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Preface
The successful recovery of salmonid populations is dependent 
on a complex and unique combination of biological and physi-
cal variables within both the freshwater and saltwater habitats 
for a given species. In order for a watershed to support robust 
and self-sustaining salmonid runs, the habitats that support 
these species generally require natural disturbance regimes 
that constantly create and re-create the essential instream and 
floodplain habitats required during their freshwater life history 
stages (i.e., floodplains and backwaters for winter refuge, deep 
pools for summer refuge, riffles and litter fall for food supply, 
and sorted and aerated gravels for spawning). As such, the 
quality of salmonid habitat varies among watersheds and is 
significantly influenced by wet and dry season instream flows, 
water temperature, water quality, sediment type and load, 
pool abundance, natural and man-made barriers to migration, 
riparian canopy and cover and availability of spawning gravels 
(Smith, 2002). 

While a number of salmonid species are listed as threatened or 
endangered under the Federal Endangered Species Act (ESA) 
and/or the California Endangered Species Act (CESA), the 
Central California Coast (CCC) Evolutionarily Significant 
Unit (ESU) of coho salmon (Oncorhynchus kisutch) is consid-
ered one of the most imperiled salmonid runs along the west 
coast of North America. For millennia salmon have success-
fully persisted in abundance under ever shifting environmental 
conditions. However, human alteration of the landscape over 
the last two centuries, and human harvesting of salmon, has 
placed significant pressures on coho salmon’s ability to survive 
in freshwater and marine environments. The Recovery Plan for 
this ESU, published by the National Marine Fisheries Service 
in 2012, describes the severe peril currently faced by coho 
salmon throughout much of California. 

“Central California Coast coho salmon are gravely close 
to extinction. Despite being listed under the Federal and 
California Endangered Species Acts, populations of CCC 
coho salmon continue to decline precipitously. Immediate 
and focused action is essential to increase the survival of, 
and provide the highest protection for, remaining popula-
tions.” (NMFS, 2012)

Nowhere is the plight of this species more clear-cut than in 
the southern extend of the ESU in the Santa Cruz Mountains 
Diversity Stratum. While the road to successful recovery is 
daunting, little San Vicente Creek near the town of Davenport 
in Santa Cruz County represents one of the best opportunities 
to help jump start recovery of this critically endangered species.

San Vicente Creek is the smallest dependent1 watershed in 
the CCC coho salmon ESU, but provides a number of unique 

1 A “dependent” population is any collection of one or more local breeding units 
whose population dynamics or extinction risk over 100-year time period is substan-
tially altered by exchanges of individuals with other populations.

benefits to the species from a recovery perspective. Unlike the 
larger neighboring watersheds of Scotts Creek that has a large 
lagoon and experiences significant limitations on coho access 
due to timing of the sandbar breach, San Vicente’s lagoon no 
longer exists due to the alignment of the railway and highway 
1. While the lack of a lagoon presents a unique set of ecological 
challenges, the current situation also creates a unique opportu-
nity as the stream and ocean are connected year round (i.e. no 
sandbar) and  therefore coho and other species have unfetered 
year-round access to and from the ocean. San Vicente Creek 
watershed is also regionally unique due to the amount of Karst 
underlying the upper watershed. This geological formation 
fosters significant infiltration, subsurface movement, and spring 
formation providing unusually cool summer water tempera-
tures and high summer baseflows. Finally, with the recent 
acquisition of the CEMEX Forest by a consortium of conserva-
tion partners and the acquisition of Coast Dairies by the Trust 
for Public Lands in 1998, 61% of the watershed is owned by 
conservation entities. These characteristics make this little 
watershed a key recovery watershed for CCC coho salmon.

As well as CCC coho salmon, CCC steelhead (Oncorhynchus 
mykiss) are listed as threatened under the federal ESA as part 
of the Central California Coast (CCC) Distinct Population 
Segment (DPS). San Vicente Creek appears to support a robust 
and sustainable run of this salmonid species. The National 
Marine Fisheries Service (NMFS), which is charged with 
protection of federally listed anadramous fish, is in the process 
of developing a recovery plan for the CCC steelhead and the 
draft plan is expected to be released to the public in early 2014. 
According to Jon Ambrose (pers com) of NMFS, plan recom-
mendations will closely overlap with the recommendations 
put forth in the recently published CCC Coho Recovery Plan. 
The steelhead plan will provide additional details and recom-
mendations for recovery of steelhead within this DPS and, in 
conjunction with the coho plan, can be used to identify and 
guide recovery actions on the SDSF. While steelhead are not 
technically listed under the CESA, the Department of Fish and 
Wildllife (formerly Department of Fish and Game) issued the 
1996 “Steelhead Restoration and Management Plan for Califor-
nia” in an effort to focus conservation actions on the protection 
of this species. Finally, the Department of Fish and Wildlife 
also develops an annual “Statewide Steelhead Task List” to sup-
port and guide funding actions through the Fisheries Restora-
tion Grants Program (FRGP). Factors impacting the recovery 
of coho and steelhead are intertwined and recovery efforts 
focused on improving habitat for coho will also contribute to 
the recovery of steelhead. 

Through the Resource Conservation District of Santa Cruz 
County’s (RCD) Integrated Watershed Restoration Program 
(IWRP), the RCD has partnered with the National Marine 
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Fisheries Service (NMFS), California Department of Fish 
and Wildlife (DFW) and both the Trust for Public and the 
U.S. Bureau of Land Management since 2005 on a variety 
of projects and efforts to increase habitat complexity in San 
Vicente Creek with the goal of improving survival rates of coho 
salmon and steelhead at all life stages. Efforts to date have 
included enhancement and restoration of two backwater ponds 
that were built on footprints of historic agricultural ponds 
within San Vicente’s floodplain for the purpose of creating 
winter high-flow refugia and installation of eight large woody 
debris structures to increase instream habitat complexity and 
encourage floodplain connectivity. In addition, limited cape 
ivy (Delairea odorata) removal has occurred to encourage the 
presence of more robust and diverse floral communities and to 
facilitate natural scour and deposition in floodplains. 

While significant traction, action and interest in San Vicente 
Creek clearly exists, much of the past fisheries restoration and 
recovery work has happened in an ad-hoc fashion without the 
support of a larger guiding plan that brings together all of 
the existing data on the physical and biologic process at play, 
provides new data to fill known information gaps, and provides 
a scientifically defensible plan for future recovery actions. 

To address this need, the RCD, with funding from the DFW’s 
Fisheries Restoration Grants Program, have partnered with 
local technical experts to develop a watershed assessment that 
will culminate in a single regional repository of existing data 
on priority resources (biological, physical, and socio-economic) 
and a Restoration Action Plan for Salmonid Recovery for the 
watershed. The technical focus of this effort is on the fresh-
water habitats that support the critical life history stages from 
spawning adults to outmigrant smolts. This planning effort 
includes the following components: a summary of historic data 
on watershed conditions related to salmonid recovery; 4 new 
assessments focused on known data gaps and potential limit-
ing factors; and a final Restoration Action Plan with specific 
recommendations based synthesis of the existing data and new 
assessments. The following document represents the first and 
second of these efforts and synthesizes the historic and exist-
ing, available information on key resources that influence the 
opportunities and constraints to salmonid recovery in this 
watershed. The Final Restoration Action Plan will be informed 
by the historic data, findings from the new assessments (includ-
ing a geomorphic assessment, a fisheries assessment and a 
large woody debris and invasive species assessment) and public 
review and input on by two stakeholder groups: our Local 
Watershed Steering Committee (a group of interested local 
stakeholders, large land-holders and local technical experts) 
and the IWRP Technical Advisory Committee (composed of 
techincal specialists from our state, federal and local resource 
agencies). In addition to providing peer review, these two stake-

holder groups have provided significant support on identifying 
and gathering existing reports and data as well as outreach 
and liaison with the larger community. Please reference the 
Acknowledgements section for a list of participants from 
our Local Watershed Steering Committee and the Technical 
Advisory Committee. 

Note that the bulk of this effort will focus on the areas of the 
watershed with direct influence on the anadromous stream 
reaches and floodplain as well as the factors directly and 
indirectly affecting salmon recovery and restoration of natural 
stream processes. This effort does not aim to evaluate the 
watershed in its entirety and review resources and issues that 
are not relevant to salmonid recovery. 
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1996), the most significant of which is Mill Creek (Weppner, et 
al., 2009). Approximately 2.5 miles of the main stem channel 
(San Vicente Creek) and 0.25 miles of tributaries (see Figure 
1-1 and 1-2) are thought to be potentially usable coho rearing 
habitat (CDFG, 1998). 

ClimAte
Mean annual rainfall in the watershed ranges from about 24 
inches at the mouth to upwards of 60 inches in the headwaters 
along Empire Grade (CDFG, 1988). The geology and precipita-
tion are such that San Vicente Creek sustains summer minimum 
baseflows of about 1 cubic feet per second (cfs) in nearly all 
years—a large flow by regional standards and a critically-impor-

Chapter 1:  
Primer for San Vicente Creek Watershed 

RePoRt oVeRVieW
The first chapter of this report is meant to provide the reader 
with a basic primer on the geography, climate, biological 
resources, and past and present land-uses within the water-
shed. Subsequent chapters build on this primer and provide 
more detailed assessments of key physical and biological data. 
The focus and scope of these assessments was developed col-
laboratively between the project team and staff from California 
Department of Fish and Wildlife (DFW) and National Marine 
Fisheries Service (NMFS). As such, 
they specifically address a subset 
of known data gaps (e.g. peak and 
baseflow hydrology data) and a list 
of potential limiting factors devel-
oped over years of local observation 
(e.g. floodplain connectivity and 
gravel availability). These assess-
ments not only reflect a compre-
hensive analysis of existing data, 
but synthesize extensive new data 
collected through this effort on the 
hydrology, geomorphology, fisher-
ies resources, large woody debris 
loading and recruitment potential, 
and mapping of invasive flora. 
Collectively, chapters 1–6 provide 
the scientific basis and foundation 
upon which specific recommen-
dations for recovery actions are 
based (see chapter 7) and provide 
a new baseline dataset of existing 
conditions upon which a host of 
future analyses can and should be 
founded.

GeoGRAPhy 
Located in the Santa Cruz Moun-
tains, 9 miles north of the City 
of Santa Cruz, San Vicente Creek 
watershed drains an 11.1 square 
mile area (NMFS, 2008). Its head-
waters are located at an elevation of 
approximately 2,600 feet at Camp 
Ben Lomond and its main stem 
flows for about 9.3 miles under 
Highway 1 and the railroad tunnel 
before entering the Monterey Bay 
National Marine Sanctuary and 
Pacific Ocean just south of the 
town of Davenport. The 11.1 square 
mile watershed also includes 11.3 
miles of tributary streams (DFG, Figure 1-1.San Vicente 
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Figure 1-2. San Vicente Creek watershed fish distribution and critical habitat map. The steelhead data from NOAA are 9 years old and the more updated information 
suggests that the upper limit for steelhead actually extends through the area of coho distribution. 
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miles inland from the coast and comprises nearly 7,000 acres 
within San Vicente Creek watershed (ESA, 2001). Non-native 
plant species have established a presence in every vegetative 
community throughout the watershed including but not 
limited to iceplant (Carpobrotus edulis), Italian rygrass (Lolium 
multiflorum), French broom (Genista monspessulana), Pampass 
grass (Cortaderia selloana) and Cape ivy (Delairea odorata) 
(ESA, 2001). Neighbors living on San Vicente Street have 
noted removal of cape ivy as a key action for watershed recovery 
in the area due to the species highly invasive nature and long-
term threats to salmonid habitat (Heady, pers. comm.). Chapter 
6 of this report provides a comprehensive assessment of invasive 
plant species with a particular emphasis on distribution and 
impacts from cape ivy and Chapter 5 provides a comprehensive 
assessment of riparian conditions as they relate to current and 
future recruitment of large woody debris into the system.

FiSh And WildliFe 
Salmonids
As anadramous fish species, both steelhead and coho utilize 
freshwater for mating/spawning, egg development and early 
maturation and move to the ocean for a period of rapid growth 
and weight gain prior to returning to freshwater to spawn. The 
life cycle begins with the development of eggs into young fish 
in freshwater streams. Once the eggs hatch, young fish develop 
in the watercourse and gradually make their way to the ocean. 
Steelhead trout in this area typically spend two years in fresh 
water although a few may spend additional years inland before 
migrating out to sea. The length of time spent in streams 
depends on environmental and genetic factors, and some 
individuals never migrate (Barnhart, 1986). Research by Smith 
(2005) suggests that one of the key environmental factors may 
be food supply and growth. According to these data, size is a 
critical factor in determining when a juvenile steelhead will 
leave freshwater, and once juveniles reach approximately 3.5 
inches in forklength by the fall, they tend to outmigrate the fol-
lowing spring. In order to acclimate to saltwater, both steelhead 
and coho go through a process of smoltification prior to enter-
ing the ocean and juvenile fish leaving freshwater are referred 
to as smolts. Steelhead and coho along the California coast 
usually spend two years in salt water, attaining sexual maturity 
and storing fat for their journey back up their natal streams to 
spawn and restart the life cycle process. While females of both 
species and most males usually spend two years in the ocean, 
a portion of male coho, called jacks, are known to return to 
freshwater after 1 year in the ocean. Due to the abundance of 
food, anadromous fish species experience most of their growth 
once they have reached the ocean. Therefore, jacks are generally 
identified due to their smaller size and weight. While there are 
many similarities in the life cycle for these species, there are 
some key differences that should be highlighted. These include:

 » Timing of adult return to freshwater and spawn-
ing: Coho are known to return to their natal streams 
in the southern portion of the ESU between November 

tant attribute in restoring coho salmon and steelhead popula-
tions (Balance Hydrologics, 2008). 

Extreme weather events throughout the region have had signifi-
cant effects on the vegetative makeup, stream flow and mor-
phology of San Vicente Creek (Smith, pers. comm.). In the late 
1970s, persistent drought conditions resulted in high willow 
mortality within San Vicente Creek’s riparian corridor (Heady, 
pers. comm.). In the winter of 1982-83, Santa Cruz County 
received 25 inches of precipitation in a single storm (Griggs and 
Haddad, 2011). The storm, noted as a 100-year storm event, 
downed the majority of alders located in the lower watershed 
(Smith, pers. comm.). Additionally, a landslide caused by 
the storm forced a portion of the San Vicente Creek chan-
nel to migrate to the west, creating both a new channel and 
a long-term source of sediment deposited within the natural 
floodplain. While riparian and floodplain disturbance is com-
mon and a critical component of most healthy stream systems,  
disturbance that creates open ground, whether through natural 
or anthropogenic activities, tend to reduce native vegetative 
diversity by facilitating the spread of invasive non-native species 
such as cape ivy (ESA, 2001). This problem is pronounced in 
the lower reaches of San Vicente Creek. Chapter 6 provides an 
assessment of the current extent of cape ivy and other invasive 
species in the watershed.

GeoloGy
San Vicente Creek is characterized by steep bedrock uplands 
leading to sequences of elevated marine terraces (Weppner 
et al., 2009). The bedrock is primarily a mix of granite and 
limestone, creating karst geology (formed from the dissolution 
of soluble rocks in limestone, dolomite and gypsum) unique 
within the region. Karst geomorphic features found in the 
watershed impact groundwater recharge as karst processes 
develop zones of enhanced porosity creating an aquifer system 
with rapid rates of recharge (Tihansky and Knochenmus, 
2003). The karst geology significantly regulates water quan-
tity and temperature in the middle and lower reaches of San 
Vicente Creek through processes of deep percolation into 
limestone and upwelling of cold groundwater through multiple 
springs that feed the stream with a perennial source of cool 
water. Chapter 3 provides a detailed description of the water-
shed geology and builds on this information with new data and 
analysis to better understand the role of natural geologic forma-
tions on sediment inputs, stream substrate, and the volume, 
seasonality and temperature of instream flow.

VeGetAtion CommunitieS
Although redwood forest dominates the watershed, the lower 
reaches of the creek support a narrow riparian zone that is 
predominantly alders (Alnus spp.) and willows (Salix spp.). The 
upper reaches are home to some of the most valuable timber 
stands in all of Santa Cruz County (ESA, 2001). Seventeen 
native vegetative communities and three communities domi-
nated by introduced non-native species have been documented 
throughout the Coast Dairies Property, which extends three 
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and January with the height of spawning peaking in 
February and March (NMFS 2012, from Moyle 2002). 
While steelhead spawners generally return to their 
natal streams later in the winter and spawn through 
April or May depending on climatic conditions.

 » Juveniles freshwater rearing: Whereas steelhead often 
spend multiple years as juveniles in freshwater, the vast 
majority of juvenile coho salmon only spend one year  
in freshwater before going to the ocean. As 
such, coho smolts are generally younger and 
smaller than most steelhead smolts.

 » Post spawning adults: While coho adults always die fol-
lowing spawning, some steelhead adults can return to  
the ocean after spawning, and may repeat that cycle to 
spawn up to four times, though most repeat spawners do 
so only twice. 

The basic stream attributes for steelhead and coho spawning, 
rearing, and migration include cool water temperature, high 
concentrations of dissolved oxygen, adequate water depth, suf-
ficient pool size and frequency, access to cover and slack water, 
and low fine sediment levels (Barnhart, 1986 and Anderson, 
1995). Riparian habitat also can play a major role in either 
supporting or degrading habitat for these fish. Riparian zones 
are strips of water-dependent vegetation and associated organ-
isms that follow the path of watercourses. Essential to healthy 
aquatic ecosystems, these zones help maintain favorable water 
quality and provide important food and habitat conditions. 
Trees along the water’s edge shade the water, maintaining 
cool temperatures for anadromous juvenile rearing, as well as 
maintaining a favorable microclimate for amphibians. Riparian 
vegetation also stabilizes streambanks and intercepts eroded 
materials from upslope, minimizing the amount of sediment 
that enters the stream. Additionally, vegetation adds food and 
nutrients to the water for use by both fish and aquatic inver-
tebrates. Large woody debris (LWD) falling into the stream 
course can provide cover for fish, collect and controls the 
movement of sediment, and create deep scour pools favored by 
rearing juveniles. 

Water temperature is a critical habitat component that can 
have dramatic effects on growth and development of steelhead 
and coho. A key complication to understanding the effect of 
temperature on salmonids is that food availability is the key 
variable that governs how water temperatures affect fish. While 
both salmonid species have mortality thresholds with respect 
to water temperature, higher water temperatures do not always 
directly relate to lower growth and productivity. Water tem-
peratures above 21.1ºC make it difficult for coho salmon and 
steelhead to extract oxygen from the water. Optimal rearing 
temperatures for juveniles are 7.22-14.4ºC for steelhead and 
11.67-14.4ºC for coho (Reisner and Bjornn, 1979). That said, 
temperatures between 14ºC and 21ºC may have a positive 
impact on growth if there is ample food supply to keep up with 
the increased metabolic demand of fish caused by higher water 

temperatures. Conversely, temperatures at and below the lower 
end of optimal can slow metabolism significantly and result in 
muted growth rates; translating to lower ocean survival rates. 

All of these habitat conditions need to be considered when 
working to restore, maintain, or enhance anadromous popula-
tions. Data from the 2012 CCC Coho Recovery Plan high-
lights the need to prioritize restoration actions that increase the 
extent and availability of “off-channel” habitats such as flood-
plains, backchannels, alcoves and tributaries. The Plan also 
calls for implementation of projects that increase the amount of 
LWD in the stream. Both LWD and off-channel habitats are 
particularly important for coho, but also valuable to steelhead, 
for providing refuge to adult and juvenile fish during high flows 
in the winter and low flows in the summer. In the winter, when 
flashy flows result in high instream velocities, off-channel habi-
tats and LWD can provide slow water sheltering areas for fish 
of all sizes. During the summer, deep pools formed through 
scour downstream of LWD provide salmonids with cool water 
refuge and cover from predation. Perennial off-channel habitats 
such as ponds, alcoves and back-channels can provide some of 
the highest quality summer rearing habitat with high levels of 
primary productivity and insect production. 

Chapter 4 of this report provides a detailed assessment of 
historic and current trends in the abundance and distribution 
of salmonids in this watershed and collectively, chapters 2–5 
provide a comprehensive understanding of the key habitat ele-
ments that support salmonids and processes that sustain these 
essential habitat components.

Other Biota
In addition to steelhead and coho salmon, other special status 
species known to occur within San Vicente Creek watershed 
include: California red-legged frog (Rana aurora draytonii), 
Peregrine falcon (Falco peregrinus), Western snowy plover 
(Charadrius alexandrines), Western pond turtle (Clemmys 
marmorata), Double-crested cormorant, rookery (Phala-
crocorax auritu), Cooper’s hawk, nesting (Accipiter cooperi), 
Sharp-shinned hawk, nesting (Accipiter striatus), Golden eagle 
(Aquila chrysaetos), Ferruginous hawk,wintering (Buteo regalis), 
Northern harrier, nesting (Circus cyaneus), White-tailed kite, 
nesting (Elanus leucurus), Merlin, wintering (Falco columbarius), 
Long-eared owl nesting (Asio otus), Rhinoceros auklet (Cero-
rhinca monocerata), Vaux’s swift (Chaetura vauxi), Black swift 
(Cypseloides niger), Olive-sided flycatcher (Contopus boreali), 
Loggerhead shrike (Lanius ludovicianus), California horned lark 
(Eremophila alpestris actia), Yellow warbler (Dendroica petechia 
brewsteri), Saltmarsh common yellowthroat (Geothlypis trichas 
sinuosa), Grasshopper sparrow, nesting (Ammodramus savan-
narum), Tricolored blackbird, nesting (Agelaius tricolor), Pallid 
bat (Antrozous pallidus), Townsend’s western big-eared bat 
(Corynorhinus t. townsendii), Yuma, San Joaquin myotis (Myotis 
yumanensis), and S. Francisco dusky-footed woodrat (Neotoma 
fuscipes annectens) (ESA, 2001). 
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Figure 1-3. Ariel view of Davenport and the Santa Cruz Portland Cement Company.

Figure 1-4. San Vicente Creek tunnel under Highway 1.

lAnd uSe—PASt And PReSent
San Vicente Creek watershed has seen a variety of high 
and low impact land-use over the past 150 years including 
logging, selective timber harvesting, quarrying, mining, 
irrigated agriculture, ranching and urbanization. All of these 
land uses have had direct and indirect impacts on stream 
habitat and the forces that create and sustain habitat diversity 
and complexity. 

Evidence of historic logging activities has been documented 
in San Vicente Creek watershed (ESA, 2001) and associ-
ated impacts (reduced large woody debris recruitment, 
road construction and increased sediment loading) have 
been identified as a threat to multiple life stages of salmo-
nids (Santa Cruz County, 2009). Previously uncut stands 
of redwood forest were almost completely clear-cut in the 
watershed between 1870 and 1923. While the robust logging 
economy provided economic advantages of employment and 
revenue for the region, clear-cutting of 
the watershed resulted in significant 
changes to run-off, debris loading, 
sediment dynamics, and a host of other 
natural processes necessary for support-
ing a self-sustaining salmonid fishery in 
San Vicente Creek as well as neighbor-
ing creeks. 

In the early 1900s the arrival of the 
Santa Cruz Portland Cement Com-
pany (see aerial view of cement plant 
in the left of Figure 1-3) ushered in a 
new era of land use throughout San 
Vicente Creek watershed. Rich deposits 
of limestone buried beneath the earth 
fueled a thriving cement industry that 
fueled the local economy for nearly 100 
years. In the early 1900s a dam, 90 foot 

vertical shaft, and tunnel were installed in the upper reach of 
San Vicente Creek to force surface water down into the tunnel, 
away from quarry operations. In the early 1920s, the tunnel 
was expanded to allow a train to stop under the quarry floor 
so that limestone could be loaded into railcars. While the train 
was in operation, San Vicente Creek flowed on one side of the 
tunnel with train tracks on the other (Hamey, pers. comm.). 
The tunnel (and its associated vertical shaft), located at stream 
mile 3.4, is still present today and creates an impassable barrier 
to fish that has completely eliminated fish passage to approxi-
mately 50% of the upper San Vicente Creek watershed (Santa 
Cruz County, 2009). 

In 1906 consistent access for people and goods to San Vicente 
Creek watershed was established through the construction 
of the Southern portion of the Ocean Shore Railroad which 
linked Davenport with Santa Cruz. While the rail system in 
Santa Cruz proper was built in 1876, the connection to the 
North Coast was not completed until 1906 (Hamman, 1996). 
As part of construction of the railroad, the lower reach of San 
Vicente Creek was redirected through a tunnel dug through 
bedrock (see Figure 1-4), bypassing a historic lagoon and send-
ing the stream directly into the Pacific Ocean. While the tun-
nel allows year-round access to San Vicente Creek for migrating 
salmon, the loss of the lagoon eliminated an important element 
for both salmon and other estuarine dependent species (Becker, 
2010). After 1906, salmonids in San Vicente Creek that had 
previously migrated freely up and down the streams were chan-
neled through tunnels and in some places confronted with new 
obstructions that they could not pass (ESA, 2001). As such, the 
combination of intensive upland land uses and lower watershed 
infrastructure set in motion a number of human induced fac-
tors that appear to have impacted salmonid habitat quality and 
quantity in the watershed.

Timber harvesting, water diversions, and rural residential 
development occur in the upper watershed. Open pit mining 

historically occurred in the upper water-
shed, but was recently terminated. Cattle 
grazing and agricultural water diversions 
historically occurred in the lower water-
shed but were gradually phased out over 
the past decade. Currently, dominant 
land-use within the watershed includes 
residential (more densely populated 
directly adjacent to the town of Daven-
port), two quarries located on Mill Creek 
and one of the unnamed tributaries to 
San Vicente Creek (County of Santa 
Cruz County, 2012), logging, agriculture 
along the coast, grazing and open space, 
with the dominant land-use being timber. 
The cement plant, and associated quarry 
lands, changed ownership a number of 
times (most recently CEMEX) before 
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operations ceased in 2010. In 2012, the CEMEX forestlands 
was sold to a coalition of conservation organizations including 
the Peninsula Open Space Trust (POST), Save the Redwoods 
League, the Sempervirens Fund, and the Nature Conservancy 
(TNC) collectively known as the Living Landscape Initiative. 
The entirety of the lower watershed, owned since 1998 by the 
Trust for Public Land (TPL) is planned for transfer to the 
Bureau of Land Management (BLM). As previously mentioned, 
the upper portion is owned by the Living Landscape Initia-
tive with the intent of managing the property with a mix of 
environmentally responsible forestry practices and resource 
conservation. It is expected that as property ownership changes 
to BLM, the management of the lower watershed will be 
more active and that approved public access will increase and 
trespassing will decrease. Most of the watershed (99%) is still 
privately owned, with a large portion (61%) in conservation 
ownership, which provides unique opportunities for continued 
species protection and recovery (NMFS, 2010). 

hiStoRiC/exiStinG dAtA And RePoRtS
A critical component of this effort includes identifying, gather-
ing, and organizing a library of existing data and reports that 
pertain to or inform potential recovery of salmonids in the San 
Vicente Watershed. In addition to the overview text provided 
above, Appendix A of this report provides a comprehensive 
bibliography of all of the data sources and reports the RCD 
team was able to identify and obtain as part of this effort.

SummARy
San Vicente Creek watershed offers a unique opportunity to 
improve salmonid habitat along the Central California Coast 
and provide additional support for a small but important 
stronghold for coho salmon and steelhead. While existing 
data demonstrates that salmonid populations, and especially 
populations of coho salmon, have been declining in watersheds 
south of the Golden Gate Bridge, San Vicente Creek appears to 
be holding on to a small but self-sustaining coho population as 
well as a more robust steelhead run. The absence of a sandbar 
at the mouth of San Vicente Creek watershed provides salmon 
with year-round access to and from the Pacific Ocean. These 
characteristics along with small and isolated development, 
headwaters geology dominated by Karst features in the main-
stem, and Santa Margarita Sandstone in the Mill Creek subba-
sin, exhibit a high capacity for infiltration resulting in a stream 
with cool and consistent summer baseflows. These are some 
of the conditions that make this place unique for salmonid 
recovery. While these factors appear to provide a unique set of 
benefits to salmonids, the watershed is still recovering from an 
array of intensive land and resource management actions that 
have occurred over the past century as well as current impacts 
from invasive species, on-going land-uses within the watershed, 
and perturbations of the natural disturbance regimes that 
salmonids and salmonid habitat rely on. As such, there is clearly 
a need to comprehensively assess the current conditions and 

limiting factors in this watershed, identify the high priority 
restoration objectives for the system and develop a cohesive 
plan focused on practical, cost-effective, and scientifically based 
future recovery actions. 
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Chapter 2: hydrology 

objeCtiVeS
When thinking about recovery of salmonids, water is the fundamental 
resource that needs to be understood and evaluated. While summer base-
flow deficit is considered a critical limiting factor in nearly every salmonid 
watershed south of the Golden Gate, National Oceanic and Atmospheric 
Association’s (NOAA) 2012 Recovery Plan (NOAA, 2012) does not high-
light instream flow impacts as a major threat to recovery in San Vicente 
Creek based on the number and magnitude of diversions and the high levels 
of cool baseflows observed throughout the summer in most years. Based 
on this context, the primary objective of the hydrologic assessment was to 
verify and quantify the existing hydrologic characteristics and restoration 
opportunities which currently or could in the future have a positive impact 
to coho salmon (Oncorhynchus kisutch) or steelhead trout (Oncorhynchus 
mykiss) habitat in San Vicente Creek. To address this objective, Balance 
Hydrologics (Balance) designed the hydrologic assessment with five key 
questions in mind:

1. What are the sources and rates of low-flows to the mainstem 
San Vicente Creek?  What is the quality of the sources?

2. What are rates and the sources of low flows to San Vicente Creek? How 
do the flows compare to those in other Santa Cruz Mountains streams? 

How much more slowly do they recede both 
seasonally and during dry sequences of years?

3. What are the very large peak flows?  How do 
these compare to those in other streams in 
the region?  How large were the 1982, 1998, 
2005 and/or 2011 peak flows, both as recur-
rences and relative to peaks in other streams?

4. What are the dominant discharges, 
or channel-forming flows?

5. How does San Vicente Creek compare to 
other regional salmonid streams in both 
a hydrologic and water quality sense?

To answer these questions, we carried out several 
hydrologic subtasks, consistent with the general 
guidance offered within California Salmonid 
Stream Habitat Restoration Manual. The specific 
subtasks included:

 » Stream gaging and basic water qual-
ity measurement and sampling;

 » Synoptic low-flow measurements; 

 » Peak discharge and dominant or 
channel-forming flows analysis;

 » Region-wide hydrologic and basic 
water quality comparison;

 » Climate change hydrologic analysis.

We will now review work completed in each of 
these subtasks.

intRoduCtion
San Vicente Creek drains a watershed area of 11.1 
square miles, originating on the western slope of 
Ben Lomond Mountain and discharging to the 
Pacific Ocean (Figure 2-1). The Mediterranean 
climate of the region provides for warm, dry sum-
mers and wet, cool winters. Mean annual rainfall 
in the watershed ranges from 24 inches near the 
ocean to upward of 60 inches at the headwaters 
near Empire Grade (County of Santa Cruz, 
2000). The large rainfall gradient characteristic of 
San Vicente Creek is evidence that Ben Lomond 
Mountain plays a significant role in driving the 
local precipitation regime. Rainfall is the only 
source of meteoric water in the watershed as 
there is no measurable snowfall, and fog does not 
measurably contribute to stream runoff.

The alluvial groundwater basin is recharged 
during late fall and winter storm periods, pro-
viding the water which re-emerges during the 
spring and summer dry season months (Creegan 

Figure 2-1. San Vicente Creek watershed.
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Figure 2-2. San Vicente Creek geology.
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and D’Angelo, 1984). The local karst system in the adjoining 
Liddell Creek basin is known to include trans-watershed divide 
groundwater transfers (PELA, 2005) to the Liddell system, 
from the Upper Laguna basin to a lesser extent, and from 
Reggiardo Creek to a greater extent. Additionally the Santa 
Margarita Sandstone (Figure 2-2: Tsm) which occurs just south 
of Bonny Doon, and just east of the now closed Bonny Doon 
Quarry is known to be an important recharge or supply source 
to the Liddell marble aquifer (PELA, 2005; Nolan Associates 
and Johnson, 2007). Given the prevalence of Santa Margarita 
Sandstone within the headwaters of Mill Creek (Figure 2-2) 
and just to the east of the decommissioned quarry (Figure 2-1) 
along upper San Vicente Creek, it is likely that the Santa Mar-
garita is an important recharge zone for the San Vicente basin, 
possibly providing a large percentage of the flows which sustain 
the regionally high summer baseflows. Karst geology (Figure 
2-2: m) undoubtedly plays an equally important role in San 
Vicente Creek (Figure 2-2) in terms of groundwater hydrology, 
and notably the decommissioned marble (locally called lime-
stone) quarry in San Vicente Creek has been identified as being 
within a groundwater recharge zone (ESA, 2001). Presently the 
City of Santa Cruz Water Resources Department, the County 
of Santa Cruz Environmental Health Services Agency, and the 
Santa Cruz County Water Advisory Commission are pursu-
ing development of a karst-specific protection zone ordinance 
(KPZ). The purpose of the KPZ would be in general to protect 
karst features, and specifically protect zones of groundwater 
recharge in the County that are related to karst, noting that 
these geologic attributes are regionally rare, yet vitally impor-
tant to the hydrology of affected basins (see August 21, 2012 
County of Santa Cruz Board of Supervisors Agenda item 24, 
available online at the County’s website).

The USGS operated gage number 11161800 in the upper 
watershed from Water Year1 1970 through Water Year 1985, 
upstream of the decommissioned quarry (See Figures 2-1 and 
2-42) and upstream of the primary surface water diversion in 
the SVC basin (discussed below)3. The drainage area at the for-
mer USGS gage is 6.07 square miles. The period of record for 
the former USGS gage provides a useful snapshot of watershed 
hydrology for diverse climatic conditions (Figure 2-4). Specifi-
cally, the record includes the WY1776–77 drought, regionally 

1  A water year extends from October 1st of the previous year through September 
30th of the following year. For example, water year 1970 covers the period Octo-
ber 1, 1969 through September 30, 1970. Water year is abbreviated as WY. For 
example water year 1970 is abbreviated as WY1970, or WY70.
2 The record of rainfall illustrated in Figure 1.2 includes rainfall data for the now 
defunct NOAA Santa Cruz rainfall station for the period 1878-1996 (http://iridl.
ldeo.columbia.edu, station 47916), coupled with rainfall data for the CIMIS DeLa-
veaga (104) rainfall station for the period 1997-2013. Rainfall data was summed 
over the rain year: June through May of the subsequent year, and represents a long-
term estimation of precipitation conditions in Santa Cruz given the slightly different 
geographic locations of the precipitation stations.
3  USGS data reports published when the gage was active indicate that there 
were no known surface water diversions upstream of the gaging station.

one of the most severe in the last 50 years, as well as WY1982 
which was considered very wet, and resulted in significant 
local flooding (USGS, 1989). The record also includes several 
years of average or normal precipitation conditions, as well 
as less severe dry and wet conditions. Of note in September 
of WY1977 the USGS reported flows of 0.01 cfs, or for all 
intents and purposes close to zero. The lowest reported flows 
for WY1976 were 0.60 cfs. These records indicate that upper 
San Vicente Creek is characterized by a groundwater basin 
which is resilient in the face of a one year drought, but which 
can be challenged by more sustained droughts. The role of how 
in-basin surface water diversions might have affected flows 
downstream of the former USGS gage during the WY76–77 

drought is unclear. Unfortunately data for the lower watershed 
during the 1970s drought is lacking, short of observations by 
watershed residents.

From our brief introduction above, it is not surprising that 
surface flow in upper San Vicente Creek is interrupted by 
karst features as it travels downstream past the former USGS 
gage location: (1) surface flow is captured upstream of the 
decommissioned quarry via an Instream inlet and 80 foot 
vertical shaft connected to a tunnel under the quarry; and (2) 
surface flow capture occurs via a sinkhole feature located in the 
decommissioned quarry floor. Captured streamflow re-emerges 
downstream from a tunnel located at the end of the abandoned 
rail alignment, formerly used for quarry activities4. Captured 
streamflow re-emerges downstream from a cave located at the 
end of the abandoned rail alignment, formerly used for quarry 
activities. The percent of flow that is captured and which 
re-emerges at the downstream cave has not been quantified to 
the best of our knowledge. It is also not known if the hydro-
logic character of re-emergence varies from storm to storm, 
or wet season to dry season, etc. Further downstream stream 

4  The tunnel emerges just past the southern tip of the decommissioned quarry 
on upper San Vicente Creek (see Figure 2-1), which is also the upstream end of 
Reach 5, as described in the Geomorphology Chapter. At the tunnel exit there is an 
abandoned rail station that was used for mining activities.

Figure 2‐3: Synoptic low flow measurement made in July 2013 as a part of the 
watershed assessment project.

Figure 2-3: Synoptic low flow measurement made in July 2013 as a part of the 
watershed assessment project.
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San Vicente Creek is joined by Mill Creek, which originates in 
the Town of Bonny Doon. From measurements made as a part 
of this study it appears that surface flow in San Vicente Creek 
nearly doubles as a result of contributions from Mill Creek. 
From the Mill Creek confluence San Vicente continues the jour-
ney to the coast in more or less a straight line path, due south-
west through partially confined and unconfined valley reaches 
until it meets a tunnel that carries flow under Highway 1 and 
the UPRR rail embankment, before emptying into the Pacific 
Ocean. San Vicente typically conveys surface flow to ocean year-
round and occasionally experiences tidal influence through and 
above the entrance to the tunnel under Highway 1.

For the purpose of the present study, a temporary gaging station 
was established by Balance Hydrologics in the lower watershed 

near the CEMEX entry gate at the 
end of San Vicente Creek Road, as 
shown on Figure 2-1. Development 
of surface flow and basic water qual-
ity parameters for WY2013 provides 
an opportunity to compare these 
conditions for San Vicente Creek 
with other local watersheds where 
similar measurements were made. 
Comparisons with other watersheds 
are valuable in terms of develop-
ing an understanding of how San 
Vicente Creek compares to other 
systems. Locally, Laguna Creek 
offers perhaps the best comparative 
opportunity because it also bears a 
strong hydrologic control by karst 
within its upper basin. As a result we 
compare gaged flows between San 
Vicente and Laguna for W20Y13.

According to eWRIMS (California 
State Water Resources Control 
Board), there are presently three 
active surface water diversions along 
San Vicente and Mill Creeks5:

1. RMC Pacific Materials (S008351): 
pre-1914 appropriative right, 420 
acre-feet per year (0.6 cfs) used in 
2010–San Vicente Creek near the 
former USGS stream gage (Figure 
2.1) and upstream of the decom-
missioned quarry;

2. RMC Pacific Materials 
(S008350): pre-1914 appropria-
tive right, 120 acre-feet per year 
(0.2 cfs) used in 2010–Mill Creek 
about 0.5 miles upstream of the 
San Vicente confluence;

3. Andrew Davidson (A002714): 
licensed right–76.4 acre-feet per 
year (0.106 cfs)–Mill Creek.

RMC and their water rights were acquired by CEMEX on 
March 1, 20056. The CEMEX cement processing facility closed 
in January 2010 (Barton, 2012). Barton (2012) indicated that 

5 There are two other claimed rights along Mill Creek (S016081 and S023930), 
but together they total only an estimated 0.8 acre-feet per year. As a result these 
are not discussed because this quantity of water is unlikely to significantly effect 
Instream habitat for coho or steelhead.
6 When operable, the CEMEX plant required higher diversion rates, estimated at 
1.1 cfs in total with 0.8 cfs diverted from San Vicente and 0.3 cfs from Mill Creek 
(Barton, 2012)

Figure 2-4. Composite plots of mean daily flow for the former USGS gage near San Vicente  (top), long-term annual  
precipitation near Santa Cruz (middle), and long-term cumulative departure of precipitation from the mean, Santa 
Cruz (bottom).
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the San Vicente right presently divert surface flows on a regular 
basis: 0.2 cfs for the town of Davenport water supply and 0.1 
cfs for dust control at the decommissioned processing plant. 
The Davenport water supply is managed by the County of 
Santa Cruz7 and includes a water treatment facility, located on 
the cement plant property. Six-inch pipelines convey diverted 
surface water to the cement plant property, and water is taken 
from the pipes to the water treatment plant from where it is 
ultimately distributed (Reppert, 2002). Staff from the National 
Oceanic and Atmospheric Administration (2014) have noted 
that they have observed significant leakage from the water 
supply pipelines during previous visits to the watershed. Barton 
(2012) further indicates that the Mill Creek surface diversion 
is presently inactive, but is left open at a minimal flow by the 
County of Santa Cruz to keep the line flushed and the water 
fresh within the line. The County uses the Mill Creek flow as 
backup if the San Vicente line becomes clogged.

Annual filings of water usage for right S008351 from San 
Vicente Creek from 2003 – 2008 indicate diversion totals of 
300 to 585 acre-feet per year. Annual filings of water usage 
for right S008350 from Mill Creek, from 2003–2008 indicate 
diversion totals of 60–299 acre-feet per year.  There have been 
no water usage fillings for rights S008350 or S008351 since 
2010. Barton (2012) is the only indication of estimated present 
use of either water right. However, since it is known that the 
water supply pipelines leak, the indicated diversion rate of 0.3 
cfs for right S008351 is likely an under-estimate of actual rate 
of diversion. Furthermore, it is thought that the Mill Creek 
right is presently exercised to some degree, in order to maintain 
the pipeline free of debris which could otherwise block the 
pipeline (Ricker, pers. comm.). 

There is one known well located within the San Vicente stream 
corridor (within 50 feet of the active stream), located approxi-
mately where the conveyor belt crosses San Vicente Creek, and 
operated as part of the Coast Dairies (Coast Dairies, 2013). 
According to field observations, the well is connected to a 
6-inch pipeline that runs about 0.3 miles downstream (loca-
tion of Balance temporary stream gage) and then south about 
0.5 miles up a hill to a pond on the ridge. Depending on the 
depth(s) at which the well is screened, typical pumping rates 
and durations, etc., it is possible that well operation results in 
transitory impacts to surface flows along San Vicente Creek. We 
were however unsuccessful in acquiring well construction and 
pumping records from the Trust for Public Land, and therefore 
cannot rationally evaluate this possibility. Some smaller diver-
sions and wells are known to be sited in upper Mill Creek in 
the vicinity of Bonny Doon. Diversion and pumping rates for 
these facilities was also not acquired, and therefore relative or 
direct surface flow impacts is not known. The potential impacts 
of these diversion on salmonids is currently not quantified and 
was outside of the scope of this effort.

7  The water supply pipeline is still, however, maintained by CEMEX, not the 
County of Santa Cruz (Ricker, pers. comm.).

Prior to the present effort and those of the USGS, at least two 
additional efforts in the last 15 years to characterize surface 
water hydrology of San Vicente Creek at various locations are 
known. These efforts include a 2003 project by ESA to col-
lect hydrologic data for CEMEX, and a subsequent initiative 
completed by Balance Hydrologics in 2008 as a part of the 
lower off-channel pond design project (Stamm et. al., 2008). 
In sum these two projects provide one key piece of hydrologic 
information. During the high flows of WY1998, the lowermost 
reach of San Vicente Creek within 1,500–2,000 feet of the 
Highway 1 tunnel was characterized by significant alder mor-
tality and deposition of significant volumes of sediment. From 
this we surmise that the Highway 1 tunnel acts as a hydraulic 
bottleneck, promoting a dynamic channel environment along 
the upstream affected reach, and capable of driving a shifting 
stream course, and associated re-setting of the riparian corridor.

The remainder of this chapter will be spent reviewing data 
collected as a part of the stream gaging program, the two sets of 
synoptic flow measurements, a review of channel-forming flow 
estimates, a limited regional hydrologic comparison, and results 
stemming from completion of a first-order estimate of possible 
effects to watershed hydrology due to climate change.

methodoloGy
Stream Gaging
Assessment and Methods
In September 2012, Balance Hydrologics installed a stream 
gage on San Vicente Creek adjacent to the CEMEX gate at 
the end of San Vicente Creek Road (SVCG) (Figure 2-1). The 
drainage area at SVCG is estimated to be 10.5 sq. miles and 
the site was selected for relatively uniform channel cross section 
conditions, as well as a lack of nearby streamwood structures, 
or other physical barriers. The gage was equipped with two 
pressure transducers (depth sensors), a temperature sensor, and 
a specific electrical conductance probe. The pressure transduc-
ers measure water depth according to an internal calibration 
which converts a pressure measured across a thin plate to a 
small voltage which is relayed to the datalogger. Specific electri-
cal conductance (SC) is a measure of the electrical conducting 
properties of natural waters, and therefore provides a measure 
of the magnitude or concentration of dissolved salts (salinity), 
or solids present in the water. The major cations and anions 
comprising the dissolved load typically include Calcium, Mag-
nesium, Potassium, Sodium, Bicarbonate, Sulfate and Chloride. 
Because conductance is the reciprocal of resistance, the conduc-
tivity probe works by measuring the voltage drop (resistance) 
across a known length of fluid, from electrodes of known area 
for a given field temperature. All probes were programmed to 
record data to memory at 15-minute intervals from the hour. 
The sensor array was connected to a data logger housed in a 
weather proof box on the south bank of the creek. The gage was 
operational for the duration of W20Y13 which included the 
wet winter, and dry summer seasons. Manual measurements 
of stage, streamflow and basic water quality conditions (water 
temperature, specific conductance, and dissolved oxygen) were 
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Table 2-1. Station Observer Log (sheet 1 of 2)

SAn ViCente CReek neAR dAVenPoRt, WAteR yeAR 2013
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(cfs) (cfs) (AA/PY) (e/g/f/p) (oC) (µmhos/cm) (at 25 oC) mg/L (Qbed, etc.) (feet) (mm/dd/yr)

10/3/2012 12:25 jp, dr 0.99 B - - - - - - - - - - - INSTALLED GAGE TODAY. Did not have staff plate on hand will install at next visit - 
water level marked on 2x4 for reference.

10/4/2012 12:15 jp, dr 0.98 B 2.42 - py g 13.90 309 400 6.35 - 3.0 to 3.4 WY12 3/16/12 Installed staff plate. Measured high water mark cross section from WY12 likely from 
3/16/12. There has been a couple days of fog after a heat wave a for a few days prior 
to this. 

11/8/2012 14:30 jp 1.0 to 
1.01

B 2.50 - py g 12.40 266 358 - none visible - Some light rain today however probably not enough to create much flow response. 

12/2/2012 12:20 jp 2.93 F 203 - float f/p - - - - Qss, Qbed - - High flow conditions. Sampled Qss with DH48 single vertical at 11:57, 12:30, Tried 
to sample Qbed with a single vertical at 12:38, 11:27 however did not seem like a 
good sample.

12/7/2012 15:45 jp 1.25 F/B 14.87 - AA g 11.90 212 289 8.65 - 3.10 12/2/12 Sand had buried the bottom part of the staff plate and had to dig out. Sand has 
heavy muscovite content. Water is clear. Measured cross section from 12-2-12 float 
test.

12/27/2012 13:55 jp, dr 1.64 F 42.83 - AA g 10.40 155 220 10.00 - 3.94 12/23/12 Light turbidity conditions. Measured cross section from 12-23-12 flow event.

2/1/2013 12:20 dr 1.19 B stage only - - - - - - - - - - Measured high water mark cross section

2/11/2013 0:00 jp - - - - - - - - - - - - - Pulled up and a resident came out to warn me of several mountain lions seen at the 
gage today.

2/15/2013 17:00 jp 1.13 B 8.76 - py g 1.10 210 384 - - - Had trouble downloading - will have to return.

2/21/2013 17:30 bkh, dr 1.11 B 9.35 - py f - - - - - Flow also measured at the old USGS gage in the upper watershed today.

2/22/2013 11:35 jp 1.12 B stage only - - - - - - - - Replaced datalogger cpu and sent original program. Left wiring the same.

3/11/2013 11:15 jp 1.10 B 7.79 - py g 9.30 201 294 - - - Unable to see recent high water mark.

Observers: jp: Jason Parke; dr: Denis Ruttenberg; bkh: Brian Hastings, jo: Jonathan Owens

Stage: Water level observed on staff plate--arbitrary datum

Hydrograph: Describes stream stage as rising (R), falling (F), steady (S), baseflow (B), or uncertain (U).

Instrument: If measured,  typically made using a standard (AA) or pygmy (PY) bucket-wheel (“Price-type”) current meter. Extremely low flows are measured with a 
bucket+stop watch (B) If estimated, from rating curve (R) or visual (V).

Estimated measurement accuracy:  Excellent (E) = +/- 2%;   Good (G) = +/- 5%;  Fair (F) = +/- 9%;  Poor (P) estimated percent accuracy given

High-water mark (HWM):  Measured or estimated at location of the staff plate

Specific conductance:   Measured in micromhos/cm in field; then adjusted to 25degC by equation (1.8813774452 - [0.050433063928 * field temp] + 
[0.00058561144042 * field temp^2]) * Field specific conductance
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Table 2-1. Station Observer Log (sheet 1 of 2)

SAn ViCente CReek neAR dAVenPoRt, WAteR yeAR 2013
Site Conditions Streamflow Water Quality Observations Water Quality Observations High-Water Marks Remarks
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(mm/dd/yr) (feet) (R/F/
S/B)

(cfs) (cfs) (AA/PY) (e/g/f/p) (oC) (µmhos/cm) (at 25 oC) mg/L (Qbed, etc.) (feet) (mm/dd/yr)

10/3/2012 12:25 jp, dr 0.99 B - - - - - - - - - - - INSTALLED GAGE TODAY. Did not have staff plate on hand will install at next visit - 
water level marked on 2x4 for reference.

10/4/2012 12:15 jp, dr 0.98 B 2.42 - py g 13.90 309 400 6.35 - 3.0 to 3.4 WY12 3/16/12 Installed staff plate. Measured high water mark cross section from WY12 likely from 
3/16/12. There has been a couple days of fog after a heat wave a for a few days prior 
to this. 

11/8/2012 14:30 jp 1.0 to 
1.01

B 2.50 - py g 12.40 266 358 - none visible - Some light rain today however probably not enough to create much flow response. 

12/2/2012 12:20 jp 2.93 F 203 - float f/p - - - - Qss, Qbed - - High flow conditions. Sampled Qss with DH48 single vertical at 11:57, 12:30, Tried 
to sample Qbed with a single vertical at 12:38, 11:27 however did not seem like a 
good sample.

12/7/2012 15:45 jp 1.25 F/B 14.87 - AA g 11.90 212 289 8.65 - 3.10 12/2/12 Sand had buried the bottom part of the staff plate and had to dig out. Sand has 
heavy muscovite content. Water is clear. Measured cross section from 12-2-12 float 
test.

12/27/2012 13:55 jp, dr 1.64 F 42.83 - AA g 10.40 155 220 10.00 - 3.94 12/23/12 Light turbidity conditions. Measured cross section from 12-23-12 flow event.

2/1/2013 12:20 dr 1.19 B stage only - - - - - - - - - - Measured high water mark cross section

2/11/2013 0:00 jp - - - - - - - - - - - - - Pulled up and a resident came out to warn me of several mountain lions seen at the 
gage today.

2/15/2013 17:00 jp 1.13 B 8.76 - py g 1.10 210 384 - - - Had trouble downloading - will have to return.

2/21/2013 17:30 bkh, dr 1.11 B 9.35 - py f - - - - - Flow also measured at the old USGS gage in the upper watershed today.

2/22/2013 11:35 jp 1.12 B stage only - - - - - - - - Replaced datalogger cpu and sent original program. Left wiring the same.

3/11/2013 11:15 jp 1.10 B 7.79 - py g 9.30 201 294 - - - Unable to see recent high water mark.

Observers: jp: Jason Parke; dr: Denis Ruttenberg; bkh: Brian Hastings, jo: Jonathan Owens

Stage: Water level observed on staff plate--arbitrary datum

Hydrograph: Describes stream stage as rising (R), falling (F), steady (S), baseflow (B), or uncertain (U).

Instrument: If measured,  typically made using a standard (AA) or pygmy (PY) bucket-wheel (“Price-type”) current meter. Extremely low flows are measured with a 
bucket+stop watch (B) If estimated, from rating curve (R) or visual (V).

Estimated measurement accuracy:  Excellent (E) = +/- 2%;   Good (G) = +/- 5%;  Fair (F) = +/- 9%;  Poor (P) estimated percent accuracy given

High-water mark (HWM):  Measured or estimated at location of the staff plate

Specific conductance:   Measured in micromhos/cm in field; then adjusted to 25degC by equation (1.8813774452 - [0.050433063928 * field temp] + 
[0.00058561144042 * field temp^2]) * Field specific conductance
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Table 2-1. Station Observer Log (sheet 2 of 2)

SAn ViCente CReek neAR dAVenPoRt, WAteR yeAR 2013
Site Conditions Streamflow Water Quality Observations Water Quality Observations High-Water Marks Remarks
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(mm/dd/yr) (feet) (R/F/
S/B)

(cfs) (cfs) (AA/PY) (e/g/f/p) (oC) (µmhos/cm) (at 25 oC) mg/L (Qbed, etc.) (feet) (mm/dd/yr)

5/8/2013 16:20 dr 1.01 B stage only - - - - - - - - Stage observation only.

5/9/2013 16:15 dr 1.02 B 4.95 - - - 13.60 250 326 6.98 - - - Changed battery but unable to download - software not functioning. 

5/13/2013 15:20 dr 1.00 B stage only - - - - - - - - Returned to download. 

6/7/2013 15:30 jp 1.16 B 3.75 - py g 13.50 193 252 8.19 - - - Tree has fallen down stream of the gage in the channel and will directly affect the 
gage with back water. Had to go about 75 ft. downstream to find a decent cross sec-
tion for a flow measurement. 

7/22/2013 13:30 jo 1.19 B 2.16 - py g - - - - - Stage observation when passing by gage during channel surveys. Flow measured 
upstream of the gage and named site #5.

7/24/2013 10:30 jp 1.18 B stage only - - - 13.80 297 385 - - - Synoptic measurements through the watershed were collected on 7-22-13 and 
7-23-13. Download and stage reading only. 

9/9/2013 16:00 jp 1.20 B 1.63 - py g 15.10 346 434 - - - Back-water at the gage has gotten deeper with increasing debris in the fallen tree 
constriction downstream. Debris is to large to remove manually. It has been warm for 
the last week in Santa Cruz. 

9/27/2013 13:40 dr 1.25 B 1.46 - py g 11 335 468 10.20 - - - Good cross section about 40 ft DS of NOAA#15 marker. Note that there is a tree in 
the channel downstream that has created back water conditions at the gage. 

10/9/2013 13:30 jp 1.205 B stage only - - - 12.20 334 452 6.67 Alkalinity 
see notes

- - Collect alkalinity samples at gage at 13:30; above Mill Cr at 14:15; and on San  
Vicente above San Vicente at 14:17

At old USGS gage

2/21/2013 10:35 bkh, dr na B 8.23 - py f - - - - - - - No staff plate available at the old USGS gage however there was a brass monument 
- measure relative to water surface next time. Flow also measured at the Davenport 
gage today.

Observers: jp: Jason Parke; dr: Denis Ruttenberg; bkh: Brian Hastings, jo: Jonathan Owens

Stage: Water level observed on staff plate--arbitrary datum

Hydrograph: Describes stream stage as rising (R), falling (F), steady (S), baseflow (B), or uncertain (U).

Instrument: If measured,  typically made using a standard (AA) or pygmy (PY) bucket-wheel (“Price-type”) current meter. Extremely low flows are measured with a 
bucket+stop watch (B) If estimated, from rating curve (R) or visual (V).

Estimated measurement accuracy:  Excellent (E) = +/- 2%;   Good (G) = +/- 5%;  Fair (F) = +/- 9%;  Poor (P) estimated percent accuracy given

High-water mark (HWM):  Measured or estimated at location of the staff plate

Specific conductance:   Measured in micromhos/cm in field; then adjusted to 25degC by equation (1.8813774452 - [0.050433063928 * field temp] + 
[0.00058561144042 * field temp^2]) * Field specific conductance

Additional Sampling:  Qbed = Bedload, Qss = Suspended sediment, Nutr = nutrients; other symbols as appropriate   
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Table 2-1. Station Observer Log (sheet 2 of 2)

SAn ViCente CReek neAR dAVenPoRt, WAteR yeAR 2013
Site Conditions Streamflow Water Quality Observations Water Quality Observations High-Water Marks Remarks
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(mm/dd/yr) (feet) (R/F/
S/B)

(cfs) (cfs) (AA/PY) (e/g/f/p) (oC) (µmhos/cm) (at 25 oC) mg/L (Qbed, etc.) (feet) (mm/dd/yr)

5/8/2013 16:20 dr 1.01 B stage only - - - - - - - - Stage observation only.

5/9/2013 16:15 dr 1.02 B 4.95 - - - 13.60 250 326 6.98 - - - Changed battery but unable to download - software not functioning. 

5/13/2013 15:20 dr 1.00 B stage only - - - - - - - - Returned to download. 

6/7/2013 15:30 jp 1.16 B 3.75 - py g 13.50 193 252 8.19 - - - Tree has fallen down stream of the gage in the channel and will directly affect the 
gage with back water. Had to go about 75 ft. downstream to find a decent cross sec-
tion for a flow measurement. 

7/22/2013 13:30 jo 1.19 B 2.16 - py g - - - - - Stage observation when passing by gage during channel surveys. Flow measured 
upstream of the gage and named site #5.

7/24/2013 10:30 jp 1.18 B stage only - - - 13.80 297 385 - - - Synoptic measurements through the watershed were collected on 7-22-13 and 
7-23-13. Download and stage reading only. 

9/9/2013 16:00 jp 1.20 B 1.63 - py g 15.10 346 434 - - - Back-water at the gage has gotten deeper with increasing debris in the fallen tree 
constriction downstream. Debris is to large to remove manually. It has been warm for 
the last week in Santa Cruz. 

9/27/2013 13:40 dr 1.25 B 1.46 - py g 11 335 468 10.20 - - - Good cross section about 40 ft DS of NOAA#15 marker. Note that there is a tree in 
the channel downstream that has created back water conditions at the gage. 

10/9/2013 13:30 jp 1.205 B stage only - - - 12.20 334 452 6.67 Alkalinity 
see notes

- - Collect alkalinity samples at gage at 13:30; above Mill Cr at 14:15; and on San  
Vicente above San Vicente at 14:17

At old USGS gage

2/21/2013 10:35 bkh, dr na B 8.23 - py f - - - - - - - No staff plate available at the old USGS gage however there was a brass monument 
- measure relative to water surface next time. Flow also measured at the Davenport 
gage today.

Observers: jp: Jason Parke; dr: Denis Ruttenberg; bkh: Brian Hastings, jo: Jonathan Owens

Stage: Water level observed on staff plate--arbitrary datum

Hydrograph: Describes stream stage as rising (R), falling (F), steady (S), baseflow (B), or uncertain (U).

Instrument: If measured,  typically made using a standard (AA) or pygmy (PY) bucket-wheel (“Price-type”) current meter. Extremely low flows are measured with a 
bucket+stop watch (B) If estimated, from rating curve (R) or visual (V).

Estimated measurement accuracy:  Excellent (E) = +/- 2%;   Good (G) = +/- 5%;  Fair (F) = +/- 9%;  Poor (P) estimated percent accuracy given

High-water mark (HWM):  Measured or estimated at location of the staff plate

Specific conductance:   Measured in micromhos/cm in field; then adjusted to 25degC by equation (1.8813774452 - [0.050433063928 * field temp] + 
[0.00058561144042 * field temp^2]) * Field specific conductance

Additional Sampling:  Qbed = Bedload, Qss = Suspended sediment, Nutr = nutrients; other symbols as appropriate   
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  Water Year: 2013
  Stream: San Vicente Creek
  Station: San Vicente Creek at Davenport, CA Station Location Map
  County: Santa Cruz County, CA

  Station Location
Elevation at the gage is approximatly 61 feet; Latitude: 37° 1'4.29"N,  Longitude: 122°11'14.21"W
WSG84, Santa Cruz County, CA., Instrumentation is located on the left bank
(facing downstream) at the gate at the north end of San Vicente Street. Drainage area above the
gage is approximatly 10.5 square miles. 

  Mean Annual Flow (period of record)
Mean daily flow (MDQ) for WY 2013 is not known at this point, record is incomplete.
There is no known prior monitoring at this location. 
Mean monthly flows are presented below.

  Peak Flows (WY13)
Date Time Gage Ht. Discharge Date Time Gage Ht. Discharge

 (24-hr) (feet) (cfs)  (24-hr) (feet) (cfs)
11/30/12 10:45 2.45 125
12/2/12 11:45 3.07 251
12/23/12 16:30 3.84 657

Period of Record
Gage was installed on 10-3-13 by Balance Hydrologics

Extreme for Period of Record: NA Gaging sponsored by CDFW 

WY 2013 Daily Mean Flow (cubic feet per second)

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEPT

1 5.5 43.3 23.9 na 8.1 12.1 4.8 5.0 2.1 2.0 1.7
2 4.2 96.9 22.0 na 7.9 8.8 4.6 4.9 2.2 1.9 1.9
3 1.9 3.3 35.7 20.3 na 7.6 7.9 4.3 5.4 2.1 1.7 2.0
4 2.2 2.5 19.7 19.1 na 7.4 8.7 4.2 5.2 2.0 1.8 2.0
5 2.6 2.1 23.6 20.4 na 7.4 8.5 4.6 5.1 2.1 1.9 2.2
6 2.5 1.8 19.2 25.6 na 11.0 8.1 5.2 4.6 2.2 2.1 2.2
7 2.2 2.2 15.2 21.0 na 8.7 7.8 5.1 4.1 2.2 2.3 1.7
8 2.1 2.5 12.4 19.1 na 9.3 7.5 4.5 3.7 2.4 2.4 1.6
9 2.2 2.9 10.6 na na 8.3 7.1 4.4 4.2 2.4 2.3 1.4

10 3.0 2.6 9.3 na na 8.0 7.0 4.8 4.3 2.2 2.1
11 3.7 2.5 8.4 na na 7.7 6.8 4.8 4.6 2.1 2.0 1.3
12 4.7 2.5 8.3 16.2 na na 6.4 3.7 4.1 2.2 2.1 1.9
13 4.7 2.5 7.2 15.9 8.8 na 6.1 3.5 3.7 2.5 2.0 2.2
14 3.8 2.0 6.8 na na na 5.7 3.7 3.7 2.4 1.9 2.1
15 3.0 1.6 6.9 na 8.8 7.0 5.8 4.1 3.5 2.2 1.9 1.4
16 2.5 3.2 7.0 na 8.7 6.9 5.8 4.6 4.0 2.7 1.9 1.3
17 2.5 13.1 20.7 na 8.6 6.7 6.1 4.8 4.5 2.7 1.5 1.3
18 2.0 9.6 16.0 na 8.6 6.6 6.3 4.7 4.7 2.2 1.4 1.1
19 2.8 6.1 12.4 na 9.5 6.6 6.3 4.4 4.5 1.8 1.4 1.6
20 3.3 5.8 10.8 na 9.3 6.7 6.2 4.3 4.4 1.8 1.6 1.5
21 2.9 16.3 12.9 na 9.3 6.8 5.8 3.9 3.9 2.0 1.6 1.8
22 5.0 7.8 26.5 na 9.1 6.5 5.4 4.5 3.1 1.8 2.0 4.2
23 4.7 5.9 138.5 na 9.1 6.1 5.0 4.8 2.7 1.9 2.2 2.2
24 4.2 5.2 73.5 na 8.8 5.9 5.1 5.2 3.6 1.8 1.9 1.4
25 4.3 5.0 50.4 na 8.7 5.8 5.2 5.2 4.9 1.9 1.8 1.2
26 3.9 4.6 54.9 na 8.6 5.7 5.4 5.4 5.4 1.9 2.2 1.3
27 3.5 4.7 43.0 na 8.2 5.9 5.4 5.3 4.8 1.7 2.3 1.6
28 3.5 7.4 33.9 na 8.2 6.8 5.4 5.6 3.3 1.6 2.1 1.5
29 3.6 7.0 35.8 na - 6.4 5.2 5.8 2.5 1.8 2.5 1.4
30 3.6 61.7 29.4 na - 6.4 5.0 5.9 2.1 1.9 2.5 1.5
31 3.9 43.3 26.1 na - 8.0 - 5.6 - 1.8 2.0 -

MEAN #N/A #N/A #N/A #N/A #N/A #N/A #N/A 4.15 2.08 1.97 1.74
MAX. DAY #N/A #N/A #N/A #N/A #N/A #N/A #N/A 5.40 2.69 2.46 4.18
MIN. DAY #N/A #N/A #N/A #N/A #N/A #N/A #N/A 2.12 1.58 1.39 1.09

cfs days #N/A #N/A #N/A #N/A #N/A #N/A #N/A 124.63 64.37 61.22 50.50
ac-ft #N/A #N/A #N/A #N/A #N/A #N/A #N/A 247.20 127.68 121.42 100.16

  Monitor's Comments
1.  Daily values with more than 2 to 3 significant figures result from electronic calculations.  No additional precision is implied.
2.  Mean daily values are based on 15-minute measurements of stage; several stage shifts have been applied to account for
     changes in bed conditions over the course of the monitoring program. - (cfs)
3.  Data are subject to revision, should additional measurement or observer account warrant adjustment of the rating curve 139 (cfs)

 4. Equipment malfunction from January 8, 2013 to February 15, 2013 and March 11-15, 2013  1.09 (cfs)
#N/A (cfs-days)
#N/A (ac-ft)Total Volume

Water Year
2013 Totals:

Mean flow
Max. daily flow
Min. daily flow

Total 

N

approx.scale 1 in : 8640 ft 

Mean daily discharge of temporary gage on San Vicente Creek near Davenport , Santa 
Cruz County, California, Water Year 2013  Gage located approximately 0.75 miles upstream  
from HWY 1 tunnel. 

Figure 1.3:

Table 2-2. Mean daily average of temporary gage on San Vicente Creek near Davenport, Santa Cruz County, California, water year 2013. Gage located approximately 
0.75 miles upstream from HWY 1 tunnel.
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made once monthly and during 
select winter storms (Table 2-1). 
Manual measurements of alkalin-
ity and total suspended solids were 
also made a few times during the 
course of the monitoring (Table 
2-1). Station details and the annual 
record including basic statistics are 
provided in Table 2-2.

Creating a Record of Streamflow
Manual observations of stage and 
streamflow were used to develop 
a gage-specific stage-to-discharge 
relationship (“stage-discharge rating 
curve”). The stage-discharge rating 
curve coupled with datalogger 
records of water depth, converted 
to a record of stage using the 
manual observations as calibration 
points, permits the development 
of a record of streamflow. Cor-
responding records of stage and 
streamflow detail conditions at 
15-minute intervals throughout 
WY13. A period of data loss for the 
stage data occurred from January 
9–11, January 14–February 12, and 
March 11–15 due to equipment 
malfunction. When field conditions 
permitted safe entry to the channel, 
standard streamflow equipment 
appropriate for the conditions 
encountered in the field were used 
and included hand-held, low-flow 
(Price Pygmy) and high-flow (Price 
Type-AA, or “Standard”) bucket-
wheel current meters (c.f., Rantz, 
1982). When hydrologic conditions 
were unsafe to permit entry to 
the stream, stream velocity-float 
measurements were conducted 
and a subsequent channel survey 
performed to measure the cross-
sectional area of flow conditions at the time of the float mea-
surement. Given that conditions at the temporary gage were 
generally unsafe during peak flows, bedload samples were not 
collected, as originally envisioned. Nonetheless two suspended 
sediment samples were collected using a DH-48, dipped into 
the water column from the streambank (Table 2-1).

Findings and Results
Figure 2-5 illustrates the WY2013 record of stage, streamflow 
and water temperature and specific electrical conductance for 
SVCG. Also provided in Figure 2-5 are manual measurements 
of the relevant parameters made during the monitoring period, 

and corresponding precipitation data for the CIMIS DeLaveaga 
station (same station used in Figure 2-4 in order to remain 
consistent) along with the streamflow record.

Mean daily baseflows at the beginning of the water year ranged 
from 1.5 to 6 cfs, largely consistent with baseflows recorded 
toward the end of the water year (Figure 2-5). Given the very 
low rainfall totals recorded after the New Year, these results 
generally reflect what the historic USGS data suggest, namely 
that San Vicente Creek appears to be hydrologically resilient 
during dry spells that last one year or less. This seems to be 
a reliable finding for planning purposes given that similar 

Figure 2-5. Record of mean daily stage (top), mean daily streamflow and local daily precipitation (middle) and water 
temperature and specific electrical conductance (bottom) for SVCG.
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Figure 2-6. Map of measurement locations along SVC. Measurements locations were co-located with NOAA monitoring sites when possible. Synoptic  
measurements were not taken at all NOAA sites.
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hydrologic trends emerge for data collected at two different 
locations in the watershed, separated in time by some 37 years. 
Two clear peak events were recorded during WY2013, the first 
on December 2 and the second on December 23 (Figure 2-5). 
The estimated instantaneous peak flow for December 2 was 251 
cfs, or 23.9 cfs per sq. mile and the estimate peak for December 
23 was 657 cfs, or about 62 cfs per sq. mile. Following the New 
Year a few smaller precipitation events occurred, but the water 
year ended relatively dry. Despite the distance down the coast 
to the CIMIS DeLaveaga precipitation station, it is instructive 
to note that the annual rainfall totals for WY2013 at DeLa-
veaga registered about 66% of the long-term average (19.2 
inches vs. 28.9 inches) (Figure 2-4), supporting the conclusion 
that regionally WY2013 was a dry year.

Over the monitoring period, mean daily 
specific conductivity varied from just over 
100 to more than 450 µmohs, normalized 
to 25 degrees Celsius. Because data was lost 
during the two December storm events it is 
possible that SC dipped below 100 µmohs 
during the actual storm events, as is com-
monly observed by Balance staff throughout 
the Santa Cruz north coast. The transition 
into the dry season brought a general rising 
trend in SC from July to September, from 
roughly 350 to 470 µmohs. As shown in 
the synoptic measurements discussed in the 
next Section, the trend of higher SC into 
the summer months is consistent with the 
geochemical signature of flows contributed 
by the karst influenced mainstem of San 
Vicente Creek. This observation is interesting 
because Mill Creek was measured to provide 
upwards of 45% of the surface flow compo-
nent in September (see next Section), and 
with a lower SC signature (296 µmohs). This 
suggests that during the summer months, 
surface flows downstream of the Mill Creek 
confluence acquired additional salts along 
the 2+ mile trip to the SVCG gaging station, 
and attained SC levels pretty consistent with 
those measured upstream of Mill Creek. The 
values of SC observed at SVCG are consis-
tent with those measured in the adjacent 
East Brach Liddell Creek immediately 
downstream of the discharge point of Liddell 
Spring, a regional karst drainage feature. 
From Mill Creek to SVCG however, it is 
more likely that the Santa Cruz Mudstone 
(Figure 2-2) provided the salts which elevated 
the mainstem SC to the measured values. 
Mean daily water temperature was measured 
to fluctuate between 8 to 13 degrees Celsius. 

As with SC, the lower temperatures were measured around the 
December storm events, whereas the higher temperatures define 
the beginning and ending conditions to the water year. During 
late summer and fall 2013 daily maximum water temperatures 
rose to as high as about 16.5 degrees Celsius. The envelope of 
daily minimum to maximum water temperatures ranged from 
less than 0.5 to 3 degrees Celsius. All in all the SC and water 
temperature conditions measured at SVCG are consistent with 
the ranges of conditions observed regionally, and are within 
acceptable ranges for both coho and steelhead.

Synoptic Low-Flow Measurements
Assessment and Methods
Balance conducted two rounds of synoptic low-flow streamflow 

Figure 2-7. Plots of synoptic specific electrical conductance (top), water temperature (middle top),  
streamflow (middle bottom), and longitudinal stream station (bottom) for San Vicente Creek.
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measurements extending from the Highway 1 tunnel to a point 
on the mainstem approximately 3 miles upstream, and just 
upstream of the Mill Creek confluence (Figure 2-6). One set 
of measurements was conducted on July 22 and 23, and the 
second set was completed on September 27. Measurements were 
taken roughly every 1500 feet for a total of 6 measurements, 
noting that we sited one measurement location just downstream 
and upstream of Mill Creek in order to assess low-flow contri-
butions from the tributary. At each measurement location we 
measured streamflow, water temperature, specific conductance, 
and dissolved oxygen, and photographs were taken.

Findings and Results
Figure 2-7 provides results from synoptic measurements of 
specific electrical conductance, water temperature and stream-
flow completed on June 22 and 23 and September 27. Note 
that all of the measurements on San Vicente Creek were taken 
downstream of the active diversion managed by the County 
Sanitation Department for the town of Davenport. In addition, 
the streamflow measurement data points of 2.04 and 1.75 cfs 
at station 15,100 feet (mainstem San Vicente just downstream 
of Mill Creek) represent the sum of flows measured at NOAA 
tag 938 and that measured in Mill Creek just upstream of the 
confluence. Specifically, these data points were manually added 
to the plot for illustrative purposes and discussion sake and do 
not represent actual flow measurements at station 15,100 feet.

Results from the measurements suggest several important 
attributes to San Vicente low-flow hydrology: 

 » The two sets of low-flow measurements clearly high-
light the significant contribution of flow from Mill 
Creek during summer months. On September 27 the 
Mill Creek contribution approached that provided by 
the much larger mainstem San Vicente Creek water-
shed. This indicates that recharge zones in Mill Creek 
should be protected in order to safeguard mainstem 
San Vicente hydrology, and that Mill Creek is com-
parably as important as the upper mainstem of San 
Vicente in providing summertime flows for salmonids;

 » The Santa Margarita sandstone, which caps the ridges 
in the Mill Creek watershed, is an excellent water 
storage and production formation (as is known to 
hydrogeologists) and comparable to the karst and gra-
nitics within the San Vicente proper watershed;

 » By regional standards and in general, streamflows along 
the mainstem of San Vicente from the Mill Creek conflu-
ence downstream to the coast are reasonably consistent, 
providing a significant benefit for habitat conditions and 
salmonids. In detail however, fluctuations are evident in 
our measurements from station to station, and overall we 
measured a net streamflow loss trend from Mill Creek to 

8  NOAA tag 93 is located on mainstem San Vicente Creek just upstream of the 
Mill Creek confluence.

the coast. The net loss is relatively minor, from 8 to 14 
percent of the streamflows measured just downstream 
of Mill Creek. For planning purposes it is prudent to 
acknowledge the loss tendency, albeit a minor one;

 » Water temperature is relatively consistent from the Mill 
Creek confluence downstream to the coast, but with a 
decreasing trend over that distance, and despite an associ-
ated minor streamflow loss tendency. The decreasing trend 
suggests exchange of surface flows with cooler, shallow 
sources toward the coast, that are of similar salinities to 
the upper watershed source waters. A review of the closest 
climate station on the coast (La Honda, CDEC) with an 
air temperature record for the summer months indicates 
a reasonably cool few nights on September 24–26 which 
could also account for the strong water temperature 
cooling at the coast on September 27. Regardless, the 
results suggests that protection of the alluvial aquifers 
along the mainstem downstream to the coast is war-
ranted from a water temperature regulating perspective;

 » Specific electrical conductance is also relatively con-
sistent from the Mill Creek confluence downstream 
to the coast, and generally comparable with source 
waters from the upper mainstem. Relatively fresher, 
or less saline flows from Mill Creek are apparently 
important nonetheless to achieving the downstream 
SC consistency. Highlighting yet again the impor-
tance of surface flow contributions from Mill Creek.

Peak Discharge and Channel Forming Flow Analysis
Assessment and Methods
Building off of our stream gaging measurements, and analysis 
completed as part of the 2007 planning component to the 
lower San Vicente off-channel pond enhancement project 
(Stamm et.al., 2006), a flood peak analysis was completed. The 
analysis was completed according to Bulletin 17B of the USGS 
(United States Geological Survey, 1982) with historic instanta-
neous peak flow data for the former USGS gage on San Vicente 
Creek (WY1970-85). The type of analysis completed was a 
Log-Pearson Type III, and calculations were performed using 
the NRCS NEH spreadsheet with a local skew of -0.49, and 
a general skew of 0.302. Using a simple drainage are scaling, 
results from the USGS data were applied to the SVCG gage site 
for illustrative purposes. The calculations provide a comprehen-
sive list of potential flood magnitudes of varying return period, 
and represent general estimates of specified return period flood 
magnitude, noting that only 15 years of data are available for 
analysis use.

Findings and Results
Flood frequency analysis results are provided in Table 2-3. 
Without measurements of bedload it is difficult to estimate a 
channel-forming flow, but typical assumptions related to the 
1.5-2.4-year+ recurrence interval event place channel form-
ing flows on the lower mainstem in the range of 150-500 cfs. 



 26 San Vicente Creek Watershed Plan for Salmonid Recovery  San Vicente Creek Watershed Plan for Salmonid Recovery  27 

Observations made by Balance staff in association with the 
lower and upper San Vicente off-channel ponds projects sug-
gests that the value is likely closer to 300 cfs+, as large rates of 
bedload movement were inferred from floods in this general 
range, and floodplain activation was also observed at the pond 
locations. This point will be revisited within the geomorphic 
assessment. The peak flow at SVCG during WY2013 was 
estimated at 657 cfs. Results provided in Table 2-3 suggest this 
flow rate is roughly equivalent to a bit more than a 3-year flood. 
This finding takes on more relevance within the floodplain con-
nectivity discussion of the Geomorphic Assessment. 

Table 2-3: Estimated flood frequency statistics for San Vicente Creek.

Return Period 
(years)

USGS gage 
(cfs)

SVCG 
(cfs)

50 2787 4821
20 1681 2909
10 1054 1823
5 584 1011
3 329 569
2 175 304

1.5 91 159

Region-wide Hydrologic and Basic Water Quality
Assessment and Methods
A regional comparison of hydrology and basic water quality 
between San Vicente several different nearby streams was com-
pleted with use of available records, data and reports available 
to Balance. Comparison of rates of streamflow was made with 

Laguna Creek because Laguna also 
shares significant influence from 
karst within its upper watershed. 
Basic water or geochemistry compar-
isons were made with several addi-
tional karst water bodies including 
the adjacent Liddell Spring, as well 
as Neary Lagoon within the City of 
Santa Cruz, which drains portions 
of the UCSC campus. Finally, peak 
flow comparisons were made with 
Pilarcitos, Pescadero, and Soquel 
Creeks, and the San Lorenzo River.

Streamflow comparison with Laguna 
Creek was accomplished by com-
puting records of mean daily unit 
streamflow for the SVCG and the 
Laguna Creek at Highway 1 (Parke 
and others, 2013) stream gages. The 
Laguna Creek gage is operated by 
Balance Hydrologics for the City of 
Santa Cruz Water Department. The 

City provided access to the data for this report. Mean daily unit 
streamflow is computed as the quotient of mean daily flow and 
drainage area at each gage location. Scaling by drainage area is 
useful because it makes hydrologic comparisons between differ-
ing watersheds, or watershed locations straightforward and pos-
sible. The mean daily record of streamflow for Laguna Creek 
represents the estimated unimpaired flow for that system.

Findings and Results
Figure 2-8 presents WY2013 records of unit streamflow for 
SVCG and Laguna Creek at Highway 1. A semi-log scale is 
used to accentuate differences between the two gage locations 
at lower streamflows. The results indicate pretty definitively 
that during WY2013, the San Vicente Creek watershed pro-
duced more water per unit area than Laguna. These differences 
are generally more pronounced at lower rates of streamflow, 
than at higher ones where unit area flow production tends to 
converge, or swap with Laguna producing higher unit flows. 
The data also show that flows in San Vicente appear more 
dynamic than those in Laguna Creek, with reasonably large 
daily fluctuations evident into the dry season (on both sides 
of the winter months). Locally, Laguna Creek is known as a 
stream with a reasonably strong baseflow hydrology. The con-
sistently larger unit baseflow values for San Vicente mainstem 
vs. Laguna Creek reinforces something that has been acknowl-
edged for a while, but perhaps not quantified, that San Vicente 
is a prized local stream in terms of baseflow hydrology.

Figure 2-9 illustrates the WY2013 record of 15-minute mean, 
maximum and minimum water temperature for SVCG along 
with spot measurements of water temperature on Laguna Creek 
at Highway 1. Three of the four spot measurements made from 

Figure 2-8. Unit streamflow for San Vicente at CEMEX Gate and Laguna Creek at Highway 1,  WY2013. The flow 
record for Laguna Creek has been corrected for City of Santa Cruz water supply diversion. The San Vicente record 
however has  not been corrected for upstream diversions, therefore in WY2013 San Vicente produced even more 
runoff per unit drainage area as measured at SVCG than what is depicted in Figure 2-8.
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April to September on Laguna Creek suggest that San Vicente 
Creek is on average cooler, despite the similar geologies and 
coastal climate. Hydrologic data collected for nearby Liddell 
Spring indicates that baseflows discharged there are gener-
ally warmer than those measured at SVCG by a few degrees 
Celsius. Collectively the data point to the fact that San Vicente 
supports cool summertime baseflows, a critical condition for 
support of coho.

On October 9, three water samples were collected for analysis 
of alkalinity (Appendix B). One sample was collected at the 
SVCG gage, one sample from Mill Creek just upstream of the 
confluence and one was collected from San Vicente Creek just 
upstream of the Mill Creek confluence. The two San Vicente 
Creek samples had Total Alkalinity as CaCO3 of roughly 150 
mg/l, whereas the Mill Creek sample registered about 97 mg/l. 
Alkalinity for all three samples was attributable to Bicarbonate 
(HCO3), as opposed to Carbonate (CO3). Results for the San 
Vicente samples are consistent with one measurement made at 
Neary Lagoon in 2005, an open water body feature within the 
City of Santa Cruz which drains portions of the karst at UCSC 
campus (Chartrand and others, 2006). In general the results 
suggest that San Vicente waters are mildly buffering, and 
influenced geochemically by the karst, an observation suggested 
in the discussion of synoptic measurements of SC.

Due to difficulties in safely entering San Vicente at flood flow 
and at the SVCG gage, we were successful in only obtaining 
two suspended sediment samples from the right bank of the 
stream on December 2, 2012. These two samples are plotted 
in Figure 2-11 along with suspended sediment data for Laguna 
Creek, and a suspended sediment rating curve for Majors Creek 
near the City diversion, developed by Balance staff for the 

City of Santa Cruz Water Department 
(Hastings and Owens, 2012). Results 
in Figure 2-10 demonstrate that for 
similar ranges of flow, San Vicente 
Creek mainstem appears to transport 
volumes of fine sediment that are 
similar to those measured on Laguna 
Creek upstream of the City’s diversion 
(recall within the karst influenced 
portion of the watershed). On the other 
hand, both systems transport less fine 
sediment than Majors Creek, a system 
known regionally to transport rela-
tively large volumes of suspended sedi-
ment. These data further support the 
notion that locally San Vicente exhibits 
physical attributes that are conducive 
or consistent with those required by 
anadromous fish. This topic is explored 
in more detail within the Fishery and 
Geomorphic Assessment Chapters.

Figure 2-11 presents a comparison of 
estimated unit flood magnitudes for 

a range of recurrence intervals for San Vicente, Soquel, Pilar-
citos and Pescadero Creeks, as well as the San Lorenzo River. 
Somewhat surprisingly, the estimated flood magnitudes for San 
Vicente and the San Lorenzo are pretty similar up to the 10-year 
recurrence interval flood, above which San Vicente is estimated 
to far outpace the San Lorenzo on a unit drainage area basis. On 
the other hand Pilarcitos Creek is shown to far under pace unit 
flow generation as compared to San Vicente (across the range of 
recurrence intervals) whereas Soquel and Pescadero outpace San 
Vicente up to about the 45-year event. Without focusing too 
much on the estimated magnitudes between streams, the results 
are difficult to explain, as the geologic evidence suggests that San 
Vicente Creek should produce disproportionately smaller peaks 
than other regional systems of similar drainage area. Soils within 
the upper watershed of San Vicente and, in particular Mill Creek 
are dominated by sands derived from granitics (San Vicente) and 
the Santa Margarita Sandstone (Mill Creek). The sandy soils of 
Mill Creek are classified as very permeable HydroGroup A soils 
(see County of Santa Cruz GIS online tool) and therefore have 
a large soil moisture storage capacity. The entirety of the upper 
San Vicente watershed is mapped as permeable HydroGroup B 
soils, with a small sliver of HydroGroup A soils, so the Upper 
San Vicente watershed proper is also characterized by relatively 
high soil moisture storage capacities. In effect then the upper San 
Vicente basin including Mill Creek should have a high capac-
ity to deal with large storms because of the occurrence of sandy 
soils. But the results of Figure 2-11 do not necessarily support 
this thinking. Furthermore, with the occurrence of karst in the 
watershed one would suspect there should be an additional damp-
ing effect to the magnitude of storm peaks. We are left to suggest 
that the orographic effect driven by Ben Lomond Mountain for 
storms approaching from the southwest, west, and slightly north-

Figure 2-9 Record of 15-minute mean, maximum and minimum water temperature at SVCG along with spot 
measurements made on Laguna Creek at Highway 1, WY2013.
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Figure 2-10. Suspended sediment data and rating curves for Santa Cruz County northcoast streams.

west lead to rainfall intensities and total depths which factor more 
significantly than the sandy soils, and as a result San Vicente 
produces relatively large peak flows. Practically speaking this 
raises the probability that the mainstem riparian corridor could 
experience severe mortality and a general ‘re-setting’ of channel 
geometries during large magnitude floods. The likelihood of this 
scenario playing out is accentuated by the confined nature of the 
lower mainstem, as well as the hydraulic bottleneck effect created 
by the Highway 1 tunnel. As a result substantial channel shifting 
and general change should be anticipated within the lower reach, 

within several thousand feet or so of the Highway 1 tunnel (see 
Stamm and others, 2008, for further discussion).

Climate Change Hydrologic Analysis
Assessment and Methods
An analysis of potential impacts to streamflow using six dif-
ferent climate change projections, from three different Global 
Climate Models (GCMs) has been completed. This work is 
intended to help inform decisions regarding future restora-
tion actions, notably if GCMs predict a significant change in 
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streamflow character along San Vicente it may be advisable 
to develop a long-term plan to safeguard water resources in 
the basin for Instream purposes. Due to uncertainty related 
to use of downscaled global climate model data for purposes 
of exploring plausible future what if scenarios at the scale of 
small basins, a simple statistical model was developed relating 
global climate model data of precipitation and air temperature 
to streamflow. A literature review was performed to gain an 
understanding of what the present state of the science was for 
climate change in California. This review informed the deci-
sion of which climate change projection data to use to drive 
our statistical model of streamflow.

Global climate models do not provide estimates of stream-
flow. The grid size used in the global models is not appropri-
ate to drive small watershed sized streamflow models. Most 
streamflow models require a large investment of time and 
resources to configure them for a particular watershed and 
additional time to calibrate them with available data. We used 
data from three different GCMs, downscaled to 1/8 degree 
(about 12 km on a side) grid size to drive an in-house created 
statistical water balance model of streamflow for and extended 
and correlated record of streamflow at the former USGS San 
Vicente Creek streamflow gage (USGS 11161800: San Vicente 
Creek near Davenport). The three GCMs used were:

1. CCSM3: Community Climate System Model 
Version 3 from UCAR (University Corpora-
tion for Atmospheric Research) and NCAR 
(National Center for Atmospheric Research);

2. GFDL2.1: Geophysical Fluid Dynamics Lab 
CM2.1 Model from NOAA (National Oce-
anic and Atmospheric Administration); and

3. PCM1: Parallel Climate Model from NCAR 
and DOE (Department of Energy).

Figure 2-12. IPCC emissions scenarios. Figure from Cayan and others, 2008.
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Figure 2-11. Comparative unit flood magnitudes for San Vicente, Soquel, Pilarcitos and Pescadero Creeks and the San Lorenzo River for a range of recurrence intervals.
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Figure 2-13. Regression models used to extend the USGS San Vicente record of streamflow using the USGS Big 
Trees gage on the San Lorenzo River.

For each of the three GCMs, monthly mean precipitation (mm) 
and air temperature (degrees Celsius) computed from the A2 
(medium-high) and B1 (low) emission scenarios was used (Fig-
ure 2-12). These two emissions scenarios provide all the output 
desired for the analysis. Specifically, the A2 scenario provides 
that global (including California) CO2 emissions exhibit a 
continual rise throughout the 21st century and by century’s end 
achieve CO2 concentrations that will be more than triple their 
pre-industrial levels (Cayan and others, 2008). The B1 scenario 
on the other hand assumes that global CO2 emissions peak by 
mid-century at concentrations which are roughly double the 
pre-industrial level, before dropping below current levels by 
2100 (Cayan and others., 2008).

The climate projection data was downloaded from cal-adpat 
(www.cal-adapt.org) using their tabular downloads option. 
Data was specified for a 1/8 by 1/8 degree grid (~140 km2) 
centered just east of Davenport. Cal-adapt is an organization 
whose aim is to provide access to the vast information and 
data sources regarding climate change produced by California 
scientists and researchers. Specifically, the air temperature and 
precipitation data is sourced from Scripps Institution of Ocean-
ography: California Nevada Applications Program (CNAP). The 
Cal-adapt organization is an outgrowth from a key recom-
mendation of the 2009 California Climate Adaptation Strategy, 
and includes collaboration between UC Berkeley’s Geospatial 
Innovation Facility (GIF) with funding and advisory oversight 
by the California Energy Commission’s Public Interest Energy 
Research (PIER) Program, and advisory support from Google.
org. The 1/8 degree air temperature and precipitation data are 

bias corrected using a gridded observed 
data set (NRA2) with the same grid that 
is used for the downscaled GCMs. 

The gridded observation data set (NRA2) 
was used to develop the water balance 
model. The NRA2 data set includes 
monthly precipitation and surface air 
temperature observations converted from 
point measurements (stations) to average 
values for grid spaces, for the time period 
1950-1999. The NRA2 grid is the same 
as the grid used to downscale the GCM 
model output and allows the statistical 
model developed with the historic data 
to be driven with the downscaled GCM 
data. The water balance model is stated 
as:

P = ET + Q + R (1)

The term P is precipitation (m/day), ET 
is the evapotranspiration (m/day), Q is 
streamflow discharge (m3/day) and R is 
groundwater recharge (m/day). The equa-
tion lacks a change in storage term (ΔS) 
because we have no idea how storage may 
change in the watershed over the time 

period of interest. We also do not have measurements of recharge, 
as a result the recharge term will be the knob we turn to optimize 
a fit between the NRA2 data set and our extended and correlated 
record of flow for San Vicente Creek. Precipitation is a measured 
or projected parameter, ET is measured and computed with 
projected average air temperature, and streamflow discharge is a 
computed parameter given values for the other three terms.

The USGS San Vicente record of streamflow (WY1970–
WY1985) was extended based on development of two regression 
models with the overlapping record of flow for the USGS Big 
Trees streamflow gage (1160500) (Figure 2-13). Application of 
the regression models to the Big Trees record results in a record 
of streamflow for San Vicente Creek for the period WY1936–
WY2000. Extension of the flow record to 2000 was done in order 
to be consistent with the NRA2 data. Despite the differences in 
geology, the predictive capabilities of the models are quite good 
(Figure 2-13), and certainly so for the present application. Based 
on comparison to the gaged record of flow for San Vicente Creek, 
the skill of the regression models is challenged by conditions of 
the lowest flows, when the models over predict flow. We note that 
the correlated record of streamflow for San Vicente Creek is not 
intended to be used as a model of expected streamflow, but rather 
to be used as a device for comparing historic conditions with 
projected conditions.

To supplement the hydrologic climate change analysis we also 
reviewed the National Academies report on projected sea level 
rise off the California, Oregon and Washington coasts (National 
Academies Press, 2012). The report specifically projects sea level 
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rise along coastal California for 2030, 2050 and 2100. Our 
hydrologic analysis extends to 2050 so the National Academies 
report provides useful additional information pertinent to lower 
San Vicente Creek mainstem.

Findings and Results
The full suite of summary data for application of the various 
GCMs and two emission scenarios to the water balance model 
is provide in Table 2-4 and Figure 2-14. Results are provided 
in percentile flow classes for annual flow statistics for the gaged 
period of record WY1970–WY11985. The utility of this period 
of record for statistical reasons is that it contains both very dry 
and very wet periods. Percentile classes of 0-20, 20-40, 40-60, 
60-80 and 80-100 are used. The end members in the percentile 
range represent very dry and very wet conditions, respectively, 
defined by WY1976 and WY1977 for the very dry conditions 
and WY1982 for the very wet. Particular values of annual 
streamflow at these percentile class limits for the gaged period 
of record defines categorization of the historic (1950-1999) and 
projected (2000–2050) streamflow data. 

The results (Table 2-4 and Figure 2-14) indicate in general 
that annual conditions can be expected to become drier over 
the projection period, as compared to the historic period. The 
variability about this projection is large between models, and in 
one case is projected to not change appreciably from the historic 
period (PSM1 B1). The ensemble average indicates a some-
what strong tendency toward drier conditions, with a marked 
decrease in wet and very conditions, and a distinct rise in very 
dry and average conditions. The results also indicate, impor-
tantly, that the quasi-calibrated historic period projections with 
the GCM data does not agree all that well with the measured 
or NRA2 gridded data for the same period. Qualitatively this 
suggests that the overall skill of the model is moderate at best. 
Therefore the results should be interpreted as possibilities along 
a trajectory with significant alternative outcomes. Nonetheless 
the tendency to project drier conditions warrants attention 
when developing restoration strategies for the foreseeable future 
and beyond.

The National Academies (National Academies, 2012; see 
Figure 5.9 therein) projects an estimated 1-foot sea level rise by 
2050 within the vicinity of the Monterey Bay. A topographic 
survey completed in 2007 as a part of the lower off-channel 
pond design work indicates that the entrance to the Highway 
1 tunnel has an invert elevation of approximately 7.0 feet above 
mean sea level (amsl). Stamm and others (2008) reported that 
the storm surge associated with the 1998 high flows achieved 
elevations of roughly 7 feet amsl. Therefore a one foot rise in 
sea level by 2050 coupled with storm related surges equaling or 
exceeding 7 feet amsl means that the lowermost mainstem of 
San Vicente Creek will experience more frequent incidence of 
sea water, or brackish water intrusion. Interestingly, working 
off of others modeling efforts, the National Academies (2012) 
estimates that by 2050 the coast of California could experience 
a net increase of 250 hours per decade of extreme high coastal 
waters (defined as higher than the 99.99th percentile water lev-
els, or 4.6 feet above the historical mean sea level). Despite the 
fact that we do not know what more frequent sea water intru-
sions to the lowermost San Vicente could means specifically 
for the general objectives of the present planning effort, it is 

SVC NRA2 Forecasted Change
Like Percentile Flows 2000-2050
1977 0 - 20 11 7 8 17 ++
2007 20 - 40 11 14 16 13 +
2001 40 - 60 8 11 19 15 ++
2006 60 - 80 9 11 4 5 -
1998 80 - 100 11 7 3 1 --

sums 50 50 50 51

SVC NRA2
Percentile Flows 2001-2050

0 - 20 11 7 8 16 ++
20 - 40 11 14 16 14 +
40 - 60 8 11 19 13 +
60 - 80 9 11 4 7 -
80 - 100 11 7 3 1 --

sums 50 50 50 51

SVC NRA2
Percentile Flows 2000-2050

0 - 20 11 7 11 18 ++
20 - 40 11 14 14 11
40 - 60 8 11 17 16 ++
60 - 80 9 11 5 6 -
80 - 100 11 7 3 0 --

sums 50 50 50 51

SVC NRA2
Percentile Flows 2000-2050

0 - 20 11 7 11 14 +
20 - 40 11 14 13 11
40 - 60 8 11 18 17 ++
60 - 80 9 11 5 3 --
80 - 100 11 7 3 6 --

sums 50 50 50 51

SVC NRA2
Percentile Flows 2000-2050

0 - 20 11 7 8 17 ++
20 - 40 11 14 17 4 --
40 - 60 8 11 17 19 ++
60 - 80 9 11 4 6 -
80 - 100 11 7 4 5 --

sums 50 50 50 51

SVC NRA2
Percentile Flows 2000-2050

0 - 20 11 7 8 9 -
20 - 40 11 14 18 9 -
40 - 60 8 11 16 15 ++
60 - 80 9 11 4 11 +
80 - 100 11 7 4 7 -

sums 50 50 50 51

SVC NRA2
Percentile Flows 2000-2050

0 - 20 11 7 9 15
20 - 40 11 14 16 10
40 - 60 8 11 18 16
60 - 80 9 11 4 6
80 - 100 11 7 3 3

sums 50 50 50 51

Summary Tables of Expected Changes to Annual Hydrology due to Climate Projections

CCSM3 A2

PCM1 B1
1950-1999

1950-1999

1950-1999

1950-1999

1950-1999

AVERAGE
1950-1999

1950-1999

PCM1 A2

GFDL2.1 B1

GFDL2.1 A2

CCSM3 b1

Table 2-4. Summary of water balance model estimates of future hydrologic  
conditions within San Vicente Creek through 2050. 
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Figure 2-14. Summary of water balance model estimates of future hydrologic conditions 
within San Vicente Creek through 2050. 

justified to anticipate such outcomes, and to provide flexibil-
ity within pertinent recommendations to facilitate adaptation 
to such conditions.

Potential Impacts of Low-Flow Surface Diversions  
to Salmonids
National Oceanic and Atmospheric Administration (2012) 
has indicated that surface water diversions are a limiting fac-
tor to coho during the summer months within the Santa Cruz 
County Diversity Stratum. The USGS records for the former 
SVC gage indicate that flow conditions during the 1976-77 
drought were very poor during the late summer months, with 
10 days of zero cfs recorded from September 9–18, 1977 (Fig-
ure 2-15). The USGS records further indicate that the second 
year of a 2-year drought (the most severe recorded by the 
USGS at the SVC gage) was a particularly vulnerable period 
for salmonids. During consecutive drought years, any impair-
ment to natural surface flows will be more pronounced due 
to reduced groundwater contributions and overall reduced 
baseflows. As such, while SCV generally maintains high leves 
of surface flow due to natural processes and limited divesion, 
during consecutive drought years, impacts to surface flows 
via diversion (legal or otherwise) could have a critical impact 
on salmonids. Furthermore, any additional flows that can be 
introduced to the system could mean the difference between 
saving or losing a coho year class during drought. 

Synoptic measurements made as a part of this study suggest 
that during the summer months, Upper San Vicente Creek 
and Mill Creek contribute most if not all surface flows to the 
mainstem San Vicente Creek (see Figure 2.7). If Upper San 
Vicente went dry in September 1977, it is likely that Mill 
Creek did as well. Under such conditions the mainstem likely 
had intermittent surface flows, with isolated pools, or perhaps 
longer stretches of zero surface flow. Climate conditions dur-
ing WY2014 are setting records across the State of California 
for low rainfall totals. Given that WY2013 was dry, the 
WY2013-14 period is shaping up to as dry if not drier than 
WY1976-77. As such we can anticipate that surface flows in 
San Vicente Creek could reach very low levels,with possible 
loss of surface flows along some reaches from the headwaters 
to the mouth at the Pacific Ocean. The climate change results 
just presented above suggest a potential for more frequent 
occurrences of severe dry conditions through 2050, and 
beyond. With a drier forecast at hand and climate change pre-
dictions indicating that these conditions are likely to become 
more regular, watershed management for salmonid recovery 
should focus on protecting and increasing  instream flows 
into the anadromous reaches of San Vicente to protect all year 
classes of coho and steelhead to be greatest extent practicable, 
especially through times of drought. 

Leaking water supply pipelines represent an obvious target of 
improvement, and a practical means to keep as much water 
in SVC as possible. Upgrading the diversion facility on Upper 
SVC and Mill Creek for the Davenport water supply, and 
replacing aging pipeline infrastructure is likely to represent 
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significant water conservation benefits for Instream resources. 
For example, the combination of cessation of cement plant 
water use and upgrading the intakes and pipelines so that so 
that the amount of water diverted is only the amount needed 
by Davenport has the potential to increase flow by 0.25-0.8 
cfs. The County of Santa Cruz is seeking to submit plans to 
improve the Davenport water supply system as part of their 
IRWMP submittal to the State later this year. Consideration 
of conjunctive water supply options (e.g use of groundwater, 
surface water, recycled water and new storage) that would allow 
the town of Davenport to reduce withdrawals from SVC during 
the dry season ,especially during drought, provide a higher level 
of overall municipal water supply reliability, and protect critical 
summer baseflows for salmonids, should also be considered in 
medium to long term resource planning. Until such a program 
or programs can be funded, immediate and further evaluation 
of pipeline losses are needed in order to better determine the 
short-term significance of such losses, and develop appropriate 
plans to mitigate losses.

FindinGS
A. Creegan and D’angelo (1984) completed evaluation of 

the USGS gage and concluded that the bulk of base flow 
along the mainstem San Vicente Creek originates from 
the Upper San Vicente basin proper. Synoptic measure-
ments of low-flow completed in July and September of 
2013 indicate however that Mill Creek is a near equally 
important source of summer baseflows, to those sourced 
from San Vicente proper. It should be noted that while 
these findings clearly illustrate the import influence of 
Mill Creek on downstream baseflows, that the synop-
tic measurements from San Vicente Creek may be an 
underestimate of contribution from upper San Vicente 
due to the unquantified effects of the upstream diver-
sion on downstream flows. Regardless, this finding still 
represents a significant new finding locally, and clearly 
suggests the need for and importance of a broad water 
resources protection plan for the upper basin, as opposed 
to a plan focused on San Vicente proper, and the karst 

which occurs there, in order to protect water resources 
that are vital to the provision of salmonid habitats.

B. Water resources protection in the upper watershed will 
need to address both the sandy soils which occur in 
both Upper San Vicente proper and Mill Creek, as well 
as the karst which defines the decommissioned quarry 
landscape. Sandy soils and karst are managed differently, 
and each is characterized by its own set of attributes and 
issues, requiring deliberate and carefully planning. Ongo-
ing efforts by the City of Santa Cruz Water Resources 
Department, the County of Santa Cruz Environmental 
Health Services Agency, and the County of Santa Cruz 
Water Advisory Commission to develop a karst protec-
tion zone ordinance will undoubtedly help in this effort.

C. The alluvial aquifer along the mainstem of San Vicente 
Creek seems relatively stable, and for WY2013, a dry 
year, supported pretty consistent surface flows from 
Mill Creek downstream to the coast. Compared to 
the nearby Laguna Creek, a stream known to be char-
acterized by reasonably high summer baseflows, San 
Vicente produces more summertime baseflows per 
unit area by up to a factor of 2 or more. The relative 
continuity of surface flows along the mainstem reach 
coupled with the relatively high baseflow regime of the 
basin is vital to the provision of salmonid habitat.

D. Summertime baseflows along the mainstem reach are 
relatively cool and consistent from Mill Creek downstream 
to the coast. Furthermore, the two set of synoptic flow 
measurements suggest a slight cooling trend of water 
temperatures toward the coast. Similar to good baseflows, 
cool water temperatures is a clear benefit for salmonids.

E. The range of channel flows which maintain the San 
Vicente physical channel likely ranges from 150 to 500 
cfs, with flood observations suggesting the value if possibly 
close to 300 cfs +. The peak flow of WY2013 of roughly 
650 cfs is estimated to represent a 3- to 3.5-year flood.
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F. San Vicente appears to transport a relatively 
moderate amount of fine sediment during flood 
stages. An additional physical attribute con-
ducive to salmonid success in the basin.

G. Large floods on San Vicente are likely regionally and 
relatively large for the size of the basin. This has practical 
habitat implications for salmonids such that the stream 
corridor will likely experience complete re-set during floods 
of significant magnitude. The lower reach of the mainstem 
is at more risk to substantial change during significant 
floods due to the contributing deleterious effects of the 
Highway 1 tunnel. These potentialities clearly point to the 
notion that habitat protection and enhancement efforts 
should focus on locations out of the Highway 1 effect zone 
(within ~2,000 feet), and downstream of Mill Creek.

H. Estimates of hydrologic conditions through 2050 
using downscaled climate change projection data 
for three different GCMs suggests drier conditions 
than those observed from 1950-1999. Potentially 
drier conditions in the basin accentuate the impor-
tance of developing a water resources protection plan 
for salmonids, and other Instream resources.

I. Sea level projections for coastal California by 2050 fall 
within the range of 1-foot above historical mean sea 
level. This potential outcome coupled with the elevation 
of the lowermost mainstem of San Vicente suggests an 
increase in durations and incidences of sea water intru-
sion upstream of the Highway 1 tunnel. Because we do 
not understand how this outcome would precisely affect 
the objectives of the present effort, the recommendation 
to focus habitat enhancement efforts upstream of the 
Highway 1 backwater zone seems even more prudent.
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Chapter 3: Geomorphology 

objeCtiVeS
The goal of this part of the project was to assess the existing 
geomorphology and geomorphic processes to help guide the 
types, locations, and suitability of riparian and fisheries restora-
tion projects along San Vicente Creek.

The three main objectives of the geomorphic assessment  
were to:

1. Identify existing sediment sources within the water-
shed, including both gravel-sized material that is 
beneficial to salmonids, as well as finer material 
that may be detrimental to salmonid habitat; 

2. Characterize riffle textures to assess sediment-
size distribution, including the amount of 
gravel-sized material in existing riffles, and; 

3. Evaluate stream-floodplain connectivity to consider 
whether these areas provide sources of instream wood1, and 
where- and how much- overbank areas and disconnected 
backwater habitat already exist or could be enhanced. 

To address these objectives, Balance designed the geomorphic 
assessment with the following key questions in mind:

 » What (and where) are the dominant sources of 
coarse sediment to San Vicente Creek?  What 
(and where) are the dominant sources of fine 
sediment (coarse sand) to the stream? 

 » Are spawning gravels in limited supply? What are the 
characteristic grain-size distributions of riffles?  What 
percent of riffle material is composed of low-density 
Santa Cruz Mudstone clasts as opposed to higher 
density quartz diorite?  Is fine sediment a problem? 
How much riffle sediment material is embedded.

 » How contiguous is the floodplain along the anadromous 
reach?  How frequently is it engaged?  Can even-aged 
stands of woody vegetation populating floodplain ter-
races be used to estimate the age of the floodplain?

To answer these questions, we carried out the following four 
geomorphic subtasks, consistent with the general guidance 
offered within California Salmonid Stream Habitat Restoration 
Manual:

1. Geomorphically-based, reach-scale classification;

2. Sediment-source inventory and evaluation;

1 Floodplains can be initial sources of wood to either the creek itself or the flood-
plain as trees fall, but can also act as a secondary source- or sink- of wood if floating 
wood gets temporarily deposited on the floodplain (where wood is also functional), 
then floats to a new location or into the creek during a larger flood. If a floodplain 
is too high above the creek, then this floating-off interaction would occur less fre-
quently and decrease wood loading to the creek. Most of the discussion of large 
wood in the creek is covered in the LWD Assessment chapter

3. Riffle surficial texture characterizations, and;

4. FloodplaInstream connectivity evaluation.

intRoduCtion
The geomorphology of the San Vicente Creek Watershed is 
shaped mostly by its climate and geology. Rainfall increases 
dramatically with elevation while underlying geology deter-
mines erosion rates and dominant processes of channel evolu-
tion. Like many of the coastal streams in California, historical 
flooding events, land use, and development of infrastructure 
has modified local geomorphology. Heavy rains in January, 
1982, caused a landslide down the cliff face adjacent to lower 
San Vicente Creek. As a result, fallen debris was redirected the 
creek toward the roadside, where it resides today. In addition, 
residents historically removed woody debris from the creek 
in an effort to mitigate flood risk and to keep flow within the 
active channel (Smith, pers. comm.). Stream channelization 
and lack of large woody debris in a stream channel can create 
a more homogeneous stream habitat, resulting in fewer eco-
logical niches and less stable substrate. San Vicente Creek has 
been noted to lack quality pool habitat and spawning gravel 
beds (Smith, pers. comm.). Pools are an important component 
of salmon habitat, and coho tend to selectively use slower, 
deeper water at early life stages (Healy and Lonzarich, 2000). 
Pools provide refuge during high flows as well as cover from 
predators. They provide cooler water temperatures, especially 
important during low flow periods (NCRWQCB, 2008). Addi-
tionally, available spawning gravel is critical because spawner 
abundance in a stream is partially regulated by the amount of 
area suitable for spawning (Bjornn and Reiser, 1991). Stream 
geomorphics (sources and volume of sediment, floodplain 
connectivity, availability of spawning gravel etc.) significantly 
impact pool characteristics, abundance, and quality of salmo-
nid habitat. 

Geology
The geology of San Vicente Creek Watershed has been mapped 
by Clark (1981) and Brabb (1989), and described in detail by 
Environmental Science Associates (2001), P.E. LaMoreaux & 
Associates (2005). A watershed geology map is provided in Fig-
ure 3-1. Geological studies to-date have noted the karst topog-
raphy found in San Vicente Creek and nearby watersheds—an 
important geologic component to historical hard-rock mining 
and surface-ground water connectivity (P.E. LaMoreaux & 
Associates, 2005). San Vicente Creek Watershed is located 
in the Coast Range Geomorphic Province, locally character-
ized by Cretaceous-age crystalline rocks of the Salinian Block 
and Tertiary-age marine sedimentary rocks. These juxtaposed 
geologies are the result of tectonic movement (both lateral and 
vertical) along the San Andreas Fault and together they locally 
comprise the Santa Cruz Mountains. 

Mesozoic- to Paleozoic-age marble outcrops are present in 
several locations within the watershed and have been actively 
mined for cement production. These metamorphic rocks are 
subject to dissolution by groundwater and this results in cre-
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Figure 3-1. Geologic map of the San Vicente Creek watershed.
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Figure 3-2. Map of defined reaches, and locations where cross sections and riffle textures were measured.
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ation of karst terrain--cave and conduit features in the bedrock 
that greatly influences water storage and movement. P.E. LaM-
oreaux & Associates (2005) conducted dye tracer studies in an 
adjacent watershed, and found that cross-basin conveyance is 
likely occurring  in San Vicente, a process by which groundwa-
ter is exported from one watershed to an adjacent watershed. At 
this time, geologic controls on surface water and groundwater 
movement into or out of the San Vicente Watershed have not 
been examined extensively, but some data suggests these pro-
cesses are at play (P.E. LaMoreaux & Associates, 2005). 

The upper portion of the watershed is primarily composed of 
fractured crystalline rocks (e.g., granite, quartz diorite) and 
may provide sources of baseflow to the lower watershed via 
fractured flow. In contrast, the lower watershed is underlain 
by marine-sedimentary rocks, including the Santa Margarita 
sandstone and Santa Cruz mudstone, both highly erosive 
and subject to mass wasting (e.g. landsliding) as the result of 
watershed disturbances (e.g., road building), flooding or tec-
tonic activity. The mudstone or sandstone is part of a sequence 
of Tertiary sediment rocks that increase in thickness as the 
stream flows downstream toward the coastline (Creegan and 
D’Angelo, 1984). In the middle and upper reaches of the San 
Vicente Creek, the mudstone or sandstone comes into contact 
with the Mesozoic or Paleozoic marble unit. The marble unit 
has been quarried for over 100 years, creating a canyon within 

the main stem of San Vicente Creek and exposing the basement 
rocks of old schist, marble and granitics (Weppner and others, 
2009). Engineered tunnels at the entrance and the bottom of the 
abandoned marble quarry has caused San Vicente Creek to flow 
subsurface at this location which resurfaces immediately down-
stream of the marble unit. 

methodoloGy
Stream Morphology and Stream Reach Classification
Assessment and Methods
Using information collected from LiDAR-based topography, 
stream reconnaissance, and channel morphology, we classified 
five distinct channel reaches2 which can be used to characterize 
geomorphic processes and communicate our observations and 
measurements (Figure 3-2, Table 3-1). Each reach was classi-
fied based on several characteristics including: a) channel slope, 
b) channel morphology, c) dominant bed material size, and, d) 
influence of land-uses or modification of channels or hydrology. 

2 The choice of reach definitions is not a hard-and-fast rule, but is subjective based 
on the purpose(s) of a study; in this case the reaches were defined from a geomor-
phology perspective with an eye toward potential for salmonid-habitiat restoration 
projects. Other scientists would likely come up with different reach definitions which 
would be equally valid. For a different type of study, we would likely use a different 
set of reach classifications.

Table 3-1. Reach-scale classification and descriptions: San Vicente Creek, Santa Cruz County, California

                      

Reach Reach length
distance from 
Pacific ocean

Reach elevation Slope morphology description

Begin End (End) Begin End (overall)

(ft) (ft) (mi) (ft) (ft) (%)
Reach 1 0  1,345 0.25 0 22 1.2 pool-riffle Heavily modified reach, contriction at HWY 

1 has potential for inundation during large 
floods; bimodal substrate: cobble in sand 

Reach 2  1,345  5,840 1.11 22 90 1.4 pool-riffle Reach includes greatest opportunity for 
aquatic habitat enhancement

Reach 3  5,840  6,590 1.25 90 104 <2 bedrock-controlled Short reach the begins immediately 
downstream of the CEMEX conveyor belt 
and extends upstream to a weir and road-
crossing, channel express bedrock chutes 
and deep pools

Reach 4  6,590  14,145 2.68 104 260 2.1 plane-bed Steeper channel that expresses muted pool-
riffle morphology. Pools are shallow with 
abundant fines 

Reach 5  14,145  16,420 3.11 206 410 6.9 step-pool,  
pool-riffle

Reach expresses both pool-riffle and step-
pool morphology, many steps are natural 
barriers to fish passage; reach terminates at 
Quarry tunnel

mill Creek 
tributary

step-pool Reach expresses few pool-riffles and mostly 
step-pool morphology; natural barriers to 
fish passage; abundant sediment sources 
in reach
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Reaches were identified to facilitate future planning efforts 
and for communication amongst stakeholders. Montgomery 
and Buffington (1997) evaluated numerous mountain streams 
and identified streams tend to develop specific morphologies 
relative to their overall channel slope. For instance, channels 
in mountain systems with slopes less than 1.5 percent typi-
cally express pool-riffle morphology, whereas slopes between 3 
and 6.5 percent typically express step-pool morphology. After 
evaluating channel slopes and observing channel morphol-
ogy in San Vicente Creek, Balance found San Vicente Creek 
expressed similar morphology as might be predicted by Mont-
gomery and Buffington (1997) as shown in Figure 3-3. 

Additional characteristics were evaluated to further define the 
geomorphic reaches shown in Figure 3-2, such as effects of the 
Highway 1 tunnel and floodplain development on channel 
backwatering and sedimentation. We further describe each 
reach and its characteristics in the sections below and summa-
rized in Table 3-1.

Reach 1 
Reach 1 begins at the Pacific Ocean (sea-level) and extends 
upstream approximately 1,300 feet and has been character-
ized in detail by Stamm and others (2008). Reach 1 exhibits 
an approximate 1.2 percent slope, and pool-riffle morphol-
ogy. As the result of channel modifications and construction 
of Highway 1 and the coastal railroad, San Vicente Creek 
does not have a sand bar and lagoon at its confluence with 
the Pacific Ocean. Therefore, salmon can enter or exit when 
similar creeks in the area have closed sandbars precluding 
movement between the fresh and salt water environments. 
However, while the absence of a lagoon and sandbar enable 
unregulated movement between fresh and salt water, the lack 
of a lagoon can present limitations for rearing and winter 
high flow refuge for salmonids, especially steelhead.

Substrate in Reach 1 appears to be bimodal with well-
rounded cobbles mantled by large volumes of fine and coarse 

211024 Stream profile_FINAL.xlsx  2013 Balance Hydrologics, Inc.

0
fluvial

San Vicente Creek Reach ID

Channel morphology of reaches in relation to general distribution of alluvial channel types 
adapted from Montgomery and Buffington (1997),
San Vicente Creek, Santa Cruz County, California.  Field identification of channel morphology and 
slopes measured from LiDAR-based topography are consistent with channel types as reported by the 
literature and can be used for guidance for future restoration. 
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sands, with only small amounts of fine gravel. Mean particle size 
of riffles has been estimated to 73 mm (cobble). Substrate lithol-
ogy is mixed with larger material derived from crystalline rock 
(i.e., diorite) and finer material derived from Santa Cruz mud-
stone, Santa Margarita sandstone, and to a lesser extent, diorite 
and limestone. Based on observations, Reach 1 has moderate 
volumes of instream wood and has recruited older alders into log 
jams, due to dynamic channel conditions. 

Reach 1 has been heavily modified over the years for agricultural 
use (instream and offstream ponds), floodplain encroachment, 
former and existing road crossings, channel realignment and 
filling of the lagoon from construction of Highway 1. We have 
defined the upstream extent of Reach 1 as a zone of potential 
backwatering due to the tunnel under Highway 1 which imposes 
constraints on passage of moderate to extreme flood flows. Anec-
dotal and field evidence suggests the flood of February 3, 1998 
(estimated 80- to 100-year recurrence submerged the tunnel and 
backwatered the channel to about 22-foot elevation (Stamm et 
al, 2008). This elevation corresponds to the upper limit of Reach 
1. Submergence and backwatering of this reach has the potential 
to increase sedimentation, bank erosion, and shifts in channel 
position. As a result, this reach may not be a good candidate for 
additional enhancement and restoration due to dynamic and 
uncertain conditions created by such floods. 

Reach 2 
Reach 2 extends 4,500 feet upstream from the 22-foot elevation 
contour to approximately 90-feet elevation. Reach 2 exhibits a 
1.4 percent slope overall and expresses pool-riffle morphology. 
Substrate is mostly cobble sourced from crystalline rock (i.e., 
diorite), however, abundant sand-sized sediment fills pools and 
backwater. This reach has moderate volumes of instream wood 
and opportunities for recruitment during floods. 

Reach 3 
Reach 3 extends roughly 750 feet upstream of Reach 2, and 
is defined by a bedrock-controlled channel bed between the 
CEMEX conveyor belt upstream to a weir/road crossing; the 
overall reach slope is approximately 2 percent. Bedrock is mostly 
Santa Cruz mudstone which is easily weathered and forms 
bedrock chutes and occasional deep pools. Cobble and boulder 
sized material are common in this reach 

Reach 4
Reach 4 extends upstream 7,500 feet from Reach 3 to the 
confluence of Mill Creek. Channel slope through Reach 4 
is generally steeper (2.1 percent) than downstream reaches. 
Channel morphology predicted by Montgomery and Buffing-
ton (1997) is “plane bed”—characterized by relatively straight 
channel (confined or unconfined), lacks discrete bars, comprised 
of dominantly cobble- and boulder-sized substrate, and lacks 
rhythmic bedforms (i.e., pool-riffle, step-pool). Although Reach 
4 doesn’t exhibit all these characteristics, its bedforms are muted, 
with shallow pools and long riffles. In some areas, the channel 
does appear confined by topography (valley walls), or in some 
cases, current and former logging roads. 

Reach 5 
Reach 5 extends roughly 2,300 feet upstream from the con-
fluence with Mill Creek to the outlet of the old quarry (also 
referred to as the “tunnel”). This reach exhibits increasingly 
steeper characteristics defined by boulder step-pool and boul-
der-cascade morphology. Abundant fines (fine to coarse sand) 
were observed in pools and may be associated with discharges 
from the quarry; however, hydrology and sediment transport 
through the quarry is poorly understood. 

Mill Creek 
Mill Creek is a perennial tributary to San Vicente Creek and 
extends roughly 3 miles upstream. The first 500 feet of channel, 
upstream from its confluence with San Vicente Creek, exhibits 
some pool-riffle morphology and provides ample fish passage. 
Above this segment, Mill Creek is a steep channel (greater than 
5 percent) and mostly exhibits step-pool and cascade morphol-
ogy. The uppermost segment of Mill Creek (above Boony Doon 
Road crossing) exhibits a lower slope and likely pool-riffle 
morphology. Mill Creek appears highly altered with evidence of 
two former dams, creek-side skid roads and narrow-gauge rail-
road beds which have confined the channel. Based on our field 
reconnaissance, these human confinements have led to bank 
failures and landslides into the channel from deeply weathered 
diorite. These conditions provide a source of abundant sedi-
ment to downstream reaches as evidenced by pools filled with 
medium and coarse sand throughout this tributary. 

Sediment-Source Inventory and Evaluation 
Sediment-Source Background
Our assessment of sediment sources in San Vicente Creek 
Watershed should be considered within the context of large or 
infrequent events or recent variations in climate, land-use, geol-
ogy, and hydrologic conditions. Landslides and debris flows are 
prevalent in the Santa Cruz Mountains and are well-recognized 
as sources of sediment to coastal reaches of anadromy. Ellen 
and others (1988) have mapped landslides in the Santa Cruz 
Mountains generated by the January 1-3, 1982 rainfall and 
floods, while Spittler and others (1989) mapped landslide fea-
tures triggered by the Loma Prieta earthquake. Neither of these 
studies identified major landslides in the San Vicente Water-
shed as a result of these historic events. Erosion after wildfires is 
another potential large source of sediment. The last major wild-
fire in the San Vicente Creek watershed was in 1948 (15,000 
acres; RCD, 2013); however, there are no known studies that 
document if this fire was a major source of sediment. Finally, 
notable storms and associated floods are also common sources 
of landslides and bank failures. 2013 was a year characterized 
with below average rainfall and after a decade or more absent of 
large rainfall or flooding events. Water year 1998 was the last 
year noted for substantial channel changes, debris flows, and 
landslides. Locally, a flood on March 26, 2011 was moderately 
large, but not relative to historical floods. 
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Sediment-Source Assessment and Methods
Our watershed reconnaissance was conducted in February and 
July of 2013 and included an evaluation of sediment sources 
to San Vicente Creek. We completed our evaluation using 
a combination of: a) literature survey, b) a stream walk, and 
c) remote sensing. A literature survey identified sources of 
sediment from previous assessments and also provided context 
for current observations as they relate to recent events that 
may trigger sediment sources such as earthquakes, wildfires, 
and large rain events or floods. During our stream walk, we 
identified near-channel sediment sources (greater than 10 cubic 
yards) and completed rough measurements/estimates of the 
volume of material missing and presumed this sediment had 
entered the channel and aquatic habitat. We also augmented 
our field assessment with a review of current and historical 
aerial photographs and available LiDAR to identify sources 
not readily visible from the channel or existing roads in the 
watershed. Sediment source locations were mapped as they are 
shown in Figure 3-4, and Table 3-2 lists the sediment sources, 
estimated volumes and identifies whether they may be likely 
future sources for downstream impairment. 

Separately, we should mention that the scope of our assessment 
did not include a formal evaluation of road-related sediment 
sources. Roads constructed for logging, mining, and recreation 
have been identified as major sources of sediment in other 
watershed assessments in the Santa Cruz Mountains (Owens 
and others, 2006, Best, 2002). Weppner et al., (2009) evalu-

ated over 22 miles of road in San Vicente Creek Watershed. 
Where feasible, results from this study are incorporated into 
our assessment. 

Findings and Results
Our assessment of San Vicente Creek Watershed identified 
very few large sediment sources, most of which were limited to 
the Mill Creek tributary. We may attribute our findings to the 
absence of significant flood events in recent years and abun-
dance of canopy and ground cover (e.g., cape ivy) which also 
may obscure or temporarily stabilize former sediment sources. 
In general, sediment sources were associated with near-channel 
landslides, bank failures, instream storage, and areas of active 
karst collapse. We discuss these and historical sources in more 
detail below by dividing the watershed into three areas: a) the 
upper watershed (San Vicente Creek above Mill Creek), b) Mill 
Creek, and c) the lower watershed (below Mill Creek).

Upper San Vicente Creek
The Upper Watershed of San Vicente Creek (above Mill Creek) 
has a complex history of land-use, most notably, the large mar-
ble quarry which began operations in 1906 and continued until 
the late 1960s. Quarry operations included removal of over-
burden and rock from the existing channel. These operations 
required the re-routing of streamflow under the quarry floor 
through constructed tunnels. As a result, these past operations 
and channel modifications have disrupted natural channel pro-
cesses, including sediment erosion, transport and deposition. 

Table 3-2. Sediment Sources: San Vicente Creek Watershed, Santa Cruz County, California

Se
d.

 
So

ur
ce

 ID

Reach/Location Type

Estimated 
sediment 
volume 

(missing)

Estimated 
sediment 
volume  
storage

Future 
source of 
sediment? Description

(CY) (CY)

1 Upper San Vicente watershed road-related 3,500 Based on Weppner and others (2009), currently 
being addressed by Big Creek Lumber 

2 East Fork, Upper watershed other 100 Karst collapse 

3 Upper San Vicente Creek storage 1,500 Storage behind dam at old USGS gaging weir

4 Upper San Vicente Creek storage 150 storage behind old dam

5 Upper San Vicente Creek storage 150 storage behind old dam

6 Upper San Vicente Creek landslide  unknown  -- landslide (1982?)

7 Upper San Vicente Creek 
Quarry

storage  unknown  >10,000 storage of sediment on quarry floor in bar, delta 
and overbank deposits

8  Mill Creek tributary landslide 550 yes landslide into Mill Creek

9  Mill Creek tributary landslide 350 yes toe of old landslide into Mill Creek

10  Mill Creek tributary bank failure 2,000 yes Skid road failure along Mill Creek

11  Mill Creek tributary bank failure 300 yes Skid road failure along Mill Creek

12 Mill Creek tributary debris flow  
material

unknown >5000 yes Deposits may have originated from bank failures 
and landslides upstream

13 Unnamed, spring-fed  
tributary to Reach 2

other 50 yes Large volume of sediment filled half of restored 
backwater pond after March 26, 2011 flood; 
potential source is from ‘Shale Quarry’
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Figure 3-4. Map of recorded sediment-source areas.
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Similarly, road building, water diversions, and rural residential 
development are components of the Upper Watershed.

Upper San Vicente Creek sediment evaluation
Tunheim (2001) completed an assessment of the Upper San 
Vicente Creek in 2001 shortly after the 1998 flood and identi-
fied three main sources of sediment: a) overburden disposal 
areas associated with quarry activities; b) residential areas in 
Bonny Doon, and; c) channel bank erosion along significant 
sections of Upper San Vicente Creek (above the Quarry). We 
attempted to evaluate these previously documented sources 
during our 2013 assessment and we found that these may not 
be significant sources today, but instead relicts of past large, 
infrequent events such as the 1998 flood.

Alternatively, unimproved roads can be one of the largest direct 
and indirect, short-lived or chronic sources of sediment to 
streams (Reid and Dunne, 1984). The San Vicente Creek water-
shed has a history of logging and quarrying, both executed 
using a myriad of roads constructed through the watershed. 
Weppner et al., (2009) identified a number of road-related 
sediment sources. Weppner et al., (2009) projected that, if left 
untreated, over 50 stream crossings could contribute nearly 
2,000 cubic yards of sediment over the next two decades and 
road-related erosion could contribute roughly 1,500 cubic yards 
of sediment from over the next 10 years. 

While our study did not focus on road-related sources of 
sediment, we did observe a number of road improvements that 
were being carried out by Big Creek Lumber in response to the 
recommendations in Weppner et al., (2009). Continued road 
drainage improvements will likely decrease fine sediment to 
San Vicente Creek.

A recent feature in the East Fork of San Vicente Creek, was 
identified by others as a potential sediment source (Hamey, 
N., pers. comm.). Our assessment concludes that this feature 
is more likely karst collapse as evidenced by some exposed 
marble bedrock. The sudden break in slope along this tributary 
caused by the collapse can provide the impetus for continued 
mass wasting and sediment production; however, in its current 
condition, the feature was not identified as a major sediment 
source, due to the absence of sediment storage or accumulation 
downstream. 

Upper San Vicente Creek flow diversion
Historical quarrying activities and water diversion infrastruc-
ture effectively re-routed San Vicente Creek, and similarly, 
sediment transport, under most streamflow conditions. First, 
San Vicente Creek, above the quarry, is intercepted by the 
former USGS weir and Davenport Diversion Dam. This dam is 
roughly 25 feet high and completely filled by sediment. Histori-
cally, sediment was reportedly removed from behind this dam 
on a frequent basis to maintain storage for Davenport’s water 
diversion (Hamey, N., pers. comm.). Sediment includes sand, 
gravels and cobbles. It is assumed that the removed sediment 
was discharged downstream. This diversion is still active diverts 
a portion of the baseflow observed during our reconnaissance. 

Upper San Vicente Creek vertical shaft 1
Approximately 0.25 miles downstream of the USGS weir, a 
second dam, roughly 10 feet high, provides additional sediment 
storage (mostly sand, some gravels, and angular cobbles). At 
this dam, we observed 100 percent of flows entering a vertical 
shaft that reportedly conveys most low flows 90-feet down and 
under the quarry floor, and presumably discharges back into 
San Vicente Creek downstream of the quarry. During high-
flow events (or when the upper shaft clogs), when sediment is 
transported, flow and sediment is conveyed over this dam and 
down a steep bedrock waterfall/channel to the quarry floor. 

Upper San Vicente Creek quarry floor and vertical shaft 2
The quarry floor acts like a large floodplain where large, active 
sediment bars and overbank deposit features were observed 
along a dry, dynamic channel. Sediment in the channel was 
mostly composed of angular cobbles in a sandy matrix. The 
channel meanders across the floor of the quarry to a tunnel 
entrance and a large vertical shaft, locally known as the ‘glory 
hole’. The entrance to the shaft was choked with large wood, 
rock and sediment. Under these conditions, and in the absence 
of streamflow, it is uncertain whether the engineered tunnel 
conveys any flows or sediment to the downstream reaches of 
San Vicente Creek. Upstream of the entrance, we observed 
large deltaic deposits of coarse sand which suggests that during 
high flows backwatering occurs and promotes deposition of 
these sediments. Using observations and aerial photography, 
we estimate roughly 10,000 cubic yards of sediment (sands, 
gravels, cobbles) is sequestered in the form of bars, overbank, 
and deltaic deposits on the quarry floor. In the absence of 
quarry activities since the 1960s, it is difficult to assess what 
component of this estimate is from historical quarry activities 
versus sediment transported from upstream areas. 

Observations of the outlet of this tunnel, some distance 
downstream, did not suggest an abundance of sediment of the 
size and origin found deposited on the quarry floor. Based on 
these observations, we tentatively conclude that sediment from 
the upper watershed is not regularly transported to the lower 
watershed; however, we do not fully understand the dynamics 
of sediment transport through the quarry over the longer term. 
Additional study may be required to better understand sedi-
ment dynamics through the quarry such as repeated surveys of 
sediment in the quarry or paired bedload measurements above 
and below the quarry tunnel over a range of events. However, 
access to these locations is difficult and may be infeasible dur-
ing wet conditions.

Mill Creek Tributary
We walked Mill Creek 0.25 miles upstream from its confluence 
until steeper terrain and dense vegetation prevented further 
egress. The first 500 feet of channel is a gentle (<2 percent) 
pool-riffle system which quickly transforms into a steeper, step-
pool and cascade channel cut into highly weathered diorite. 
We observed pools filled with coarse sands and fines. Sources 
of fine sediment appear to originate from near-channel distur-
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bances. For instance, remains of former skid-roads and railroad 
grades were observed along the channel and likely confined the 
former channel to its existing condition today. As the channel 
attempts to reclaim its former channel width and form (mean-
ders), the resulting hydraulic forces create sediment sources that 
include on-going bank failures and near-channel landslides into 
Mill Creek. 

While bedrock exposures at bank failures and landslide scarps 
suggest diorite as the source, upstream portions of the water-
shed are mapped as Santa Margarita sandstone. This lithology 
has been described by others as very friable (Clark, 1981) and 
has been the source of other sediment issues in the Santa Cruz 
Mountains (Hecht, B., pers. comm.). Creegan and D’Angelo 
(1984) described the majority of the fine sediment originating 
from further upstream, specifically the Bonny Doon area. A 
field assessment of the Bonny Doon area was limited because 
of private property. However, a review of recent and historical 
aerials did not suggest any major and current sediment sources 
from private lands in the Bonny Doon area (that are visible 
from the air), but we do not conclude that sources do not exist.

Between Bonny Doon and the reach we walked, Mill Creek 
includes two diversion dams located 0.45 and 0.7 miles above 
the confluence (Creegan and D’Angelo, 1984). While our 
reconnaissance did not include observations of these dams, 
previous assessments suggest that they are silted in with the 
potential to release stored sediment in the event of dam failure 
(Creegan and D’Angelo, 1984). Previous assessments by the 
NRCS discounted dam and sediment removal due to limited 
access and uncertainty with channel stability once removed.

Measureable overbank storage of fine sediment observed at the 
confluence with San Vicente Creek may have originated from 
upstream bank failures, landslides and sediment releases from 
the upstream dams. While these deposits are located above the 
active channel, they are likely mobile in large events. Removal 
of these deposits may be difficult given their location and 
limited access; however, stabilization of these deposits using 
vegetation may be a more feasible option. 

Lower San Vicente Creek
Our assessment of lower watershed included a reconnaissance 
of the entire channel from the Highway 1 tunnel upstream to 
the confluence with Mill Creek (Reaches 1-4). In the context 
of limited or lack of large events over the past 15 years, we did 
not identify measurable (>10 CY) sources of sediment to the 
channel, although we note that much of San Vicente Creek 
appears to have exhibited an historical period of incision, 
likely as the result of logging and road building 100 years ago. 
Today, the channel exhibits general dynamic equilibrium with 
only occasional evidence of continued incision, or widening of 
meander magnitude.

A reconnaissance of an unnamed tributary in the eastern 
portion of the watershed was made impossible by thick veg-
etation, although a review of current and historical aerial 

photographs reveals that this tributary drains a former quarry 
area, also known as the ‘Shale Quarry’. Santa Cruz County 
(2009) identified ‘Shale Quarry’ as a major sediment source. 
Reportedly, holding ponds, constructed in the Shale Quarry, 
frequently were blown out by storms and released large volumes 
of sediment to San Vicente Creek (Santa Cruz County, 2009). 
In 2011, a large deposit of fine sand was observed in a recently 
restored backwater habitat, located at the receiving end of this 
unnamed tributary. The sediment resulted in approximately 50 
percent reduction in backwater habitat at this location. 

Other sources of sediment may exist in the near channel 
environment. Reach 1, for example, has been characterized as a 
reach subject to backwatering from extreme floods (e.g., 1998). 
In moderate-to-large floods, former deposits from backwatering 
can be mined by the creek. These processes may be currently 
active today based on the percent fines we see in some of the 
Reach 1 riffles. 

In an effort to identify the source rock of fine sediment found 
in the lower watershed, we qualitatively investigated lithology 
of fine sediment deposited in pools and riffles. We note that 
determining the lithology for grains less than 2 mm becomes 
increasingly difficult. Nevertheless, we observed an abundance 
of coarse sand composed of mafic minerals (i.e., dark, ferro-
magnesian) which may suggest that a good portion of the fines 
are derived from diorite. 

Previous assessments have identified sediment sources associ-
ated with old quarry overburden or operations and suggest 
that marble may be a dominant source of fines. Creegan and 
D’Angelo (1984) observed an increased percentage of marble 
in the channel after the 1982 flood. Today, very little marble 
is observed in the channel and suggests that these sources may 
have become less significant and the formerly observed marble 
has been transported through the system or buried by new 
sources of sediment that originate from other lithologies. 

Similarly, while Santa Cruz mudstone is mapped throughout 
much of the lower watershed (Brabb, 1989), we did not iden-
tify it as the source rock for many of the fines found in pools 
and riffles within Reaches 1 through 4. Its absence is likely 
because this unit is weakly cemented, highly friable and quickly 
degrades through both physical and chemical weathering. 
Similarly, density of Santa Cruz mudstone is significantly less 
than the diorites and marbles and is therefore sediment origi-
nating from this unit is more subject to transport as bedload or 
suspended load during periods of high flow.

Conclusions of Sediment-Source Findings and Results 
In conclusion, our sediment-source assessment identified few 
active sediment sources relative to other watersheds in the Santa 
Cruz Mountains identified by others. Many of the sediment 
sources that exist appear to be in the upper watershed. Along 
the mainstem of San Vicente Creek, in the upper watershed, 
sediment may be effectively stored (temporarily or long-term) 
within the decommissioned Quarry; however, sediment trans-
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port dynamics through the decommissioned quarry are poorly 
understood and additional study may be necessary. Previously 
identified as a sediment source by the County, Shale Quarry, 
located within an unnamed tributary in the eastern portion 
of the watershed, continues to contribute fines to downstream 
areas. The most obvious source of sediment seems to originate 
from the Mill Creek tributary where on-going bank failures 
and landslides are attributed to legacy-logging impacts and 
quarrying impacts that confined the creek channel. Steep ter-
rain in the Mill Creek tributary may be the most limiting factor 
for implementing channel restoration or mitigation measures. 

Riffle Surficial-Texture Characterization
Assessment and Methods
In July 2013, Balance selected and evaluated 12 riffles within 
San Vicente Creek, between Highway 1 and just above the 
confluence with Mill Creek (Figure 3-2). Riffle surficial tex-
tures were evaluated using a modified version of the Sampling 

Frame and Template Procedure (SFT; Bunte and others, 2009). 
At each riffle, Balance employed a fixed-interval sampling grid 
with sampling extending from bankfull to bankfull. The grid 
provided an unbiased sampling at intervals approximating 
1-foot (although we did select the upstream and downstream 
extent of the sampling within the larger riffle). At each riffle, 
we collected between 130 and 200 data points, measured the 
median diameter, and classified the sample as: a) sand or finer 
(< 2 mm), b) gravel (2-64 mm), c) cobble (64-256 mm) or d) 
boulder (>256 mm). Lithology source and absence or presence 
of embeddedness was noted for each sample. Data were entered 
into a spreadsheet and each riffle (as a whole) was characterized 
using particle-size distribution analysis, frequency analysis by 
sample class, and percent embeddedness. Please note that by the 
method for this study, “percent” embededness is not the extent 
to which an average clast is embedded, but the percent of clasts 
that are embedded either a small amount or a large amount. 
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We note that water year 2013 (WY2013) was a below-average 
rainfall year despite having an above-average peak flow. 
WY2013 also follows several average to below-average years 
in terms of precipitation and runoff. Riffle conditions may 
not reflect “typical” conditions and could be changed in a 
peak flood such as those conditions observed by Creegan and 
D’Angelo (1984) after the big-flood years of 1981 and 1982. The 
last significant flood in San Vicente may have been WY2008 or 
WY1998. Interpretation of our results and observations should 
be placed in the context of the historical hydrology. 

Findings and Results
Riffles selected for evaluation are located in Figure 3-2. Particle 
size distributions for all 12 riffles are presented in Figure 3-5. 

For each riffle, the percent of samples falling into four sediment 
size classes (i.e., fines, gravels, cobbles, boulders) are presented in 
Figure 3-6.

Riffle-surface size results
We characterized riffles within the lower and middle San 
Vicente Creek watershed as a coarse system, but with a near nor-
mal distribution, whereas our median and mean for each riffle 

were approximately the same with few exceptions (Figure 3-6). 
Overall, riffles expressed a median diameter (D50) of 67.

Percent gravel results
More importantly, we note that gravels comprised a range 
between 15 percent and 46 percent of riffles in San Vicente 
Creek (Figure 3-6). Moreover, riffles in the lower reaches of San 
Vicente Creek (Reaches 1 and 2) exhibited the highest within 
this range. For instance, riffles 1-3 exhibited more than 30 per-
cent gravels. Alternatively, Reach 4 (riffles 7 and 9 in particular) 
expressed the lowest abundance of gravels, 19 and 15 percent, 
respectively. We recognize that range of size and abundance of 
gravels may not be an indicator of usable habitat given that our 
sampling was limited to riffles and did not include pool-tail 
outs—a more common location for spawning. Gravel require-
ments also differ with life stage, thus the appropriate gravel size 
and abundance may vary with the functions of each life stage 
(Kondolf, 2000). With that said, our data may suggest Reach 
2 may be the highest priority for planning efforts to protect 
and enhance general salmonid spawning habitat solely on the 
fact that riffles in this reach may provide the best opportuni-
ties. Although one riffle in Reach 1 exhibits an abundance of 
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gravels, we note other physical constraints within Reach 1 may 
hinder restoration and planning efforts in this reach, as noted 
in other sections of this report. Above all, we note that riffle 
textures can and will change from year to year and from flood 
to flood. While these results may characterize conditions in 
late WY2013, they should be interpreted with caution when 
extrapolating them to future studies or in context of interpreta-
tions from earlier studies. As stated earlier, a large event can 
‘re-set’ channel patterns and sediment dynamics within San 
Vicente Creek. 

Pool tail-out locations
As noted above, our study was focused on riffle texture while 
other studies (CDFW, 2013) have evaluated gravel abundance 
on pool tail-outs, a separate morphology unit from riffles 
and the preferred location for spawning (i.e., building redds). 
CDFW concluded that gravel abundance ranged between 
15 and 47 percent in these specific morphology units of the 
stream. These data suggest gravels are in low to moderate abun-
dance and support our findings. 

Gravel-lithology results
Because gravel sources are important to protect in future plan-
ning efforts, we attempted to describe the origin or lithology of 

gravels provides information about the location in the water-
shed where they were derived. The lithology of gravels varies 
from riffle to riffle because of factors such as changes in basin 
geology, channel slope, and frequency of large floods. When we 
examined the lithology of gravels in each riffle, and across all 
riffles, we found that over 70 percent of riffles were primarily 
derived from the watershed’s crystalline rocks, more specifically, 
diorite. While we also identified some gravel- and cobble-sized 
material comprised of local mudstone and sandstone, we note 
that these materials were incompetent—easily reduced to sand-
sized material or smaller and, therefore, provide only temporary 
substrate for salmonids. 

Based on the dominant lithology of gravels as diorite and 
exposure or mapping of diorite in the watershed, we would 
assume that most of the gravels likely originate from the upper 
watershed and along a short segment of the mainstem imme-
diately downstream of the confluence with Mill Creek (Figure 
3-1). However, this conclusion is complicated by the fact that 
the decommissioned marble quarry, along the mainstem of 
San Vicente Creek, may interrupt both conveyance of flow and 
sediment to downstream reaches, although our understanding 
of the effects of the decommissioned quarry on these processes 
is poor. While the quarry has been decommissioned for 45 
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years, we still observe coho presence in San Vicente Creek and 
a moderate level of gravel abundance in downstream reaches. In 
the absence of knowing the dynamics of sediment and stream-
flow through the quarry, and if we are to assume that sources 
above the decommissioned quarry are captured, Reach 6 and 
Mill Creek may be the more obvious sources of gravels. Pat-
terns or trends in gravel abundance among riffles sampled may 
not relate to the source of gravels, but instead, be attributed to 
sorting and storage as the result of a particular flood—which, 
at this time, we do not have a full understanding. Neverthe-
less, we do know Mill Creek is largely underlain by diorite and 
therefore, should be protected as a source of gravels. 

Understanding gravel abundance may provide a good proxy for 
material used by salmonids; however, additional information 
is needed to evaluate whether those gravels can be modified or 
moved by salmonids (i.e., spawning) and  to better understand 
salmonid abundance to determine whether spawning gravels 
(as a proxy for redd formation) could be a limiting factor for 
salmonid populations in San Vicente.

Percent of fine sediment in riffles results
Studies of spawning gravels have related the percentage of fines 
as the most significant effect on salmonid embryo survival 
(Kondolf, 1988, Kondolf and Wolman, 1993, Tappel and 
Bjornn, 1983). Coho were found to have lower rates of surviv-
ability when riffles include 30 percent or more of fines measur-
ing 6.4 mm or smaller. We evaluated our riffle textures in the 
context of these findings. However, because we used standard 
phi sizes for our analysis we characterized fines as sediment 
grains less than 8mm for the purpose of this analysis. Riffles 
were grouped in bins including: 

 » Fines < 8mm; 

 » Gravel;

 » Cobble;

 » Boulder. 

Sediment less than 8mm comprised between 10 and 45 percent 
of riffles, while only two riffles (Riffle 3, Riffle 11: Mill Creek) 
exhibited greater than 30 percent of sediment 8mm or less. We 
note that riffles with more than 30 percent fines were located 
downstream of recent or on-going disturbances or channel 
modifications. For instance, Riffle 3 (Reach 2) is located below 
recent introduction of instream wood to the creek for habitat 
restoration objectives. These structures may be inducing new 
hydraulics to the reach segment as both bed and bar materi-
als are noticeably reorganized. Similarly, riffle 11 is located in 
Mill Creek and downstream of numerous and active sediment 
sources identified as part of this study and discussed in detail in 
subsequent sections of this report. When we compare the per-
cent fines from riffles evaluated in the mainstem of San Vicente 
Creek (upstream of the confluence) and Mill Creek, we observe 
more than twice the percent of fines in Mill Creek. This result, 
although based on a single riffle in each reach, may further 
support the contention that the major sources of fine sediment 

originate from the Mill Creek tributary. While Mill Creek is 
also a potential source of gravel-sized material, it is also a known 
source of finer material that is not advantageous for salmonids. 

Embeddedness results
Percent embeddedness for sampled riffles is shown in Figure 3.7. 

While the percent of fines is one metric used to evaluate spawn-
ing habitat suitability, embeddedness is another metric that 
provides additional information. The literature describes mul-
tiple definitions for embeddedness and methods of measurement 
(Sylte and Fishchenich, 2002). Therefore, comparison between 
studies should be used with caution. For the purposes of this 
study, embeddedness is defined as the degree that spawning-
sized substrate is held tightly into the channel bottom by other 
finer sediment, making the construction of redds by spawning 
salmonids difficult. Absence or presence of embeddedness was 
recorded for each sample collected by difficulty of removal of 
gravel or cobble sized particles from the bed and the observation 
of algae or sediment staining. CDFW (1998) has characterized 
good spawning substrate as less than 25 percent embedded. 

We observed varying conditions of embeddedness in the riffles 
in San Vicente Creek, ranging between 4.5 and 35 percent 
with a mean of 22 percent across all riffles. Percent embedded-
ness for sampled riffles is shown in Figure 3.7. Please note that 
“percent” embeddedness is not the extent to which an average 
clast is embedded, but the percent of clasts that are embedded 
either a small amount or a large amount. Creegan and D’Angelo 
(1984) reported the presence of embeddedness throughout San 
Vicente Creek, while McGinnis (1991) reported between values 
25 and 50 percent embeddedness and more recently CDFW 
(2013) reported similar results for pool-tail outs. Combined, 
these studies suggest San Vicente Creek experiences a moderate 
level of embeddedness that has not measurably changed over the 
years and suggests fine sediment continues to have an impact on 
salmonid habitat. 

Mineralogy of sediment results 
Based on our assessment of riffle texture, salmonid spawning-
sized substrate is largely sourced from diorite. Diorite is mapped 
throughout the upper watershed, specifically in areas above the 
old quarry and USGS gaging station (Brabb, 1989). It also exists 
in lower portions of Mill Creek and along the mainstem, a short 
distance downstream of the Mill Creek confluence. Our qualita-
tive assessment of the upper watershed found an abundance of 
gravel-sized substrate stored along instream bars, behind large 
woody debris and old dams previously used for diversion of 
flow for quarrying operations. Additional storage of gravel was 
observed along a wide floodplain on the quarry floor; however, 
hydrology and sediment transport from the quarry to down-
stream reaches is poorly understood. A tunnel exists between the 
quarry and downstream reaches of San Vicente Creek and was 
observed blocked by abundant wood and sediment. Observa-
tions of the reach below the tunnel outlet (Reach 5) did not sug-
gest that sediment observed in the quarry is currently reaching 
downstream reaches. As noted earlier with sediment sources in 
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the quarry, possible studies such as paired bedload measur-
ments above and below the quarry may provide insight into 
sediment dynamics including transport or gravel sized material 
to downstream reaches. 

Floodplain-to-Creek Connectivity Evaluation
Floodplain-to-creek connectivity is a factor that can be consid-
ered for evaluating how well a creek system is functioning. A 
creek that is poorly connected to its floodplain rarely inundates 
its floodplain, and therefore rarely exchanges sediment and 
wood with the floodplain. A well connected floodplain would 
usually flood one or more times per year and serves as a buffer 
by attenuating peak flows and by being both a source and a 
sink for sediment and wood. 

While floodplain-to-creek connectivity is an important 
indicator of natural geomorphic processes, it is also considered 
critical for supporting salmonids as inundated and accessible 
floodplains provide winter-flood refuge for all life stages, and 
can provide significant inputs of food into streams systems 
through mobilization of organic matter and insects. In many 
cases, creeks also meander across the floodplain leaving relict 
channels and oxbow or back-water type features; these lower 
elevation features would be inundated more frequently and 
for a longer duration, and therefore might be more important 
from a fishery perspective. A well connected floodplain, in both 
the horizontal and longitudinal directions, is thus a dynamic 
environment that serves important alluvial, riparian, refuge, 
and habitat functions.

As such, improving floodplain connectivity can be a criti-
cal objective of stream and salmonid restoration. Increased 
frequency and duration of flooding of floodplains can be 
accomplished by lowering the floodplain elevations (such as by 
mechanical removal of vegetation and soil), by raising the chan-
nel bed3 of the creek (such as by adding large-wood structures 
that fully span the channel), or selectively redirecting flows 
toward abandoned back-water channels (also by placing large 
wood or other instream structures).

Floodplain Geomorphology
In San Vicente Creek, floodplains are generally formed by allu-
vial sands, gravels, and cobbles that were carried by the creek 
and deposited in those locations. Floodplains can be formed 
or eroded in small increments by high flows on a year-to-year 
time frame, or can be formed suddenly (over several hours) by 
very high flows. Large or small perturbations to floodplains are 
often a result of wood jams that create backwater areas or cause 
the creek to cut a new path around the wood jam. Floodplain 
terraces created by episodic large storm events can persist for 
long periods of time and can sometimes be identified and dated 
by even-aged stands of riparian trees, such as alders.

3 Channel sediment then fills in upstream of the cross-stream log structure; some 
of this sediment should be placed at the same time the logs are placed to reduce the 
chances of undercutting or cutting around the structure.

More importantly, floodplain terraces that are formed by 
very-large storm events are often at a higher elevation than 
the water levels generated by year-to-year peak flows. These 
high-floodplain terraces will typically be poorly connected with 
the creek channel. Examples of this type of high-floodplain 
terrace are:Just upstream of the Highway 1 tunnel, a substantial 
backwater event occurred in February 1998 and caused the 
deposition of sediment upstream for several hundred feet or 
more (Stamm and others, 2008). 

Another substantial channel and floodplain-forming event (of 
which we still see evidence) occurred during January 1982.

Some reaches of the San Vicente Creek channel and floodplain 
have also been directly changed by land-use practices; also, 
much of the channel and floodplain has been (or may continue 
to be) indirectly affected by changes in sediment and wood 
loading to the creek that may affect how the creek interacts 
with the floodplain. For example, if creek-side trees were cut 
and removed at some point in the past, then some of those 
removed trees would not be able to eventually fall into the 
creek to start-- or add to-- log jams which force high flows 
onto floodplains. This potentially reduced number of log jams 
also traps less sediment behind them, and does not replenish 
previous large wood in the creek that had been previously been 
trapping sediment; this lack of replacement wood could lead 
to incision below a level at which the creek and floodplain can 
interact frequently.

In some locations, the creek bank has migrated until it has 
encountered bedrock; in these locations, a floodplain is limited 
to one side of the creek channel. In other locations the creek 
has cut shallowly into bedrock, but floodplains or terraces still 
exist above the level of the bedrock. We observed bedrock creek 
banks in Reaches 2, 3, 4, and 5.

In canyon locations, where there are steep valley slopes, there 
may be no floodplains or very minimal floodplains; this can 
be a natural condition based on the slope of the creek chan-
nel where minimal alluvium would be expected to collect and 
form floodplains along the sides of the channel, but can also 
be caused if large amounts of material have been pushed to 
the edge of the creek from the side. Canyon morphology is 
common in the sections of San Vicente Creek and Mill Creek 
upstream of the locations where cross sections were surveyed.

Floodplain-to-Creek Connectivity Evaluation Methods
Balance evaluated floodplain connectivity by surveying twelve 
channel and floodplain cross sections. High-water marks4 

(HWMs) were also surveyed as an indication of water height 
during previous high flows. The surveys were performed with 
auto level, tripod, survey rod, and fiberglass measuring tape; 

4 High-water marks (HWMs) are by their nature approximate, and sometimes can 
be difficult to assign an accurate date to, so some HWMs that we surveyed may have 
been from previous larger floods, or subsequent lower flows than the December 23, 
2012 date that we assigned to the HWMs in the field. HWMs were found over a 
1-foot or ½-foot range of elevations at many sites.
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The cross-section surveys show varying degrees of floodplain 
connectivity. Well connected floodplains would ideally be inundated one 
or more times per year during most  years.  This frequency of inundation 
generally corresponds to a floodplain that is 2 to 2.5 feet above the 
channel bottom. 

(see Appendix A for 
more detailed plots of 

the sections)

(Section 11 is on Mill 
Creek upstream of the 

confluence)

(Section 12 is on San 
Vicente Creek upstream 
of the confluence)

Figure 3-8. Cross-section survey measurements: San Vicente Creek, July 2013.
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relative datums were used for each individual site. Locations 
were marked with a hand-held GPS unit, and are shown in 
Figure 3.2. We surveyed the cross sections on July 22 and 23, 
2013; other measurements (riffle texture and creek discharge) 
were made at the same location at the same time.

Site selection was not random or regular. Most sites were 
selected because the sampling team deemed them to be rep-
resentative of broader conditions, thus may be slightly biased. 
We selected some sites because they would make good analogs 
for future restoration (sites 3 and 7 for example). Site 4 was 
selected because it was the site of a recently completed restora-
tion project. Site 11 is on Mill Creek a short distance upstream 
of the confluence with San Vicente Creek. Site 12 is on San 
Vicente Creek a short distance upstream of the confluence with 
Mill Creek.

The highest flow of water year 2013 occurred December 23, 
2012, and was approximately 657 cfs (at the Balance Hydrolog-
ics creek gaging station), which we calculated to be approxi-
mately a three to four year return-period high flow. This was 
the most prominent HWM that we observed and measured, 
although HWMs were not found at every cross section. Those 
WY-2013 HWMs were usually two to three feet above the low-
flow water surface (see Appendix C).

Older HWMs, which were often evidenced by scarring of bark 
on creek-side alders (caused by floating debris) were higher than 
the water year 2013 HWMs. We do not know the dates or the 
flow rate of the peak flows that caused those bark scars, but 
they indicated flood levels that were five to six feet above the 
low-flow water surface (or about two to three feet higher than 
the water year 2013 HWMs).

We have related the height of the HWMs to the height above 
the low-flow water surface, and to the height of the floodplain 
at each cross section. We have also estimated the inundated 
width of the combined channel and floodplain as an indicator 
of floodplain connectivity. 

Floodplain-to-Creek Connectivity Results
The cross-sections are shown together in Figure 3-8, and 
individually in Appendix C (Figures B.1 to B.12), the results 
are shown in Table 3-3. At most locations, the water year 2013 
HWMs were two to three feet above the low-flow water level. 

 » At seven of the 12 cross sections, the floodplain was 
not inundated by the water year 2013 high flow. 

 » At two of the 12 cross sections, the floodplain was just 
barely inundated by the water year 2013 high flow. 

 » At three of the 12 cross sections, the floodplain was just 
moderately inundated by the water year 2013 high flow. 

Floodplain-to-Creek Connectivity Interpretation
Vertical Floodplain Connectivity
Based on the estimate of the water year 2013 peak flow as 
having approximately a three to four year return period, we 
have evaluated floodplain connectivity based on this expected 

frequency of inundation. However, because the return-period 
calculations are based on limited data, the return-period 
estimate is only approximate; if the actual return period of that 
peak flow was lower (e.g. two years), then several locations would 
have better floodplain connectivity than currently evaluated.

We also used “width of inundation” as a factor in evaluating 
floodplain connectivity for floodplains that have a range of 
elevations (see Table 3-3 and Appendix C). The wider the inun-
dation, the better connected a floodplain is to the channel.

 » In Table 3-3, an evaluation of “good” floodplain con-
nectivity is based on sites where the floodplain was 
moderately inundated by the WY 2013 high flows. 
Sites 3, 7 and 10 were evaluated as “good”. 

 » In Table 3-3, an evaluation of “marginal” floodplain 
connectivity is based on sites where the floodplain was 
only barely inundated by the WY 2013 high flows. 
Sites 3 and 9 were evaluated as “marginal”; these sites 
could change to “good” if the water year 2013 peak 
flow were actually more frequent level of flooding.

 » In Table 3-3, an evaluation of “poor” floodplain connectiv-
ity is based on sites where the floodplain was not inundated 
by the WY 2013 high flows. Sites 1, 2, 5, 6, 8, 11, and 12 
were evaluated as having “poor” floodplain connectivity.

In most cases, sites with poor floodplain connectivity would 
still be candidates for restoration projects. However, more 
material would need to be removed to connect the creek  
to the floodplain in the “poor” locations, even if wood struc-
tures were added to trap sediment and raise the bed  
of the creek.

Longitudinal Floodplain Connectivity
We did not quantify the upstream-to downstream extents that 
the cross sections represented, but we did note the well-con-
nected floodplains did not extend very far upstream and down-
stream. We also noted that the poorly connected sections seemed 
to extend for considerable distance upstream and downstream. 
We occasionally noted backwater channels on the floodplains; 
these also typically did not extend very far longitudinally, usu-
ally about 100 feet or less.

Floodplain Complexity

We define floodplain complexity as the number and/or depth of 
features other than a broad, flat alluvial surface. Features such 
as relict channel beds, oxbows, high-flow cutoffs, wetlands, 
and connected- or disconnected backwater channel increase 
floodplain complexity. We found some features like this but 
not many. In Figure 3-8 and Appendix C, cross section 1 has a 
backwater channel on the left side; cross section 3 has a high-
flow cutoff across the right side of the point bar; cross section 4 
has a relict channel on the left side; cross section 7 has a shal-
low backwater channel on the left side of the low floodplain. 
Restoration projects that lower floodplains or raise the creek 
bed should also specifically create features that increase the 
complexity of floodplains. Because of the sediment load in San 
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Table 3-3. Floodplain-to-creek connectivity parameters: San Vicente Creek near Davenport

Based on the level of WY 2013 high-water marks compared to the floodplains, only a few localized sites along San Vicente Creek have 
good floodplain connectivity. Because the water year 2013 high flow was a 3 to 4 year peak flow, well connected floodplains should have 
been moderately inundated. Sites that were just barely inundated during water year 2013 would likely not have been inundated during 
a year with a 1.5 to 2 year peak flow.

Cross 
Section 
Location

Reach  
Location

Closest  
NOAA 
tag #

Height from 
WSE to WY 
2013 HWMs

Height from 
WSE to flood-
plain/ terrace

Inundation depth on 
floodplain based on 

WY 2013 HWMs

Width of  
inundation at  

HWM elevation

Degree of 
floodplain 

connectivity
Width of primary  

floodplain or terrace
(feet) (feet) (feet) (feet) (feet)

Section 1 1 6 no HWM 6 not inundated no HWM poor 34
Section 2 1 8 2 to 3 4 not inundated 36 poor 30
Section 3 2 15 1.7 2.5 to 3.2 not inundated 31 or more marginal 30
Section 4 2 22 2 to 2.5 2 to 2.5 0.5 74 good 50
Section 5 2 31 no HWM 5 to 6 not inundated na poor 11
Section 6 3 38 3 3 and 6 not inundated 35 poor 4 and 30
Section 7 4 48 1.5 to 2 1.5 and 5 0.5 and not 63 good 39 and 14
Section 8 4 55 2.6 9.5 not inundated 24 poor 17
Section 9 4 64 2 to 2.5 2 to 3 just barely 30 marginal 25
Section 10 4 90 4.5 3.6 0.9 50 good 13
Section 11 4 Mill Cr. 3.3 3.6 not inundated 18 poor 34
Section 12 5 93 2 to 2.7 no floodplain no floodplain 36 poor none

notes:
WY 2013 = water year 2013, which started October 1, 2012, and finished September 30, 2013.

WSE = water surface elevation (when surveyed, July 22 and 23, 2013).

HWM = high-water mark (evidence found of water levels from previous high-water)

HWMs are by their nature approximate, and sometimes can be difficult to assign an accurate date to, so some HWMs that we 
surveyed may have been from previous larger floods than the December 2012 dates that we assigned to the HWMs in the field.

HWMs were found over a range of elevations at many sites, so often a height range is given in the Table above. For sites where 
HWMs were not surveyed, we have assummed similar relative heights from the other sites.

 » “poor” floodplain connectivity is based on floodplains not inundated by the WY 2013 high flows

 » “marginal” floodplain connectivity is based on floodplains barely inundated by the WY 2013 high flows

 » “good” floodplain connectivity is based on floodplains moderately inundated by the WY 2013 high flows

Vicente Creek, low floodplain areas fill in relatively quickly, so 
if it is desired to keep complex features at a low elevation, flood 
hydraulics need to be considered and perhaps used to site the 
features where high velocity will maintain or scour them during 
storms. Large wood or log structures can be used to focus high 
flows to improve or maintain complex habitat features.
Duration of inundation
For fisheries, the duration of inundation of the floodplain or 
backwater areas is also important. Figure 3.9 shows the hydro-
graph of the December 23, 2012 storm which was a typical 
duration for a large storm, and was slightly above average 
in terms of peak flow (657 cfs). The duration of floodplain 
inundation varies site by site, but if 300 cfs causes inundation 
at a site, then the duration of inundation would have been 
approximately three hours. The inundation duration for sites 
with lower habitat areas, like backwater channels that provide 

high-flow refuge, that might have been inundated by 100 cfs 
would have been approximately 15 hours. 

For the purpose of categorizing the degree of vertical floodplain 
connectivity, we defined the “floodplain” as the broad flat 
area next to the creek that appeared to an alluvial surface. For 
restoration or enhancement projects a broader and more useful 
definition of “floodplain” could be the wide flat area, plus lower 
areas of relic channels, high-flow over-flow channels, oxbows, 
and connected or disconnected back-water channels; these 
lower areas would get inundated more often and for a longer 
duration and therefore might be more useful for fish refuge and 
habitat.

In larger, low-gradient or snow-melt river systems long periods 
of floodplain inundation create conditions that are favorable for 
fish to interact with floodplains and complex habitat features. 
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However because San Vicente is a small and steep watershed, 
flood durations last only for short periods, so many complex 
habitat features may best be viewed as short-term high-flow 
refuge unless they are well connected to the creek at low flow.

Floodplain-to-Creek Connectivity Findings
 » Overall, the degree of floodplain connectivity does not 

seem to be closely associated with specific reaches below 
Mill Creek; the good and marginal sites occurred only 
in reaches 2 and 4, although more sites would need to 
be surveyed to make that a general conclusion. Also, we 
do not expect that notable floodplains would be present 
above Mill Creek, in both the San Vicente mainstem and 
Mill Creek, because of the steep canyon morphology.

 » Floodplain connectivity seems to vary quite locally. Some 
well-connected locations only last for approximately 
100 feet or less longitudinally, and can also transition 
quickly from poorly connected to marginally connected. 
We did not observe long longitudinal stretches of well-
connected floodplain, although we did observe long 
longitudinal stretches of poorly-connected floodplain.
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657 cfs was the largest flow peak of water year 2013.  The 
flow value that causes floodplain inundation varies site by 
site, but if 300 cfs causes inundation, then the duration 
would be approximately 3 hours. For lower habitat areas 
inundated by 100 cfs, that duration would be 
approximately 15 hours for this storm.

Laguna Creek hydrograph plotted for reference.

Figure 3-9. Peak flow hydrograph: San Vicente Creek, water year 2013

 » Over time, with less human disturbance, we expect 
floodplain connectivity to gradually (or with occa-
sional large changes during the largest flows) improve 
site by site as wood jams and floods erode creek banks 
and form new floodplains. This process can be acceler-
ated with restoration projects that lower floodplains (or 
raise the creek bed) and increase channel complexity.

 » We found a small number of complex floodplain and 
complex habitat features. Complex floodplains and chan-
nels provide more high-flow refuge for fish, as well as more 
trapping capacity for large wood and sorted patches of 
sediment. Complex features that connect to the creek or 
are lower than the rest of the floodplain would have longer 
periods of inundation and would be more beneficial to fish. 
Strategically adding large wood (or wood structures) can 
improve and maintain complex habitat features by focus-
ing high-velocity storm flow to locally scour sediment.
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FindinGS
A. Although the degree of sediment sources in San 

Vicente Creek are low relative to other Santa Cruz 
Mountain streams, on-going and planned road-
drainage improvements should provide additional 
reductions of fine sediment to salmonid habitats.

B. Because the quarry appears to function as a sink for 
upper watershed coarse sediment, and because dynam-
ics of sediment moving through bedrock tunnels in 
and near the quarry is poorly understood, additional 
study may be required to better understand sediment 
dynamics through the quarry, such as repeat surveys 
of sediment deposits in the quarry, or paired bedload 
measurements above and below the quarry tunnel over 
a range of events. However, access to these locations is 
difficult and may be infeasible during wet conditions.

C. There is potential to reduce fine sediment in the creek sys-
tem by repairing, stabilizing, and revegetating some of fine 
sediment sources identified in this study. Steep and remote 
terrain in may be the most limiting factor for implement-
ing channel restoration or mitigation measures. Alterna-
tively, fine sediment can be address through more passive 
approaches. This may include restoration elements in 
downstream reaches that encourage overbank deposition.

D. Introduction of instream wood in Reach 2 seems to 
be trapping and storing gravel-sized sediment, but 
the cumulative and long-term effects of introduced 
wood on reducing fines to downstream reaches is 
unknown. This approach of adding large wood could 
be expanded to a larger-scale pilot study to evaluate 
its effect on reducing fine sediment to the stream.

E. Gravels comprised a range between 15 percent and 46 
percent of riffles in San Vicente Creek, which may be 
considered low-to-moderate abundance for salmonids. 
Gravel augmentation has been suggested as a possibility 
for enhancing gravel abundance in San Vicente Creek; 
however, our assessment cannot conclude whether such 
efforts are feasible or needed. We suggest that a separate 
study be undertaken to review the feasibility of gravel 
augmentation for the lower reaches of San Vicente Creek. 

F. Fines less than 8mm comprised between ten and 45 
percent of 12 riffles examined at part of this assess-
ment. Coho typically have lower rates of survivability 
when riffles include 30 percent or more of fines. While 
only two riffles exceeded 30 percent fines, the average 
percent of fines approached 25 percent and suggests 
that fines may be a limiting factor in salmonid spawn-
ing habitat. We suggest that a combined effort of fine 
sediment source reductions and/or floodplain enhance-
ment are undertaken to minimize additional fines.

G. Measurements for embeddedness suggest San Vicente 
Creek exhibits a moderate level of embeddedness (22 
percent across all riffles), but only slightly less than 

value considered as detrimental by the CDFW (25 
percent). We recommend that efforts to reduce fine 
sediment to San Vicente Creek should be sought 
to maintain or improve substrate conditions. 

H. Floodplain re-activation projects have potential in the 
four reaches downstream of the Mill Creek confluence. 
Within those reaches, locations need to be evaluated on 
a site-specific basis because there is frequent variability 
over short distance. Avoiding reach 1 may be desired due 
to the potential for backwatering and resulting sedi-
mentation due to potential clogging of the Highway 1 
tunnel during high flows (as occurred  during 1998).

I. Because we did not find long stretches of well-connected 
floodplains, restoration efforts could focus on connect-
ing short sections of well-connected floodplain that are 
close to each other. This could be designed by creat-
ing low-elevation backwater channels instead of- or in 
addition to- lowering large swathes of floodplain.

J. Improving floodplain connectivity can be performed by 
lowering the floodplain (such as by mechanical removal 
of vegetation and soil), or by raising the channel bed of 
the creek (such as by adding large wood that fully spans 
the channel). Locations where the floodplain has mar-
ginal connectivity should be considered as candidates for 
raising the bed of the channel with large wood (probably 
limited to half the diameter of available wood). Projects 
that use large wood that fully crosses the creek chan-
nel will also likely help retain gravel-sized sediment.

K. Because there are limited locations with good creek-
to-floodplain connectivity, natural areas of good 
floodplain-to-creek connectivity (sites 3 and 7) should 
be used as analogs for designing complex floodplain 
re-activation projects. These sites have examples of 
complex habitat features such as low floodplains, back-
water channels, undercut banks, and creek wood.
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Chapter 4: Fisheries

objeCtiVeS
During a 2003 smolt outmigration study conducted in the 
lower San Vicente Creek watershed (ESA, 2003), over 1,000 
coho salmon smolts were documented migrating to the ocean. 
However, by the time RCD submitted a grant application for the 
preparation of the San Vicente Creek Watershed Restoration Plan 
for Salmonid Recovery in early 2011, coho salmon populations 
throughout the Central California Coast (CCC) Evolutionarily 
Significant Unit (ESU) of the species had plummeted and it was 
unclear whether a self-sustaining population of coho salmon 
remained within the watershed. Consequently, RCD initially 
proposed to conduct a comprehensive, life-stage based assess-
ment of coho salmon presence and distribution within the water-
shed, including spawner surveys, juvenile distribution surveys, 
and smolt outmigration surveys. Shortly after grant application 
submittal, however, both federal and State fisheries agencies 
began to direct significant attention and resources toward coho 
salmon extinction prevention and recovery in this small but 
productive watershed, initiating a comprehensive broodstock 
reintroduction and evaluation project, including extensive juve-
nile distribution and annual spawner surveys. As such, the goal 
of the fisheries assessment shifted from an independent species 
presence/absence assessment to collaborative support of ongoing 
NMFS/NOAA and CDFW efforts. 

The three main objectives of the fisheries assessment were to: a) 
collect smolt outmigration data related to population size and 
composition, while also collecting comparative data on survival 
of different broodstock release life stages as part of long-term 
research being conducted by NOAA’s Southwest Fisheries Sci-
ence Center (SWFSC); (b) conduct spawner surveys to deter-
mine adult spawning locations and abundances; and (c) conduct 
juvenile distribution surveys to identify primary rearing reaches 
and associated habitat elements within the watershed. To address 
these objectives, CDFW staff conducted spawner surveys during 
the 2011/2012 and 2012/2013 spawning seasons; SWFSC staff 
began conducting frequent snorkel and electrofishing surveys 
in 2011 in support of strategic releases of different life stages of 
broodstock coho salmon; and RCD staff, in collaboration with 
SWFSC staff, conducted a smolt outmigration study during the 
spring of 2013. In addition, CDFW staff conducted a detailed 
habitat typing effort in 2010.

The purpose of these assessments was to begin answering a num-
ber of questions regarding coho salmon and steelhead utilization 
of the watershed, and to identify potential limiting factors to 
salmonid survival and productivity. It should be noted, however, 
that assessments conducted under this grant project are part of 
a larger long-term study, and answers to some of these questions 
will not be available for some time.

 » Where within the watershed do adult salmonids 
spawn? Are suitable spawning sites limiting salmonid 
populations? Do wild (i.e., non-broodstock) coho salmon 
adults still return to spawn in San Vicente Creek?

 »  Where within the watershed do juvenile salmonids rear? 
Are suitable rearing sites limiting salmonid populations? 
What are the survival and productivity rates of differ-
ent life stages of broodstock coho salmon releases?

 » What are the rates of juvenile-to-smolt sur-
vival in San Vicente Creek? What is the 
condition of outmigrating smolts?

This report summarizes the findings to date of these collabora-
tive efforts. In conjunction with the findings and recommenda-
tions of the hydrology, geomorphology, large woody debris, 
and invasive species assessments conducted under this grant, 
the findings of the various fisheries assessments represent our 
current understanding of salmonid population and habitat con-
ditions in the San Vicente Creek watershed and will help guide 
future habitat restoration and species recovery efforts.

intRoduCtion
San Vicente Creek is a small, third order coastal stream in 
northern Santa Cruz County, California, supporting coho 
salmon (Oncorhynchus kisutsch) and steelhead (Oncorhynchus 
mykiss). Its headwaters are located at an elevation of approxi-
mately 2,600 feet and its main stem flows for about 9.3 miles 
before emptying into the Pacific Ocean just south of the town 
of Davenport. The 11.1 square mile watershed also includes 
11.3 miles of tributary streams, the most significant of which is 
Mill Creek (CDFG, 1998). San Vicente Creek does not have a 
lagoon because the mouth of the creek was diverted through a 
245-foot long manmade bedrock tunnel when railroad tracks 
were constructed over the creek in 1906 (ESA, 2001) and the 
presumably historic lagoon was filled in by the railroad grade. 
Approximately 65 feet upstream of the bedrock bore, the creek 
passes through a 142-foot long concrete box culvert underneath 
Highway 1. Depending on tidal elevations, the creek exits the 
tunnel either on the north side of San Vicente Beach or directly 
into the Pacific Ocean. Due to the lack of a sandbar, adult coho 
salmon and steelhead migration into the watershed is never 
blocked at the mouth of the creek. However, a defunct mining 
tunnel at stream mile 3.4 of San Vicente creek presents a per-
manent barrier to fish migration and thus marks the upstream 
extent of accessible main stem anadromous salmonid habitat. 
Water diversion dams located at stream miles 0.5 and 0.75 on 
Mill Creek prevent fish from utilizing the upper watershed of 
that tributary (CDFG, 1998). In addition to coho salmon and 
steelhead, San Vicente Creek supports populations of prickly 
sculpin (Cottus asper), coastrange sculpin (C. aleuticus), and 
threespine stickleback (Gasterosteus aculeatus) (ESA, 2003). A 
single occurrence of a non-native green sunfish (Lepomis cyanel-
lus) has been documented within the watershed (ESA, 2003).

Mean annual rainfall in the watershed ranges from about 24 
inches at the mouth to upwards of 60 inches in the headwaters 
along Empire Grade (CDFG, 1998). The geology and precipita-
tion are such that San Vicente Creek sustains summer mini-
mum baseflows of about 1 cubic feet per second (cfs) in nearly 
all years —a large flow by regional standards and a critically-
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important attribute in restoring coho salmon and steelhead 
populations (Stamm et al., 2008). The hydrology and geology 
of the watershed are discussed in detail in chapters one and 
two, respectively, of this report.

Although redwood forest dominates the watershed, the lower 
reaches of the creek support a narrow riparian zone dominated 
by alders (Alnus spp.) and willows (Salix spp.). Timber harvest-
ing, water diversions, and rural residential development occur 
in the upper watershed. Open pit mining historically occurred 
in the upper watershed, but was recently terminated. Cattle 
grazing and agricultural water diversions historically occurred 
in the lower watershed but were gradually phased out over the 
past decade. 

History, Previous Studies or Projects
Salmonid Populations
The historic presence and abundance of salmonid populations 
in San Vicente Creek are fairly well documented. A newspaper 
article dating back to 1866 placed San Vicente Creek at the top 
of the county’s fisheries streams: 

“The best [trout fishing] stream probably, is the San Bei-
cente [San Vicente], ten miles up the coast, a large creek 
emptying into the sea. In this stream, trout bite as rapid 
and as strong as in Eastern streams, and [are] even more 
abundant and delicious. The largest trout caught (by 
Mr. Begelow, the insurance agent), being over 22 inches 
long and weighing about four pounds. In this stream 
the largest average from ten to fifteen inches.” (Sentinel 
1/13/1866)

In addition to steelhead trout, museum specimens of coho 
salmon from San Vicente Creek dating back to 1895, prior to 
the first known stocking of coho salmon south of San Fran-
cisco Bay, provide strong evidence that the species historically 
occurred in the watershed (Spence et al., 2011). However, 
recreational and industrial pressures on these populations were 
already significant at the time, as indicated by the following 
reports: 

“Messrs. Tom Dakan and Rob Dudley whipped the San 
Vicente for trout Sunday with immense results. Eight hun-
dred and fifty is the record they are willing to make their 
affidavit on, and all caught with a hook.” (Surf 6/2/1891)

“The San Vicente Creek, beloved of the angler and the 
artist, has its mouth stopped by a vast dyke, and its throat 
choked into a tunnel, a saloon on its border, and its bed 
for miles denuded of the granite cobbles and sand beds. 
A sawmill is swiftly cutting out the timber and dirt and 
debris defile the pools and clog the riffles where lurked the 
gamey trout.” (Surf 2/02/1906)

In 1934, CDFW staff surveyed San Vicente Creek and noted 
both the presence of steelhead and past steelhead stocking. 
Natural propagation was said to be “good in normal years” 
(DFG, 1953). A CDFW (DFG, 1953) report states, “…the 
upper portion of this creek is a beautiful trout creek.”

Coho salmon occurrences in San Vicente Creek have been 
documented a number of times over the past three decades, 
including in 1981 by Harvey & Stanley Associates (1982), 
in 1991 by McGinnis (1991), and in 1996 by CDFW (DFG, 
1998). Steelhead have consistently been documented in San 
Vicente Creek throughout these and more recent survey efforts. 
By the late 1990’s, CDFW considered the San Vicente Creek 
coho salmon population to be near extinction (DFG, 1998). 
However, a smolt outmigrant study conducted for NMFS and 
the Coast Dairies Land Company in the spring of 2003 cap-
tured over 1,000 coho salmon smolts and over 2,000 juvenile 
steelhead (ESA, 2003). 

Subsequent randomized snorkel surveys, performed by SWFSC 
staff in 2008, observed a total of 188 juvenile coho salmon in 
the watershed. While this is a relatively small number from 
a population viability perspective, it represented the highest 
coho salmon abundance of any sampled watershed south of San 
Francisco Bay at that time (NMFS, 2012). San Vicente Creek 
has been identified by NMFS biologists as one of the highest 
priority anadromous fishery creeks south of the Golden Gate 
(Best, pers. comm.).

CDFW staff conducted spawning surveys in San Vicente Creek 
(excluding Mill Creek) and other drainages in Santa Cruz and 
San Mateo counties during the 2011-2012 spawning season1 
to estimate regional escapement and general run timing 
(Jankovitz, 2012). The surveys were conducted at 10 to 14 day 
recurrence intervals and generally followed a protocol designed 
for monitoring salmonids along the north coast of California 
outlined by Gallagher and Knechtle (2005). However, while the 
protocol calls for surveys of randomly selected stream reaches, 
mainstem San Vicente Creek was surveyed in its entirety due 
to ease of access, short extent of anadromy, and the impor-
tance of the system to coho salmon recovery efforts. CDFW 
staff observed a total of 22 live broodstock coho salmon (see 
discussion of the broodstock program below), four broodstock 
carcasses, two ocean return coho salmon of unknown hatchery 
origin2, and 14 coho salmon redds between January 24 to 
March 1, 2012 (Jankovitz, 2012). All observations were made 
between the mouth of San Vicente Creek and the confluence of 
Mill Creek. The two ocean return coho of unknown hatchery 
origin were observed spawning in lower San Vicente Creek 
on February 17, 2012 and the resulting redd was observed 
and measured on February 28. This was the only pair of coho 
known to have returned from sea and successfully spawned 
in the entire Santa Cruz/San Mateo survey area3 during the 

1  Spawning surveys were again conducted during the 2012-2013 spawning 
season, but results were not available at the time of report preparation.
2  The two adult coho salmon had clipped adipose fins, indicating they were 
hatchery releases, but did not contain any tags identifying the hatchery from which 
they were released (Jankovitz, 2012).
3  The survey area consisted of 21 randomly selected sampling reaches within 
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season (Jankovitz, 2012). Broodstock coho salmon constructed 
an additional thirteen redds in San Vicente Creek during the 
season. In addition, CDFW staff also identified a total of 55 
steelhead redds (Jankovitz, 2012).

Broodstock Program
Recognizing the impending threat of regional extirpation of 
coho salmon south of San Francisco Bay, NOAA’s SWFSC, in 
collaboration with the non-profit Monterey Bay Salmon and 
Trout Project (MBSTP), adopted a captive rearing strategy 
(captive broodstock program) in 2001 to protect the genetic 
legacy of southern coho salmon and provide future opportuni-
ties to reestablish coho salmon in regional streams from which 
they have been extirpated. Until 2011, broodstock raised by 
the program were only released in Scott Creek, a costal stream 
entering the Pacific Ocean approximately three miles north of 
the mouth of San Vicente Creek. However, San Vicente Creek 
has been identified by the inter-agency Priority Action Coho 
Team (Recovery and Captive Rearing Technical Work Group) as 
a high priority site for coho salmon reintroduction in the Santa 
Cruz Mountains diversity stratum, and broodstock releases to 
San Vicente Creek were initiated by SWFSC in 2011. 

Consistent with the goals of the captive broodstock program, 
multiple life-stages of coho salmon have been released into San 
Vicente Creek since 2011 (Table 4-1) and researchers at SWFSC 
are conducting targeted experiments to quantify the relative suc-
cess of each release strategy (e.g., release location, time of year, 
and life-stage). Preliminary results of this effort indicate that 
adult broodstock fish released into San Vicente Creek success-
fully spawned and produced offspring in both 2012 and 2013. 
The subsequent planting of 4,000 and 6,000 unfed fry across 
multiple release sites in April 2012 and March 2013, respectively, 
has further augmented the juvenile (young-of-year) coho popula-
tion in the basin. The release of several hundred smolts in 2011 
and April 2013 were aimed at increasing subsequent returns of 
broodstock adults imprinted to San Vicente Creek and matured 
in the ocean. 

Table 4-1. Outplanting of coho salmon from the NOAA captive broodstock 
program into San Vicente Creek, 2011-2013.

(year)

Life Stage 2011 2012 2013
Fry (unfed) 0 4,000 6,000

Parr 0 0 0

Smolt 300 0 497

Adult 0 27 19

11 coastal watersheds, as well as seven non-randomly selected reaches within two 
coastal watersheds (San Vicente Creek and Gazos Creek) of San Mateo and Santa 
Cruz counties. Specific sampling locations are provided by Jankovitz (2012).

Habitat Quality
CDFW conducted comprehensive habitat inventories of San 
Vicente Creek in 1996 (DFG, 1996) and 2010 (CDFW, 2013) 
pursuant to standard methodologies presented in the California 
Salmonid Stream Habitat Restoration Manual (Flosi et al., 1998). 
The primary purpose of this type of habitat inventory is to pro-
vide a watershed or drainage-wide overview of existing habitat 
availability and conditions, and to develop generalized recom-
mendations for potential habitat enhancement approaches. Due 
to randomized subsampling used in the assessments, as well as 
inherent sampler bias, these habitat inventories are generally 
not used as a monitoring tool aimed at documenting fine scale 
changes over time. However, a qualitative comparison of the 
1996 and 2010 assessment results does provide valuable insights 
into potential basin-wide changes that may have occurred over 
the 14-year period between the two assessments. This section 
provides such a comparison. The reader is referred to the Cali-
fornia Salmonid Stream Habitat Restoration Manual (Flosi et al., 
1998) for detailed descriptions of assessment methodology and 
habitat parameters.

In 1996, broadly defined habitat types (i.e., Level II) in San 
Vicente Creek occurred with a frequency of 43% pool units, 
16% riffle units, 40% flatwater units, and 1% culvert units. 
In 2010, the frequencies of Level II habitat type occurrences 
were 36% pool units, 35% riffle units, 27% flatwater units, 
2% culvert units. These results suggest the frequency of pool 
units has decreased somewhat over 14 years, which is consistent 
with anecdotal evidence from the assessment team over the 
past decade. The large discrepancy between riffle and flatwater 
units between the two assessments, however, is somewhat 
surprising. It should be noted that the correct identification 
of riffle and flatwater units is subject to observer error to a 
greater extent than other habitat units. Higher stream flows 
and concomitant increases in stage can inundate some riffles to 
the extent that they appear as flatwaters. In fact, the California 
Salmonid Stream Habitat Restoration Manual indicates that run 
habitats, the most common flatwater unit type, “[o]ften appear 
as flooded riffles.” Streamflow during the 1996 assessment was 
measured at approximately 8 cubic feet per second (cfs) while 
streamflow during the 2010 assessment was 6 cfs. It is therefore 
likely that at least some habitat units identified as flatwater 
during the 1996 assessment were identified as riffles during the 
2010 assessment. Lastly, the discrepancy between culvert units 
between the two assessments is minor and likely a reflection 
of rounding effects. The assessment team is not aware of any 
new culverts having been constructed in the lower San Vicente 
Creek watershed during the past decade.

In 1996, fourteen individual Level IV habitat types were identi-
fied. Based on percent occurrence, the most frequent habitat 
types were mid-channel pool units (28%), step runs (28%), and 
low gradient riffles (12%). Based on percent total stream length, 
step runs comprised 70%, mid-channel pools 10%, and runs 
5% in 1996. In 2010, a total of eighteen Level IV habitat types 
were identified. The most frequent habitat types by percent 
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occurrence were low gradient riffle units (19%), run units 
(19%), and mid-channel pool units (15%). Based on percent 
total length, there were 21% run units, 18% low gradient riffle 
units, 16% high gradient riffle units. These results again sug-
gest an overall reduction in pool habitat units, both in terms 
of frequency of occurrence and percent total stream length, 
between 1996 and 2010.

A total of 70 individual pool units were identified in 1996 
under a random subsampling protocol (i.e., not all pools were 
quantified), with main channel pools being the most abundant 
(64%) pool habitat unit type, comprising 69% of the total 
length of pools. The 2010 assessment included quantification 
of all pool units and identified a total of 123 individual pools, 
with scour pools as the most frequently encountered at 53%, 
comprising 51% of the total length of all pools. Due to the dif-
ferent sampling intensities used for the two assessments, these 
numbers are not directly comparable.

Pool quality for salmonids increases with depth, particularly 
if instream shelter is present within the pool. Twenty-one of 
the 70 pools (30%) identified in 1996 had a residual depth 
of three feet or greater, while only 13 of the 123 pools (11%) 
had a residual depth of three feet or greater in 2010. Residual 
pool depth is a measure that is independent of streamflow or 
stage, and therefore provides a useful comparison tool. The 
residual pool depth data for 1996 and 2010 appear to indicate 
that pool depths have decreased considerably over 14 years. 
Coho salmon are known to prefer deep pools and relatively 
slow water velocities while steelhead generally reside in the 
more shallow and fast-flowing areas of a channel (e.g., Roni, 
2002). As such, the apparent loss of deep pool habitat avail-
ability in San Vicente Creek has likely affected coho salmon 
disproportionately. 

The depth of cobble embeddedness was estimated at pool tail-
outs. This habitat parameter is rated on a scale of 1 to 5, with 
a value of 1 indicative of the best spawning conditions and 
a value of 4 representing the worst. A value of 5 is assigned 
to tail-outs that are deemed unsuited for spawning due to 
inappropriate substrate such as bedrock, log sills, boulders, 
or other such features. Of the 70 pool tail-outs measured in 
1996, one had a value of 1 (1%), 12 had a value of 2 (17%), 51 
had a value of 3 (73%), one had a value of 4 (1%), and five had 
a value of 5 (7%). Of the 123 pool tail-outs measured in 2010, 
13 had a value of 1 (11%), 78 had a value of 2 (63%), 8 had a 
value of 3 (7%), none had a value of 4, and 24 had a value of 5 
(20%). As such, a total of 74% of measured pool tail-outs had 
embeddedness ratings (1 or 2) generally considered suitable 
for salmonid spawning in 2010, while only 18% of tail-outs 
contained embeddedness levels suitable for spawning in 1996. 
Based on this analysis alone, fine sediment levels in San 
Vicente Creek may have decreased over time. This observation 
is consistent with the results of a sediment source inventory 
conducted for this report (chapter 2) that “identified very few 
active sediment sources that currently may impair spawning/
rearing habitat.” 

Available instream cover was evaluated using a standard shelter 
rating for each habitat unit. The proportion of each habitat 
unit that is influenced by some type of shelter is estimated as a 
percentage of the total surface area of the unit, and a standard 
qualitative shelter value of 0 (none), 1 (low), 2 (medium), or 3 
(high) is assigned according to the complexity of the cover. The 
shelter rating is calculated for each fully-described habitat unit 
by multiplying shelter value and percent cover. Thus, shelter rat-
ings can range from 0-300 and are expressed as mean values by 
habitat types within a stream. A pool shelter rating of approxi-
mately 100 is desirable for salmonids. For San Vicente Creek, 
the mean shelter ratings for riffle and flatwater habitat types 
were very low (ratings of 10 or less) and similar to each other 
in 1996 and 2010. However, the mean shelter rating value for 
pools increased from 12 in 1996 to 35 in 2010. The dominant 
overall cover type was boulders during both assessment years. 
Within pools, the dominant cover types were root masses and 
boulders in 1996, but terrestrial vegetation and small woody 
debris in 2010. More importantly, large woody debris (LWD) 
accounted for only 7% of measured pool cover in 1996, but 
for 16% in 2010. These values may be indicative of marginal 
increases in large woody debris (LWD) loading in San Vicente 
Creek over the past 14 years. A detailed discussion of current 
LWD loading and recruitment potential is provided in chapter 
5 of this report.

Channel substrate size suitability for salmonid spawning was 
evaluated differently in 1996 (sampled in low gradient riffles) 
and 2010 (sampled in pool tail-outs). During the former assess-
ment, 100% of low gradient riffles contained large cobble as the 
dominant substrate size, which is generally considered unsuit-
able for spawning. In 2010, gravel substrate was dominant in 
34% of pool tail-outs and small cobble substrate was dominant 
in 31% of pool tail-outs in 2010. Gravel and small cobble 
substrates are generally considered to provide suitable spawning 
conditions. No comparative conclusions can be drawn from the 
data presented for the two assessments, other than a potential 
indication that low gradient riffles in San Vicente Creek may 
not provide suitable spawning conditions (at least in 1996) 
while the majority of pool tail-outs appear to provide spawning 
opportunities (at least in 2010).

The mean percent canopy density for the surveyed length of 
San Vicente Creek was 87% in 1996 and 92% in 2010. In 
1996, 75% of canopy cover was provided by hardwood trees, 
12% by conifers, and 13% of the survey reach was classified 
as open (i.e., no canopy cover). In 2010, 78% of canopy cover 
was provided by hardwood trees, 14% by conifers, and only 8% 
of the survey reach was classified as open. Similar trends were 
observed in the percentage of vegetated streambanks, with 73% 
and 76% of the right and left banks, respectively, vegetated in 
1996; and 77% and 80% of the right and left banks, respec-
tively, vegetated in 2010. Although individual canopy cover and 
bank vegetation values for 1996 and 2010 are very similar, the 
data suggest that a gradual trend toward increased canopy cover 
has occurred since 1996.
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In conclusion, the two habitat inventories indicate that pool 
habitat availability and quality has been decreasing while 
riparian canopy cover and LWD loading has been increasing 
slightly. Suitable spawning habitat is generally available in 
most pool tail-outs, and embeddedness ratings are relatively 
low. As depicted in Figure 4.7, coho salmon redds observed 
during the 2001-2012 spawner surveys were generally concen-
trated in reaches containing multiple pools.

methodoloGy
Smolt Outmigration
An outmigrant trap was installed in San Vicente Creek on 
March 1, 2013 and operated daily through June 15, 2013 to 
assess current population size, size of fish, migration timing, 
and freshwater survival. The outmigrant trap was installed 
immediately downstream of a boulder weir associated with the 
inlet structure for the Lower San Vicente Pond restoration site. 
This site was selected based on ease of access and security. The 
trapping site is located approximately 775 feet upstream of the 
Highway 1 culvert. Thus, outmigrating smolts from a small 
portion of the overall watershed locate downstream of the trap 
were not sampled in this study. 

Study methodologies were consistent with the California 
Coastal Salmonid Monitoring Plan (CMP) as presented in 
Fish Bulletin 180 (DFG, 2011), but expanded upon to collect 
additional data in support of ongoing SWFSC broodstock 
reintroduction and research efforts. The trap consisted of a 
2-foot diameter, 7-ring, 2-chamber hoop net with a 0.25-inch 
mesh size. Seine wings attached to both sides of the trap open-

ing were used in an attempt to block the entire wetted width 
of the channel to achieve 100% trapping efficiency. Due to the 
design of the trap with seine side wings, upstream migration 
of adult salmonids was not impeded as these individuals were 
able to easily swim over the top of the seine, as was observed on 
two occasions. The trap was operated 24 hours per day, 7 days 
per week and checked daily, at a minimum. Trapped fish were 
transferred into a 20-gallon holding bucket filled with stream 
water. All non-salmonid species were returned to the stream. 
Coho salmon and steelhead were anesthetized in a short 
MS-222 bath. Forklengths of juvenile salmonids were recorded 
to the nearest millimeter using standard plastic rulers. Wet 
weights were measured to the nearest 0.1 grams using an Ohaus 
Scout II electronic scale with a 400-gram capacity. Evidence 
of fish diseases (e.g., black spot disease) and other noteworthy 
observations were also recorded. Adult steelhead captured in 
the trap were estimated for length and released immediately 
downstream of the trap.

All juvenile salmonids were scanned for passive integrated tran-
sponder (PIT) tags using a Biomark 601 handheld reader, and 
all PIT tag codes were recorded. On April 23, 2013, SWFSC 
staff released 497 broodstock coho salmon smolts fitted with 
coded wire tags (CWT) in San Vicente Creek upstream of the 
outmigrant trap. Subsequent to this release, all captured coho 
salmon were also scanned for CWTs using a Northwest Marine 
Technology T-Wand CWT detector. Coho salmon containing a 
CWT were recorded and released immediately downstream of 
the trap without obtaining length or weight measurements. 

All captured juvenile coho salmon that had not previously 
been tagged with a PIT tag or CWT were implanted with a 
12 millimeter half duplex (HDX) PIT tag manufactured by 
Oregon RFID. The PIT-tagging techniques used were consis-
tent with methodologies described by the Columbia Basin Fish 
and Wildlife Authority PIT Tag Steering Committee (CBFWA, 
1999). The PIT tags were implanted into the body cavity 
between the posterior tip of the pectoral fin and the anterior 
point of the pelvic girdle using syringes fitted with 12-gauge 
veterinary-grade needles. Scale and DNA (fin-clip) samples 
were also collected from all previously untagged coho salmon 
using standard salmonid research protocols.

After handling, fish were placed into 5-gallon holding bucket 
containing stream water and an aerator, and allowed to recover 
from the anesthesia for approximately 10-20 minutes. All 
recovered fish were released into a deep and calm pool located 
approximately 50 feet downstream of the trap.

Based on guidelines presented in the CMP, trap efficiency 
was assessed using a simple mark-recapture protocol. SWFSC 
staff operated the outmigrant trap once a week (Wednesdays). 
Starting on April 3, 2013, NOAA staff selected a subset of all 
trapped fish each Wednesday for the mark-recapture study. 
Selected fish were issued a PIT tag (unless one was present 
already) and marked with a caudal fin clip for identification. 

Figure 4-1. Smolt trap in San Vicente Creek, Spring 2013.
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Marked fish were released approximately 200 feet upstream of 
the outmigrant trap. PIT tag codes were used to identify and 
quantify marked and subsequently recaptured fish.

Outmigrant traps typically need to be removed from the stream 
during high flow events. However, water year 2013 proved to 
be a drought year along the central coast of California and no 
significant storm events occurred during the trapping period. 
As such, the trap remained in place and operational during the 
entire outmigrant study.

Juvenile Distribution
In July 2012, SWFSC staff conducted snorkel surveys in 
mainstem San Vicente Creek to document the distribution 
and abundance of juvenile coho salmon. The snorkel survey 
extended approximately 3.4 miles from the confluence with the 
Pacific Ocean to the quarry tunnel representing the upstream 
limit of anadromy. Procedurally, two snorkelers equipped with 
dive lights worked side-by-side to cover the width of the stream 
and slowly proceeded in an upstream direction. The survey 
was limited to pool habitat units and every pool encountered 
was sampled via a single pass. Based on methodologies previ-
ously employed by SWFSC staff (Spence, unpublished data), 
pools were defined as habitat units of at least 2.0 m2 (21.5 ft2) 
in surface area, widths at least one-half the wetted-width of the 
channel, and maximum depths exceeding 0.3 m (1 ft). For each 
pool, only the number of juvenile coho salmon was recorded; 

steelhead were not enumerated. Physical habitat information 
including location, total pool length, pool width, maximum 
pool depth, and pool tail depth were also recorded for each 
unit surveyed.

FindinGS

Smolt Outmigration
Coho Salmon
A total of 329 juvenile coho salmon were captured in the 
outmigrant trap between March 2 and June 15, 2013. Of this 
total, 196 fish were marked with CWT, indicating that they 
were broodstock smolts released into the system on April 23, 
2012. Of these totals, one non-CWT and three CWT coho 
were recaptures (see below). Furthermore, two of juvenile coho 
salmon captured toward the end of the trapping period were 
age 0+ fish (based on forklength). One of these was marked 
with a red visible implant elastomer (VIE) tag, indicating it 
was broodstock fish previously released as a fry; the other fish 
had no visible mark, suggesting it may have been the offspring 
of instream spawning. As such, the total tally of individual 
captured juvenile coho salmon was 130 non-CWT smolts, 193 
CWT smolts, one VIE fry, and one non-VIE fry. In compari-
son, the 2003 trapping study (ESA, 2003) captured 703 smolts 
in mainstem San Vicente Creek and 319 smolts migrating 
from the Lower San Vicente Pond off-channel habitat feature4, 
for a total of 1,022 smolts. 

A total of five juvenile coho salmon were found dead upon 
arrival at the traps. Two of these mortalities were CWT-
marked broodstock smolts and external fungus was observed 
on two others. Fungus infections were noted on a total of 
thirteen juvenile coho salmon, but twelve of these were 
CWT-marked broodstock smolts. Minor to moderately severe 
black spot (Neascus sp.) infestations were observed on only six 
captured coho salmon, none of which were broodstock CWT-
marked broodstock smolts. One additional juvenile coho 
salmon mortality occurred during PIT-tagging.

Trap efficiency tests were inconclusive. On one hand, we felt 
that the positioning of the trap assured that essentially 100% 
of the channel width and depth were blocked by the trap 
and wing seines, and the absence of significant storm events 
enable us to operate the trap continuously without the trap 
being bypassed, over-topped, or removed. On the other hand, 
however, recapture success was low. A total of 26 coho salmon 
smolts (22 CWT broodstock smolts, 4 non-CWT smolts) 
captured in the trap were marked and released upstream. 
Of these, only four (three CWT broodstock smolts, one 
non-CWT smolt) were subsequently recaptured in the trap. 
These results suggest a low trap efficiency of approximately 
15%. However, the recapture rate for non-broodstock smolts 

4  The Lower San Vicente Pond site became hydrologically disconnected from 
San Vicente Creek in 2012. Therefore, no fish occupied this habitat in 2013.

Figure 4-2. Processing of juvenile salmonids captured in San Vicente Creek, 
Spring 2013
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was higher at 25%. Based on the fact that only 193 individual 
broodstock smolts of a total of 497 released by SWFSC staff 
were captured in the trap, survival of broodstock smolts appears 
to have been relatively low at approximately 39%. Alternatively, 
genetic cues for outmigration may have been weak in brood-
stock smolts. Considering that the majority (85%) of coho 
salmon smolts used for the trap efficiency study were brood-
stock smolts, the low recapture rates may be a reflection of 
poor survival and/or low migration rates rather than trapping 
inefficiencies. It is also important to note that it took an average 
of 22.5 days (min = 10 days; max = 36 days) for marked coho 
salmon to be recaptured in the trap. As such, it appears that the 
trapping study may have delayed outmigration through trap 
recognition and avoidance.

The average forklength of non-CWT coho salmon smolts was 
116 mm (standard deviation, SD, ± 13 mm), and the average 
wet weight of non-CWT coho salmon smolts was 15.8 g (SD 
± 5.4 g) (Table 4-2). The condition factor (k = 100,000 wet 
weight / length3) is frequently used by fisheries biologists as an 
indicator of the health of a fish population, with high k values 
(i.e., > 1.0) indicative of adequate food supplies (Moyle and 
Cech, 1988). The average condition factors for non-CWT coho 
salmon smolts was 0.98 (SD ± 0.08).

By comparison, average forklengths of coho salmon smolts 
captured in San Vicente Creek and Lower San Vicente Pond in 
2003 were 99 mm (SD ± 10 mm) and 121 mm (SD ± 7 mm), 
respectively, and average wet weights were 10.1 g (SD ± 2.8 
g) and 18.2 g (SD ± 2.8 g), respectively (Table 4-2). As such, 
average sizes of coho salmon smolts in 2013 were larger than 
those trapped in the mainstem in 2003, but smaller than those 
captured inthe off-channel habitat in 2003. Condition factors 
in 2003 were slightly higher at 1.02 at both trapping sites.

Steelhead
A total of 1,668 juvenile steelhead and 23 adult steelhead were 
captured in the creek trap during the 15-week study. Of this 
total, 47 juvenile steelhead were recaptures (see below). As such, 
the actual number of individual juvenile steelhead captured was 
1,644. Smolts and presmolts (based on coloration) accounted 
for 407 of the total juvenile catch, with 23 of these being 
recaptures. As such, the actual number of individual steelhead 
smolts/presmolts captured was 384, or 23.4% of the total num-
ber of individual juvenile steelhead encountered in the trap. It 
is important to note, however, that while the use of coloration 
is the only available non-lethal method of distinguishing smolts 
from other juvenile steelhead, it is an imprecise measure of 
whether or not a juvenile fish will migrate to the ocean dur-
ing the study period, particularly during the early part of the 
season when many eventual smolts captured in the trap had not 
yet entered the smoltification process. As such, the presented 
smolt numbers are likely artificially low. 

A total of 18 juvenile steelhead were found dead upon arrival 
at the creek trap. Moderate to severe external fungus infections 
were noted on 10 of these mortalities. In all, fungal infections 
were observed on 36 juvenile steelhead and five adult steelhead. 
By comparison, blackspot infestations were observed on only 
six juveniles. 

A total of 121 juvenile steelhead were marked with PIT tags 
and fin clips, and released upstream of the trap. Of this total, 
47 juveniles (38.8%) were subsequently recaptured. Of the total 
number of marked fish, 51 were identified as smolts, and 23 
(45.1%) of these were subsequently recaptured. It is not surpris-
ing that the rate of recapture among smolts was higher than the 
total juvenile recapture rate since smolts are genetically cued, 
and physiologically ready, to outmigrate and therefore more 

Table 4-2. Coho Salmon and Steelhead Smolt Abundance, Length, Weight, and Condition in San Vicente Creek, 2013 and 2003

(year)

2013 2003 (creek) 2003 (pond)

Coho (non-CWT smolts only)

Total # trapped 130 703 319

Average forklength, mm (±SD) 116 (13) 99 (10) 121 (7)

Average wet weight, g (±SD) 15.8 (5.4) 10.1 (2.8) 18.2 ((2.8)

Average condition factor, k (±SD) 0.98 (0.08) 1.02 (0.06) 1.02 (0.05)

Steelhead (smolts/presmolts only)

Total # trapped 384 542 34

Average forklength, mm (±SD) 164 (22) 152 (21) 163 (24)

Average wet weight, g (±SD) 42.2 (20.4) 34.3 (15.2) 42.5 (21.8)

Average condition factor, k (±SD) 0.92 (0.07) 0.93 (0.07) 0.92 (0.10)
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likely to reattempt outmigration (with subsequent recapture) 
after being marked than non-smolts that may have initially 
been captured during redistribution, but did not down-migrate 
again after being marked. However, as discussed above, trapping 
efficiency qualitatively appeared to be close to 100% and the 
reasons for the relatively low recapture rates are not known. It is 
interesting to note that even though the majority (n = 27, 52.9%) 
of marked fish were recaptured within one day of being marked 
and released, the average time to recapture was 7.2 days and the 
maximum time was 68 days. Given the considerable delay in 
recapture observed in many marked fish, trap recognition and 
avoidance, particularly in light of the high underwater visibility 
(due to a lack of runoff-induced turbidity) that prevailed during 
most of the study period, may have been an important factor in 
the low number of recaptures. Predation may have also affected 
recapture rates.

The average forklength of steelhead smolts was 164 mm (stan-
dard deviation, SD, ± 22 mm), and the average wet weight of 
steelhead smolts was 42.2 g (SD ± 20.4 g) (Table 4-2). The aver-
age condition factors for steelhead smolts was 0.92 (SD ± 0.07). 

By comparison, average forklengths of steelhead smolts captured 
in San Vicente Creek and Lower San Vicente Pond in 2003 were 
152 mm (SD ± 21 mm) and 163 mm (SD ± 24 mm), respec-
tively, and average wet weights were 34.3 g (SD ± 15.2 g) and 
42.5 g (SD ± 21.8 g), respectively (Table 4-2). As such, average 
sizes of steelhead smolts in 2013 were larger than those trapped 
in the mainstem in 2003, and similar in size to those captured 
exiting the off-channel habitat in 2003. Condition factors in 
2003 were similar at 0.93 (creek) and 0.92 (pond).

Outmigration timing
Coho smolt migration timing along the central California coast 
has been studied in some detail. The results of a 9-year coho 
salmon and steelhead study on Waddell Creek show that the 
great majority of coho smolts enter the ocean during the months 
of April and May, with over 95% of the migration occurring 
during the 9-week period of April 8 through June 9 (Shapovalov 
and Taft, 1954). In 2013, 99% of all coho salmon smolts were 
captured in the outmigrant trap during that period, and the 
peak of the outmigration occurred during a 3-week period 
extending from May 3 through May 23 (Figure 4-3) during 
which 57% of the migration occurred. The peak of the steelhead 
smolt downstream migration occurred approximately one month 
earlier during the 3-week period of April 5 through April 25 
(Figure 4-3), during which 63% of the migration occurred.

The timing of the peak smolt outmigration in San Vicente Creek 
was very similar during 2013 and 2003 for coho salmon (Figure 
4-4). For steelhead, the migration timing as depicted in Figure 
4-5 suggests that the 2013 migration peaked approximately one 
week earlier than in 2003, but as described in ESA (2003), the 
trap was non-operational for a total of three days during the 
week of April 12 through April 18, 2003. This weekly period 
had the highest number of steelhead smolt captures in 2013, and 
may have also had the highest number of outmigrants in 2003 if 
the trap could have been operated during the entire period.

Juvenile Distribution
Of the 131 pool habitat units surveyed by SWFSC staff, 66 
(50%) contained one or more juvenile coho salmon (Figure 
4-6). Notably, only 5 individuals were observed above stream 
mile 1.9 where a large debris jam restricted passage by adult 
salmon the previous winter. No redds or live adults were 
observed upstream of this point during the 2011-2012 spawner 
surveys (Jankovitz, 2012). Consequently, coho salmon were 
absent from nearly 1.5 miles (45 suitable pool habitat units; 
Figure 4-7) of potential rearing habitat in the mainstem during 
the summer of 2012.

Many factors determine juvenile salmonid rearing habitat site 
selection, but the 2012 distribution data suggest that coho 
salmon rearing in San Vicente Creek is concentrated within 
reaches containing abundant and large pools. Furthermore, 
juvenile coho salmon in San Vicente Creek appear to remain 
relatively close to spawning sites. Juvenile coho salmon have 
been shown to migrate considerable distances from their natal 
reaches, but this tendency is typically thought to be a response 
to rising summer water temperatures forcing juveniles to seek 
out cooler rearing habitat elsewhere in the watershed. Relatively 
cool and stable summer water temperatures in San Vicente 
Creek likely reduce or eliminate the need for significant juvenile 
redistribution. It should be noted, however, that the lowermost 
reaches of the stream also show a concentration of coho salmon 
rearing, even though no redds were observed in this area during 
spawner surveys. A certain amount of downstream redistribu-
tion of juveniles occurs in most drainages. 

Conclusions
As described above, the fisheries portion of this Existing 
Conditions assessment was initially envisioned to provide an 
evaluation of the current status of salmonids in general, and 
coho salmon in particular, within the watershed. The overall 
goal was to determine whether coho salmon were still utiliz-
ing San Vicente Creek. However, the focus of the assessment 
shifted after NOAA’s SWFSC, in collaboration with MBSTP, 
embarked on a concerted coho salmon broodstock reintroduc-
tion and research effort. As such, the coho salmon population 
within the watershed is currently being artificially supple-
mented. Available data from a 2011-2012 spawner surveys, a 
July 2012 juvenile distribution survey, and a spring 2013 smolt 
outmigration study indicate that limited spawning is occur-
ring, and at least a portion of the offspring and/or broodstock 
juveniles are successfully rearing and subsequently migrating to 
the ocean. The proportion of the wild versus broodstock coho 
salmon in San Vicente Creek is currently unknown, but this 
information will become available once the genetic samples that 
have been collected over the past two years are analyzed. 
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Figure 4-4. Coho salmon smolt migration timing, San Vicente Creek, March 1 –June 15, 2013 and 2003.
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Figures 4-3. Coho salmon and steelhead smolt/presmolt migration timing, San Vicente Creek, March 1–June 15, 2013.
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Figure 4-5. Steelhead smolt migration timing, San Vicente Creek, March 1–June 15, 2013 and 2003.
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Figure 4-6. Spatial distribution and relative abundance of juvenile coho salmon in San Vicente Creek.
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Figure 4-7. Spatial distribution of pool habitat units identified, relative pool volume, and juvenile coho salmon presence within pool habitat units.
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Chapter 5: large Woody debris 

objeCtiVeS
The goal of this project was to determine current Large Woody 
Debris (LWD) availability and natural recruitment potential 
in San Vicente Creek Watershed to help guide future manage-
ment efforts. Lack of LWD, habitat complexity, and shelter in 
the anadramous reaches of San Vicente Creek are highlighted 
as a key limiting factors for salmonid recovery in the Central 
California Coast Coho Recovery Plan (National Marine Fisher-
ies Service, 2012).

The main objectives of the LWD assessment were to: conduct 
an LWD Stream and Riparian Inventory based on the protocol 
described in Part III of DFG’s California Salmonid Stream 
Habitat Restoration Manual and adaptations recommended by 
Leicester (2005), evaluate wood recruitment potential in San 
Vicente and Mill Creek based on inventory results, evaluate the 
presence of in-channel wood on pool and backwater habitats 
based on inventory results, and develop recommendations for 
future LWD enhancement projects, if warranted. To address 
these objectives, the following questions were kept in mind:

 » What is the extent of recruitable wood in 
the stream system? Where is located? 

 » Which is more dominant within the stream 
system, hardwood or conifer species?

 » How do the presence of in-channel hardwood 
and conifer LWD influence pool and back-
water formation? Is there a difference?

 » Are there geographic limitations to where LWD enhance-
ment projects might be feasible based on challenges with 
equipment access, private property, slope/gradient, etc?

intRoduCtion
The importance of large woody debris (LWD) in the develop-
ment of a stream’s morphology and biological productivity has 
been well documented in the literature since the 1980’s. Work 
by Bilby (1984) and Rainville et al. (1985) found that in nearly 
80 percent of the pools surveyed in small streams, LWD was 
the structural agent forming the pool or associated with the 
pool. Gurnell et al (2002) and Gregory et al, (2003) found in 
their studies that LWD provides habitat for a broad range of 
aquatic  species and can strongly affect the geomorphic and 
ecological processes and conditions such as erosion, transport 
and deposition of bed material and nutrient cycling. The 
importance of LWD has also been touted in a publication by 
the National Research Council (1996) that documents that 
researchers consistently characterize LWD as one of the most 
important habitat elements for anadramous salmonids. Opper-
man and Merenlander (2007) summarizes the state of scientific 
knowledge on the value of wood for fish noting that:

“wood in streams and rivers provides critical habitat 
features for fish through a variety of mechanisms includ-

ing pool formation (Montgomery et al., 1995), cover 
from predators (Shirvell, 1990), refuge during high 
flows (Tschaplinkski and Hartman, 1983), substrate for 
invertebrate prey (Benke and Wallace, 2003), promotion 
of riparian regeneration (Abbe and Montgomery, 1996), 
and deposition and storage of spawning gravels (Crispin et 
al., 1993) and organic matter (Bilby and Likens, 1980).”

In addition to establishing the central role that LWD can 
play in the ecological and geomorphic processes that create 
and sustain aquatic habitats, significant research has been 
conducted over the past 20 years to better understand optimal 
rates of wood loading, the effects of different alignments and 
distribution of instream wood on channel forms and processes, 
the longevity and transport of wood, and the value of living 
LWD versus non-living LWD (Hildebrand et al., 1998; Bragg 
et al., 2000; Lassettre, 2001; Faustini and Jones, 2003; Opper-
man and Merenlender, 2007;  Whol and Jaeger, 2009;  and 
Thompson, 2012). Collectively, these studies not only provide a 
solid scientific foundation for assessing the quantity and quality 
of LWD in a given stream system, but also provide significant 
insights and guidance on designing and implementing LWD 
enhancement projects.

The National Marine Fisheries Service’s (NMFS) recovery plan 
for the Central California Coast (CCC) ESU of coho salmon 
(NMFS, 2012) highlights the critical importance of LWD and 
the ecological and geomorphic role it  can play in facilitating 
recovery of this species. According to the Recovery Plan, the 
habitat requirements for coho salmon in most streams in the 
Central CCC ESU are not at properly functioning conditions 
and their abundance has decreased, in large part, because the 
natural rates of critical watershed processes (e.g., sediment 
delivery, hydrology, wood recruitment, temperature regula-
tion, etc.) have been substantially altered by human activities 
(NMFS, 2012). When in freshwater, optimal habitats for suc-
cessful rearing include adequate quantities of: 

1. Deep complex pools formed by large woody debris, 

2. Adequate quantities of water, 

3. Cool water temperatures, 

4. Unimpeded passage to spawning grounds 
(adults) and back to the ocean (smolts), 

5. Adequate quantities of clean spawning gravel, and 

6. Access to floodplains, side channels and low 
velocity habitat during high flow events. 

Numerous other requirements exist (e.g., adequate quantities 
of food, dissolved oxygen, low turbidity, etc.), but in many 
respects these other needs are generally met when the six 
freshwater habitat requirements listed above are at a properly 
functioning conditions.

In many streams, these essential pool and complex habitats 
have been altered or lost due to reduced water flows, historic 
logging, LWD removal activities from landowners and adjacent 
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residents, increased rates of sedimentation, and loss, altera-
tion, and simplification of riparian forests which leads to a lack 
of significant large wood recruitment. In San Vicente Creek, 
specifically, contributing factors are likely historical grazing 
adjacent to and within the riparian corridor and flood control 
methods in the community of Davenport (RCD, 2010). The 
deficiency of pools is indicative of the current and past land use 
practices and associated removal of LWD from riparian areas 
and streams within the channel.

Lack of recruitment is due in large part to the much younger 
age of current riparian forests which generally lack older, larger 
trees that fall into the stream as they age and die. The absence 
of large wood in the stream, in particular, has major impacts 
on coho salmon because of its role in physical habitat forma-
tion, in sediment and organic‐matter storage, and in maintain-
ing a high degree of spatial heterogeneity (habitat complexity) 
in stream channels. Instream pools provide an increase in the 
volume of rearing habitat and, as such, data indicates that 
stream reaches with a high density of deep cool pools allow for 
a greater density of juvenile coho than an equivalent length of 
stream with limited pool habitats (NMFS, 2012). Decreases 
in coho abundances following LWD removal or loss have been 
widely documented and are often linked to loss of pool habitat 
for summer rearing and for winter refuge. Maintaining pool 
habitats, reversing the mechanisms leading to their loss, and 
adding wood will be critical to ensuring adequate summer and 
winter rearing habitat in streams designated by the California 
Department of Fish and Wildlife (CDFW) and/or the NMFS 
for recovery of endangered central California coast coho 
salmon (NMFS, 2012).

While the NMFS Recovery Plan (2012) notes that water qual-
ity, fish passage and migration, stream temperature and water 
quality as being “good” or “very good”, habitat complexity for 
San Vicente Creek is listed as “poor” for LWD and the shelter 
rating. To address these, NMFS priorities actions include:

1. Improve over-winter survival by increas-
ing the frequency and functionality of off-
channel habitat (Recovery Action 2),

2. Increase shelter ratings to optimal condi-
tions (>80 pool shelter value) in mainstem 
San Vicente Creek (Recovery Action 3), 

3. Increase large wood frequency (Recovery Action 4), and

4. Increase  pool frequency to achieve optimal condi-
tions (>40% of pools meet  primary pool criteria (>2.5 
feet deep in 1st and 2nd order streams; >3 feet in 
third order or larger streams) (Recovery Action 3). 

Past Actions: A severe paucity of large woody debris and subse-
quent lack of pool habitat within San Vicente Creek Watershed 
has been noted by many biologists, ecologists, and planners 
over the past few decades, including the County of Santa Cruz 
(County of Santa Cruz, 2000) and RCD (2010). In response to 
this lack of pool frequency, abundance and depth, the County 

of Santa Cruz installed 18 complex large wood habitat struc-
tures in 1999 within a reach extending from approximately one 
mile above the mouth of San Vicente Creek to the confluence 
of San Vicente and Mill Creek at stream mile 2.5. A total of 
106 pieces of large wood and root balls were installed. Natural 
stream meander has since rendered a number of these struc-
tures nonfunctional, but some remain in or along the channel 
and continue to provide refugia for anadramous fish through 
maintenance of pools and slack water and increased instream 
cover (RCD, 2010). 

While reconnaissance level stream surveys conducted by the 
RCD and its partners for the Bureau of Land Management 
(BLM) in 2010 revealed greater frequency and complexity of 
LWD features (compared to observations in 2008) in a small 
reach below the lower pond outlet (RCD, 2010),  this study 
noted that a quantitative assessment of current LWD loading 
was needed for the entire watershed. The RCD’s work for this 
assessment focused on identifying near-future opportunities for 
LWD augmentation projects within an approximately 1-mile 
reach of lower San Vicente Creek extending from the inlet to 
the Lower San Vicente Pond upstream to the first bridge across 
the creek. This particular focus area was chosen based on the 
following criteria;

 » The channel slope, substrate and proximal floodplains cre-
ate natural conditions for LWD structure to develop, per-
sist, and have maximum benefit for pool creation, sediment 
sorting, and reconnection of high flows  with floodplains, 

 » Historic and current NMFS snorkeling surveys not-
ing that  juvenile coho salmon in San Vicente Creek 
have generally  been observed using small pockets 
of habitat in the lower most 1 mile of the creek, 

 » LWD augmentation projects had previously been 
installed upstream of the bridge by the County, and 

 » The channel downstream of the Lower San Vicente 
Creek Pond outlet is geomorphically unstable (due to 
periodic backwatering effects of the Highway 1 cul-
vert), in close proximity to residential development, 
and currently contains a number of smaller, naturally 
occurring LWD structures composed of a mix of 
live and dead alders, willows, and other material.

Based on the findings of the reconnaissance surveys, the RCD, 
with funding and support from CDFW, NMFS, and the Natu-
ral Resources Conservation Service (NRCS), installed eight 
LWD structures in 2011 in the focus area reach of in an effort 
to improve rearing and sheltering habitat for salmonids (RCD, 
2010). Seventeen redwood and Douglas fir trees were sourced 
from the Santa Cruz Mountains, keeping the majority of their 
rootballs intact. These logs were buried into the banks of San 
Vicente Creek with the root wads placed directly into the creek 
itself. Each structure was designed with a different configura-
tion to encourage recruitment of additional smaller woody 
debris, increase Instream habitat complexity, activate the adja-
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cent floodplain and provide higher quality rearing and cover 
habitat for juvenile salmonids. Two-ton boulders and bolts 
were used to anchor each structure in place. Based on post-
construction monitoring data and observations by the RCD 
and partners, each of these installed structures has affected 
stream geomorphology and resulted in changes in the channel 
conditions. Most importantly, however, data from NOAA’s 
Southwest Fisheries Science Center indicates that juvenile coho 
and possibly steelhead are preferentially using these structures 
as cover habitat with the highest densities of juveniles in and 
around these structures (Kiernan, J., pers comm.). Additional 
information on fisheries is discussed in detail in chapter 4 of 
this report. The project is intended to enhance steelhead and 
coho salmon rearing habitat by increasing channel complexity, 
and reactivating nearby floodplains while the natural LWD 
recruitment process recovers. It is anticipated that the LWD 
structures will reactivate the floodplain, deepen pools, promote 
substrate sorting, enhance riffles, create gravel bars and provide 
cover, winter refuge and summer rearing for coho salmon and 
steelhead trout. 

The existing abundance and complexity of LWD within San 
Vicente Creek is understood to be low, but no formal surveys 
have been completed for the entire reach of anadromy in recent 
years. Understanding the current state of large woody debris 
within the channel, as well as possible future recruitment 
within the watershed, will allow future LWD augmentation 
efforts to be better targeted towards LWD-poor reaches where 
constraints to project implementation are relatively minor. 

Many stream restoration projects are implemented without 
information about the amount of wood that historically 
occurred or the natural rates of wood recruitment. The Large 
Woody Debris assessment conducted as part of this San Vicente 
Creek Watershed Restoration Project will take inventory of large 
woody debris in San Vicente Creek to inform specific recom-
mendations for locations within the watershed that are lacking 
LWD and identify where LWD enhancement projects are 
needed and feasible.

methodoloGy
A LWD Stream and Riparian Inventory was conducted 
between July 15 and October 20, 2013 on San Vicente Creek 
and Mill Creek utilizing a method outlined in the California 

Salmonid Stream Restoration Manual (Flosi et al., 1998) with 
adaptations used by Leicester (2005).

The inventory was conducted by two people walking in the 
stream channel, proceeding upstream. Stream distances were 
measured using a hipchain. Slopes were measured using a 
clinometer at all slope breaks (bankfull, riparian, upslope) and 
given as a percentage as measured from the thalweg. Where sat-
ellite reception was available, a GPS unit measured starting and 
ending coordinates for the sample reaches. Average bankfull 
channel depths were measured at the thalweg using a stadia rod 
and bankfull widths, tree diameter and widths were measured 
using a tape measure. 

San Vicente Creek was divided into five reaches by stream 
channel types based on Rosgen’s methodology, as documented 
in CDFW’s Stream Habitat Assessment Report for San Vicente 
Creek (2010). Mill Creek was divided into two reaches by 
stream channel types using Rosgen’s methodology, as docu-
mented in CDFW’s Stream habitat Assessment Report for Mill 
Creek (2010). Reaches were surveyed to the extent of anadromy, 
with all five reaches of San Vicente Creek surveyed to the tun-
nel and Reach 1 of Mill Creek surveyed to the historic Daven-
port intake dam. Reach 1 of Mill Creek is hereafter referred to 
as Reach 6. (see Figure 5-1f). See Table 5-1 for the length and 
channel classification of each reach. This assessment does not 
consider wood recruitment potential above the quarry on San 
Vicente Creek or above the water intake system on Mill Creek, 
nor does it consider the disruption of wood transport created by 
these barriers.

Data were collected in 200-foot segments every 1000 feet for 
each of the 6 reaches. The segments were randomly selected 
by numbering the 200-foot sections and tossing a dice to 
determine which segment to begin. The first 200-ft section was 
labeled Sample Area 1 (see Figures 5-1). See Table 5-1 for the 
number of samples per reach. One LWD Inventory Form was 
completed for each 200-foot section. After conducting the sur-
vey in this initial segment, the surveyors proceeded upstream 
800 feet from the upper end of Sample Area 1 and inventoried 
the next 200 feet as Sample Area 2. Sample Area 3 began 800 
feet upstream from the upper end of Sample Area 2, etc. This 
procedure was followed for each of the channel types.

Data were collected using a “Large Woody Debris Inventory 
Form”, adapted by Leicester (2005). The form is designed so 
that the right and left streambank are defined looking down-
stream. One surveyor observed LWD, estimates sizes, and 
tallied LWD on one bank and LWD within the stream channel, 
while the other observer tallied the opposite bank. 

At the beginning of each day, prior to categorizing and record-
ing LWD, field personnel selected several pieces of LWD for 
sight calibration. Diameter ranges were estimated and then 
verified by measuring with a diameter tape. Also, sight esti-
mates of 6, 20, and 50 feet were calibrated with length mea-
surement verifications. Standing tree diameter was determined 
at breast height (54”) above the ground measured from the 

Table 5- 1. Reach lengths (feet), number of samples per reach, and 
Rosgen channel classification types.

Reach Length (ft)
Number of 
 Samples

Rosgen  
Channel Type

1 5,932 6 F3

2 1,628 2 C3

3 4,888 4 B3

4 3532 3 F4

5 2683 2 A5

6 2347 2 B3
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upslope side of the tree. Diameter of downed logs was the largest diameter 
anywhere along the log. During the survey in each 200-foot sample area, 
the surveyors periodically confirmed size, dimensions, and distances for 
accuracy and calibration. This ongoing calibration effort kept the surveyors’ 
estimates more accurate.

Leicester’s (2005) protocol requires identifying trees and LWD to the spe-
cies level, as coniferous LWD is more decay resistant then hardwood and 
likely to persist in the channel longer. Secondly, as the probability of a tree 
falling into the stream decreases from the channel upslope, Leicester sepa-
rates habitats into perched, riparian, and upslope zones to further evaluate 
recruitment potential. Perched applies to standing live or dead trees within 
the stream channel or to trees or downed wood at the edge of bankfull 
(active) channel, which are likely to be recruited at high flows. Riparian 
designates an area beginning at the edge of the bankfull channel and domi-
nated by deciduous riparian trees. Upslope designates an area beyond the 
riparian zone that still falls within 75 ft of the bankfull channel. However, 
downed wood that cannot be observed has little chance of making it to the 
stream and thus, is not tallied. Slopes were measured for the riparian and 
upslope zones separately. Thirdly, four categories are used within the bank-

full channel to indicate the effects of LWD on habitat 
features: a) lowflow/pool for LWD pieces in the 
lowflow channel which are creating or enhancing a 
pool, b) lowflow/extra for pieces in the low flow chan-
nel present but not creating pool habitat, c) bankfull/
backwater for pieces in the remainder of the stream 
channel which were creating or enhancing backwater 
or high water refugium, and d) bankfull/extra for 
pieces in the bankfull channel which were present 
but not contributing to the creation or enhancement 
of backwater or refuge habitat. Bankfull width and 
depth were also measured. 

For this assessment, Leicester’s protocol was further 
refined to address specific conditions associated with 
the San Vicente Creek watershed. Wood recruitment 
potential was documented as less than 75 feet, if the 
edge of an access road was located within the 75 feet. 
This is because past observations show that when 
trees fall across the road, they are cut up with a chain 
saw for road access and are removed from the system 
as possible LWD. 

In addition, Leicester (2005) noted a deficiency in 
the survey method of LWD debris jams as they often 
occurred outside sample boundaries and were not 
tallied. As the location of LWD structures vary in 
distribution they may not be included in the 200 
foot sample sections and a significant portion of the 
total in channel LWD present in the stream may not 
be recorded. As this underrepresentation of wood 
accumulation could affect not only the documented 
health of the stream system, but also influence future 
recommendations, all LWD structures were noted 
during stream surveys and the findings are discussed 
separately in the following section.

All LWD and trees located within the sample areas 
and which measured greater than 6 feet (1.8 m) in 
length and 1 foot (30 cm) in diameter were identified 
to species and recorded with their sizes, locations, 
positions in the channel and association with any 
habitat structures (pool or backwater). The form 
categorizes trees, logs, and stumps in the bankfull 
channel or adjacent to the channel by length [6-20 
feet (2-6 m), >20 feet (>6 m), diameter [in I-foot (30 
cm) increments from 1 foot (30 cm) to >4 feet (120 
cm)], and location (bankfull channel, “perched” at 
the edge of the bankfull channel, or upslope; on the 
left or right bank). All trees within the channel and/
or 75 feet (23 m) up the bank on either side were 
recorded by diameter as live or dead. Out-of-channel 
trees and logs are also recorded as conifer or decidu-
ous. Root wads and stumps are also differentiated. 
Stumps are fully rooted in the ground and are at 
distances far enough from the stream that there is 
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Figure 5-1a. Reach 1 LWD sample map
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little or no potential of them being uprooted and entering the instream 
zone. Root wads have a high potential for reaching the stream channel. 
Root wads classified as dead/down are anchored in the ground by less 
than 25 percent of their root system, or are already “loose” and free to be 
moved, or are already in the channel. Root wads classified as dead/stand-
ing are anchored in the ground by at least 25 percent of their root system 
and have a good likelihood of being moved from the recruitment zone 
(bank) to the stream channel, or may already be in the stream channel. 
Root wads classified as “perched” are on the bank, and their movement 
into the stream channel is imminent. There is no classification for “live” 
root wads. If a root wad was sprouting, it was classified as a live tree and 
categorized based on diameter of the sprouting stem.

Field tallies were organized by reach and total LWD counts were 
recorded and analyzed using Microsoft Excel 2007. Data within sample 
reaches was then extrapolated to the entire reach to estimate the actual 
density of wood for recruitment based on data collected for each 200 ft 
sample. Data was further standardized by factoring reach length to evalu-
ate number of trees or logs per linear foot of stream reach. 

If LWD, due to length or positioning, was located and/or functioned in 
more than one category within the active channel and/or in upslope areas, 

LWD was tallied on the form to indicate that it 
occurred in multiple different categories by making 
a hatch mark representing the root, and drawing 
a line representing the trunk through all areas in 
which the LWD occurred. For example, if a downed 
tree had its root in the riparian dead/down category 
and its crown in the bankfull channel/extra category, 
a hatch mark would be made in the riparian dead/
down column on the form, and a connecting line 
drawn to the bankfull/extra column on the form, 
to accurately indicate the position of the downed 
tree. Where LWD was found to be located in two or 
more areas of the active channel or upslope areas, it 
was classified as being located in the most biologi-
cally valuable category in terms of habitat formation. 
For example, a piece tallied as being located in 
both “bankfull/ extra’’ and “bankfull/backwater’’ 
would be classified for analysis as being only in the 

“bankfull/ backwater” category because structure-
forming LWD is more biologically valuable due to 
the habitat it creates (see Appendix D to view LWD 
Survey Data).

FindinGS 
Stream Characteristics
San Vicente Creek within Reach 1 has a gentle slope 
(<1.5%) and a bankfull width of approximately 27 
ft with a fairly extensive but inactive floodplain is 
located on the left (east) bank. Residential develop-
ment (Davenport) is located close to the right (west) 
bank for the lower portion of this reach. Alders are 
the dominant hardwood in the reach (48%), fol-
lowed by Willow (33%) and Maple (17%). 

Reach 2 has a gentle slope (<1.5%) and a bankfull 
width of approximately 29 feet. The floodplain 
within this reach is generally narrow due to steeper 
topography on the right bank and the proximity of 
San Vicente Street within 50 to 75 feet of the right 
bank. Alders are the dominant hardwood in the 
reach (71%), followed by Maple (18%) and Tan  
oak (10%). 

Reach 3 narrows slightly and increases in slope 
with a private access road visible along the left bank. 
Alders are the dominant hardwood species (92%) 
and redwood is the dominant conifer species (91%), 
followed by Doug Fir (9%).

Reach 4 has a 3 to 6% slope and becomes slightly 
wider with a bankfull width of approximately 28 
feet. The private access road is visible for most of the 
reach along the right bank. Alders are the dominant 
hardwood species (90%). Redwood is the dominant 
conifer species (67%), followed by Doug Fir (50%). 

Reach 5 has as >6.5% slope and a bankfull width 
of approximately 24 feet. The private access road 
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Figure 5-1b. Reach 2 LWD sample map.
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remains visible on the right bank. Doug Fir is the dominant species within 
this reach (87%).

Reach 6 has a bankfull width of approximately 11 feet. This is the steepest 
(>7%), most incised reach and is dominated by Redwood (65%), followed 
by Doug fir (34%). A private access road is visible for a portion of the 
reach on the right bank.

Wood Distribution 
Recruitment of large pieces of wood to streams is a dynamic process 
consisting of episodic disturbances, chronic riparian forest mortality, and 
stream erosion processes (Lienkaemper and Swanson, 1987; Benda et al., 
2003). Wood recruitment into streams occurs either as a result of individ-
ual tree mortality or as a consequence of fine to coarse scale disturbances 
affecting multiple trees in the riparian forest (Benda et al., 2002). While 
individual tree mortality, caused by forces such as windthrow, contributes 
wood to the stream system, larger disturbance are responsible for the 
majority of wood recruitment. As streams meander onto broad floodplains, 
they create scour and cause shallow rooted trees (e.g., Alder) to fall into the 
stream, as well as remobilize stored wood. Likewise, during larger storm 
events as the water levels rise, streambank erosion can occur, undercutting 

trees in perched and riparian areas. These trees 
may fall directly into the stream or be deposited 
onto the streambank and recruited during future 
high flow events. 

The width of floodplains and riparian areas influ-
ences the amount of wood readily available for 
recruitment. McDade et al. (1990) looked at LWD 
recruitability as a function of distance from the 
stream and found that 70% of wood originates 
from within 65 feet of the stream channel. To 
determine the recruitment potential from the 
perched and riparian areas in San Vicente Creek, 
the width of the riparian area was considered. 
Overall, the riparian area was widest in the down-
stream reaches where a broad, inactive floodplain 
has been noted for the left bank and gentle slopes 
allowed the stream to historically meander (see 
Table 5-2 and Figure 5-2). The widest riparian 
(mean) width was recorded for Reach 1 (61.7 feet), 
where the stream would have historically mean-
dered (prior to construction of Highway 1) in this 
lower, flatter area before emptying into the Pacific 
Ocean. In Reach 4, the stream channel widens 
and flattens out (discussed as plane-bed in chapter 
3) before steepening and becoming higher gradient 
and narrowing in the upper reaches, particularly 
for Reach 6 (Mill Creek), which had the lowest 
mean width (<17.5 feet). The riparian area is fur-
ther confined in the upper reaches by the private 
access road, which was constructed adjacent to 
the stream channel. If wood recruitment occurs 
within 65 feet of the stream, most of the wood 
recruitment in the lower reaches of San Vicente 
Creek will be from the riparian area, whereas in 
Mill Creek, most of wood recruitment will occur 
in the upslope areas. 

While McDade et al. (1990) considered proxim-
ity to the stream channel as a function of wood 
recruitment, it could also be hypothesized that a 
wider riparian corridor would have a greater tree 
density and thus a higher recruitment potential. 
Reaches 1, 3, and 4, which had the widest ripar-
ian areas when left and bank mean widths were 
averaged (56, 38, and 48 feet respectively), had 
the highest density of trees and logs within the 
riparian area per reach (490, 623, and 589 respec-
tively) (see Figure 5-3). Reach 2, which had the 
same riparian width as Reach 3 (38.8 feet) had 
the lowest density of trees (90). Reaches 5 and 
6, which had narrower riparian widths (35 and 
16.3 feet respectively), had the lowest density of 
trees and logs within the riparian area per reach 
(148 and 217 respectively). When the values were 
standardized to eliminate the skew created by 
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varying reach lengths, reaches with the widest riparian area 
(Reaches 1, 3, and 4) were still found to support the highest 
amount of riparian trees (see Figure 5-4). While, Reach 2, 
which had the shortest reach length (1,628 feet), shows a higher 
density of trees with standardization (0.06 trees per linear 
foot), this is still substantially lower in terms of potential wood 
recruitment than the other reaches. Reach 6, which had the 
narrowest riparian area (17.5 feet), also shows a higher density 
of trees with standardization (0.09 trees per linear foot), which 
is slightly higher than Reach 1. 

As floodplain re-activation will be critical to restoring stream 
function and wood recruitment processes in San Vicente Creek, 

wide riparian areas will be a plentiful source of wood in the 
future, particularly in those areas with gentle slopes. Reaches 
1, 3 and 4 have both the widest riparian areas and the gentlest 
slopes when looking at the ranges for both the left and right 
banks (see Table 5-2). While Reach 6 may have adequate 
wood recruitment potential, the narrow channel will likely 
limit the transport of this wood material downstream to valu-
able coho habitat.

As the stream exerts erosive forces on the bank over time, a 
wider riparian area with a corresponding increase in tree 
density has a greater potential to have perched trees. Similar 
to the riparian areas, there was a pattern of an increase in 

 

Table 2. Reach lengths (feet), number of samples per reach, and Rosgen channel classification types.

Riparian Width (ft) Slope (%)

Left Bank Right Bank Left Bank Uplsope Left Bank Riparian Right Bank Riparian Right Bank Upslope

Reach Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range

1 61.7 20-75 50.8 25-75 32.5 29-37 28.7 13-45 22.8 11-42 21.3 9-30

2 50.0 50.0 27.5 25-30 43.5 36-51 16.5 15-18 26.0 23-29 35.0 35.0

3 45.0 40-60 32.5 20-40 30.0 30.0 19.5 9-29 18.0 8-34 65.0 25-90

4 48.3 40-60 48.3 45-50 51.7 35-64 24.3 13-43 19.7 19-20 53.0 53.0

5 42.5 35-50 27.5 25-30 65.0 65 27.5 20-35 40.0 35-45 56.0 47-65

6 17.5 ID 15.0 ID 40.0 35-45 19.5 14-25 47.5 40-50 42.5 15-70
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trees (248), but delivery of this wood 
to downstream habitat, as previously 
mentioned, may be limited. 

Because only 75 feet of bank on either 
side of the channel was included in 
sampling, densities of trees tallied in 
upslope areas depend largely on how 
much of that 75 feet fell within the 
riparian area. There is a weak correla-
tion between increasing riparian width 
and an increase in riparian vegetation 
and a decrease in the density of upslope 
trees (see Table 5-3). Reach 1, which 
had the widest riparian width (56 feet), 
supported the greatest amount of ripar-
ian trees (69% based on the total tree 
density in the reach) and had the second 
lowest density of trees in the upslope 
habitat (15%). Reach 6, which had the 
narrowest riparian width (16 feet), had 
the lowest density of riparian vegetation 
(41%) and the highest density of upslope 
vegetation (42%). Wood recruitment 
from wider upslope areas will likely 
depend on large, episodic events for 
wood contribution rather than smaller 
storm events.

Wood Type
Because the residence time of wood in 
the stream has been linked to wood 
type (i.e. hardwood versus conifer), the 
type of trees growing in the perched, 
riparian and upslope areas was consid-
ered as part of this assessment. Gener-
ally, species that decay more slowly will 
remain in the stream longer and will 
therefore have a longer term impact on 
standing stocks of large wood (Benda 
et al., 2002). Hyatt and Naiman (2001) 
found that even large-diameter hard-
woods, when dead, are broken down 
into small pieces and flushed from the 
channel more quickly than conifers of 
equal diameter. That said, Opperman 
and Merenlander (2007) found in their 
research on small coastal streams in Cal-
ifornia that over 40% of channel span-
ning large wood jams contained a living 
piece as the key piece. Their research 
also found that living wood within a 
jam was, “geomorphically functional at 
smaller dimensions than dead wood.”   
This research is particularly interesting 
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the density of trees within the perched (edge of bankfull) zone with an increase in 
riparian width. Reaches 1, 3, and 4, which had the widest riparian areas, also had 
a higher density of perched trees (223, 232, and 283 respectively, see Figure 5-3). A 
corresponding decrease in the density of perched trees with decreasing riparian width 
can be seen for Reaches 5 and 6 (see Figure 5-3). However, when the values were 
standardized to eliminate the skew created by varying reach lengths, Reaches 2 and 
4 had the highest density of trees and logs per reach (see Figure 5-4). It appears that 
Reach 2, while short in length, has a potential to contribute wood to the stream from 
the perched area. 

When combined, the riparian and perched areas account for over 75% of the total 
vegetation (see Figure 5-5). Reach 3 has the highest density (855), followed by 
Reach 4 (872), and Reach 1 (713). Reach 6 has the next highest density of logs and 
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as this assessment showed that the majority of recruitable wood 
along the floodplain is hardwood. 

Riparian vegetation type was roughly linked to riparian 
width, with the wider, downstream reaches dominated by 
hardwood riparian forests and the narrower upstream riparian 
areas having more abundant conifers (see Figure 5-6). Reach 
1 had almost 500 hardwood trees compared to less than 55 
hardwoods in Reaches 5 and 6. Likewise Reaches 1 and 2 
had fewer than 10 conifers, while Reaches 5 and 6 had greater 
than 125. When the values were standardized to eliminate the 
skew created by varying reach lengths, the wider downstream 
reaches were still dominated by hardwood riparian forests (4 
to 9 trees per linear foot), while the upper reaches had a higher 
proportion of conifers (5 to 7 trees per linear foot) (see Figure 

5-7). Reach 4 has the highest density of conifers (0.03 trees 
per linear foot) and second highest density of hardwoods (0.05 
trees per linear foot).

Similar to the riparian zones, the perched area was domi-
nated by hardwoods (see Figure 5-8 and Figure 5-12). As the 

“perched” category is defined as a hardwood-dominated transi-
tion area, it makes sense that it is dominated by hardwood spe-
cies. As perched trees are the result of bank undercutting and 
erosion, these hardwood species are more likely to be recruited 
to the stream channel during flood events and thus contribute 
to the high proportion of hardwood within San Vicente Creek. 
While Reaches 1, 2, and 3 were still dominated by hardwoods, 
when the values were standardized to eliminate the skew cre-
ated by varying reach lengths, there is an inverse relationship 
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Table 5-3. Correlation between riparian width and density of vegetation. The percent given represent the number of trees within the perched,  
riparian, or uplsope areas based on the total number of trees per reach.

Reach Riparian Width* Percent of Total , Riparian Upslope Width* Percent of Total, Upslope

1 56 69 19 15

2 39 42 36 10

3 39 55 36 24

4 48 63 27 27

5 35 52 40 24

6 16 41 59 42

*width has been rounded to a whole number.



 80 San Vicente Creek Watershed Plan for Salmonid Recovery

(see Figure 5-9). Reaches 1 and 3, which are the longest reaches (5,932 feet and 
4,888 feet, respectively), show a lower value of perched trees per linear foot (<0.03 
trees per linear foot), while Reach 2, which is the shortest reach (1,628 feet), shows 
an increase in perched hardwoods (0.05 trees per linear foot). Regardless of the 
density, the lower reaches are dominated by hardwood species, which are likely to 
decay faster when recruited as LWD than conifer species.

The upslope areas were dominated by conifer species in all reaches except Reach 1 
and Reach 2 (see Figure 5-10 and Figure 5-12). Reach 3 had the highest number 
of conifers. Reach 1 had over 100 hardwood trees in the upslope area, but no 
conifers were noted. When the values were standardized to eliminate the skew cre-
ated by varying reach lengths, a similar pattern was seen (see Figure 5-11). While 
Andrus et al. (1993) speculated that there was a significantly greater percentage of 
pieces that should move toward the stream on steep slopes than on gentle slopes, 
McDade et al. (1990) found no significant difference between source distance on 

steep and gentle slopes. While no discernible 
correlation between slope and wood delivery 
was noted in the analysis, it will be valuable 
to monitor wood recruitment and slope in 
the future.

In Reach 1, Alder is the predominant 
vegetation type  at followed by Willow and 
Maple. Willow represents the largest density 
of vegetation in the upslope area. A number 
of larger willows located in the upslopes was 
noted during field surveys. This is perhaps 
due to the meander patterns of the lower 
reach and changes to the stream configura-
tion during the construction of Highway 1. 
Alders remain the dominant vegetation in 
Reach 2. While the presence of Redwoods 
increases dramatically in Reach 3, particu-
larly in the riparian and upslope areas, alders 
are the dominant hardwood in the perched 
area. In Reach 4, Alders remain the domi-
nant riparian and perched species, but Doug 
fir is seen in the upslope areas, followed 
by Redwood. In Reach 5, Doug fir is the 
predominant species in the riparian area. In 
Reach 6, Redwood is the dominant species 
in all areas.

As previously mentioned, the trees in the 
riparian and perched areas are mostly Wil-
low and Alder (see Figure 5-13). While this 
wood is not as decay resistant as conifer, nor 
as likely to persist in the channel, it can 
provide an abundance of short lived wood in 
a shorter time period with the potential to 
catch larger, conifer pieces from the upper 
reaches. Reach 3 and 4 have both a high 
proportion of hardwood and conifer species 
and have the potential to contribute sub-
stantial amount of wood to the stream from 
the riparian and perched zones. The upper 
reaches have a lower density of trees, but it 
is predominantly conifer which can provide 
long term habitat forming processes as the 
wood makes it way down the channel. 

In-Channel LWD Distribution and Abundance
In-channel LWD is an important compo-
nent of stream systems. Collins and Mont-
gomery (2002) noted that wood increases 
channel roughness, improves bed and bank 
stability and increases pool depth and 
frequency. In San Vicente Creek, in-channel 
LWD was looked at to understand the 
distribution and abundance of wood and to 
document its influence on the creation of 
pool and backwater habitat. Combined with 

Figure 5-6.
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the previous section on potential wood recruitment, noting the current LWD 
distribution and abundance will guide recommendations for future wood 
recruitment projects. 

Overall, there were only 102 pieces of in-channel LWD documented within 
the sample reaches (see Figure 5-14). Reach 1 had the highest overall in-
channel density (62 pieces) . Reach 4 had the second highest density (19 
pieces), followed by Reach 3 (15 pieces). The same pattern is seen when the 
values were standardized to account for the number of samples per reach. The 

high density in Reach 1 is likely due to the 
position in the watershed and lower gradi-
ent of the channel and that 4 of the 8 LWD 
structures implemented in 2011 by the 
RCD and NRCS occurred within Reach 
1. The higher density of in-channel wood 
in Reach 3 was attributed to the LWD 
structures installed by the County of Santa 
Cruz as the area surveyed was less than 75 
feet due to the presence of an access road. 
As previously mentioned, downed trees 
that had fallen across the road are often cut 
to restore vehicle access and as such, this 
wood does not make its way to the stream. 
Such activities were evident for Reach 3 
during field surveys. As such, much of the 
wood which would have been accounted 
for in the upslope area was not tallied. The 
larger quantity of wood in Reach 4 may be 
attributed to its position (at the confluence 
of Mill Creek) or the low gradient of the 
stream in this area. All other reaches had 
less than 10 pieces. 

The Conservation Action Planning (CAP)  
Viability Results noted in NMFS’ Coho 
Recovery Plan (2012), rated San Vicente 
Creek as “poor” for habitat complexity for 
adult, summer rearing juveniles and winter 
rearing juvenile coho with <4 key pieces 
per 100 meters biologically function wood 
(BFW) 0-10 meters) and < 1 key piece 
per 100 meters (BFW 10-100 meters). The 
desired criteria in NMFS’ Coho Recovery 
Plan is listed as 6 to 11 key pieces per 100 
meters, and 1.3 to 4 key pieces per 100 
meters for the above listed indicators. This 
assessment confirmed that San Vicente 
severely deficient in meeting the desired cri-
teria. Reach 1 had 4 pieces per 100 meters, 
Reach 4 had 2 pieces per 100 meters, and 
Reaches 2 and 3 had 1 piece per 100 meters. 

However, Leicester (2005) noted a defi-
ciency in the survey method in that debris 
jams outside the sample boundaries were 
not tallied. As jams are spotty in distribu-
tion, they are likely to occur outside of 
the 200-foot sample sections. This could 
result in a significant portion of the total 
in channel LWD present in the stream not 
being recorded. To achieve a more accurate 
estimation, all in-channel LWD was docu-
mented and analyzed in this assessment. 

When LWD outside of the sample areas was 
considered, the density of in-channel LWD 
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doubled, increasing to 208 pieces (see Figure 5-15). While Leicester (2005) found 
that most of the in-channel would was accounted for within her sample reaches, 
this significant increase in LWD indicates that a large percentage occurred outside 
of the sample areas in San Vicente Creek. Reach 4 had the highest overall in-
channel density (82 pieces). Reach 1 had the second highest density (68 pieces), 
followed by Reach 3 (54 pieces). The same pattern is seen when the values were 
standardized to account for variations in reach length. When the additional 

in-channel LWD pieces are compared to 
NMFS’ desired criteria, Reach 1 and 2 
still had 4 and 1 pieces per 100 meters, 
respectively, however, Reach 3 increased 
from 1 to 3 piece per 100 meters and 
Reach 4 increased from 2 to 7 pieces per 
100 meters.

It is well documented that hardwood-
derived LWD is less decay-resistant, not as 
persistent in the channel, and not as likely 
to form habitat as conifer-derived LWD 
(McHenry et al., 1998; Hyatt and Naiman, 
2001). When only the sample reaches were 
considered, sixty-five (65) percent of the 
in-channel LWD noted within the sample 
reaches was hardwood (see Figure 5-14). 
However, when the entire survey reach is 
considered, this number is reduced to 48% 
and the density of conifer increased from 
35 to 52% (see Figure 5-15). As to where 
this increase is occurring within the stream 
system, there was no to little change in 
Reaches 1 and 2 (see Figure 5-14 and Fig-
ure 5-15). However, in Reach 3 the density 
of hardwood LWD approximately doubled 
and the density of conifer LWD increased 
6-fold. Likewise for Reach 4, the density 
of both hardwood and conifer increased 
4-fold. As previously mentioned, there was 
an increase in conifer tree density begin-
ning in Reach 3 and continuing upstream. 
Whether this in-channel LWD is being 
recruited from the reach itself or trans-
ported downstream is unknown.

As approximately 50% of the in-channel 
LWD and 61% of the trees in the perched, 
riparian and upslope areas are hardwood, 
this provides an interesting management 
challenge for San Vicente Creek. Bilby and 
Ward (1991) noted, deciduous or hardwood 
LWD does not offset the losses from the 
day of coniferous LWD, resulting in a net 
loss over time. However, Leicester (2005) 
determined that hardwoods can poten-
tially serve as valuable LWD if certain 
conditions are met: 1) they are sufficient 
diameter and length in proportion to the 
channel width, 2) have a root wad; and c) 
are alive. In Reach 1, 20% of the hard-
woods, particularly alder and willows, were 
noted as alive. 

To consider whether in-channel hardwood 
LWD resulted in the formation of valuable 
pool or backwater habitat in San Vicente 
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Creek, all in-channel LWD was considered. Overall, LWD 
formed in-channel 56% of the time. It’s important to note 
that while pools and backwater habitat was noted with conifer 
LWD 45% of the time, 69% of the time that hardwood was 
observed, it was associated with a pool or backwater structure 
(see Figure 5-16). This small, high decaying wood seems to 
have a large impact on the creation of pools and aquatic habitat 
within the stream system. Whether the LWD resulted in the 
creation of pool or backwater habitat varied depending on 
the reach. In Reach 1, the presence of wood resulted in pool 
or backwater habitats 75% of the time and the predominance 
of this was from hardwood species. In Reach 2, the presence 
of wood resulted in pool or backwater habitat 100% of the 
time, but the sample size was small (5 pieces). In Reach 3, the 
presence of LWD resulted in an Instream structure (pool or 
backwater) 44% of the time. In Reach 4, LWD resulted in 
an Instream structure only 34% of the time. The formation 
of pools was closely observed within the first year for all 8 
structures installed by the RCD in Reach 1. All LWD struc-
tures formed pools and most were recorded between 2 and 3 
feet in depth. It is important to note that while LWD tallied 
and classified as “extra” is not currently contributing to habitat 
structures or their formation, it has the potential to become 

mobile during storm events and become associated with debris 
jams. Bilby (1984) and Swanson et al. (1984) found that, while 
the largest pieces of LWD were more stable and likely to create 
habitat, smaller pieces associated with debris jams could also 
contribute to habitat formation, since they become mobile 
during floods. If more large-diameter logs were added to the 
stream to serve as “catcher” logs, much of the smaller “extra” 
LWD may have a chance to be incorporated in a debris jam 
and begin to form habitat, rather than being rinsed out of the 
system,.Larger “extra” LWD also provides opportunities for 
habitat enhancement if it can be moved within the channel to 
more productive configurations or locations (Leicester, 2005).

Keim and Skaugset (2002) found that a piece of LWD with a 
rootwad attached was far more likely to form a pool or be a key 
piece in a log jam than a piece without a rootwad. For the in-
channel LWD noted in San Vicente Creek watershed, 26 trees 
had rootwads. Of these, 88% were redwood. The remaining 
12% were alder. However, 50% of these were associated with 
past project implemented by the County of Santa Cruz or RCD. 
Approximately 60% of the time, trees with rootwads occurred 
on the left bank; 70% of the in-channel wood was noted to be 
located on the left bank. 
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Effects of LWD Size Classes on Formation of  
In-Channel Structures
LWD tallied for all reaches was greatest in the 1 to 2 foot 
diameter range, with the >4 foot range next (see Figure 5-17 and 
Table 5-4). However, all size classes were likely to form an in-
channel structure with 92% of LWD forming structure for the 2 
to 3 foot range and 80% for the >4 foot diameter range. Smaller 
wood (1 to 2 foot in diameter) was associated with a pool or 
backwater feature 83% of the time. Bilby and Ward (1989) found 
that LWD in the 1-foot range produced smaller pools (<15 sq ft), 
while LWD in the 2-foot ranged produced larger pools (over 42 
sq ft), which could make them more valuable in terms of habitat. 
Unfortunately, depth was the only measurement taken for pool 
habitat in this assessment.

The majority of in channel LWD tallied for conifer species was 
Redwood, which accounted for 90% of the conifer LWD (see 
Table 5-4). “Old” redwood only accounted 5% of the total 
redwood species, most likely due to past logging practices in the 
upper watershed. The majority of in-channel hardwood tallied 
was alder, which accounted for 46%. The remaining hardwood 

LWD was predominantly willow. In-channel LWD, for both 
conifer and hardwood species, appears to be either larger trees 
(>4 foot) or smaller trees (1-2 foot). Riparian forest conditions 
and past land use activities heavily influence riparian LWD 
loading. More mature and intact the adjacent riparian forest has 
a greater the likelihood of sustained LWD delivery (Bragg et al., 
2000). This corresponds to NMFS’ Recovery Plan (2012) that 
found that younger riparian forests often lack trees of sufficient 
size and decadence that can act as keystone pieces to create 
habitat complexity after they fall into a stream. Past land uses 
within the watershed have altered the historic delivery of wood to 
San Vicente Creek and as a result, small (1-2 foot) material is the 
dominant wood currently accumulating as LWD in the stream. 

Opperman and Merenlander’s (2007) work indicates that 
hardwoods are most effective for LWD when they are downed, 
but living, while Leicester (2005) noted that hardwoods can 
potentially serve as valuable LWD  if  they are sufficient diameter 
and length in proportion to the channel width. Longer wood 
can create larger pools due to its ability to become lodged within 
the stream system and accumulate addition wood. Benda et al. 
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(2002) found that large pieces of wood 
exceeding the width of the bankfull 
channel are more likely to remain stable 
and act as a trap for smaller pieces of 
wood, resulting in reduced large wood 
export. In San Vicente Creek, which had 
a mean bankfull width of 25 feet, shorter 
wood (<20 feet) was more plentiful in all 
reaches and was the largest contributor 
to the creation of in-channel structure 
(see Figure 5-18). LWD (less < 20 feet in 
length), was structure forming 95% and 
84% of the time for LWD 1-2 foot and 
> 4-foot diameter, respectively. Longer 
LWD (> 20 feet in length) was structure 
forming 45% and 63% of the time for 
LWD 1-2 foot and > 4-foot diameter, 
respectively. Note: Because wood length 
was not documented for all LWD out-
side of the sample reaches, the data was 
not included in Figure 5-18. However, 
for the data that was collected, 61% of 
the in-channel wood was < 20 feet and 
a pool was noted in association with this 
wood 69% of the time, compared to 31% 
of the time for wood > 20 feet.

Various characteristics, including the 
shape and density of individual wood 
pieces, affect their potential to be mobi-
lized and transported or to be retained as 
can the quantity, position and orienta-
tion of the wood pieces within the 
stream channel (Gurnell, et al., 2002). 
As only size and length has been con-
sidered as part of this assessment, it is 
challenging to determine the movement 
of recruited wood in San Vicente Creek. 
It is equally challenging to determine the 
effect of a predominance of hardwood 
species within the system on long-term 
pool and backwater development. How-
ever, the results suggest that the presence 
of both hardwood and conifer species 
greater than 1 foot in diameter will 
result in a pool and backwater habitat at 
least for a short time. Long term LWD 
debris jam formation and wood accumu-
lation will be annually monitored.
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Table 5-4. Amounts of in-channel LWD by diameter, channel location, function, and species. CF=conifer, HW=hardwood

 Structure Extra Totals Percent

Diameter  (feet)                                                          Pool Backwater Lowflow  Bankfull  

1-2 Total CF 27 1 9 11 48  

1-2 Redwood 25 1 8 11 45 94

1-2 "Old" Redwood 0 0 0 0 0  

1-2 Total HW 26 2 16 2 46  

1-2 Alders 12 2 9 2 25 54

2-3 Total CF 8 0 0 1 9  

2-3 Redwood 8 0 0 1 9 100

2-3 "Old" Redwood 0 0 0 0 0  

2-3 Total HW 3 0 0 0 3  

2-3 Alders 1 0 0 0 1 33

3-4 Total CF 1 0 0 0 1  

3-4 Redwood 1 0 0 0 1 100

3-4 "Old" Redwood 0 0 0 0 0  

3-4 Total HW 0 0 0 0 0  

3-4 Alders 0 0 0 0 0  

>4 Total CF 4 0 0 0 4  

>4 Redwood 1 0 0 0 1 25

>4 "Old" Redwood 3 0 0 0 3 75

>4 Total HW 16 1 5 3 25  

>4 Alders 5 1 2 0 8 32

  

Total Total CF 40 1 9 12 62  

 Redwood 35 1 8 12 56 90

 "Old" Redwood 3 0 0 0 3 5

 Total HW 45 3 21 5 74  

 Alders 18 3 11 2 34 46
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Chapter 6: invasive Species 

objeCtiVeS
The goal of this project was to evaluate riparian health related 
to the Cape ivy infestation, and other non-native species to a 
lesser extent, in San Vicente Creek. This goal builds directly 
off of Priority 1: Threat Abatement Action articulated in 
NOAA’s 2012 CCC Coho Recovery Plan which focuses on 
removal of exotic vegetation from riparian zones in lower San 
Vicente Creek.

The main objectives of the invasive species assessment was to 
conduct reconnaissance to determine the extent of cape ivy 
within the watershed, consider how cape ivy is impacting 
salmonid habitat, and develop recommendations on methods 
and schedule of activities for control. 

To address these objectives, the following questions were kept 
in mind:

 » Is the presence of cape ivy impairing salmo-
nid habitat directly or through modification 
of vegetative or morphologic structure?

 » How will the presence of other non-native species influ-
ence control/eradication methodology recommendations?

 » Will the presence of cape ivy influence the pri-
oritization of restoration activities? 

intRoduCtion
After decades of neglect and abuse, riparian zones are now 
recognized as critical components of aquatic and terrestrial 
ecosystems (Bragg et al., 2000). Riparian ecosystems, defined 
as the transitional zone between terrestrial and aquatic 
ecosystems, provide many beneficial functions including 
flood attenuation, groundwater recharge, stream temperature 
regulation, improved water quality, wildlife cover and food, 
and large woody debris production. Riparian communities 
are characterized by highly diverse, disturbance dependent, 
early seral vegetation that reflect environmental heterogeneity. 
However, riparian zones are susceptible to invasive by non-
indigenous plant species (Masters and Sheley, 2001) and can 
become a homogeneous blanket, degrading riparian habitat by 
out competing native plants and reducing biodiversity.

Aquatic systems depend on the riparian ecosystems for 
recruitment of leaves, woody debris, and other detrital matter 
for habitat and food resources. Changes in leaf litter inputs 
due to the presence of non-native vegetation may result in 
substantial impacts on aquatic communities and food-web 
dynamics. Changes in terrestrial leaf inputs may further influ-
ence stream organic matter processing, nutrient cycling, and 
light availability within streams (Benbow et al., 2013). 

Changes in light availability can impact drifting macroin-
vertebrates, which comprise the vast majority of the food 
resources for juvenile salmonids (Chapman and Bjornn, 1969; 
Elliot, 1973). Canopy cover can have a strong influence on 

invertebrate production and salmonid growth (Behmer and 
Hawkins, 1986; Hill et al., 1995; Quinn et al., 1997; Poole and 
Berman, 2001). In addition, riparian canopy intercepts solar 
radiation, buffering salmonids from changing stream tempera-
tures. Juveniles, in particularly cannot persist in streams with 
high summer temperatures or highly fluctutating temperatures. 
Increasing stream temperatures can influence salmonid survival 
directly and habitat by changing the structure of plant and 
invertebrate communities (Bisson and Davis, 1976).

Changing plant communities can also result in less bank stabil-
ity and an increase in turbidity level. Sediment can directly 
reduce salmonid breeding by covering spawning gravels and 
reducing light available for primary production (Kirk, 1985; 
Davies-Colley and Smith, 2001). An increase in turbidity also 
has been shown to affect salmonid behavior, as well as density 
and growth (NMFS, 2012).

The riparian ecosystem plays an important function in stream 
and salmonid health. However, like many of the coastal stream 
systems in California, San Vicente Creek hosts a number of 
invasive, non-native species that can prevent the growth and 
establishment of other plant species. For the past five years, 
Cape ivy has been noted in the lower watershed and recognized 
as by far the largest invasive infestation responsible for degrad-
ing riparian habitat due to its expansive coverage and known 
ecological impacts. Thus, a large part of this assessment was 
focused specifically on Cape ivy. 

However, field reconnaissance in 2012-2013 identified the 
presence of a non-native species, which had previously escaped 
notice by field researchers. Identified as Clematis vitalba 
(Moore, pers. comm., West, pers. comm.), this plant has not 
been previously found in Santa Cruz County and is known 
from only one other occurrence in California, San Francisco 
County. While the original intent of this assessment was to 
discuss management recommendations for Cape ivy, this newly 
identified Clematis has the potential to be of even greater threat 
to the health and function of San Vicente Creek and thus will 
also be discussed.

Cape ivy
Cape ivy (Delairea odorata) is an aggressive, invasive, non-
native plant. Cape ivy can form dense vegetative groundcover 
that smothers other vegetation and can prevent seeding of 
native plants. Cape ivy forms stands of close to 100% cover 
and competes with other plants for water and nutrients. Native 
plant species richness can be reduced up to 90% (McMenamin, 
pers. comm.) with greater short-term impacts on annual than 
on woody perennial species. In the long-term, impacts on 
woody species can be significant. 

Cape ivy readily climbs to the top of mature trees, depriving 
them of light, increasing limb loss and causing them to fall 
due to weakened conditions, including added weight and the 
increased effects of wind forces. The loss of tree canopy results 
in changes in stream temperature and modification of instream 
structure and the aquatic food chain (Cal IPC, 2013). The sup-
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pression of native herbaceous and perennial, woody seedlings, 
limits the future potential for the natural large woody debris 
recruitment process and the plants required for the macroinver-
tebrates that are necessary during all salmonid life stages. 

In addition, Cape ivy is not a food source for most animals 
and insects because of toxic alkaloids, xanthones and a noxious 
smell that the plant produces. (Stelljes et al., 1991, Catalano et 
al., 1996). The organic compounds found in Cape ivy foliage 
and flowers are known to be toxic to mammals, spiders and 
Cape ivy foliage contains compounds that decrease fish survival 
(Bossard, 1998). Cape ivy may use allelopathy to suppress com-
petitors, similar to California sagebush (Artemisia californica) 
and Eucalyptus (Eucalyptus globules). 

Originally from South Africa, Cape ivy is a perennial vine with 
shiny, five- to six-pointed leaves, waxy cuticles, and often two 
small stipule-like lobes (Cal-IPC, 2013). There is one leaf at 
each node. Foliage is green to yellow-green and has a distinct 
odor. Plants have extensive waxy stolons running above and 
below ground. Below-ground stems are purple. Each flower 
is a yellow, round discoid head the size of a dime. Flowers are 
arranged in groups of twenty or more. While Cape ivy flowers 
extensively in California from December to February, it has 
been assumed that ivy forms non-viable seeds and thus spreads 
solely by vegetative means. However, recent laboratory analysis 
has shown reproduction from seeds, although this has not been 
confirmed in the field (Robinson, 2006). Vegetative reproduc-
tion can occur at any time when the nodes of the stem, stolon, 
or leaf petiole are in contact with the soil including a leaf node, 
which will sprout readily - even after sitting on dry ground for 
months. Cape ivy readily moves downstream with high winter 
flows, which can begin new infestations. 

Cape ivy was introduced in the 1850s as an ornamental in the 
eastern United States and to California by the 1950s (Elliot, 
1994). By the 1960s, it had become prolific in Golden Gate 
Park, San Francisco, and Marin County (Archbald, 1995; 
Howell, 1970). The Invasive Plant Council (Cal-IPC) lists the 
species on its High List: Species with severe ecological impacts 
on ecosystems, plant and animal communities, and vegeta-
tional structure (Cal-IPC, 2013). Cape ivy’s spread in Cali-
fornia is a concern because it invades wildland areas and once 
established is extremely difficult to eradicate (Alvarez, 1997; 
Bossard et al., 2000). 

Clematis
As mentioned in the previous section, the presence of Clematis 
(Clematis vitalba) within Santa Cruz County is undocumented 
(Moore, pers. comm.; West, pers. comm.). Little is known of it 
from its singular documented occurrence in California (Moore, 
pers. comm.), but the most recent edition of the Flora of North 
America documents that the non-native has become naturalized 
in northwestern Oregon to Puget Sound (West, pers. comm.). 
With limited information about it’s’ presence and growth 
patterns, the following description of the species is solely based 
on literature review and personal communication with local 

botanists and ecologists. As we begin to learn more about this 
species, much of this preliminarily information may change. 

This variety of Clematis appears to be an aggressive, vine-
like plant  that is noted to be invasive plant in most places, 
including many in which it is native (CAB International, 
2013). It is a very serious environmental weed in New Zealand 
undergoing eradication (CAB International, 2013). As many 
professional have walked San Vicente Creek over the past 
decade and the plant went unnoticed until 2012, it is likely 
that this species may spread even more rapidly than cape 
ivy. There is a severe infestation in the upper reaches of San 
Vicente Creek and individual patches exist throughout San 
Vicente Creek almost down to Highway 1. Like Cape ivy, 
Clematis both blankets the ground, smothering herbaceous 
and woody plants and climbs into the tree canopy. It has been 
noted to bring down tall trees and reduce standing forests 
to impenetrable low-growing infestations of the vine (CAB 
International, 2013). Clematis noticeably hangs down from 
the trees into the water (see Figure 6-1).

The plant spread both by seed and vegetatively (Moore, pers. 
comm.). West (1991) notes that this variety of Clematis is a 
deciduous, woody climber that can live for 40 years or more, 
can grow to over 10 meters in length, and can reach 15 to 20 
cm in diameter. However, its growth rate and pattern in San 
Vicente Creek is unknown.

The Clematis in San Vicente Creek is likely a garden escapee 
from the Bonny Doon community above the watershed. 
Given its rarity, there is no information published on meth-
ods for control in California, but methodology and tools for 
control should be similar to English ivy (Moore, pers. comm.).

methodoloGy
To address the Coho Recovery Plan (NMFS, 2012), which 
calls for the removal of invasive exotic vegetation from ripar-
ian zones in the lower San Vicente watershed (Recovery action 
14.1.1), it is important to understand the direct impacts of 
Cape ivy on habitat and riparian function in San Vicente 
Creek. Site reconnaissance was conducted in fall/winter of 

Figure 6-1. Clematis hangs down from the trees.
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2012. Additional reconnaissance was done between April 1 and October 31, 2013. 
The intent was to determine the spatial extent and infestation of Cape ivy and to 
a lesser extent other specific invasive species within the riparian corridor and then 
develop specific recommendations on methods, priorities, timing and schedule of 
related activities for invasive control and management. 

For field reconnaissance observations, San Vicente Creek was divided into three 
reaches for discussion and recommendations for control and eradication within 
riparian habitat. Reach 1 extends from the Highway 1 crossing (684 ft upstream 
from the confluence of San Vicente Creek and the Pacific Ocean) to the 1st gate, 
which is located 3,670 ft upstream of Highway 1. Reach 2 extends north of the 
1st gate to the conveyor below (5,260 ft upstream from the Highway 1). Reach 3 
extends north from the conveyor belt to the tunnel on San Vicente Creek (15,470 
ft upstream of Highway 1) and from the confluence of San Vicente Creek and up 
Mill Creek to the 1st dam (15,240 ft upstream from Highway 1)(see Figure 6-2).

To systematically collect data, a one-page Occurrence Sheet was developed (see 
Figure 6-3). The sheet included a description of location (GPS was unreliable due 

to canopy cover), a description of specific 
invasive species present and percent cover, 
limited documentation of specific native 
species presence, and also information on 
access and priority based on potential for 
spreading, ease of control, and presence of 
native species. Photos were also collected 
at each occurrence location (see Appendix 
E) Invasive Mapping Reconnaissance for 
completed documents and map).

While the Occurrence Sheets provided 
basic information on the location of inva-
sive species, infestation severity, and impact 
to habitat quality, a more in-depth proce-
dure was developed for Reach 2, which was 
found to consist of five well defined patches 
of Cape ivy. As it is important to treat these 
patches before they spread and become a 
larger patch, which will result in the loss 
of native species, and greater time and 
expense for eradication, additional focus 
was given in this area. In Reach 2, assess-
ments were conducted in fall/winter, 2012, 
when Cape ivy is easiest to identify and 
in April, July and October of 2013. The 
assessments included walking along San 
Vicente Street to identify Cape ivy on the 
west side of the stream and then walking 
the stream to identify Cape ivy on both the 
west and east sides of San Vicente Creek. 
Once Cape ivy was identified, the bound-
aries of each infestation were walked and 
recorded with an accuracy of approximately 
1 meter. Information was recorded for each 
infestation Area, including an approxima-
tion of percent invasive and native cover, 
predominant native and non-native trees, 
shrub and herbaceous species, the distance 
from the road and stream, approximate 
size and density of the infestation, and 
predominance of Cape ivy in tree canopy 
(see Appendix E and Figure 6-4). This data 
was then hand drawn onto aerial photos. 
The hand drawn data was used to develop a 
GIS data layer (see Figure 6-5).

FindinGS
The following invasive plants, with critical 
ecosystem impacts, were identified within 
the project area and are considered to be 
of management concern for San Vicente 
Creek and Mill Creek. 

Figure 6-2. San Vicente Creek Watershed Invasive Species Stream Reaches Map
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Reach 1
Reach 1 was historically modified to allow grazing on adjacent 
areas, as evident from historic off-channel ponds, and was 
straightened to reduce flooding (Smith pers. comm., 2012). 
This anthropogenic disturbance has resulted in a predomi-
nantly solid mass of Cape ivy (>50-90%) on both sides of the 
stream and approximately 100 ft up the rock cliff on the south 
side. Below the rock weir structure installed by the National 
Marine Fisheries Service and RCD in 2008, Cape ivy cur-
rently spans across the creek covering downed wood and debris. 
Directly above the weir structure, the Cape ivy infestation is 
heavier on the right bank, on what is likely a historic flood-
plain. Cape ivy is present in about 50% of mature native trees, 
which predominantly include alders (Alnus sp.) and willows 
(Salix sp.). 

Clematis is found in Reach 1, beginning approximately 1250 
ft upstream from Highway 1 with small multiple patches 
identified from San Vicente Creek. While the species is likely 
to continue spreading to Highway 1, its expansion into the 
riparian buffer is unknown.

Jubata grass (Cortaderia jubata) is present along Highway 1 and 
predominant adjacent to the concrete weir structure and within 

the constructed diversion channel to the lower pond. A few 
plants are found sporadically throughout the reach, but poten-
tial expansion is limited due to shade provided by tree canopy. 

Hemlock (Conium maculatum) and fennel (Foeniculum vul-
gare) are present near Highway 1 and along Coast Road/San 
Vicente Street. Other noted invasive species within the reach 
include forget-me-nots (Myosotis sp.), occurring on gravel beds 
and within the active flood channel, French broom (Genista 
monspessulana) along the road edge and bare, sunny locations, 
and a small patch of English ivy (Hedera helix) on the left bank. 
In addition, nasturtium (Nasturium sp.) and morning glory are 
present on the left bank near residences and along San Vicente 
Street. These last two invasive species represent a significant 
threat in the short-term future, particularly after restoration 
disturbance (McMenamin, pers. comm.).

Noted native species include California blackberry (Rubus 
ursinus), California Bee Plant (Scrophularia californica), Stachys 
(Stachys sp.), Coffeeberry (Rhamnus californica), Red elderberry 
(Sambucus racemosa), Dogwood (Cornus sp.), Ribes sp., Bracken 
fern (Pteridium aquilinum), Five finger fern (Adiantum pedatum  
aleuticum), Horsetail (Equisetum arvense),  and Stinging nettle 
(Urtica dioica). There is good access along Reach 1 for treat-

Point: _________________ Compass: __________ Distance from GPS: __________ Lat/Long:________________________
Access: 
[  ] Heavy Equip.  
[  ]  Crew < 50% > 50% 

DEOD ACMA
Adjacent to Floodplain? HEHE ACNE
[  ] Yes CALYSTEGIA ATFE
[  ] No COJU AECA

RUDI ARCA
Slope: VIMA ARDO
Outerbank : GEMO2 COSE
Innerbank : AGAD COCO

COMA FRVE
Solar Radiation: _______ BRASSICA HELA

RHSA JUEF
Photo Description Photo #s: HIIN JUPA

North CAPY PEPA
South CIVU PLRA
East CULTIVAR POMU
West ACACIA POTR

CARPOBROTUS Quercus
FOENICULUM RHCA
ERHARTA RIME

RISA
ROCA

Notes: RUPA
SAME
SCCA
SESM
STACHYS
SYAL
WOFI

Date: ____________    Time: ___________   Observers: ______________________________________________________________________

Present?
Mixed w/ 
Natives?

Size Class / 
Tree Count

Invasive Species Cover In Trees? Isolated?
Dominant 
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Figure 6-3. Occurence Sheet.
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Figure 6-4  4. Cape Ivy Area Map
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Figure 6-5. Cape ivy patch map
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ment, but coordination with the adjacent landowners will be 
needed.

Reach 2
Reach 2 appears to have been less modified historically. 
Interestingly, the infestation of invasive species is less severe and 
occurs in isolated patches in Reach 2 rather than as a homog-
enous community. Whether this is directly linked to the lack of 
disturbance could not be confirmed through field observation 
or analysis of historic aerial images. The Cape ivy patches have 
established within approximately a 1,450 ft linear stretch of 
the riparian zone and appear to be located only on the western 
side of San Vicente Creek. With the exception of the upper 
most area (Area 5), all areas appear to have spread from the 
streambank towards the road. Area 5 is also the largest patch 
of Cape ivy. This suggests that Area 5 may have been the initial 
infestation site and that Cape ivy has since been spreading 
downstream during winter rain events.

As previously mentioned, within Reach 2, five Cape ivy areas 
were intensively mapped, documenting current boundaries, dis-
tance between patches, and the presence of specific herbaceous 
natives that may need to be protected. 

Note: The information listed below, describing the five Cape ivy 
areas in Reach 2 is accurate prior to any treatments that occurred 
in July, August and September, 2013. After treatment, some 
changes will have occurred. 

Area 1 is located 340 feet north of Gate 1 (measured on the 
road). The stream distance is approximately 250’. The area is 
between 400 and 600 sq. ft. in size with an overall density of 
Cape ivy less than 50%. Cape ivy can be found in 5 to 10 trees 
up to heights of 30’. A low density of Cape ivy is found on the 
northeastern streambank. 

Area 2 is located 75 feet north of Area 1, along the stream. The 
stream distance is approximately 340’. The area is between 450 
and 550 sq. ft. The Cape ivy density is greater than 50%. Cape 
ivy can be found in 5 to 10 trees up to heights of 30’. While 
there is not usable access for this area from the road at this 
time, due to a Yellow Jacket nest, access will be created through 
Area 3, in the future. The distance between area 2 and area 3 
along the stream is approximately 20’. 

Area 3 is located 459 north of Gate 1(measured on the road) 
and 410’ north (stream distance). This area is approximately 
4000 to 5000 sq. ft. in size with an overall density of Cape ivy 
of 70% to 80%. Cape ivy can be found in 10 to 30 trees up to 
heights of 30’. There are significant patches of desirable native 
plant species within the area. 

Area 4 is located 993 ft north of Gate 1. This area is 225 to 300 
sq. ft. with a density of 40% to 60%. The Cape ivy is in a few 
trees to a height of 15’. This is the only patch of Cape ivy within 
a 325 linear foot section of habitat between Area 3 and Area 5. 
There is also an isolated 500 to 600 sq. ft. patch of Vinca (Vinca 
major) directly adjacent to the Cape ivy, along the stream. Also, 
there is a tiny (15 sq. ft.) patch of Wandering Jew (Tradescantia 

fluminensis) approximately 70 ft upstream. As of July 2013, there 
is access for this area from the road. 

Area 5 has to road access points. The southern access is located 
1179 ft north of Gate 1. The northern access is located 1425 ft. 
north of Gate 1. This is the largest patch of Cape ivy (15,000 to 
17,000 sq. ft.). It runs north to south for 246 linear feet of the 
road. This area represents the furthest known upstream, north-
ern extent of the Cape ivy. This is also the only patch in Reach 2 
that stretches from San Vicente Creek to the road. The height in 
the trees ranges from 15 to 30 ft. The width of this patch is 75 ft 
at the upstream edge and 78 ft at the downstream edge. As the 
creek bends in this stretch there is a narrowed section running 
east to west, with a width of approximately 45 ft. This was likely 
the initial point of infestation in Reach 2. 

Other non-native species occur in small patches, including a 
few single jubata grass plants, a few French broom and Clematis 
within the stream channel and along both sides of the stream, 
although more dominantly established on the left bank. Italian 
thistle (Carduus pycnocephalus) has been observed along San 
Vicente Road (McMenamin, pers. comm.).

Noted native species include California blackberry (Rubus 
ursinus), California Bee Plant (Scrophularia californica), Stachys, 
Coffeeberry, Red elderberry (Sambucus racemosa), Dogwood 
(Cornus sp.), Ribes sp., Bracken fern (Pteridium aquilinum), Five 
finger fern, Horsetail, Scirpus (Scirpus sp.) and Stinging nettle.

Reach 3
While Reach 3 is devoid of Cape ivy, the riparian habitat is 
dominated by Clematis, particularly in areas where the canopy  
is less dense and more sunlight is available. In the upper extent 
of this reach, Clematis blankets the ground (>70%) and is pres-
ent in California Redwood (Sequoia sempervirens) and Alder trees 
up to heights of 30 feet. Clematis forms a solid wall in some 
areas and native herbaceous plants are limited in these areas  
(see Figure 6-6). 

Two large patches of jubata grass exist on the right bank (facing 
upstream) in the upper extent of Reach 3, near the tunnel on 
San Vicente Creek. They are fairly close together and appear to 
have colonized on old landslides/scarps (see Figure 6-7). 

In addition, English ivy appears to have been planted near a 
historic building on to the left of San Vicente Creek (facing 
upstream). The ivy now occurs on covers both stream banks near 
the tunnel (Figure 6-8).

Acacia (Acacia sp.) trees were observed near the lower dam 
on Mill Creek (Moore, pers. comm.). There were removed in 
November, 2013.

A small amount of English ivy and individual jubata plants also 
exists in most of this reach, although a large patch of jubata 
is present near the tunnel. French broom has colonized small, 
sunny disturbed areas, although expansion is minimal due to 
heavy canopy and groundcover. 
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Small but frequent patches of Tradescantia fluminensis can be 
found in Mill Creek, predominantly on the gravel beds and 
on the left bank of the channel. 

Native vegetation in Reach 3 includes Tan oak (Lithocarpus 
densiflorus), and Douglas Fir (Pseudotsuga menziesii), Califor-
nia Redwood, Alder, Willow, California blackberry, Bracken 
fern, thimbleberry (Rubus parviflorus), Five finger lady fern, 
and stinging nettle. 

In addition, there is a small patch of Purple starthistle (Cen-
taurea calcitrapa) (< 30 sq ft) near the conveyor belt, where 
the road forks (McMenamin, pers. comm.). There may be 
more plants in the fields across the road, but this area has not 
been surveyed. 

Actions to Date
Since 2011, the RCD has been planning and coordinating 
the removal of small areas of Cape ivy within Reach 1 and 2. 
In 2012, Cape ivy was hand pulled from a 10,000 sq. ft area 
located directly adjacent to and just south of the first gate 
(Reach 1). Roughly 95% of the ivy was removed, with the 
remaining 5% being comprised of sub-surface root systems 
that were missed by the hand crews. Follow up removal is a 
high priority and will be completed this fall.

In 2013, Cape ivy was almost completely (95%+) removed 
from the trees in Reach 2, Areas 1, 4, and 5. Removal from 
the trees in Area 2 and Area 3 was limited, due to the pres-
ence of a Yellow Jacket nest.

Two passes of hand removal were made to remove Cape ivy 
in Area 1. Very little new Cape ivy growth has been observed 
on the ground and a success rate of approximately 90% has 
been achieved to date. There are medium Clematis vines on 
the ground in Area 1, but after the vines were cut in July, 
much of the Clematis in the trees is dead, with limited seed 
production. The Coffeeberry and Ribes sp. in the area has 
new growth since the removal of the Cape ivy and Clematis, 
due to increased sunlight exposure.

Of all the Areas, Area 2 had most remaining ground contact 
with Cape ivy in the trees. Where possible, this contact was 
broken to a height of 4 to 6 feet to allow the Cape ivy to 
desiccate in the trees. However, significant levels of Cape 
ivy remain in the trees as it is too high up to successfully 
be removed and due to the close proximity to the Yellow 
Jacket nest. Desiccation levels for remaining Cape ivy in the 
trees is not as high here as elsewhere, likely due to shade and 
greater mass. A large Cape ivy mass remains in the trees, 
but is too high for access, as of 2013. The largest Clematis 
vines found in Reach 2 are located along the stream in Area 
2 and remain on the ground with  mostly live vines remain 
in the trees. Proximity to a Yellow Jacket nest limits further 
removal work in Area 2, at this time. 

For Area 3, all ground contact for Cape ivy in the large 
Alder was broken to a height of at least 6 feet and significant 
amounts in the tree were removed and left on the ground. 

Figure 6-6. Clematis blankets the ground in the upper reaches of San Vicente 
Creek.

Figure 6-7. Two large patches of jubata grass are near the tunnel on San Vicente 
Creek. 

Figure 6-8. English ivy near the tunnel on San Vicente Creek.
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The Cape ivy appears to be desiccating and will likely be dead 
prior to winter. More than half of the upstream edge of Cape ivy 
was cleared from native trees and shrubs and a limited amount 
was pulled adjacent to the stream bank to limit downstream 
transport and establishment. Due to the presence of native her-
baceous plants, care was taken to limit damage to the desirable 
plant species. The yellow jacket nest limits work in the area. 

An access path was cleared to reach Area 4 and Cape ivy 
was carefully hand pulled to 99%+. No further ivy has been 
observed on the ground and the little Cape ivy which remained 
high in the trees has desiccated further and is highly likely to 
be dead by the first rains. A small patch of Vinca major was 
removed to 97%+, with only a few roots remaining on the 
stream bank. The Tradescantia was not removed yet, as a path 
will be required to access this small infestation. The two Clema-
tis seedlings found in Area 4 were left undisturbed for further 
observation and will be hand pulled this fall or winter. A small 
San Francisco dusky-footed Woodrat nest is found in Area 4 and 
was left undisturbed during removal activities. 

Area 5 was too large to attempt large scale eradication in 2013 
due to limited resources, but a permanent north and south 
border was established by carefully hand pulling the ivy to create 
an easily monitored and defensible border and prevent future 
infestation upstream and downstream. Desiccation for Cape ivy 
in the few remaining trees is not as high as elsewhere, likely due 
to shade and greater mass. 

The small patch of purple starthistle was hand removed in 2012 
prior to seed set.

Most of the plant species found within the project area are listed 
by the CDFA and Cal-IPC, as noxious weeds and invasive spe-
cies. Table 6-1 lists these species and the invasive threat rank-
ing based on the CDFA ranking, Cal-IPC ranking, and field 
observations. 

Methods of Control
There are various management techniques used to treat/eradi-
cate the non-native species identified as resource concerns in 
the San Vicente watershed, including heavy equipment, the use 
of specific hand power equipment, hand tools, hand removal, 
grazing, and herbicide application. Specific bio-control agents 
are presently going through the field testing process for approved 
use in California for use with Cape ivy and may be available a 
few years down the line. The most effective control techniques 
consider species’ growth patterns, reproduction characteristics, 
the species location within the project area, weather, type of and 
proximity of desirable species, and the level of infestation. Below 
provides a summary of those methods, as well as their growth 
patterns (see Table 6-1). Also taken into account are the spe-
cies’ flowering and seed production periods (see Table 6-2). The 
selected method of control may vary from location to location 
within the habitat for a given species based on extent, presence 
of natives, distance from stream, soil and moisture conditions, 
time of year, amount of solar radiation, etc.

Italian thistle (Carduus pycnocephalus) readily colonizes any 
area removed of dense groundcover and recently disturbed 
(Harradine, 1985). However, it does not readily establish in 
shaded moist environments and so is a limited threat to ripar-
ian restoration. Potential removal techniques include:

1. Hand pull. 

2. Carefully timed weed whacking 

3. Graze with sheep or goats. 

Purple starthistle (Centaurea calcitrapa) readily colonizes 
recently disturbed areas and roadsides (Bossard et al., 2000). 
However, unlike Italian thistle which can be dispersed long dis-
tances by wind, purple starthistle seeds are primarily deposited 
below or near the parent plant. Thus, it will be most important 
to continue to remove new plants prior to seed set to eventually 
deplete the seed bank. Potential removal techniques include:

1. Hand pulling, digging, or grubbing prior to seed set. 

Clematis (Clematis vitalba) growth patterns and rate of repro-
duction in San Vicente Creek is currently unknown. As previ-
ously mentioned, the potential removal techniques are based on 
experience in English ivy removal (Moore, pers. comm.) and 
include:

1. For climbing vines, cut a 4-5 ft swath around the trees 
with loppers and/or hedge trimmers to kill the Clematis in 
the tree canopy. Larger stems are common and will require 
hand saws. Minimize damage to the bark of the host tree. 

2. For groundcover:

 »Re-cut tree root in spring and apply an herbi-
cide approved for use in riparian areas.

 »Apply foliar application of herbicide approved for use 
in riparian areas with backpack sprayers in areas with 
high density Clematis and limited native species.

 »Use a small skidster/loader to remove surface mass and 
follow up with spot treatment of herbicide in areas 
with large infestations. Requires a skilled operator.

Poison hemlock (Conium maculatum) can spread quickly 
after the rainy season to areas that have been cleared or dis-
turbed. The combination of a long seed dispersal period, seed 
dormancy, and non-specific germination requirements enable 
poison hemlock seedlings to emerge almost every month of the 
year (Roberts, 1979). Given its broad infestation and prolific 
nature, only low level management of this non-native will be 
possible. Potential removal techniques include:

1. Hand pull or grub plants before seeds set. Remov-
ing the entire root mass is not necessary, but repeating 
this procedures for multiple years will be required.

2. Apply a post emergent herbicide, like 
glyphosate with a surfactant.

3. Flame in wet season, late winter.
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Table 6-1. Invasive Weeds of Management Concern and Invasive Rankings  

Common Name Scientific Name Habitat Cal-IPC Ranking Growth Habit
Italian thistle Carduus pycnocephalus Widely distributed in disturbed open 

sites, roadsides, pastures, annual 
grasslands, and disturbed wildlands.

Moderate1 Annual; spread by seeds; seeds can disperse by animals, 
vehicles; by wind an average of 75 feet from the parent 
plant and can travel more than 325 feet in strong 
winds. A single plant can produce 20,000 seeds in one 
season (Wheatley and Collett, 1981). 

Purple starthistle Centaurea calcitrapa  Fields, roadsides, disturbed open 
sites, grasslands, overgrazed range-
lands, and logged areas in the 
northern and central coast ranges of 
California.

Moderate Annual, biennial or perennial; spread by seeds but 
close to the parent plant; longevity of seed is unknown 
(Bossard, et. al, 2000). 

Clematis Clematis vitalba Agricultural areas, coastland, natural 
forests, planted forests, range/
grasslands, riparian zones, ruderal/
disturbed, scrub/shrublands, urban 
areasC. vitalba typically occupies for-
est margins and gaps and can invade 
open spaces

Unlisted Perennial; airborne seeds; damaged or cut stems can 
re-sprout so plants can spread vegetatively as well.

Poison hemlock Conium maculatum Commonly found in dense patches 
along roadsides and fields. It also 
thrives in meadows and pastures 
and is occasionally found in riparian 
forests and flood plains, but prefers 
disturbed areas

Moderate Annual, biennial; reproduced by seed which is dispersed 
by water, wind, mud, animal and humans (Bossard, et 
al., 2000).Can germinate any time of year. Approxima-
taly 90% of the seed is dispersed between September 
and December. Seed can remain viable in seed bank for 
up to three years (Baskin and Baskin, 1990). 

Jubata grass Cortaderia jubata  Favors dunes, bluffs, coastal shrub-
lands and marshes, inland riparian 
areas, and disturbed areas

High Perennial; spreads by wind blown seed that can travel 
over 20 miles under windy conditions. Can flower twice 
in a year. An individual inflorescence can produce a 
million or more seeds (Bossard, et al., 2000).

Cape ivy Delairea odorata Predominant in coastal riparian areas, 
as well as inland riparian areas, moist 
forests, and oak woodlands

High Perennial; presently appears to spreads vegetatively 
in California; can root at each node along the stem; 
viability of seeds in wildlands is unknown,but has been 
found viable under lab conditions . 

Fennel Foeniculum vulgare Grasslands, coastal scrub, riparian, 
and wetland communities

High Perennial; reproduces from root crown and seed 
(Bossard, et al., 2000); dispersed by water, vehicles, 
and humans; birds and rodents eat the seeds and may 
also cause dispersion (Bossard, et al., 2000); seeds may 
persist in soil for several years before germinating; can 
germinate any time of year. 

French broom Genista monspessulana Common on coastal plains, mountain 
slopes and in disturbed places such 
as streambanks, roads cuts. It can 
colonize grassland and open canopy 
forest.

High Perennial; Spread by seeds; seeds viable 30+ years; 
plants can re-sprout from cut stumps. Can flower twice 
a year at some locations (Bossard et al., 2000).

English  ivy Hedera helix Found in open, deciduous forests, 
particularly near residences.

High Perennial; plant reproduces vegetatively; can root at 
each node along the stem.

Forget-me-nots  Myosotis sylvatica Prefer moist habitat, wetlands and 
riparian areas.

Limited Annual or perennial

Wild Radish Raphanus sativus Grasslands and open/disturbed areas, 
including roadsides in California. Wild 
radish may also be found in wetland 
areas. 

Limited Annual, but can occasionally be perennial; spreads  
by seed

Wandering Jew Tradescantia fluminensis Damp shaded habitats, especially dis-
turbed and previously grazed forest, 
shrubland, streams, alluvial terraces, 
wetlands, and anywhere downstream 
or adjacent to existing infestations. 

Unlisted Perennial

Vinca Vinca major Coastal counties, foothill woodlands, 
the Central Valley, and even desert 
areas.Riparian zones are particularly 
sensitive. 

Moderate Perennial; Spreads vegetatively only in this area. water 
can transport broken stem fragments downstream 
where it resprouts. 

1 - Species has a pest rating of “C” by CDFA. )
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Jubata grass (Cortedaria jubata) is a very invasive weed in 
the coastal area of Santa Cruz County. It readily colonizes 
disturbed soils and produces an abundance of seed that can 
disperse widely. It persists under dense canopy, but does 
not readily produce seed under shaded conditions. Potential 
removal techniques include:

1. Hand removal with the use of pulaski,  
prior to seeding.

2. Apply a post emergency herbicide, such 
as glyposate at a 2% solution.

3. Removal with heavy equipment or pull 
out with a truck and chain

Cape ivy (Delaireia odorata) is one of the priority species for 
removal in the watershed and methods for removal will vary 
greatly based on site conditions and financial resources avail-
able. Success will always require specific methodologies fol-
lowing carefully prioritized steps and long term monitoring. 
Potential removal techniques include: 

1. Hand Grubbing:

 »Break ground contact for all Cape ivy in trees for 3-6 
feet. If practical remove all the Cape ivy from the trees. 
If removal is not practical, ground contact should be 
broken as soon as possible after the rainy season.

 »Establish easy maintained borders/ buffer zones around the 
edge of each patch if it is not going to be treated to 95%+ 
eradication level in any given year. Monitor and remove 
any Cape ivy growing into the border areas/buffer zones.

 »Hand pull, follow up with second pass to remove all 
above ground Cape ivy to 90+ % and third pass to 
remove all Cape ivy rhizomes and roots to 95+%.

2. Grazing is an option for large areas 
and minimal native species.

3. Mechanical removal with heavy equipment.

4. Herbicide treatment with an herbicide 
approved for use in riparian areas.

Fennel (Foeniculum vulgare) thrives on disturbance (including 
control techniques). Control techniques include either mini-
mizing disturbance or increasing disturbance to promote fennel 
seed germination. Because the species readily colonizes dis-
turbed sites and can have dormant seeds for several years, fen-
nel control will be crucial to control seed dispersal on recently 
disturbed sites. Potential removal techniques include:

1. With small stands, dig out the whole plant. 
Do not cut plant as this disperses seeds.

French broom (Genista monspessulana) is an aggressive shrub 
that readily colonizes disturbed sites and roadsides, particularly 
sunny locations. It produces long-lived seeds (over 30 years) and 
requires a long term commitment to be removed. Control of 
this plant will also be critical to ensure that it does not colonize 
sites after another invasives are removed. Potential removal 
techniques include:

1. Hand pull and pull with weed wrenches, remov-
ing entire mature plant; repeat yearly for 5-6 
years. Apply multiple treatments each year to 
speed up depletion of the seed bank. 

2. Apply foliar herbicide spray to mature plants dur-
ing active growth and after flower formation.

3. Use a flaming method on young seed-
lings and seeds in winter months.

Table 6-2. Typical Flowering Period of Invasive Weeds

Common Name Scientific Name Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
Italian thistle Carduus pycnocephalus
Purple starthistle Centaurea calcitrapa
Clematis Clematis vitalba
Poison hemlock Conium maculatum
Jubata grass Cortaderia jubat
Cape ivy Delairea odorata
Fennel Foeniculum vulgare
French broom Genista monspessulana
English ivy Hedera helix
Forget-me-nots  Myosotis sylvatica
Wild radish Raphanus sativus
Wandering Jew Tradescantia fluminensis
Vinca Vinca major
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English Ivy (Hedera helix) exists in small patches within the 
project area. Due to the presence of more aggressive, herbaceous 
plants, expansion of this non-native has been limited. Removal 
of English ivy alongside Clematis and Cape ivy will limit its 
potential for spread. Potential removal techniques include:

1. For climbing vines cut plant to kill upper portions and 
treat the remainder of the plant as ground cover. Try to 
minimize damage to the bark of the host tree. Use a large 
screw driver or forked garden tool to pry and snap the 
vines away from the tree trunks and cut using a  pruning 
saw for larger vines or a pruning snips for smaller stems.

2. For groundcover:

 »Apply foliar herbicide.

 »Use mechanical equipment to remove the 
mass of ivy and follow with hand crews. 

Forget-me-nots (Myosotis sylvatica) are limited in the current 
extent in the watershed, but have the potential to pose a serious 
threat to the understory and native herbaceous vegetation due 
its highly successful seed dispersal. Potential removal tech-
niques include:

1. Hand pull

Wild radish (Raphanus sativa) has limited potential for degrad-
ing habitat within the riparian corridor, but can readily become 
a problem along riparian and roadsides, like San Vicente Street. 
Potential removal techniques include:

1. Pull younger plants by hand.

2. For follow up spot treatments use a foliar spray 
of glyphosate on the leaves before the plant flow-
ers. Do not use glyphosate for broad treat-
ments due to the development of resistance.

Wandering Jew (Tradescantia fluminensis) exists in small 
patches within the project area and could be easily controlled 
while the extent is limited. The key to successful control of T. 
fluminensis is to reduce light availability by improving canopy 
cover that also reduces invasion by other weeds as gaps left 
from removal are likely to be colonized by other invasive spe-
cies. Potential removal techniques include:

1. Hand pull (remove all fragments).

Vinca (Vinca major) exists in small patches within the project 
area and its spread may be limited due to the dense riparian 
canopy. Under the right conditions and once established, 
vinca has the potential to form a dense groundcover. Potential 
removal techniques include:

1. Hand pull. Monitor and hand pull resprouts.
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Chapter 7: Plan for Salmonid Recovery 

intRoduCtion 
Over the past two years, the RCD team has completed a number 
of key technical assessments with the collective goals of enabling 
development of a comprehensive and multidisciplinary set of rec-
ommendations to support recovery of listed salmonids in the San 
Vicente Watershed. The previous 6 chapters of this Plan both set 
the context for the intrinsic value and uniqueness of this particu-
lar watershed, and articulate the objectives and findings from 
these assessments. While these assessments contain invaluable 
data and insights, there are two external factors which make this 
document and the technical information it presents so valuable. 
First, the technical team and the review committee have been 
working collaboratively in this watershed for over a decade (and 
some folks for upwards of half of century). During this time, we 
have walked, talked, observed, discussed, and experimented in 
this watershed; learning all the time and shaping the assessment 
conducted as part of this effort. Second, our landowner partners 
(particularly the Trust for Public Land/Coast Dairies, US Bureau 
of Land Management, CEMEX, and Living Landscape Initia-
tive) have provided us with unprecedented access to nearly 90% 
of the watershed and to their internal archives and data. This 
level of cooperation and access has significantly enriched and 
informed both the objectives and methods for the assessments as 
well as interpretation and ground-truthing of the findings. 

This effort was explicitly funded in order to develop specific 
recommendations to promote recovery of listed salmonids in the 
San Vicente Creek Watershed and this section aims to accom-
plish that stated goal. That said, through a process of critical 
review, robust discussion and a long history of observation, 
the RCD technical team has developed a list of recommended 
actions that we believe are at their core ecological, intercon-
nected, synergistic, and holistic. As such, the recommendations 
not only specifically address listed salmonids but address ecologi-
cal uplift and resilience across the watershed, amongst different 
habitat types and niches, and through both short and long term 
time scales. For a purely ecological perspective, the recommenda-
tions contained in this section address the foundational ecologi-
cal concepts of: 

Food: via enhancing and protecting the ability of the system to 
create allochthonous productivity (insects and food sources from 
outside of the stream such as leaf litter fall from riparian trees 
and material washed in from floodplains) and autochthonous 
productivity (insects and food sources produced in the stream 
such as benthic macroinvertebrates that rely on clean gravels and 
cobbles); 

Shelter: via enhancing and restoring the processes that create a 
mosaic of shelter for both adult and juvenile salmonids such as 
large wood to provide refuge, force scour pools, and promote 
channel aggradation and flow redirection to enable floodplain 
activation and recreate slack water habitat; and  

Successful Reproduction and Rearing: via reestablishment 
of natural geomorphic processes that would recruit and sort 
spawning sized gravels, removal of barriers to sediment transport, 

remediation of areas contributing fine sediments, and protection 
of instream flows to allow fish to access high quality spawning 
habitat, migrate through and feed in shallow riffles, and hide in 
deep, cool pools.

In addition to framing and developing recommendations that 
support the overt goal of salmonid recovery, we also emphasize 
the more subtle and foundational goal of enhancing and restoring 
the key ecological processes that maintain the watershed. All of 
the recommendations discussed in this chapter also address one 
or more of the following watershed objectives:

1. Improve conditions that facilitate natural geomorphic 
function;

2. Improve riparian health;

3. Floodplain connectivity; 

4. Improve instream habitat suitability and quality for salmo-
nids; and 

5. Consider all actions within the context of adaptive 
management. 

Finally, it should be noted that the recommendations articulated 
below are also intertwined with the on-going efforts of the local 
captive broodstock coho recovery program and are focused 
on increasing carrying capacity and improving the ecological 
health of the watershed to increase the value and effectiveness 
of this broodstock program. These recommendations have been 
developed in a collaborative fashion, have been reviewed by the 
Steering Team and modified based on substantive feedback.

Please note, for the purpose of this report, the implementation 
timeline provided for all recommended practices is defined in the 
following manner: Short-term (0-5 years), medium-term (4-10 
years), and long-term (10+ years). 

ConCluSion 
As mentioned above, this plan is the culmination of decades of 
experience, familiarity and commitment by this team and water-
shed partners. This plan is a living document that will not collect 
dust by sitting on the shelf, but rather guide our actions over the 
next decade to improve riparian health and restore ecosystem 
function. 

While ambitious, the recommendations in the plan are imple-
mentable. They build on previous efforts in the watershed under 
the auspices of IWRP and by partners and the RCD, and can be 
permitted through the Santa Cruz Countywide Partners in Res-
toration (PIR) Permit Coordination Program. The PIR program 
facilitates the implementation of small-scale, environmentally 
beneficial projects through the issuance of programmatic permits 
rather than permitting projects on an individual basis. Projects 
are designed based on criteria set forth by the Natural Resources 
Conservation Service (NRCS) and environmental guidelines and 
protection measures set forth by the program partners, includ-
ing the County of Santa Cruz, Regional Water Quality Control 
Board (RWQCB), Army Corps of Engineers (ACOE), National 
Marine Fisheries Service (NMFS), US Fish and Wildlife Service 
(USFWS), California Department of Fish and Wildlife (CDFW). 
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Recommendations Implementation

Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

Recovery Objective:  Improve, enhance and protect summer base flow and minimizing any chance of further deterioration in quality or quantity of sum-
mer base flow and/or modifications to the natural flood hydrograph

1 Synoptic  
measurements 

Recommend taking synoptic measurements 2 times per 
year to monitor magnitudes of flow and provide a set 
of on-going flow measurements that can be used as 
a basis of comparison to determine if, and how much, 
flows vary based on water year. 

Throughout the 
lower watershed as 
per methodology 
described in the hy-
drologic assessment 
chapter

Instream 
flow 

Instream 
habitat 

Short-term and Ongoing 
(recommend 10 year 
data set)

Medium $5,000/year
RCDSCC, BLM and Tech-
nical Consultant, FRGP, 
IWRP, Sanitation District 

2

Maintain exist-
ing continous 
streamflow/stage 
gauge 

Recommend continuing the current flow record through 
funding and operation of the flow and temperature 
gauge installed in lower San Vicente Creek.

Current gauge  
locations

Instream 
flow

Instream 
habitat Ongoing  High $15,000/year FRGP,  Sanitation District, 

NOAA, and/or BLM.

3

Outreach and 
technical assis-
tance ito reduce  
fine sediment 
transport and 
protect high per-
colation areas

Recommend outreach and technical assistance in Bonny 
Doon community to reduce fine sediment transport. 
Need to protect Santa Margarita sands in the upper 
Mill Creek area, which are subject to higher levels of 
development, prone to erosion and have large water 
storage capacity. 

Bonny Doon 

Instream 
flow and 
Fine 
sediment 
transport 

Instream 
habitat Short-term Medium Unknown

RCDSCC,Bonny Doon 
Fire Safe Council, Rural 
Bonny Doon Association 
and NRCS

4

Coordinate with 
landowners and 
project partners 
on protecting 
water resources

Support the County Sanitation Districts efforts to 
upgrade the existing diversion facilities for the town 
of Davenport’s water supply to reduce water loss and 
improve system flexibility and efficiency.

CEMEX/Davenport 
Diversions

Instream 
flow

Instream 
habitat Short-term High None

County Sanitation 
Department, Davenport 
residents, IRWM, CEMEX

5

Consider conjunctive water supply options  for the town 
of Davenport (e.g use of groundwater, surface water, 
recycled water and new storage) that would allow the 
town to reduce withdrawals from SVC during the dry 
season [especially during drought], provide a higher 
level of  municipal water supply reliability, and protect 
critical summer baseflows for salmonids.

Watershed and 
beyond

Instream 
flow

Instream 
habitat Medium and long-term Medium Unknown

County Sanitation 
Department, Davenport 
residents, IRWM, CEMEX, 
Resource Agencies, many 
others

6

Identify opportunities for flow protection and enhance-
ment such as relocating existing instream and near 
stream water diversions/wells and/or using section 
1707 of the Ca Water Code to dedicate water rights to 
fish and wildlife resources. 

Mill Creek Subwa-
tershed and San 
Vicente Watershed 
downstream of the 
Quarry

Instream 
flow 

Instream 
habitat Medium-term Medium Unknown

RCDSCC, BLM, Bonny 
Doon Fire Safe Council, 
Rural Bonny Doon As-
sociation and NRCS

7

Implement proj-
ects to  reduce or 
avoid impacts to 
instream flows

In coordination with voluntary landowner action, design 
and permit at least 1 project to relocate  or dedicate 
flows from an existing water diversion to protect in-
stream summer baseflows.

Mill Creek Subwa-
tershed and San 
Vicente Watershed 
downstream of the 
Quarry

#6 Instream 
flow

Instream 
habitat Short-term High Unknown

BLM, Sanitation Depart-
ment, private landown-
ers, RCDSCC, NRCS

8 Support karst 
protection efforts

Recommend supporting the County’s protection efforts 
for karst protection zones. Data needs around stream-
flow measurements could be tiered and correlated to 
high priority karst areas. 

Watershed Instream 
flow

Instream 
habitat Short-term Medium Unknown County

9

Work with county 
on protection 
efforts or Santa 
Margarita Sand-
stone

Recommend working with the county on a parallel effort 
to the karst protection effort to protect areas underlain 
by Santa Margarita sandstones from impacts related to 
impervious surfaces and altered runoff patterns.

Watershed
Instream 
flow/water 
quality 

Instream 
habitat Medium-term Medium Unknown County

Table 7.1. Strategies and actions proposed for San Vicente Creek Watershed

ReCommendAtionS
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Recommendations Implementation

Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

Recovery Objective:  Improve, enhance and protect summer base flow and minimizing any chance of further deterioration in quality or quantity of sum-
mer base flow and/or modifications to the natural flood hydrograph

1 Synoptic  
measurements 

Recommend taking synoptic measurements 2 times per 
year to monitor magnitudes of flow and provide a set 
of on-going flow measurements that can be used as 
a basis of comparison to determine if, and how much, 
flows vary based on water year. 

Throughout the 
lower watershed as 
per methodology 
described in the hy-
drologic assessment 
chapter

Instream 
flow 

Instream 
habitat 

Short-term and Ongoing 
(recommend 10 year 
data set)

Medium $5,000/year
RCDSCC, BLM and Tech-
nical Consultant, FRGP, 
IWRP, Sanitation District 

2

Maintain exist-
ing continous 
streamflow/stage 
gauge 

Recommend continuing the current flow record through 
funding and operation of the flow and temperature 
gauge installed in lower San Vicente Creek.

Current gauge  
locations

Instream 
flow

Instream 
habitat Ongoing  High $15,000/year FRGP,  Sanitation District, 

NOAA, and/or BLM.

3

Outreach and 
technical assis-
tance ito reduce  
fine sediment 
transport and 
protect high per-
colation areas

Recommend outreach and technical assistance in Bonny 
Doon community to reduce fine sediment transport. 
Need to protect Santa Margarita sands in the upper 
Mill Creek area, which are subject to higher levels of 
development, prone to erosion and have large water 
storage capacity. 

Bonny Doon 

Instream 
flow and 
Fine 
sediment 
transport 

Instream 
habitat Short-term Medium Unknown

RCDSCC,Bonny Doon 
Fire Safe Council, Rural 
Bonny Doon Association 
and NRCS

4

Coordinate with 
landowners and 
project partners 
on protecting 
water resources

Support the County Sanitation Districts efforts to 
upgrade the existing diversion facilities for the town 
of Davenport’s water supply to reduce water loss and 
improve system flexibility and efficiency.

CEMEX/Davenport 
Diversions

Instream 
flow

Instream 
habitat Short-term High None

County Sanitation 
Department, Davenport 
residents, IRWM, CEMEX

5

Consider conjunctive water supply options  for the town 
of Davenport (e.g use of groundwater, surface water, 
recycled water and new storage) that would allow the 
town to reduce withdrawals from SVC during the dry 
season [especially during drought], provide a higher 
level of  municipal water supply reliability, and protect 
critical summer baseflows for salmonids.

Watershed and 
beyond

Instream 
flow

Instream 
habitat Medium and long-term Medium Unknown

County Sanitation 
Department, Davenport 
residents, IRWM, CEMEX, 
Resource Agencies, many 
others

6

Identify opportunities for flow protection and enhance-
ment such as relocating existing instream and near 
stream water diversions/wells and/or using section 
1707 of the Ca Water Code to dedicate water rights to 
fish and wildlife resources. 

Mill Creek Subwa-
tershed and San 
Vicente Watershed 
downstream of the 
Quarry

Instream 
flow 

Instream 
habitat Medium-term Medium Unknown

RCDSCC, BLM, Bonny 
Doon Fire Safe Council, 
Rural Bonny Doon As-
sociation and NRCS

7

Implement proj-
ects to  reduce or 
avoid impacts to 
instream flows

In coordination with voluntary landowner action, design 
and permit at least 1 project to relocate  or dedicate 
flows from an existing water diversion to protect in-
stream summer baseflows.

Mill Creek Subwa-
tershed and San 
Vicente Watershed 
downstream of the 
Quarry

#6 Instream 
flow

Instream 
habitat Short-term High Unknown

BLM, Sanitation Depart-
ment, private landown-
ers, RCDSCC, NRCS

8 Support karst 
protection efforts

Recommend supporting the County’s protection efforts 
for karst protection zones. Data needs around stream-
flow measurements could be tiered and correlated to 
high priority karst areas. 

Watershed Instream 
flow

Instream 
habitat Short-term Medium Unknown County

9

Work with county 
on protection 
efforts or Santa 
Margarita Sand-
stone

Recommend working with the county on a parallel effort 
to the karst protection effort to protect areas underlain 
by Santa Margarita sandstones from impacts related to 
impervious surfaces and altered runoff patterns.

Watershed
Instream 
flow/water 
quality 

Instream 
habitat Medium-term Medium Unknown County

*Timeline: Short term = 0-5, Medium Term = 4-10, Long Term = 9+
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Recommendations Implementation

Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

10

Address issues 
of homeless 
encampment 
and potential for 
poaching and 
water quality 
impacts to lower 
San Vicente and 
to the Pond

Recommend BLM wardens remove current homeless 
encampment from lower pond site, clean the site of 
refuse, and investigate ways to make the site less acces-
sible and attractive to homeless encampments. Ideally, 
this can and should be accomplished regardless of the 
time scale for implementation of any adaptive manage-
ment actions for the area. It is possible that the design 
of a new floodplain could make the site less attractive 
for an encampment (eg if the site is flooded more regu-
larly and less visually protected by the current levees/
spoils that disconnect the mainstem from the pond).

Lower pond #20 & #21
Water 
quality and 
poaching

Geomorphic 
function 
and  
Instream 
habitat 

Immediate High
$5,000-$10,000 for 
eviction, clean-up 
and fencing/signage

BLM 

11 Prevent illegal 
water diversions 

Suggest the Bureau of Land Management (BLM) 
enforcement and Living Landscape Initiative Partners 
(CEMEX) address illegal land uses, including water 
diversions for marijuana or other illicit operations that 
rely on diversion on their property. 

Watershed
Instream 
flow/water 
quality 

Instream 
habitat Short-term and ongoing  High Unknown BLM, Living Landscapes 

Initiative, County Sheriff 

Recovery Objective: Improve channel complexity in terms of pools, shelter and refuge and increase frequency and duration of flooding 
on undeveloped floodplains

12

Implement 
Significant LWD 
loading  projects 
along San Vicente 
Creek

Use Large Woody Debris Assessment (chapter 5) and 
Geomorphology Assessment (chapter 3) to identify 
specific trees and specific locations for LWD loading and 
floodplain reconnection (see recommendations below)

Throughout the 
watershed with 
particular focus on 
sections adjacent/
near floodplains 3, 4, 
7, 9, 10 and 11  

Lack of 
pools, pool 
depth, chan-
nel com-
plexity, and 
floodplain 
connectivity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term High Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

13
Recommend placing 4-6 anchored/engineered LWD 
structures within the creek channel and identifying local 
trees for felling or excavation/ pushing,  and anchoring

Lower watershed in 
areas near flood-
plains in section 3 
and 4. 

Lack of 
pools, pool 
depth, chan-
nel com-
plexity, and 
floodplain 
connectivity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term High Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

14

Recommend selecting and directionally felling and/or 
partial rootball excavation/pushing whole conifers into 
the creek channel to create LWD structures, load the 
channel for future recruitment, and facilitate channel 
aggradation and flow deflection onto currently discon-
nected floodplain areas. Loading densities should strive 
to meet NMFS’s criteria of 6-11 key pieces/100 meters. 
Trees need to be large enough (3-4 times bankfull) to 
avoid significant downstream movement AND be put in 
areas where shade and canopy impacts will be minimal. 
While use of trees 3-4 times bankfull should reduce the 
potential for significant movement, installing “backstop” 
structures upstream of bridges should provide additional 
protection from loaded LWD for those structures

Middle watershed 
(bounded by Mill 
Creek confluence 
on the upstream 
to the lower bridge 
on at downstream) 
with concentration 
near or adjacent to 
floodplains 7, 9, 10 
and 11. 

Lack of 
pools, pool 
depth, chan-
nel com-
plexity, and 
floodplain 
connectivity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term Highest Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

15 Recommend experimenting with partial rootball excava-
tion and direction “pushing” of local hardwoods (eg 
older alders) for LWD structures to determine longevity 
and potential for creating living LWD structures through 
mimicking “tipped” hardwood structures naturally oc-
curing on San Vicente Creek and elsewhere along the 
California coast. 

Throughout the 
watershed with 
particular focus on 
sections adjacent/
near floodplains 3, 4, 
7, 9, 10 and 11  

Lack of 
pools, pool 
depth, chan-
nel com-
plexity, and 
floodplain 
connectivity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term Highest Unknown IWRP, RCDSCC, BLM, 
IWRP TAC
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Recommendations Implementation

Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

10

Address issues 
of homeless 
encampment 
and potential for 
poaching and 
water quality 
impacts to lower 
San Vicente and 
to the Pond

Recommend BLM wardens remove current homeless 
encampment from lower pond site, clean the site of 
refuse, and investigate ways to make the site less acces-
sible and attractive to homeless encampments. Ideally, 
this can and should be accomplished regardless of the 
time scale for implementation of any adaptive manage-
ment actions for the area. It is possible that the design 
of a new floodplain could make the site less attractive 
for an encampment (eg if the site is flooded more regu-
larly and less visually protected by the current levees/
spoils that disconnect the mainstem from the pond).

Lower pond #20 & #21
Water 
quality and 
poaching

Geomorphic 
function 
and  
Instream 
habitat 

Immediate High
$5,000-$10,000 for 
eviction, clean-up 
and fencing/signage

BLM 

11 Prevent illegal 
water diversions 

Suggest the Bureau of Land Management (BLM) 
enforcement and Living Landscape Initiative Partners 
(CEMEX) address illegal land uses, including water 
diversions for marijuana or other illicit operations that 
rely on diversion on their property. 

Watershed
Instream 
flow/water 
quality 

Instream 
habitat Short-term and ongoing  High Unknown BLM, Living Landscapes 

Initiative, County Sheriff 

Recovery Objective: Improve channel complexity in terms of pools, shelter and refuge and increase frequency and duration of flooding 
on undeveloped floodplains

12

Implement 
Significant LWD 
loading  projects 
along San Vicente 
Creek

Use Large Woody Debris Assessment (chapter 5) and 
Geomorphology Assessment (chapter 3) to identify 
specific trees and specific locations for LWD loading and 
floodplain reconnection (see recommendations below)

Throughout the 
watershed with 
particular focus on 
sections adjacent/
near floodplains 3, 4, 
7, 9, 10 and 11  

Lack of 
pools, pool 
depth, chan-
nel com-
plexity, and 
floodplain 
connectivity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term High Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

13
Recommend placing 4-6 anchored/engineered LWD 
structures within the creek channel and identifying local 
trees for felling or excavation/ pushing,  and anchoring

Lower watershed in 
areas near flood-
plains in section 3 
and 4. 

Lack of 
pools, pool 
depth, chan-
nel com-
plexity, and 
floodplain 
connectivity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term High Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

14

Recommend selecting and directionally felling and/or 
partial rootball excavation/pushing whole conifers into 
the creek channel to create LWD structures, load the 
channel for future recruitment, and facilitate channel 
aggradation and flow deflection onto currently discon-
nected floodplain areas. Loading densities should strive 
to meet NMFS’s criteria of 6-11 key pieces/100 meters. 
Trees need to be large enough (3-4 times bankfull) to 
avoid significant downstream movement AND be put in 
areas where shade and canopy impacts will be minimal. 
While use of trees 3-4 times bankfull should reduce the 
potential for significant movement, installing “backstop” 
structures upstream of bridges should provide additional 
protection from loaded LWD for those structures

Middle watershed 
(bounded by Mill 
Creek confluence 
on the upstream 
to the lower bridge 
on at downstream) 
with concentration 
near or adjacent to 
floodplains 7, 9, 10 
and 11. 

Lack of 
pools, pool 
depth, chan-
nel com-
plexity, and 
floodplain 
connectivity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term Highest Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

15 Recommend experimenting with partial rootball excava-
tion and direction “pushing” of local hardwoods (eg 
older alders) for LWD structures to determine longevity 
and potential for creating living LWD structures through 
mimicking “tipped” hardwood structures naturally oc-
curing on San Vicente Creek and elsewhere along the 
California coast. 

Throughout the 
watershed with 
particular focus on 
sections adjacent/
near floodplains 3, 4, 
7, 9, 10 and 11  

Lack of 
pools, pool 
depth, chan-
nel com-
plexity, and 
floodplain 
connectivity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term Highest Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

*Timeline: Short term = 0-5, Medium Term = 4-10, Long Term = 9+
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Recommendations Implementation

Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

16

Connect  flood-
plains to the 
main channel

Follow recommendations in the Geomorphology Assess-
ment for re-establishing floodplain connectivity in areas 
with high potential for success with increased frequency 
and duration of flooding.

Particular focus on 
sections adjacent/
near floodplains 3, 4, 
7, 9, 10 and 11  

#12- #15

Reconnect 
floodplains 
and reestab-
lish natural 
geomorphic 
processes

Geomorphic 
function 
and 
floodplain 
connectivity

Short-term High Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

17

Review the potential for and develop concept sketch 
for re-design of the lower pond site as a significant 
floodplain restoration project (See recommendation #18 
and #19 below)

Lower Pond #20 and #21

Reconnect 
floodplains 
and reestab-
lish natural 
geomorphic 
processes

Geomorphic 
function 
and 
floodplain 
connectivity

Short-term Medium Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

18

Remove Cape 
Ivy (Delairea 
odorata) from 
existing and/
or reconnected 
floodplains to 
faciliate natural 
geomorphic 
processes

As per recommendations below, implement a full water-
shed eradication effort for cape ivy to reduce potential 
impacts to natural geomorphic processes on floodplain 
areas resulting from complete cover of cape ivy and 
impacts to health and longevity of floodplain trees (see 
recommendation #20 below).

Watershed #27 and #28

Reconnect 
floodplains 
and reestab-
lish natural 
geomorphic 
processes

Geomorphic 
function 
and riparian 
enhance-
ment

Medium-term and 
ongoing  High Unknown

RCDSCC, George  
McMenamin, BLM and 
NRCS

19 Roughen 
floodplains 

Suggest roughening floodplains with downed wood to 
reduce flow velocities, encourage deposition sediment, 
and increase the frequency and duration of activation 
and inundation.

Link these actions to 
areas where flood-
plain reconnection 
and LWD loading are 
to occur.

#11-#17

Reconnect 
floodplains 
and reestab-
lish natural 
geomorphic 
processes

Geomorphic 
function 
and 
floodplain 
connectivity 

Short-term Medium Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

20

Address signifi-
cant shortcoming 
in the current 
function of the 
lower pond res-
toration project

Recommend further analysis and design to rethink 
the lower pond project based on the past five years 
of observations and information developed from the 
geomorphic and hydrologic assessments. The original 
design team (Balance Hydrologics and the IWRP TAC) 
have discussed numerous options for either repair and/
or rethinking this project and the current thinking is the 
natural geomorphic and hydrologic context for the area 
lends itself to one of the highest priority and largest 
opportunities for floodplain restoration. 

Lower pond #17

Geormorphic 
function, 
floodplain 
connectivity, 
increasing 
carrying 
capacity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term Medium 
$30,000-$40,000 
(for designs and 
studies)

IWRP, RCDSCC, BLM 
Caltrans, CEMEX  
(possible use of sediment 
for reclamation)

21

Permit and implement the preferred alternative de-
veloped through action #17. Depending on technical 
studies, this project could include removal of the existing 
concrete water control structure, notching of the natural 
upstream banks, significant sediment removal and 
grading between the channel and the pond to restore 
floodplain function, circulation, and connectivity. Any 
analysis and design would need to incorporate future 
sea-level rise and impacts/opportunities associated with 
these changes.

Lower Pond #20

Geormorphic 
function, 
floodplain 
connectivity, 
increasing 
carrying 
capacity

instream 
habitat and 
floodplain 
connectivity

Medium-term Medium $50-200,000 IWRP, RCDSCC, BLM, 
IWRP TAC
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Recommendations Implementation

Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

16

Connect  flood-
plains to the 
main channel

Follow recommendations in the Geomorphology Assess-
ment for re-establishing floodplain connectivity in areas 
with high potential for success with increased frequency 
and duration of flooding.

Particular focus on 
sections adjacent/
near floodplains 3, 4, 
7, 9, 10 and 11  

#12- #15

Reconnect 
floodplains 
and reestab-
lish natural 
geomorphic 
processes

Geomorphic 
function 
and 
floodplain 
connectivity

Short-term High Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

17

Review the potential for and develop concept sketch 
for re-design of the lower pond site as a significant 
floodplain restoration project (See recommendation #18 
and #19 below)

Lower Pond #20 and #21

Reconnect 
floodplains 
and reestab-
lish natural 
geomorphic 
processes

Geomorphic 
function 
and 
floodplain 
connectivity

Short-term Medium Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

18

Remove Cape 
Ivy (Delairea 
odorata) from 
existing and/
or reconnected 
floodplains to 
faciliate natural 
geomorphic 
processes

As per recommendations below, implement a full water-
shed eradication effort for cape ivy to reduce potential 
impacts to natural geomorphic processes on floodplain 
areas resulting from complete cover of cape ivy and 
impacts to health and longevity of floodplain trees (see 
recommendation #20 below).

Watershed #27 and #28

Reconnect 
floodplains 
and reestab-
lish natural 
geomorphic 
processes

Geomorphic 
function 
and riparian 
enhance-
ment

Medium-term and 
ongoing  High Unknown

RCDSCC, George  
McMenamin, BLM and 
NRCS

19 Roughen 
floodplains 

Suggest roughening floodplains with downed wood to 
reduce flow velocities, encourage deposition sediment, 
and increase the frequency and duration of activation 
and inundation.

Link these actions to 
areas where flood-
plain reconnection 
and LWD loading are 
to occur.

#11-#17

Reconnect 
floodplains 
and reestab-
lish natural 
geomorphic 
processes

Geomorphic 
function 
and 
floodplain 
connectivity 

Short-term Medium Unknown IWRP, RCDSCC, BLM, 
IWRP TAC

20

Address signifi-
cant shortcoming 
in the current 
function of the 
lower pond res-
toration project

Recommend further analysis and design to rethink 
the lower pond project based on the past five years 
of observations and information developed from the 
geomorphic and hydrologic assessments. The original 
design team (Balance Hydrologics and the IWRP TAC) 
have discussed numerous options for either repair and/
or rethinking this project and the current thinking is the 
natural geomorphic and hydrologic context for the area 
lends itself to one of the highest priority and largest 
opportunities for floodplain restoration. 

Lower pond #17

Geormorphic 
function, 
floodplain 
connectivity, 
increasing 
carrying 
capacity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term Medium 
$30,000-$40,000 
(for designs and 
studies)

IWRP, RCDSCC, BLM 
Caltrans, CEMEX  
(possible use of sediment 
for reclamation)

21

Permit and implement the preferred alternative de-
veloped through action #17. Depending on technical 
studies, this project could include removal of the existing 
concrete water control structure, notching of the natural 
upstream banks, significant sediment removal and 
grading between the channel and the pond to restore 
floodplain function, circulation, and connectivity. Any 
analysis and design would need to incorporate future 
sea-level rise and impacts/opportunities associated with 
these changes.

Lower Pond #20

Geormorphic 
function, 
floodplain 
connectivity, 
increasing 
carrying 
capacity

instream 
habitat and 
floodplain 
connectivity

Medium-term Medium $50-200,000 IWRP, RCDSCC, BLM, 
IWRP TAC

*Timeline: Short term = 0-5, Medium Term = 4-10, Long Term = 9+
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Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

22

Restore capacity  
and improve 
functionality of 
the upper pond

Recommend a focused investigation to determine the 
origin of the current sediment slug that was deposited 
in the pond in 2010. There are a few potential sources 
including a natural landslide or debris slide, agricultural 
activities on the terrace upstream of the tributary that 
drains into the pond and potential impacts from the 
CEMEX quarry at and adjacent to the headwaters of the 
tributary.

Tributary to  
Upper Pond

Geormorphic 
function, 
floodplain 
connectivity, 
increasing 
carrying 
capacity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term Medium $2,000-$4,000  RCDSCC, IWRP, BLM, 
Techincal Consultant

23

Recommend suction dredging  120-150 cy of material 
from the pond to clean it out and regain depth for fish 
and frogs,, plant sedges/rushes in the upper area of the 
pond to keep suspended matter down, and knocking 
down some small alders to get additional sunlight. 

Upper pond #21

Geormorphic 
function, 
floodplain 
connectivity, 
increasing 
carrying 
capacity

Instream 
habitat and 
floodplain 
connectivity

Short-term High $10,000-30,000  RCDSCC, IWRP, BLM

24

Monitor  
effectiveness 
of restoration 
actions

Sustain, enhance and support existing effectiveness 
monitoring protocols developed and implemented by 
NOAA’s Southwest Fisheries Science Center to deter-
mine/identify/quantify effects of restoration actions on 
physical AND biological response via fisheries popula-
tion, density and abundance.

Throughout  
anadramous  
reaches of the 
Watershed

#13-#23

Lack of 
monitor-
ing and 
evaluating 
success of 
restoration 
projects/
recovery 
strategies

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity 

Ongoing  High Unknown
NOAA Fisheries SWFSC, 
DFW, FRGP, RCDSCC, 
BLM

25

Recommend monitoring LWD projects for scour, hard-
wood sprouting, longevity of wood, how species differ, 
ability to redirect flows and aggrade the channel bed to 
facilitate floodplain inundation, etc.

Throughout the 
watershed at imple-
mentation sites.

#13-#15

Lack of 
monitoring 
and evaluat-
ing success 
of LWD 
projects/
strategies

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity 

Ongoing  High Unknown
IWRP, RCDSCC, BLM, 
IWRP TAC, NOAA  
Fisheries SWFSC

26
In addition to monitoring effectiveness for fisheries, 
conduct annual monitoring of restoration sites for other 
species such as California red-legged frog

Throughout  
anadramous  
reaches of the 
Watershed

#24

Lack of 
monitor-
ing and 
evaluating 
success of 
“watershed 
process-
based” 
projects/
strategies on 
other listed 
species

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity 

Medium -term Medium Unknown
USFWS, DFW, RCDSCC, 
BLM, Living Landscapes 
Initiative
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Recommendations Implementation

Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

22

Restore capacity  
and improve 
functionality of 
the upper pond

Recommend a focused investigation to determine the 
origin of the current sediment slug that was deposited 
in the pond in 2010. There are a few potential sources 
including a natural landslide or debris slide, agricultural 
activities on the terrace upstream of the tributary that 
drains into the pond and potential impacts from the 
CEMEX quarry at and adjacent to the headwaters of the 
tributary.

Tributary to  
Upper Pond

Geormorphic 
function, 
floodplain 
connectivity, 
increasing 
carrying 
capacity

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity

Short-term Medium $2,000-$4,000  RCDSCC, IWRP, BLM, 
Techincal Consultant

23

Recommend suction dredging  120-150 cy of material 
from the pond to clean it out and regain depth for fish 
and frogs,, plant sedges/rushes in the upper area of the 
pond to keep suspended matter down, and knocking 
down some small alders to get additional sunlight. 

Upper pond #21

Geormorphic 
function, 
floodplain 
connectivity, 
increasing 
carrying 
capacity

Instream 
habitat and 
floodplain 
connectivity

Short-term High $10,000-30,000  RCDSCC, IWRP, BLM

24

Monitor  
effectiveness 
of restoration 
actions

Sustain, enhance and support existing effectiveness 
monitoring protocols developed and implemented by 
NOAA’s Southwest Fisheries Science Center to deter-
mine/identify/quantify effects of restoration actions on 
physical AND biological response via fisheries popula-
tion, density and abundance.

Throughout  
anadramous  
reaches of the 
Watershed

#13-#23

Lack of 
monitor-
ing and 
evaluating 
success of 
restoration 
projects/
recovery 
strategies

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity 

Ongoing  High Unknown
NOAA Fisheries SWFSC, 
DFW, FRGP, RCDSCC, 
BLM

25

Recommend monitoring LWD projects for scour, hard-
wood sprouting, longevity of wood, how species differ, 
ability to redirect flows and aggrade the channel bed to 
facilitate floodplain inundation, etc.

Throughout the 
watershed at imple-
mentation sites.

#13-#15

Lack of 
monitoring 
and evaluat-
ing success 
of LWD 
projects/
strategies

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity 

Ongoing  High Unknown
IWRP, RCDSCC, BLM, 
IWRP TAC, NOAA  
Fisheries SWFSC

26
In addition to monitoring effectiveness for fisheries, 
conduct annual monitoring of restoration sites for other 
species such as California red-legged frog

Throughout  
anadramous  
reaches of the 
Watershed

#24

Lack of 
monitor-
ing and 
evaluating 
success of 
“watershed 
process-
based” 
projects/
strategies on 
other listed 
species

Geomorphic 
function, 
instream 
habitat and 
floodplain 
connectivity 

Medium -term Medium Unknown
USFWS, DFW, RCDSCC, 
BLM, Living Landscapes 
Initiative

*Timeline: Short term = 0-5, Medium Term = 4-10, Long Term = 9+
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Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

Recovery Objective: Control and, if possible, eradicating known invasive and ecologically damaging plant species populations in the watershed to im-
prove riparian health and ecosystem function 

27

Remove Cape 
Ivy (Delairea 
odorata) 

Recommend prioritizing cape ivy removal identified in 
reach 2 due to the limited extent of five distinct patches 
in this area

Reach 2 (as identi-
fied in Chapter 6)

Invasive 
species and 
Geomorphic 
Processes 

Riparian 
health

Short-term and ongoing  High $40,000-$60,00 RCDSCC, George  
McMenamin, BLM and 
NRCS

28

Recommend implementing a larger eradication effort 
throughout the watershed with regular maintenance 
twice a year and ongoing monitoring and maintenance 
after restoration efforts. This is the priority weed identi-
fied for eradication/control and current patch size and 
distribution make this effort possible.

All mapped patches 
starting from up-
stream and moving 
downstream

#17

Invasive 
species and 
Geomorphic 
Processes 

Riparian 
health

Medium-term  and 
ongoing  

Medium $200,000-
$300,000

RCDSCC, George  
McMenamin, BLM and 
NRCS

29

Identify and  
remove  
prevalence of 
Clematis

Due to the unknown nature of this emerging threat, 
further investigation is needed to identify the geographic 
extent of clematis within the watershed and the most 
effective method of eradication (greater presence in the 
upper watershed).

Throughout San 
Vicente watershed 
(greater presence in 
the upper watershed) 

Invasive 
species 

Riparian 
health and 
adaptive 
manage-
ment 

Short-term and ongoing  High $150,000-
$200,000

RCDSCC, Living Land-
scape Initiative Partners, 
BLM, NRCS

30
Prevent new 
colonization of 
invasive species 

Recommend preventing new colonization of invasive 
species within project sites, removing existing invasive 
species prior to project implementation, and continuing 
to track new invasions (i.e. spider wort population near 
lowest dam on Mill Cr). 

Throughout San 
Vicente watershed 

Invasive 
species 

Riparian 
health

Short-term and ongoing  Low $50,000 Watershed Stewards 
Project members, 
RCDSCC Interns, BLM, 
Living Landscape Initia-
tive Partners, private 
landowners

Recovery Objective: Increase understanding of and address potential impacts to natural sediment transport and delivert into the anadramous reaches of 
San Vicente Creek.

31

Conduct study at 
abandoned quar-
ry to identify/
quantify potential 
interruption to 
coarse sedi-
ment transport  
downstream 
creek reaches. 
Depending on 
findings, imple-
ment projects to 
mitigate impacts.

Conduct study at abandoned quarry to identify and 
quantify potetial impacts of the site to the natural sedi-
ment transport regime and develop viable alternatives 
to mitigate impacts, if necessary.

Quarry on Mainstem 
San Vicente

Geomorphic 
Function 
and 
improved 
spawning 
conditions

Geomorphic 
function  
and 
instream 
habitat 

Short-term Medium $2500-$5,000 Living Landscapes 
Initiative Partners, 
RCDSCC, IWRP, Technical 
consultant

32

Pending results of this study  implement options for 
mitigating impacts (if any exist) to coarse sediment 
transport and delivery to key anadramous reaches of 
San Vicente Creek.

Quarry on Mainstem 
San Vicente #31

Geomorphic 
Function  
and 
improved 
spawning 
conditions

Geomorphic 
function  
and 
instream 
habitat 

Medium -term Medium Unknown Living Landscapes 
Initiative Parners, 
RCDSCC, IWRP, Technical 
consultant
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Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

Recovery Objective: Control and, if possible, eradicating known invasive and ecologically damaging plant species populations in the watershed to im-
prove riparian health and ecosystem function 

27

Remove Cape 
Ivy (Delairea 
odorata) 

Recommend prioritizing cape ivy removal identified in 
reach 2 due to the limited extent of five distinct patches 
in this area

Reach 2 (as identi-
fied in Chapter 6)

Invasive 
species and 
Geomorphic 
Processes 

Riparian 
health

Short-term and ongoing  High $40,000-$60,00 RCDSCC, George  
McMenamin, BLM and 
NRCS

28

Recommend implementing a larger eradication effort 
throughout the watershed with regular maintenance 
twice a year and ongoing monitoring and maintenance 
after restoration efforts. This is the priority weed identi-
fied for eradication/control and current patch size and 
distribution make this effort possible.

All mapped patches 
starting from up-
stream and moving 
downstream

#17

Invasive 
species and 
Geomorphic 
Processes 

Riparian 
health

Medium-term  and 
ongoing  

Medium $200,000-
$300,000

RCDSCC, George  
McMenamin, BLM and 
NRCS

29

Identify and  
remove  
prevalence of 
Clematis

Due to the unknown nature of this emerging threat, 
further investigation is needed to identify the geographic 
extent of clematis within the watershed and the most 
effective method of eradication (greater presence in the 
upper watershed).

Throughout San 
Vicente watershed 
(greater presence in 
the upper watershed) 

Invasive 
species 

Riparian 
health and 
adaptive 
manage-
ment 

Short-term and ongoing  High $150,000-
$200,000

RCDSCC, Living Land-
scape Initiative Partners, 
BLM, NRCS

30
Prevent new 
colonization of 
invasive species 

Recommend preventing new colonization of invasive 
species within project sites, removing existing invasive 
species prior to project implementation, and continuing 
to track new invasions (i.e. spider wort population near 
lowest dam on Mill Cr). 

Throughout San 
Vicente watershed 

Invasive 
species 

Riparian 
health

Short-term and ongoing  Low $50,000 Watershed Stewards 
Project members, 
RCDSCC Interns, BLM, 
Living Landscape Initia-
tive Partners, private 
landowners

Recovery Objective: Increase understanding of and address potential impacts to natural sediment transport and delivert into the anadramous reaches of 
San Vicente Creek.

31

Conduct study at 
abandoned quar-
ry to identify/
quantify potential 
interruption to 
coarse sedi-
ment transport  
downstream 
creek reaches. 
Depending on 
findings, imple-
ment projects to 
mitigate impacts.

Conduct study at abandoned quarry to identify and 
quantify potetial impacts of the site to the natural sedi-
ment transport regime and develop viable alternatives 
to mitigate impacts, if necessary.

Quarry on Mainstem 
San Vicente

Geomorphic 
Function 
and 
improved 
spawning 
conditions

Geomorphic 
function  
and 
instream 
habitat 

Short-term Medium $2500-$5,000 Living Landscapes 
Initiative Partners, 
RCDSCC, IWRP, Technical 
consultant

32

Pending results of this study  implement options for 
mitigating impacts (if any exist) to coarse sediment 
transport and delivery to key anadramous reaches of 
San Vicente Creek.

Quarry on Mainstem 
San Vicente #31

Geomorphic 
Function  
and 
improved 
spawning 
conditions

Geomorphic 
function  
and 
instream 
habitat 

Medium -term Medium Unknown Living Landscapes 
Initiative Parners, 
RCDSCC, IWRP, Technical 
consultant

*Timeline: Short term = 0-5, Medium Term = 4-10, Long Term = 9+
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Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

33

Assess material 
behind the lower 
dam on Mill 
Creek, determine 
feasibility and 
value of removal 
and implement 
(preferred ac-
tion).

Recommend further investigation on the defunct lower 
dam on Mill Creek to asses the type and size of sedi-
ment stored behind the dam and develop a risk analysis 
related to impacts to the stream from an uncontrolled 
breach (recent observations indicate that structural 
integrity at the dam site is a real issue for the foresee-
able future).

Mill Creek  

 Geomorphic 
function, 
improved 
spawning 
conditions, 
and passage

Geomorphic 
function  
and 
instream 
habitat

Short-term Medium $500 
RCDSCC, County  Sani-
tation Department and/
or Public Works.

34

Based on findings from sediment assessment, consider 
various options for shoring the dam, removing ac-
cumulated sediment (currently assumed to be infeasible 
due to lack of access) or facilitating a controlled breach 
of the dam (eg concrete cutting or explosio, possibly 
prior to an expected large storm event to naturally and 
effectively transport material downstream). Note: any 
recommendation for transporting sediments downstream 
is based on the ability to implement significant LWD and 
floodplain projects prior to faciliating transport in order 
to ensure the system can process, sort and effectively 
store the transported material.

Mill Creek 

#12-#17, #33 
(so system can 
handle the 
sediment)

 Geomorphic 
function, 
improved 
spawning 
conditions, 
and passage

Geomorphic 
function  
and 
instream 
habitat 

Medium-term Medium Unknown
RCDSCC and County 
Department of Sanitation 
and/or Public Works.

35

Identify sediment 
sources originat-
ing from the Mill 
Creek subdrain-
age

Recommend further study and identification of fine 
sediment sources originating from the  Mill Creek 
subwatershed. 

Mill Creek  
subwatershed

Geomorphic 
function, 
improved 
spawning 
and rearing 
conditions

Instream 
habitat Medium-term Medium Unknown

Technical consultant, 
County, IWRP, RCDSCC, 
BLM, Living Landscape 
Initiative Partners

Recovery Objective:Consider major long-term restoration efforts that would significantly restore the natural geomorphic and biologic functions of San 
Vicente Creek from headwaters to mouth

36

Work with 
Caltrans and 
the Regional 
Transporation 
Commission to 
assess the viabil-
ity of  replacing 
the existing 
tunnel and bore 
with a clear span 
bridge to restore 
a more natural 
beach/lagoon/
coastal marsh 
system.

While the current conditions provide unique physical 
conditions for anadromous fish to migrate in and out of 
San Vicente Creek year round, this current infrastructure 
could (a) be prone to significant coastal erosion with 
sea level rise and (b) may reduce the reslience of San 
Vicente Creek to adjust to climate change. The current 
condition with the mouth devoid of a bar-built estuary 
maybe one of the most important characteristics of the 
system for coho recovery in the near future due the lack 
of a natural sand barrier and concerns about breaching. 
That said, as recovery gains a foothold and planners 
look toward the future, naturalization of the mouth/
lagoon could be a viable and valuable action.

Lower watershed

Geomorphic 
function and 
improved 
rearing 
conditions

Geomorphic 
function  
and 
instream 
habitat 

Long-term Low Millions

Caltrans, RTC, NMFS, 
NOAA Science Center, 
DFW, RWQCB, ACOE, 
USFWS, BLM.
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Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

33

Assess material 
behind the lower 
dam on Mill 
Creek, determine 
feasibility and 
value of removal 
and implement 
(preferred ac-
tion).

Recommend further investigation on the defunct lower 
dam on Mill Creek to asses the type and size of sedi-
ment stored behind the dam and develop a risk analysis 
related to impacts to the stream from an uncontrolled 
breach (recent observations indicate that structural 
integrity at the dam site is a real issue for the foresee-
able future).

Mill Creek  

 Geomorphic 
function, 
improved 
spawning 
conditions, 
and passage

Geomorphic 
function  
and 
instream 
habitat

Short-term Medium $500 
RCDSCC, County  Sani-
tation Department and/
or Public Works.

34

Based on findings from sediment assessment, consider 
various options for shoring the dam, removing ac-
cumulated sediment (currently assumed to be infeasible 
due to lack of access) or facilitating a controlled breach 
of the dam (eg concrete cutting or explosio, possibly 
prior to an expected large storm event to naturally and 
effectively transport material downstream). Note: any 
recommendation for transporting sediments downstream 
is based on the ability to implement significant LWD and 
floodplain projects prior to faciliating transport in order 
to ensure the system can process, sort and effectively 
store the transported material.

Mill Creek 

#12-#17, #33 
(so system can 
handle the 
sediment)

 Geomorphic 
function, 
improved 
spawning 
conditions, 
and passage

Geomorphic 
function  
and 
instream 
habitat 

Medium-term Medium Unknown
RCDSCC and County 
Department of Sanitation 
and/or Public Works.

35

Identify sediment 
sources originat-
ing from the Mill 
Creek subdrain-
age

Recommend further study and identification of fine 
sediment sources originating from the  Mill Creek 
subwatershed. 

Mill Creek  
subwatershed

Geomorphic 
function, 
improved 
spawning 
and rearing 
conditions

Instream 
habitat Medium-term Medium Unknown

Technical consultant, 
County, IWRP, RCDSCC, 
BLM, Living Landscape 
Initiative Partners

Recovery Objective:Consider major long-term restoration efforts that would significantly restore the natural geomorphic and biologic functions of San 
Vicente Creek from headwaters to mouth

36

Work with 
Caltrans and 
the Regional 
Transporation 
Commission to 
assess the viabil-
ity of  replacing 
the existing 
tunnel and bore 
with a clear span 
bridge to restore 
a more natural 
beach/lagoon/
coastal marsh 
system.

While the current conditions provide unique physical 
conditions for anadromous fish to migrate in and out of 
San Vicente Creek year round, this current infrastructure 
could (a) be prone to significant coastal erosion with 
sea level rise and (b) may reduce the reslience of San 
Vicente Creek to adjust to climate change. The current 
condition with the mouth devoid of a bar-built estuary 
maybe one of the most important characteristics of the 
system for coho recovery in the near future due the lack 
of a natural sand barrier and concerns about breaching. 
That said, as recovery gains a foothold and planners 
look toward the future, naturalization of the mouth/
lagoon could be a viable and valuable action.

Lower watershed

Geomorphic 
function and 
improved 
rearing 
conditions

Geomorphic 
function  
and 
instream 
habitat 

Long-term Low Millions

Caltrans, RTC, NMFS, 
NOAA Science Center, 
DFW, RWQCB, ACOE, 
USFWS, BLM.

*Timeline: Short term = 0-5, Medium Term = 4-10, Long Term = 9+
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Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

37

Work with the 
Living Landscape 
Initiative Partners 
to consider long-
term benefits 
and options for 
reconnecting the 
watershed above 
and below the 
defunct CEMEX 
quarry.

The historic record is not clear on the duration or 
regularity with which San Vicente Creek maintained 
surface flows through the quarry reach and/or whether 
coho salmon would have been able to access some of 
the steeper headwater streams above the quarry. That 
said, watershed restoration and restoration of natural 
geomorphic processes could be greatly improved if large 
wood and gravel from the upper watershed were able 
to be naturally transported to the lower watershed . In 
addition, as climate change becomes a reality and both 
sea-levels  and temperatures rise, the lower watershed 
may become more brackish , pushing juvenile fish 
further upstream. Higher temperatures may also push 
juvenile fish to seek the more densely shaded, redwood 
forest reaches upstream of the quarry. Lastly, as fisheries 
recover carrying capacity could become a limiting factor 
and opening up the entire upper watershed could be 
a critical action to provide more spawing and rearing 
habitat.

Upper Watershed #31 and #33

Geomorphic 
function, 
improved 
spawning 
and rearing 
conditions

Geomorphic 
function  
and 
instream 
habitat 

Long-term Low Millions

Living Landscapes  
Initiative Parners, 
RCDSCC, IWRP, NMFS, 
DFW, etc
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Recommendations Implementation

Recommendation Detailed Description Location Description
Dependencies/ 
Linkages

Issue or 
Limitation 
Addressed

Objective/
Ecological 
Concept Timeline* Priority Estimated Budget Identified Partners

37

Work with the 
Living Landscape 
Initiative Partners 
to consider long-
term benefits 
and options for 
reconnecting the 
watershed above 
and below the 
defunct CEMEX 
quarry.

The historic record is not clear on the duration or 
regularity with which San Vicente Creek maintained 
surface flows through the quarry reach and/or whether 
coho salmon would have been able to access some of 
the steeper headwater streams above the quarry. That 
said, watershed restoration and restoration of natural 
geomorphic processes could be greatly improved if large 
wood and gravel from the upper watershed were able 
to be naturally transported to the lower watershed . In 
addition, as climate change becomes a reality and both 
sea-levels  and temperatures rise, the lower watershed 
may become more brackish , pushing juvenile fish 
further upstream. Higher temperatures may also push 
juvenile fish to seek the more densely shaded, redwood 
forest reaches upstream of the quarry. Lastly, as fisheries 
recover carrying capacity could become a limiting factor 
and opening up the entire upper watershed could be 
a critical action to provide more spawing and rearing 
habitat.

Upper Watershed #31 and #33

Geomorphic 
function, 
improved 
spawning 
and rearing 
conditions

Geomorphic 
function  
and 
instream 
habitat 

Long-term Low Millions

Living Landscapes  
Initiative Parners, 
RCDSCC, IWRP, NMFS, 
DFW, etc

*Timeline: Short term = 0-5, Medium Term = 4-10, Long Term = 9+
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APPENDIX A 

San Vicente Resource Library Documents   

Author Year Title

Abbe, T.B. and D.R 
Montgomery 1996 Large Woody Debris Jams, Channel Hydraulics and Habitat 

Formation in Large Rivers 

Alvarez, M. E. 1997 Management of Cape-ivy (Delairea odorata) in the Golden 
Gate National Recreation Area 

Andrus, C., B. Bilby, 
T. Nichelson, A. 
McKee and J. 
Boechler

1993 Modeling woody debris inputs and outputs 

Archbald, G. 1995 Biology and control of German ivy 

Becker, G.S., K.M. 
Smetak, and D.A. 
Asbury

2010
Southern Steelhead Resources Evaluation: Identifying 
Promising Locations for Steelhead Restoration in Watersheds 
South of the Golden Gate 

Behmer, J. D. and 
C.P Hawkins 1986 Effects of overhead canopy on macroinvertebrate production 

in a Utah stream 
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Benbow, E.M, R. 
McEwan, R. McNeish 
and L. Schewart

2013 Invasive Plant Impacts on Riparian-Aquatic Linkages 

Benda, L.E., D. 
Miller, J. Sias, D. 
Martin, R.E. Bilby, 
C. Veldhuisen, and 
T. Dunne 

2003 Wood recruitment processes and wood budgeting 

Benda, L.E., P. 
Bigelow and T.M
Worsley 

2002 Recruitment of wood to streams in old-growth and second-
growth redwood forests, northern California, U.S.A. 

Benke, A.C. and J.B 
Wallace 2003 Influence of Wood on Invertebrate Communities in Streams 

and Rivers 

Bergendorf, D. 2002 The Influence of In-stream Habitat Characteristics on Chinook 
Salmon (Oncorhynchus tshawytscha) 

Bilby, R.E. 1984 Removal of Woody Debris May Affect Stream Channel 
Stability 

Bilby, R.E. and G.E. 
Likens 1980 Importance of Organic Debris Dams in the Structure and 

Function of Stream Ecosystems 

Bilby, R. E. and J. 
W. Ward 1989 Changes in characteristics and function of woody debris with 

increasing size of streams in western Washington 
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Bilby, R.E. and 
J.W.Ward 1991

Characteristics and Function of Large Woody Debris in 
Streams Draining Old-Growth, C ear-Cut, and Second-Growth 
Forests in Southwestern Washington 

Bisson, P. and G. 
Davis 1976 Production of juvenile chinook salmon (Oncorhynchus

tshawytscha) in a heated model stream 

Blodgett, C. J. and 
E.H Chin   1989 Flood of January 1982 in the San Francisco Bay Area, 

California.

Bossard, C. 1998 Effects of floating Cape ivy (Senecio mikanioides) foliage on 
golden shiners and crayfish 

Bossard, C.C., M.J. 
Randall and C.M. 
Hoshovsky

2000 Invasive plants of California's wildlands 

Bragg, D. C., J. L. 
Kershner and D. W. 
Roberts

2000 Modeling large woody debris recruitment for small streams of 
the central Rocky Mountains 

Bryant, M. D. and 
D.N. Swanston 1998  Coho Salmon Populations in the Karst Landscape of North 

Prince of Wales Island, Southeast Alaska 

Burnham, K. 2008
~285 km Since Before 11 Ma Vs. ~30 km Since ~3 Ma: The 
Hayward-Calaveras Faulat Outranks a part of the San Andreas 
Fault in Both Age and Offset Distance 
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California Coastal 
Commission 2008 Nonpoint Source Watershed Assessment : James Fitzgerald 

Marine Reserve Critical Coastal Area 

California
Department of Fish 
and Game (DFG) 

1996 Stream Inventory Report San Vicente Creek 

California
Department of Fish 
and Game (DFG) 

2007
Bonny Doon Limestone Quarry Boundary Expansion Project 
& Reclamation Plan Amendment Draft Environmental Impact 
Report

California
Department of Fish 
and Game (DFG) 

2011 FRGP Budget for the San Vicente Watershed Restoration Plan 
for Salmonid Recovery 

California
Department of Fish 
and Game (DFG) 

2011 FRGP Grant Agreement for the San Vicente Watershed 
Restoration Plan for Salmonid Recovery 

California
Department of Fish 
and Wildlife (DFW) 

2013  Stream Inventory Report Mill Creek (Surveyed 2010) 

California
Department of Fish 
and Wildlife (DFW) 

 Stream Inventory Report San Vicente Creek (Surveyed 1996) 

California
Department of Fish 
and Wildlife (DFW) 

2013 Stream Inventory Report  San Vicente Creek (Surveyed 2010) 



 120 San Vicente Creek Watershed Plan for Salmonid Recovery  San Vicente Creek Watershed Plan for Salmonid Recovery  121 

California
Department of 
Forestry and Fire 
Protection  (CalFire) 

2003 Timber Harvesting Plan 

California
Department of 
Forestry and Fire 
Protection (CalFire) 

2009 Lockheed Fire: Post Fire Risk Assessment 

California Regional 
Water Quality 
Control Board 
(CRWQCB) 

2005 Fact Sheets Supporting Revision of the Section 303(d) List 

Carter, K. 2005 The Effects of Temperature on Steelhead Trout, Coho Salmon, 
and Chinook Trout Biology and Function by Life Stage 

Cartier, R. 1991 The Santa’s Village Site Excerpt: An Overview of Ohlone 
Culture

Catalano, S., S. 
Luschi, G. Flamini, 
P. L. Cioni, E. M. 
Nieri, and I. Morelli 

1996 A xanthone from Senecio mikanioides leaves 

CEMEX 2006 Davenport Cement Centennial: Honoring Our Past, Building 
the Future 

Chapman, D.W. and 
T.C. Bjornn 1969 Distribution of salmonids in streams, with special reference to 

food and feeding
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APPENDIX A 

San Vicente Resource Library Documents   

Author Year Title

Abbe, T.B. and D.R 
Montgomery 1996 Large Woody Debris Jams, Channel Hydraulics and Habitat 

Formation in Large Rivers 

Alvarez, M. E. 1997 Management of Cape-ivy (Delairea odorata) in the Golden 
Gate National Recreation Area 

Andrus, C., B. Bilby, 
T. Nichelson, A. 
McKee and J. 
Boechler

1993 Modeling woody debris inputs and outputs 

Archbald, G. 1995 Biology and control of German ivy 

Becker, G.S., K.M. 
Smetak, and D.A. 
Asbury

2010
Southern Steelhead Resources Evaluation: Identifying 
Promising Locations for Steelhead Restoration in Watersheds 
South of the Golden Gate 

Behmer, J. D. and 
C.P Hawkins 1986 Effects of overhead canopy on macroinvertebrate production 

in a Utah stream 

Coast Dairies 2010 Coast Dairies Ferrari Creek Watershed Task 2 for BLM 

Coast Dairies 2010 Coast Dairies Molino Creek Watershed Task 2 for BLM  

Coast Dairies 2010 Coast Dairies Y Creek Watershed Task 2 for BLM 

Coast Dairies 2010 Coast Dairies Yellowbank Creek Watershed Task 2 for BLM 

Coast Dairies 2012 Grazing Management Task 4 for BLM 

Coast Dairies 2013 San Vicente Creek Large Woody Debris Task 1 for BLM 

Collins, B.D. and 
D.R. Montgomery 2002 Forest development, wood jams andrestoration of floodplain 

rivers in the Puget Lowland, Washington 

County of Santa 
Cruz

2002,
2003 Davenport Water Turbidity Levels 
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County of Santa 
Cruz 1998 San Vicente Creek  Enhancement Project Proposal  

County of Santa 
Cruz 2000 San Vicente Creek Enahncement Project 

County of Santa 
Cruz 1998 San Vicente Creek Habitat Enhancement Project Drawings  

County of Santa 
Cruz 2004 Davenport Water & Surface Water Treatment Plant Monthly 

Report

County of Santa 
Cruz 2006 Winter Raw Water Supply 

Creegan and 
D'Angelo 1984 Watershed Analysis, San Vicente Creek, Mill Creek, Liddel 

Creek

Crispin, V., R. 
House and D. 
Roberts

1993 Changes in instream habitat, large woody debris, and salmon 
habitat after restructuring of a coastal Oregon stream 

Davies-Colley, R. J. 
and D. G. Smith 2001 TURBIDITY, SUSPENDED SEDIMENT, AND WATER 

CLARITY: A REVIEW 
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Davies‐Colley, R. J., 
and D. G. Smith  2001 TURBIDITY SUSPENDED SEDIMENT, AND WATER 

CLARITY: A REVIEW 

Elliott, J.M. 1973
The Diel Activity pattern, drifting and food of the Leech 
ERPOBDELLA OCTOCULATA (L.)(HIRUDINEA: 
ERPOBDELLIDAE) in a lake district stream 

Elliot, W.  1994 German ivy engulfing riparian forests and heading for the 
uplands

Environmental 
Science Associates 
(ESA)

2001 Coast Dairies Long Term Resource Protection and Use Plan 

Environmental 
Science Associates 
(ESA)

2003  San Vicente Pond and Creek Smolt Outmigrant Study 

Faustini, J. M. and 
J.A Jones 2003

Influence of large woody debris on channel morphology and 
dynamics in steep, boulder-rich mountain streams, western 
Cascades, Oregon 

Flosi, G., D. 
Downie, J. Hopelain, 
M. Bird, R. Corey 
and B. Collins 

1998 California Salmonid Stream Habitat Restoration Manual. 

Giacchino, A. 2006 Water Appropriation Protest 
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Gilchrist, J. et al. 1982 Fish Habitat Assessment for Santa Cruz County Streams 

Gregory, S. V. et al. 2003 The ecology and management of wood in world rivers. 

Gurnell, A. M., H. 
Piegay, F. J. 
Swanson and S.V. 
Gregorys

2002 Large Wood and Fluvial Processes. 

Hagans, D. 2010 Testimony read into the record at the 04.04.2010 SWRCB 
hearing 

Hamey, N. 2009 Support of delist San Vicente Creek from the RWQB 303(d) 
TMDL List 

Hamman, R.  1996 140 Years of Railroadings in Santa Cruz County 

Harradine, A.R.  1985  Dispersal and establishment of slender thistle, Carduus 
pycnocephalus, as effected by ground cover.

Hildebrand, R.H., 
A.D. Lemly, C.A. 
Dolloff, and K.L. 
Harpster

1998  Design Considerations for Large Woody Debris Placement in 
Stream Enhancement Projects 
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Hill, W. R., M.G. 
Ryon, and E. M. 
Schilling 

1996 Light limitation in a stream ecosystem: responses by primary 
producers and consumers 

Howell, J. T. 1970 Marin Flora

Hyatt, T. L. and R.J. 
Naiman 2001 The residence time of large woody debris in the Queets River, 

Washington

Jackson, D. 2004 Coast Dairies Draft Stream Gauging Report 

Jankovitz, J.D. 2012
2011-2012 Escapement Estimates for Central California Coast 
Coho Salmon (Oncorhynchus kisutch) and Steelhead 
(Oncorhynchus mykiss) South of the Golden Gate 

Kiem, R. F. and A.E. 
Skaugset 2002 Physical aquatic habitat I. errors associated with measurement 

and estimation of residual pool volumes. 

Kirk, J.T.O. 1985 Effects of suspensoids (turbidity) on penetration of solar 
radiation in aquatic ecosystems 

Kossack, D. 2008 Individual Conditional Waiver of Waste Discharge 
Requirements of Timber Harvest Plan 
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Lassettre, N.S.

2001
Large woody debris in channels for aquatic habitat: developing 
strategies for watershed scale management, Soquel 
Demonstration Forest.  

Lehane, B.M., P.S. 
Giller, J. O'Halloran, 
C. Smith, and J. 
Murphy

2002 Experimental provision of large woody debris in streams as a 
trout management technique.  

 Leicester, M. A 2005 Recruitment and Function of Large Woody Debrs in Four 
California Coastal Streams 

Lienkaemper, G. W. 
and F.J. Swanson. 1987 Dynamics of large woody debris in streams in old-growth 

Douglas-fir forests 

Lonestar 1983 Fisheries Resouce 

Masters, R. A. and 
R. L. Sheley 2001 Principles and practices for managing rangeland invasive 

plants

McDade, M.H., F.J. 
Swanson, W.A. 
McKee, J.F. 
Franklin, and J. 
VanSickle

1990 Source distance for coarse woody debris entering small 
streams in western Oregon and Washington 

McGinnis, M.S.  1991 An Evaluation of the Anadromous Fish Spawning San Vicente 
Creek Systems 
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McHenry, M.L., E. 
Shott, R.H. Conrad, 
and G.B. Grette 

1998 Changes in the quantity and characteristics of large woody 
debris in streams of the Olympic Peninsula, Washington, USA 

Montgomery, D. R. 
and J.M. Buffington 1995 Pool spacing in forest channels. 

Morgan, R. 2001 Botanical survey of THP area, RMC property, Ben Lomond 
Mountain.

Mull, K.E. 2005 Selection of Spawning Sites by Coho Salmon (Onchorhynchus
kisutch) in Freshwater Creek, California 

National Marine 
Fisheries Service 
(NMFS)

2008 San Vicente Watershed Characterization 

National Marine 
Fisheries Service 
(NMFS).

2012 Recovery Plan for the Ecologically Significant Unit of Central 
California Coast Coho Salmon.  

National Oceanic 
and Atmospheric 
Association (NOAA) 

2012 San Vicente Creek  

National Oceanic 
and Atmospheric 
Association (NOAA) 

San Vicente Creek Threats and Associated Recovery Actions 
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National Oceanic 
and Atmospheric 
Association (NOAA) 

2012 Stream Reach Data  

North Coast 
Regional Water 
Quality Control 
Board (NCRWQCB) 

2006 Desired Salmonid Freshwater Habitat Conditions for 
Sediment-Related 

Opperman, J.J. and 
A.M Merenlender 2007 Living trees provide stable large wood in streams 

Paul, G. 2007 California 2004-2006 Section 303(d) list-San Vicente Creek, 
Santa Cruz County 

Poole, G.C. and C. 
H. Berman 

2001
An Ecological Perspective on In-Stream Temperature: Natural 
Heat Dynamics and Mechanisms of Human-Caused Thermal 
Degradation 

Quinn, J. M, A.B 
Cooper, M.J Stroud, 
and G.P Burrell 

2007 Shade effects on stream periphyton and invertebrates: an 
experiment in streamside channels.  

Rainville R.P., S.C. 
Rainville, and E.L. 
Lider

1985 Riparian silviculture strategies for fish habitat emphasis 

Regional Water 
Quality Control 
Board (RWQCB) 

2010 California 2010 Integrated Report (303(d) List 305(b) Report - 
FINAL and DRAFT  
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Reppert, H. 2002 Response to March 29 Comments by Davenport Sanitation 
District

Resource
Conservation
District of Santa 
Cruz County 
(RCDSCC)

2011 Fisheries Resource Grant Program Application Attachments 

Resource
Conservation
District of Santa 
Cruz County 
(RCDSCC)

2011 Fisheries Resource Grant  Application Form  

Resource
Conservation
District of Santa 
Cruz County 
(RCDSCC)

2012 Fisheries Restoration Grant Program Large Woody Debris 
Progress Report 2 

Resource
Conservation
District of Santa 
Cruz County 
(RCDSCC)

2011 Fisheries Restoration Grant Program.Large Woody Debris 
Invoice 2 

RMC Pacific 
Materials 2001 Timber Harvesting Plan 

Roberts, H.A. 1979 Periodicity of seedling emergence and seed survival in some 
Umbelliferae 

Robison, R. A. 2006
Distribution, Growth Analysis, and Reproductive Biology of 
Cape Ivy (Delairea Odorata Lem. Syn Senecio Mikanioides 
Walp.) in California 
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Santa Cruz County 2009 San Vicente Recovery Issues 

Santa Cruz County 
Environmental 
Health Service  

2003,
2004,
2005,
2006,
2007

Surface Water Treatment Plant Monthly Report  

Schmid, E. 1997 Resource Management Planning for Coast Dairies Property  

Shirvell, C. S. 1990
Role of Instream Rootwads as Juvenile Coho Salmon 
(Oncorhynchus kisutch) and Steelhead Trout (O. myskiss) 
Cover Habitat Under Varying Streamflows. 

Sierra Club 2004 Supplement to San Vicente 303d Listing 

Sierra Club 2008 Support of not delisting 

Sierra Club 2004 Inclusion of San Vicente Creeek Watershed on 2004 Clean 
Water Act Section 303(d) List 

Spence, B. W.G. 
Duffy, J.C. Garza, 
B.C. Harvey, S.M. 
Sogard, L.A. 
Weitkamp, T.H. 
Williams and D.A. 
Boughton

2011

Historical occurrence of Coho salmon (O, kisutch) in streams 
of the Santa Cruz Mountain Region of California: Response to 
an endangered species act petition to delist Coho salmon south 
of the San Francisco Bay
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State Water 
Resources Control 
Board (SWRCB) 

2010 Draft California 2010 Integrated Report (303(d) List/305(b) 
Report) Supporting Information  

State Water 
Resources Control 
Board (SWRCB) 

2011 Order Approving Issuance of Permit of CEMEX Division of 
Water Rights 

Stelljes, M. E., R.B 
Kelley, R.J 
Molyneux and J.N
Seiber.

1991 GC-MS determination of pyrrolizidine alkaloids in four 
Senecio species 

Swanson, F. J., M.D. 
Bryant, G.W. 
Lienkaemper and 
J.R. Sedell 

1984 Organic Debris in Small Streams, Prince of Wales Island, 
Southeast Alaska. 

Thompson, D. M.  2012
The challenge of modeling pool–riffle morphologies in 
channels with different densities of large woody debris and 
boulders

Titus, R.G., D.C 
Erman, and W.M 
Snider.

2012 History and status of steelhead in California Coastal drainages 
south of San Francisco Bay 

Tschaplinski, P. J. 
and G.F Hartman. 1983

Winter Distribution of Juvenile Coho Salmon (Oncorhynchus 
kisutch) Before and After Logging in Carnation Creek, British 
columbia, and Some Implications for Overwinter Survival.

Tunheim, E.  2001 Stream Survey of Upper San Vicente Tributaries 
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UC:ANR: Hopland 
Research Extension 
and Center GIS Lab 

2008 Description of Attributes in Tables produced in the Stream 
Summary Application  

University of 
California Santa 
Cruz (UCSC)

2012 San Vicente Creek Coho reintroduction and monitoring 
program.FRGP Proposal Application Form 

Watson, J., J. 
Casgrande and F. 
Watson.

2008 Central Coast Region South District Basin Planning & Habitat 
Mapping Project 

Weppner, E.M., E. 
Richards and D. 
Hagans.

2009 Cemex THP 1-06-080SCR 2008 Phase 1 Road Assessment 
Project, San Vicente Creek Santa Cruz County, California 

West, C.J. 1991 Literature review of the biology of Clematis vitalba (old man’s 
beard)

West, J.A. 2012 A Journey through Scott's Creek Watershed 

West, J.A. 2012 Traversing Swanton Road  

Wohl E. and K. 
Jaeger. 2009 A conceptual model for the longitudinal distribution of wood 

in mountain streams 
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2012 San Vicente NTU Data 

1998 California Salmonid Stream Habitat Restoration Manula Part 
II Preliminary Watershed Assessment 

Steelhead rainbow trout resources of Santa Cruz County

2002,
2003 San Vicente Stage Data  

2012 San Vicente Redds Data

San Vicente Water Intake Location 

1996 Upstream: Salmon and Society in the Pacific Northwest. 

1985 Proceedings 
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 TEL: 831-724-5422

FAX: 831-724-3188

October 17, 2013

Workorder: 3100329

Santa Cruz, CA 95060

Dear Denis Ruttenberg,

Enclosed is a copy of your laboratory report for test samples received by our laboratory on .

Unless otherwise noted in an attached project narrative, all samples were received in acceptable 

condition and processed in accordance with the referenced methods. 

If you have any questions or require further information, please do not hesitate to contact me.

Sincerely,

Enclosure(s)

RE:   Project #/Name: 211024 / San Vincente Water Shed

Attn:  Denis Ruttenberg

Balance Hydrologics, Inc. (Santa Cruz)

224 Walnut Ave., Suite E

Mike Galloway

Laboratory Manager

Page 1 of 6
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Work Order #: 3100329

Reporting Date: October 17, 2013
Balance Hydrologics, Inc. (Santa Cruz)

224 Walnut Ave., Suite E

Santa Cruz, CA 95060

  Attn: Denis Ruttenberg

SAMPLE SUMMARY

Client ID ReceivedSampledMatrixLaboratory ID Station ID

3100329-01 SVC at Gage 10/09/13  13:30 10/10/13  09:20Water

3100329-02 Mill Cr. At SVC 10/09/13  14:15 10/10/13  09:20Water

3100329-03 SVC above Miller 10/09/13  14:17 10/10/13  09:20Water

RL - are levels down to which we can quantify with reliability, a result below this level is reported as "ND" for Not Detected.

Page 2 of 6
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Work Order #: 3100329

Reporting Date: October 17, 2013
Balance Hydrologics, Inc. (Santa Cruz)

224 Walnut Ave., Suite E

Santa Cruz, CA 95060

  Attn: Denis Ruttenberg

Date Received: October 10, 2013

Project # / Name:

Sample Identification: SVC at Gage

211024 / San Vincente Water Shed

Matrix: Water

3100329-01Laboratory #:

Analysis

Method

Date

Analyzed Results RLUnits Flags

Dilution

Factor

mg/L 3.8 10/10/13ND SM 2320B3.85Carbonate as CO3

mg/L 3.8 10/10/13180 SM 2320B3.85Bicarbonate as HCO3

mg/L 3.8 10/10/13150 SM 2320B3.85Total Alkalinity as CaCO3

mg/L 3.8 10/10/13ND SM 2320B3.85Hydroxide as OH

RL - are levels down to which we can quantify with reliability, a result below this level is reported as "ND" for Not Detected.

Page 3 of 6
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Work Order #: 3100329

Reporting Date: October 17, 2013
Balance Hydrologics, Inc. (Santa Cruz)

224 Walnut Ave., Suite E

Santa Cruz, CA 95060

  Attn: Denis Ruttenberg

Date Received: October 10, 2013

Project # / Name:

Sample Identification: Mill Cr. At SVC

211024 / San Vincente Water Shed

Matrix: Water

3100329-02Laboratory #:

Analysis

Method

Date

Analyzed Results RLUnits Flags

Dilution

Factor

mg/L 4.5 10/10/13ND SM 2320B4.55Carbonate as CO3

mg/L 4.5 10/10/13120 SM 2320B4.55Bicarbonate as HCO3

mg/L 4.5 10/10/1397 SM 2320B4.55Total Alkalinity as CaCO3

mg/L 4.5 10/10/13ND SM 2320B4.55Hydroxide as OH

RL - are levels down to which we can quantify with reliability, a result below this level is reported as "ND" for Not Detected.

Page 4 of 6
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Work Order #: 3100329

Reporting Date: October 17, 2013
Balance Hydrologics, Inc. (Santa Cruz)

224 Walnut Ave., Suite E

Santa Cruz, CA 95060

  Attn: Denis Ruttenberg

Date Received: October 10, 2013

Project # / Name:

Sample Identification: SVC above Miller

211024 / San Vincente Water Shed

Matrix: Water

3100329-03Laboratory #:

Analysis

Method

Date

Analyzed Results RLUnits Flags

Dilution

Factor

mg/L 3.8 10/10/13ND SM 2320B3.85Carbonate as CO3

mg/L 3.8 10/10/13180 SM 2320B3.85Bicarbonate as HCO3

mg/L 3.8 10/10/13150 SM 2320B3.85Total Alkalinity as CaCO3

mg/L 3.8 10/10/13ND SM 2320B3.85Hydroxide as OH

RL - are levels down to which we can quantify with reliability, a result below this level is reported as "ND" for Not Detected.

Page 5 of 6
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Work Order #: 3100329

Reporting Date: October 17, 2013
Balance Hydrologics, Inc. (Santa Cruz)

224 Walnut Ave., Suite E

Santa Cruz, CA 95060

  Attn: Denis Ruttenberg

Result MDL Limit

Reporting

Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Notes  Analyte

Classical Chemistry Parameters - Quality Control

Soil Control Lab

Batch PJ30109 - Default Prep GenChem

Blank (PJ30109-BLK1) Prepared & Analyzed: 10-Oct-13

mg/L2.120 1.0Total Alkalinity as CaCO3

Duplicate (PJ30109-Dup1) Source: 3100349-01 Prepared & Analyzed: 10-Oct-13

mg/L276.2 2.0 277.4 200.414Total Alkalinity as CaCO3

RL - are levels down to which we can quantify with reliability, a result below this level is reported as "ND" for Not Detected.

Page 6 of 6
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Appendix C
CRoSS SeCtion And hiGh-WAteR mARkS: 

SAn ViCente CReek, july 2013
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Cross-section 1 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.1.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.  We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 2 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.2.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 3 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.3.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 4 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.4.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 5 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.5.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 6 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.6.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 7 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.7.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 8 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.8.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 9 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.9.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 10 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.10.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 11 survey data: Mill Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.11.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Cross-section 12 survey data: San Vicente Creek, July 2013. The cross-section 
surveys show varying degrees of floodplain connectivity. Well-connected floodplains would ideally 
be moderately inundated by the water year 2013 peak flow (indicated by high-water marks).

Figure B.12.

The high-water marks surveyed corresponded to WY 
2013 (December 23, 2012) based on our field 

assesmments, although high-water marks were not 
found/surveyed at all sites.   We also observed older, 
higher, high-water marks, but did not include those 

because we did not know the date or the return period 
associated with them.

Balance's gaging station reports a peak flow of 657 cfs 
from December 23, 2013. Calculations estimate that 
657 cfs corresponds to a 3- to 4-year return period 

peak flow. But because of the short period of record at 
this station, the estimate should only be considered to 

be approximate.
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Invasive Mapping Reconnaissance 

Project Key
DEOD Cape Ivy 
FOVU Fennel 
SCCA Bee Plant 
STBU Hedge Nettle 
RHCA Coffeeberry 
SARA Red Elderberry 
COJU Jubata Grass 
GEMO French Broom 
HEHE English Ivy 
RUUR California Blackberry 
RUPA Rubus Parviflorus 
ALRH  White Alder 
SESE  Coast Redwood 
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Occurrence 1

Date: 12/13/12 Time: 10:11AM Observers: Graham/Jessica
Description: This point is for the lower SVC pond to the road. Cape Ivy is present in the trees. 
There appears to be flooding as indicated by the vegetation. There are several large trees and a 
white alder (ALRH) forest. Hemlock is present. 
Access: Hand Crew
Adjacent to floodplain: Yes

Invasive Species Cover In Trees Mixed w/Natives Isolated
DEOD (Cape 
Ivy)

> 50% Yes Yes

FOVU (Fennel) < 50%

Dominant Natives
SCCA
STBU 

Photos:

Picture 42: North
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Picture 43: South

Picture 44: East
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Picture 45: West

Picture 46: Channel
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Occurrence 2:

Date: 12/13/12 Time: 10:24AM Observers: Graham/Jessica
Description: Semi-isolated patch below the lower pond, the native “horseshoe”. There is a 
wooden post in the side channel at the top of the “shoe”. Lots of natives – parsley, dogwood, 
native blackberry, lady fern, elderberry, 5 finger fern, willow and dogwood. Forget-me-nots
(MYLA) will need to be treated. There is a slight slope that is not pertinent to management. 
Stream banks go east to west. Cape Ivy extends to the road, but decreases on the other side of 
Highway 1. Jubata (COJU) and thistle are present at the road’s edge. 
Access: Hand Crew
Adjacent to floodplain: Yes

Invasive Species Cover In Trees Mixed w/Natives Isolated
DEOD <50% Yes Yes Yes

Dominant Natives
RHCA
SARA
STBU

Photos:

Picture 47: Upstream
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Picture 48: Downstream

Picture 49: Left Bank
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Picture 50: Right Bank
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Occurrence 3:

Date: 12/13/12 Time: Observers: Graham/Jessica
Description: At the rock weir. Cape ivy is in the trees and across the stream, running up the 
cliff. Cape Ivy is surrounding the flow control structure. Large alders are present. 
Access: Hand Crew, Herbicide
Adjacent to floodplain: Yes
Slope: Greater than 1:1

Invasive Species Cover In Trees Mixed w/Natives Isolated
DEOD >50% Yes
COJU < 50?
GEMO < 50%
FOVU <50%

Photos:

Picture 51: Upstream
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Picture: 52 Downstream

Picture 53: Left Bank
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Picture 54: Right Bank

Picture 55: Right Bank, upstream
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Occurrence 4:

Date: 12/13/12 Time: Observers: Graham/Jessica
Description: Large woody debris structure. Dense patch of nasturtium. Cape Ivy is a 
continuation of patch from Point 3, and is present 100ft up the cliff. 
Access: Hand Crew
Adjacent to floodplain: Yes

Invasive Species Cover In Trees Mixed w/Natives Isolated
DEOD > 50% Yes
HEHE < 50% Yes Yes

Dominant Natives
STBU

Photos:

Picture 56: Upstream
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Picture 57: Downstream

Picture 58: Left Bank
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Picture 59: Right Bank
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Occurrence 5:

Date: 12/13/12 Time: 12:45PM Observers: Graham/Jessica
Lat: 37 01’ 07.772” N Long: 122 11’ 15.008” W
Description: High priority area, adjacent to a large redwood tree. Fennel is present 15ft past this 
point.
Access: Hand Crew
Adjacent to floodplain: Yes
Slope: Innerbank 3:1

Invasive Species Cover In Trees Mixed w/Natives Isolated
DEOD > 50% Yes Yes Yes

Dominant Natives
STBU
RUUR

Photos:

Picture 61: Upstream
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Picture 60: Downstream

Picture 63: Left Bank
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Picture 62: Right Bank
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The following points were taken from San Vicente Road, using the gate as a point of reference. 

Occurrence 6:

Date: 12/13/12 Time: Observers: Graham/Jessica
Description: Large patch of cape ivy, about 200 ft along the stream
Access: 54 ft from road toward the stream, along a deer trail to the cape ivy patch.

Invasive Species Cover In Trees Mixed w/Natives Isolated
DEOD > 50% Yes

Occurrence 7:

Date: 12/13/12 Time: Observers: Graham/Jessica
Lat: 37 01’ 09.500” N Long: 122 11’ 15.329” W
Description: Morning glory in trees (5% cover), 1 large French broom plant (15-18ft) doesn’t 
seem to be mature. Geranium present
Distance from gate: 759ft

Invasive Species Cover In Trees Mixed w/Natives Isolated
Morning Glory < 50% Yes Yes Yes
GEMO < 50% Yes

Dominant Natives
RHCA
RUPA

Occurrence 8:

Date: 12/13/12 Time: Observers: Graham/Jessica
Lat: 37 01’ 12.801” N Long: 122 11’ 13.946” W
Description: Sporadic french broom population on right and left banks for 77ft along stream.
Access: Hand Crew
Distance from gate: 958ft

Invasive Species Cover In Trees Mixed w/Natives Isolated
GEMO < 50% Yes

Dominant Natives
RHCA
RUPA
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The following points were taken from San Vicente Road, using the gate as a point of reference. 

Occurrence 9:

Date: 12/13/12 Time: Observers: Graham/Jessica
Description: Large patch of ivy, extending 238 feet along the road and all the way to the stream. 
Only covers trees up to 15ft. 8 – 10 mature white alder and 1 large redwood 3-4 ft in diameter.
Distance from gate: 1361ft

Invasive Species Cover In Trees Mixed w/Natives Isolated
DEOD > 50% Yes Yes Yes

Dominant Natives
ALRH
SESE

Photos:
The following photographs document the cape ivy as seen along the road:
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The following points were taken from San Vicente Road, using the gate as a point of reference. 
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The following points were taken from San Vicente Road, using the gate as a point of reference. 
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The following points were taken from San Vicente Road, using the gate as a point of reference. 
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The following points were taken from San Vicente Road, using the gate as a point of reference. 

Occurrence 10:

Date: 12/13/12 Time: Observers: Graham/Jessica
Description: Underneath conveyor belt. Large and very tall patch of French broom, continues 
upstream.
Distance from gate: 1690ft

Invasive Species Cover In Trees Mixed w/Natives Isolated
GEMO > 50% Yes

Photos:
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The following points were taken from San Vicente Road, using the gate as a point of reference. 
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Invasive Mapping Reconnaissance 

Project Key
DEOD Cape Ivy 
FOVU Fennel 
SCCA Bee Plant 
STBU Hedge Nettle 
RHCA Coffeeberry 
SARA Red Elderberry 
COJU Jubata Grass 
GEMO French Broom 
HEHE English Ivy 
RUUR California Blackberry 
RUPA Rubus Parviflorus 
ALRH  White Alder 
SESE  Coast Redwood 
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Description for Cape Ivy‐ Area 1

Plant name Dist.  Dist. Area (sq ft) Density Hgt in # of
RD Strm Length‐along the Rd. > % Trees Trees
Access or the creek

Width‐ stream to Rd.

340 250 40 x 25= 1000 50 20 15‐30
or 33 x 25=825 1 tree 30' ~ 10

Notes
Clear all ci from trees except for 1 tree with ci to 30'
All hand work 
Best path weedwack Urtica sp. 15' from stream  

The access point is 10' passed the Redwood tree,
along the road.

Originally thought this was 40'x50', but CI appears to have infested inward from the creek, 
 only part of the way towards the road.
Little CI on the stream bank itself

Description for Cape Ivy ‐ Area 2
# of

Plant name Dist.  Dist. Area (sq ft) Density Hgt in Trees
RD Strm > % Trees
Access

340 340 50 x 25'  (maybe 30') 50 25‐30 10+
1250 ‐ 1500 sq. ft 

Notes
Maybe establish a inland border parallel to the stream and downstream to protect Cornus
3 people‐ 2 hrs pruners, machete & weedwacker
Some Poison Oak in border area
Large non‐native Clematis & CI under large alders at the stream.

Access point same as Patch 1, go upstream to enter
This is a patch along the stream only
The gap between patch 2 & 3 is 20' along the creek
Gap between patch 1 & 2 is 65' along the stream
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Description for Cape Ivy  ‐ Area 3
# of

Plant name Dist.  Dist. Area (sq ft) Density Hgt in Trees
RD Strm > % Trees
Access

455 410 82 x 85 ‐ 20% 40‐80 20‐30 10‐30+
Approx. 5600 sq. ft.

Notes
Yellow Jacket nest‐ downstream path near Redwoods

Herbicide use:
CI pull down from Alder and spray downstream wall of CI near YJ nest
Spray 6' wide path along upstream section of path ~ 800 ‐ 1000 sq. ft.
No CI along the road. It begins around the large Alder 35' toward the stream
There is a lot of Urtica in here and nice patches of Scrophularia and Stachys

Description for Cape Ivy  ‐ Area 4
# of

Plant name Dist.  Dist. Area (sq ft) Density Hgt in Trees
RD Strm > % Trees
Access

855 20 x 20= 400 15 a few

Notes
Smaller Clematis at the stream near the building
Access point 6' upstream from 3 transformer pole; walk upstream to within 45' of patch
Cross stream for access road, 130' pass the power pole with 3 transformers

There is a 1000 sq ft patch of Vinca along the  stream & directly upstream from the CI patch
There is a 15 sq foot patch of Tradescantia sp.(Wandering Jew) 70' upstream from the Vinca
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