(h) grant to the
MCRCD to demonstrate "Dairy Waste Treatment and Reclamation

Using an Advanced Integrated Waste Water Pond System.” The
project will probably be constructed at Pt. Reyes National Seashore.

Timdine 1995-95.
Benchmarks: Successful funding for complete implementation of this project.
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9. PROJECT ACTIVITIES AND MATERIALS

The MCWEP accomplished a wide range of activities over an 18-month period.
Educating landowners about water quality has been a primary focus of the project.
Many of the project materials are diagnostic tools that will help landownersiden-
tify water quality problems and determine appropriate remedies.

Another major aspect of the project was facilitating communication within the
diverse group of people concerned about water quality and watershed conditionin
West Marin. Pre- and mid-project interviews with Advisory Committee members
showed that many participants gained important information from their involve-
ment in the project. Project accomplishments include:

» Formation of an Advisory Committee with representatives from agriculture,
resource management, and environmental groups. The30 member Advisory
Committee held four meetings to work on recommendations and a plan of
action for watershed and stream enhancement.

» Landowner meetings and outreach have been accomplished through 54
individua vigts with landowners, and three informationa public meetings
attended by over 100 landowners. These meetings served to familiarize
landowners with the current status of water quality laws and their loca effect.
Many of the landownersthat attended these initia meetings participated in
other educationa activities.

» Formation of a staff team of representatives from natural resource and agri-
cultural agenciesfacilitated distribution of information to many area land-
owners. Thisteam met regularly throughout the project to collaborate on
production of educational materials.

» A six-week ranch planning course with an emphasis on improving water
quality was held in Spring, 1994. The course was attended by 45 people,
representing 25 family ranches. Evaluations showed that the most valuable
aspect of the course for many participants was afield trip to two ranchesto
identify potential water quality problems and remedid practices.

* A Ranch Plan Workbook was prepared to provide localy appropriate materi-
dsfor futureranch planning courses. This workbook, designed to be com-
pleted in adass or individually, guides the user through the process of writing
aplan. Theworkbook includes sectionson ng problems, identifying
management practices, and monitoring for compliance with water quality
laws. Background information on identifying problems and monitoring is
provided by MCWEP Fact Sheets. A Rangeland Water Quality Program
(UCCE/NRCY) Fact Sheet on Management Practices provides information on
appropriate practices.

* A Creek CareBooklet for Rural Landownersprovidesinformation about
proper management of creeks and their watersheds. The booklet includes
information on habitat needs of aguatic organisms, the importance of riparian
habitats, and genera practices that can be used to improve creek condition.
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A series of technical handouts—"Fact Sheets'—on various topicsrelated to
water quality was prepared. Some of these Fact Sheets are included as back-
ground materials in the Ranch Planning Handbooks and some are for usein
water quality testing workshops. All of the Fact Sheetswill be distributed by
participating agencies.

Topics include Photographic Monitoring, Vegetation Monitoring, Ranch Maps,
Writing Ranch Plans, Water Quality Laws and Loca Application, Water

Quality Variables Water Testingfor Rural Landowners, RecognizingNPS

Pollution Sources on Ranches, and Funding Sources for NPS Pollution Man-
agement Practices. Other handoutsincludeaChecklist for Sourcesof NPS
Pollution, an Un-ionized Ammonia Table, and Data Sheetsfor recording water
testing results.

Information on water quality improvement projectsin coagtd Cdlifornia,
Oregon, and Chesgpeake Bay was compiled to evaluate effectiveness of
gmilar efforts. From this research it is apparent that many West Marin land-
owners are better informed and more involved in water quality improvement
efforts than landownersin other aress.

A video on water quality and how ranchers can work to improveit focuseson
the importance of ranch planning. Footage includes interviews with local
ranchers, shots of water quality problems, and management solutions.

Two water quality testing workshopsfor landownerswere held in spring,
199%5. Landowners learned whereto collect samples, how to use test kits, and
the importance of different water quaity variables.
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10. ADVISORY COMMITTEE COMMENTS

A preliminary draft of this report was circulated to the MCWEP Advisory Commit-
teefor review and comment. Mot of the reviewers comments were incorporated
directly into the report text. In some instances comments that were beyond the
scope of thereport, or did not fit into thetext, were not incorporated. These com-
ments are summarized below.

* A suggestion was made that the Tomales wastewater treatment system should
be specificaly mentioned asit was built in reponse to failing septic systems
in Tomales and their impact on the creeks. Also mentioned were the lack of a
waste water system in Point Reyes Station and the presence of the North
Marin Water Didrict's Oceana Marin wastewater facility.

Sewage treatment facilities were not specifically mentioned in the report
because the MCWEP Project and report focus on agriculture's effect on water
quality. Other potential sources of water quality problems—including sew-
age treatment plants and septic systems—are referred to in generd termsand
should certainly be consdered in evaluating dl of the impacts to water quality
in the project area.

» A comment was made that some historica farming practices that are now
conddered to be damaging were theright thing for the "times.”

Thisiscertainly true. Referencesto historica farming practicesare not in-
tended to place blamefor current conditions, but areincluded asthey helpin
understanding the causes of changesto the landscape and streams.

» Comments were made as to the vaidity of conclusons that researchers have
made regarding agriculture's role in water quality and stream degradation.

This report isintended to summarize resource information from existing
sources. It isrecognized that many of the sudies drawn from have not estab-
lished a cause and effect relationship between agriculture and water quality/
stream conditions. Where opinions or conclusons not based on datawere
cited, these statements were identified as such.

» A comment was made that causes of many of the watershed problems are not
known. There are many conflicting theories and we can only speculate about
the causes. Landowners should not be expected to implement costly "fixes' or
change management practices until less costly measures are tried and results
are documented.

Less costly measures are of course preferable if they are effective. It is hoped
that landowners who are making an effort to improve watershed conditions
will document results and share them with others.
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List of Abbreviations

ACP Agricultural ConservationProgram

ASCS Agricultural Stabilization and Conservation Service
BOD Biologicd oxygen Demand

cfs cubic feet per second

CFSA Consolidated Farm Services Agency

CWA Clean Water Act

CZARA  Coadtd ZoneAct Reauthorization Amendments
DFG Department of Fish and Game

DO Dissolved oxygen

EPA Environmental Protection Agency

GGNRA  Golden Gate National Recreation Area

MALT Marin Agricultural Land Trust

MCOSD  Marin County Open Space Didtrict

MCRCD  Marin County Resource Conservation Digtrict
MMWD Marin Municipa Water Didrict

NMWD North Marin Water Didrict

NPS Nonpoint source

NRCS Natural Resources Conservation Service

NOAA National Oceanic and Atmospheric Administration
PRNS Point Reyes Nationa Seashore

RCD Resource Conservation Didtrict

SSCRCD  Southern Sonoma County Resource Conservation Didtrict
UCCE University of California Cooperative Extenson

72 + The Marin Coastal Watershed Enhancement Project



References

Anderson, Keith, and lvan Paulsen. 1979. Memorandum to DFG Fisheries Man-
agement, Region 3, from DFG Fisheries Management, Menlo Park, dated Septem-
ber 20, 1979 6 pp.

Bauer, S B.,and T. A. Burton. 1993. Monitoring Protocolsto Evaluate Water Qual-

ity Effects of Grazing Management on Western Rangeland Streams. Idaho Water
Resources Research Ingtitute, University of Idaho, Moscow, Idaho 83843,

Bdlinger, T. 1995. Point Reyes National Seashore Water Resources Management
Plan. National Park Service Water Resources Divison and Point Reyes National
Seashore, Technical Report NPS/NRWRD/NRTR -95. Second Draft. 70 pp.

Bratovich, P. and D.W. Kelley. 1988. Investigations of Salmon and Stedlhead in
L agunitasCreek,MarinCounty,California.VVolumel Migration,Spawning,
Embryo Incubation and Emergence, Juvenile Rearing, Emigration. Prepared by
D.W. Kdley and Associates for Marin Municipa water Didtrict. 187 pp.

Bratovich, P. 1984. Memorandumto DonKelley dated October 12 1984. 5 pp. plus
figures.

Burcham, L. T. 195/. CdiforniaRange Land. State of California Department of
Natural Resources, Division of Forestry, Sacramento, CA. 256 pp.

Cdifornia Department of Fish and Game. 1994. Petition to the Board of Forestry to
List Coho Samon (Oncorhynchus kisutch) as a Sensitive Spedies 110 pp.

Cdifornia Regiona Water Quality Control Board, North Coast Region Staff. 1995.
Draft Stemple Creek Water Quality Characteristics and Maximum Daily Load
Process, Marin and Sonoma Counties. 26 pp. plusappendix.

Chatham, S, L. Prunuske, and R. Pasquinelli. 1986. Report of Findingsand Rec-
ommendations of an Inventory of Erosion Problemsin the Watershed. Prepared for
Marin County Resource Conservation Digtrict. 22 pp. plus appendices.

Clawson, J. 1993 Water Quadlity Information Project. Unpublished Report for the
National Cattlemen'sAssociation. 20 pp.

Commins, M.L. et. al. 1990. Estero Americano and Estero de Sen Antonio Monitor-
ing Program: 1938-1989 results. Long-term Detailed Wastewater Reclamation
Sudies. Santa Rosa Subregional Water Reclamation System. Draft Technica
Memorandum No. E8. 50 pp. plusattachments.

Cox, Bill. 1995. Personad communication by LisaBush

Cox, Bill. 1986. Memorandum to Ken Aasen, DFG Fishery Management Supervi-
sor,dated May 20, 1996. 3 pp.
Cox, Bill. 1987. Memorandum to DFG Files, dated April 15, 1997. 2 pp.

Daetwyler, C. C. 1966. Marine Geology of TomaesBay, Central California. Scripps
Intitute of Oceanography and Pacific Marine Station Research Report No. 6. 169
PP

Dickinson, A. Bray. 1993 TomaesTownship: A Higtory. Kathie Nuckols Lawson
and Lois Randle Parks, editors. Tomaes. TomaesHistory Center. 150 pp.

The Marin Coastal Watershed Enhancement Project ¢ 73



Emig,J. W. 1985. FishPopulationSurvey, Lagunitas Creekdrainage, Marin
County, 1982. Cdlifornia Department of Fish and Game, Anadromous Fisheries
Branch Administrative Report No. 85-05. 26 pp.

Emig, JW. 1984. Fsh Population Survey, Walker Creek, Marin County, 198L
California Department of Fish and Game, Anadromous Fisheries Branch Adminis-
trative Report No. 84-02. 13 pp.

EPA, 1994. National water Quality Inventory, 1992 Report to Congress.
Genazzi, Harold. 1995. Persona communication by Dewey Livingston

Haible, W. W. 1976. Holocene profile changesaong aCalifornia coasta stream:
Master of Science Thesis, U. C. Berkeley. 74 pp.

Harvey, H.T. et. al. 1990. Wetlandsin the Estero Americano and Estero de San
Antonio. Long-term Detailed Wastewater Reclamation studies. Santa Rosa Subre-
giond Water Reclamation System. Draft Technicad Memorandum No. 9. 43 pp.
plusattachments.

Hect, B. and R. Enkoboll. 1979. Substrate Enhancement/Sediment Management
Study, Lagunitas Creek, Marin County. Phasel: Sediment Sources and Control
Alternatives. Report prepared for Marin Municipa Water Digtrict by H. Esmdi &
Asociaes, Inc. 44 pp. plusappendices.

Hect, B. 1980. Preiminary Draft, Substrate Enhancement/Sediment Management
Study, Lagunitas Creek, Marin County. Phase |1: Sediment Transport and Sub-
strate Conditions, 1979-1980. Report prepared for Marin Municipal Water Didtrict
by H. Esmdi & Asodates, Inc. 91 pp. plusappendices.

Hect, B. 1992. Sediment Overview Report: Development of an Initial Sediment-
Management Plan for Lagunitas Creek, Marin County, Cdifornia. 28 pp. plus
appendices.

Hallibaugh. J. T. 1996, Walker Creek Water Quality and Land Use Practices. Draft
Proposd submitted to the Marin Community Foundation. 13 pp.

Howe, Kenneth. 1995, Plump Ducks Mean Big Bucks. Article in the San Francisco
Chronicle, July 24, pp El and ES.

Jacob, S 1972. From Fio Pico to Parks: A history of Land Usein West Marin. In:
Tomales Bay Environmental Sudy, (Ed.) Corwin, R., Washington D. C., the Conserva:
tion Foundation.

Jodin, Doug. 1995. Persona communication by Dewey Livingston

Kelley, Don and Associaesand ENTRIX, Inc. 1992 Habitat Recommendations for
Lagunitas Creek. Prepared for Marin Municipa Water Didrict. 138 pp. plus
appendices.

Kdley, D. 1985. Memorandum to Gordon Ehrman, Trout Unlimited, dated October
24, 1995. 4pp.

Keley, D. 1934. Memorandum to Richard Rogersdated October 31, 1984. 2 pp.

Keley, D.W. 1976. The Posshility of Restoring Samon and Steelhead Runsin
Walker Creek, Marin County. Report to the Marin Municipal Water Didrict. 52 pp.

74 « The Marin Coastal Watershed Enhancement Project



Larsen, R. 1995. Managing Nutrient and Pathogen Loading in Grazed \Watersheds.
In: Evaluation of the Effectiveness of Livestock and Range Management Practices in
Grazed Watersheds. Draft Report, Prepared for EPA. 42 pp.

Livingston, Dewey. 19%. A Good Life: Dairy Ranchingin the OlemaVadley. San
Francisco: National Park Service. 419 pp.

Livingston, Dewey. 1989. Hamlet, 1844-1988: A History of Jensen's Oyster Beds.
Point Reyes. National Park Service. 123 pp.

Madrone Associates. 1977. The Natural Resources of Esteros Americano and de
San Antonio. Prepared for California Department of Fish and Game, Coastal
Wetland Series# 20, 81 pp. plusappendices.

Martin, Paul. 1995. Personal communication by LisaBush
Mclsaac, Don. 1994. Personal communication by Dewey Livingston
Moore, Tom. 1995, Persona communication by LisaBush

Nelson, J, J. D. Fritz, and W.l. Wilson. 1987. The Summer Dam. Report prepared
by North Marin Water District. 87 pp.

Qlin, Paul. 199%5. Persona communication by LisaBush.
Pensotti, Clarence. 1989. Personal communication by Dewey Livingston
Plant, Richard. 1995. Personal communication by Lisa Bush

Point Reyes National Seashore Staff. 1995, Tomaes Bay/Bodega Bay Watershed
Boundary Study, Point Reyes Nationa Seashore, Marin and Sonoma Counties,
Cdlifornia. 40 pp.

Pozzi, Ed. 1995. Personal communication by Dewey Livingston

Prunuske, L. 1987. Groundwork: A Handbook for Erosion Control in North
Coastal Cdlifornia. Marin County Resource Conservation District. 60 pp.

Prunuske Chatham, Inc. 1994. Stemple Creek/Estero de San Antonio Watershed
Enhancement Plan. 1994. Prepared for Marin County Resource Conservation
Digtrict. 41 pp. plusappendices.

Prunuske, L. 1988. Final Report Lagunitas Watershed Erosion Control Program.
Prepared for Marin County Resource Conservation Didrict. 13 pp. plusappendix.

Questa Engineering Corporation. 1990. Olema Creek Sedimentation and Erosion
Study, prepared for National Park Service. 75 pp. plus appendices.

Rich, A. A. 1987. Life History Information (The Status of Knowledge of the Sted-
head Trout, the Coho Salmon, the White Sturgeon, the Tidewater Goby, and the
Opossum Shrimp in Lagunitas Creek and Its Estuary). In: The Summer Dam.
Report Prepared by North Marin Water District. 87 pp.

Rich, A. A. 1989. Fishery Resources Habitat Surveysin Waker Creek, Marin
County. Prepared for Marin County Resource Conservation Didtrict. 22 pp. plus

appendices.
Roxon, Dana. 199, Personal communication by Lisa Bush

The Marin Coastal Watershed Enhancement Project « 75



Roxon,D.F.1992. System Operations Report, Lagunitas Creek, Marin County:
MarinMunicipa Water Digtrictstaff report, 67 pp., plusfigures, tables, andattach-
ments.

Rugg, M. 199%5. Persona communication by LisaBush.

Rugg, M. 1994. Department of Fish and Game. |ntraoffice memorandum dated
May 9, 1994. 7 pp.

State Water Quality Control Board. 1994. Draft Water Quality Assessment. 307 pp.

San Francisco Bay Regiona Water Quality Control Board. 1994. Water Body Fact
Sheats. A series of one page information sheets on individual water bodies.

Smith, David W. 1990. Memorandum to Miles Ferris, Director of Utilitiesre:
NOAA's Request for Additional Information. 17 pp.

Smith, S V., R. M. Chambers, J. T. Hollibaugh, and D. T. Fischer. submitted.
Interannual variation in hydrologica transport of suspended sediment and
biogeochemicdly reactivematerids (C, N, P, S) into anorthern Cdiforniaestuary.
Journal of Hydrology.

Soil Conservation Service. 1992 Erosion and Sediment Study, Stemple Creek

watershed, Marin and Sonoma counties, California. Water Resources Planning
Staff, Soil Conservation Service, Davis, Cdlifornia. 59 pp. pus appendix.

Stewart, Boyd. 199, Persond communication by Dewey Livingston
Taylor, Sd. 19%. Draft: TomaesBay - A Critica Coastal Area. COMPLETE
Thornton, Gordon. 1995. Persona communication by Dewey Livingston

Wahrhaftig, C. and J. R. Wagner. 1972. The geologic setting of TomadesBay. In:
Tomales Bay Environmental Sudy, (Ed.) Corwin, R., Washington D. C., the Conserva
tion Foundation.

Williams, Philip B. and C. Kdly Cuffe. 1993. Geomorphic and Hydrodynamic
Anaysisfor the Estero de San Antonio Enhancement Plan. In: Stemple Creek/Estero
de San Antonio Water shed Enhancement Plan. Prepared by Prunuske Chatham, Inc.
For the Marin County Resource Conservation Didtrict.

Worsely, P. 1972. The commercial and sport fishery. In: Tomales Bay Environmental
Sudy, (Ed.) Corwin, R., Washington D. C., the Conservation Foundation.

Zumwalt, C. W. 1972. Condderation of vegetation and soilson the TomaesBay
Watershed. In: Tomales Bay Environmental Sudy, (Ed.) Corwin, R., Washington D.C.,
the Conservation Foundation.

76 « The Marin Coastal Watershed Enhancement Project



Appendices

A:  Summary of Landowner Concerns and Comments from Personal
Interviews and Public Meetings

B: Table 3. Summary of Resources Needed by Landowners To Improve
Water Quality and Comply With Water Quality Regulations

C: Table 4. Summary of Preliminary Recommendations Marin Coastal
Watershed Enhancement Project

The Marin Coastal Watershed Enhancement Project « 77



Appendix A:  Summary of Landowner Concerns and Comments
from Personal Interviews and Public Meetings

Some of the itemslisted here may require assistance from support agencies, while
others, such as some of the management practices, landowners may be ableto
implement on their own.

Concerns and comments:

» Over-correction of pollution problems could exacerbate flooding, over-veg-
etated channels would create problems;

» The economic viability of ranching is threatened by water quality laws.

» There is a need to differentiate between natural erosion/pollution, that from
humans (other than ranching), and that caused by ranching

» What to do about non-agricultural water pollution problems (such as County
dumps, fire roads, human population on the coast, non-agricultural animals
€ic.)?

* Organize watershed groups with designated landowner representatives to go
to mesetings and report back

» Water testing by the State Department of Health Sarvices may reved property-
specific problems

» Ranchers need to beinvolved in devel opment of plans
» Agencies need to be educated on agricultura practices
» Work with County government to reduce taxes when making improvements

» What to do about rare and endangered spedies (if new populations of goecies
are found due to management improvements on aranch)?

Resources Needed:
Funding:
* Toimplement improvements
» Materiasfor improvements should be available at reduced cost
* Incentives for doing plans, making improvements
Conservation Planning and Implementation:
Specific Practices:
» Water developments
Craoss fencing
Stream crossings
Seading
Sediment control projects (check dams)
Improved vegetative cover
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Technical Information:
* Information on nutrient budgeting, filter strips, manure application etc.

 Guidance on, and examples of a "ranch in compliance” (with water quality
laws)

Grazing schemes - what isworking
Pasture seeding
» Management practices that work in other areas
» Water testing - when, how, and whereto do it
Education and Outreach:
» Demonsgtrate that ranching is not the sole cause of environmental ills
» Keep dl Marin and Sonoma ranchers informed

» Demonstrate good management practices (workshops, demonstrations,
literature)

» Newdetter addressing regulations, programs
Information on Regulations:
 Guidelines regarding tolerance levels for manure/pollutants

* Information on agenciesinvolved in NPS pollution control, and what prac-
ticeswill berequired

 Concrete examples of what NPS regulations will require

* Caertification of ranch plans by agencies and assurance that improved practices
will mean compliance (wants sign-off on plan, or condition of dairy)

Resear ch:
» New technologiesfor pollution control
* Research on bacterial pollution - identify and isolate sources
» Cod andysis of different management practices
Assessment:

o Water quality assessments for each watershed and red data/research on
nonpoint source pollution

* Information on what the pollution problemsare

» What defines anutrient? What istoo much/not enough?
Other:

» Streamlined permit processfor projects/improvements

* Elimination/consolidation of groups and agencies

* Need a place to put manure
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Appendix B

Table 3: Summary of Resources Needed by
Landowners To Improve Water Quality and
Comply With Water Quality Regulations

Compiled From:

+ Personal interviews with 54 beef, sheep, and dairy ranchers - August, 1994
» Informational Meetings - September and October, 194

Funding Conservation Planning & Education and Info. on Regulations Research Assessment Other
Implementation Outreach

Funding to Specific improvements: Demongtrate that | Guidelines on tolerance | New technologies | Water quality Streamlined permit
implement water developments, cross | ranching is not the | levelsfor for pollution assessments for process for projects
improvements | fencing, stream crossings, sole cause of manure/pollutants control each watershed and | & improvements

seeding, sediment control environmental ills real data/research

projects (check dams), on NPS pollution

improved vegetative cover
Materialsfor Info. on nutrient budgeting, | Keepall Marin and | Info. on agencies Research on Info. on what the | Elimination/
improvements | filter strips, manure Sonoma ranchers | involved in NPS bacterial pollution - | pollution problems | consolidation of
at areduced application informed pollution control, and identify and isolate | arc groups & agencies
cost what practices will be ources

required
Incentivesfor | Guidance on, & examples Demonstrategood | Concrete examples of Cost analysis of What defines a Need aplace to put
doing plans, of, a "ranch in compliance" | management what NPS regulations different nutrient? What is | manure
making (with water quality laws) practices will require management too much, not
improvements (workshops, practices enough
demonstrations,
literature)

Technicd assistance with: Newsletter Certification of ranch

grazing schemes (what is addressing plans by agencies and

working); pasture seeding; | regulations, assurance that improved

management practicesthat | programs practices will mean

work in other areas, water compliance (want sign-

testing - when, how, and off on plans and ranch

where to do condition)




Appendix C

Table 4: Summary of Preliminary Recommendations Marin Coastal Watershed Enhancement Project

Preliminar
* Marin

Recommendations From:
_ oastal Watershed Enhancement Project Advisory Committee - March 22, 1995 Meeting (Plain type)
o Project Staff - May 25, 1995 Meeting (Italics)

Funding Conservation Planning & Education & Outreach Assessment & | Coordinating Public | Ag Land &
Implementation Prioritizing Resources Open Space
Pres.
Funding incentives Ranch Conservation Plans- Public support Prioritize watershed | Agency cooperation Pollution
identify practices that will reduce projects & obtain control
sediment & nutrients funds

Milk surcharge for waste
containment- Farmers

Grazing plan to control livestock-
water & fencing, sample storm

Increase understanding of
agricultural problems

Prioritize problem
sources & solutions

Participation and
cooperationof gov'tagencies

Security Trust run-off, maintain cover, control

pollution
County, state, Sediment reduction eg. planting, | Bridge gap between urban & rural | Identify problem Streamline & consolidate
federd funds water development, livestock stakeholders sources state & federal permits &

crossing, riparian pastures,
diversion ditches, sediment dams

regulations

Obtain $ for assessment of Create manure disposa other than | Create more educational linkages | Need more Uniformwatertesting
fishery resources and just spreading with schools, landowners, non- information on practices & standards
sediment source information landowners causes

for Walker Creek & small

Tomales Bay tributaries;

develop a recovery planfor

fish habitat in these streams

Obtain funding for water Limit animal access to creeks Involve community including Creaste awatershed | Create resource center to
quality assessment on children basdineinventory | share various agency
Lagunitas Creek expertise (not a place)
Obtainfunding for erosion Prevent overgrazing- proper road | Educationa outreach among Determine what Form a septic

control in Semple Creek ,
Walker Creek, and small
Tomales Bay tributaries

development, pasture rotations,
planting & fertilizing

community, agricultural and non-
agricultural, and agency personnel

"baseline data" on
arearesourcesis
most important and
needed

maintenance district




Table4: Continued

Funding

Conservation Planning &
Implementation

Education & Outreach

Assessment &
Prioritizing

Coordinating Public
Resources

Ag Land &
Open Space
Preservation

Obtain funding for more
educational workshops,
including $ for one-on-one
follow-up

Creek buffer zones

Marin County to be included in
"Adopt a Watershed" ed. program
through CCC Americorps

Implement EPA's citizen
monitoring workshop in
rural residential areas

Obtain funding to apply for
watershed-wide permits for
conservation projects for

I

Monitoring programs- education
on how-to

Work with high school
agriculture programs on water
quality education

Coordinate citizen driven

monitoring programs

Provide information on nutrient
balancing:
educational material
technical assistance
workshop and one-on-one
training

Support development of water
qualityagricultureliteracy
program at Walker Creek Ranch

Coordinate water quality
testing programs (work
with Paul Olin)

Develop new and improved ranch
planning workshop and materials
and incorporate wildlife
enhancement into the ranch
planning workshops

Develop septic education program
incooperationwith Env. Health

Dept.

Coordinate GIS data
within the project area
and provide access by
public, agencies,
consultants, and teachers

Continue to improve instream
habitat in Lagunitas Creek

Provide continued educational &
technical assistance to
landowners:

* ONe-0Nn-one assistance

» monitoring

» ranch planning

field trips

» more demonstrations

Explore new methods for
disposing of dairy waste, instead
ofjust spreading it

Provide more landowner outreach,
including Chileno Valley which
isisolated

Develop animal waste co-op,
central locationsfor bringing
waste tofor disposal

Continue cooperative education
program with agencies




