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SUMMARY OF THE FISHERY AND ENHANCEMENT OPPORTUNITIES 
 
Overview 
 
 The Soquel Creek Watershed is located in Santa Cruz County between the cities of Santa 
Cruz and Watsonville along the Central Coast of California. Soquel Creek empties into 
the Monterey Bay National Marine Sanctuary after flowing nearly 50 miles from its 
headwaters at the crest of the Santa Cruz Mountains at the Santa Clara County border.  
It includes approximately 26,880 acres or 42 square miles of land.  Elevations rise from 
sea level at the estuary to 3,000 feet at the headwaters.  The basin is triangular in shape, 
12 miles wide at the crest of the Santa Cruz Mountains and less that one mile wide at the 
apex in Capitola.  The total length of streams in the watershed is approximately 50 miles. 
 
Soquel Creek has several major sub-basins (Appendix A; Figure 1).  The eastern 
watershed is drained by Fern Gulch, Asbury Gulch, Amaya Creek, Hinckley Creek and 
the East Branch of Soquel Creek (Appendix A; Figure 3). The West Branch of Soquel 
Creek originates at the confluences of Burns and Laurel creeks and drains 11.3 square 
miles of the western watershed, with Hester Creek as a major tributary.   Two primary 
tributaries feed directly into the mainstem of Soquel Creek, which is formed by the 
confluence of the East and West Branch. One is the Love Creek/ Moores Gulch sub-
basin, which joins the mainstem from the west at approximately 6 miles from the ocean 
near Casalegno’s Store on Old Soquel-San Jose Road. The other is the Bates Creek/ 
Grover Gulch sub-basin, which joins the mainstem from the west near the Bargetto 
Winery, approximately 0.8 miles upstream of Soquel Avenue Bridge and 2.2 miles from 
the ocean. 
 
Major portions of the Soquel Creek Watershed are wooded, including large, extensive 
stands of coastal redwoods, tan oak and Douglas fir.  The upper reaches of the watershed 
are characterized by steep slopes covered by soil and colluvium (weathered bedrock) and 
narrow canyons that include the San Andreas Fault Rift Zone.  Large, deep-seated 
landslides are common and attest to the geological instability of the Santa Cruz 
Mountains.  Deeply weathered bedrock, deep slopes, and earthquake activity with heavy, 
prolonged rainfall promote large-scale landslides.  These large slope failures generally 
originate at ridge tops, terminate along stream banks and cover millions of square feet. 
 
The Soquel Creek Watershed has historically supported coho salmon (Oncorhynchus 
kisutch) according to the Draft Strategic Plan for the Restoration of the Endangered Coho 
Salmon South of San Francisco Bay (California Department of Fish and Game 1998), 
although coho are now believed extirpated since 1992. Steelhead salmon (Oncorhynchus 
mykiss) (formerly called steelhead trout (Salmo gairdneri)) remain viable and self-
sustaining. Other special status aquatic species include California red- legged frog , 
foothill yellow-legged frog, western pond turtle and tidewater goby. There is a strong 
community desire to restore coho salmon to the watershed. 
 
Habitat degradation in the lower 7-8 miles of mainstem Soquel Creek has been severe 
since the end of the drought in the early 1990’s. Considerable riparian forest has been lost 
after recent years of high stormflows. Summer water temperature sometimes approaches 
the upper tolerance limit for steelhead and exceeds that of coho salmon. Stream channel 
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instability has led to considerable streambank erosion and further loss of riparian trees. 
Yet the wood survey in 2002 of Reaches 1-10 indicated that there was very little wood in 
the active (bankfull) channel. Reach 1 had the lowest density (0.8 pieces per thousand 
feet) and Reach 6 had the highest (3.2 pieces per thousand feet).  By comparison, Gazos 
Creek in San Mateo County, which was surveyed in 2001 and supports steelhead and 
coho salmon, had reach densities ranging from 18 to 65 pieces per thousand feet.  
 
Large, mid-channel cobble bars and wide meander bends have formed in several areas 
throughout the mainstem. Spawning gravel analysis in 2002 indicated that spawning beds 
were highly armored with cobble and the sub-surface layer was very sandy, leading to 
approximately 50% average survival (range of 19-68% among the 12 glides analyzed) 
estimated from the egg stage to emerging steelhead fry. Though the mainstem constitutes 
a third of the channel miles consistently utilized by steelhead in Soquel Creek and has 
produced a significant percent of the larger, smolt-sized juveniles (48%, 39%, 32%, 41% 
and 45% in 1997-2001 (Appendix A; Figure 5)), the proportion of total juvenile 
production in this reach has been low (21%, 13%, 7%, 13% and 24% in 1997-2001 
(Appendix A; Figure 9).   
 
Fishery enhancement will succeed in Soquel Creek with sustained funding for education 
and projects identified in the Soquel Creek Assessment and Enhancement Plan. It will 
require cooperation between residents, resource managers and environmental 
organizations, with facilitation from city, county, state and federal agencies.  
 
 
Summary for Stream Segments 
 
Each summer a sandbar is constructed by the City of Capitola at the mouth of the creek. 
The sandbar creates a freshwater lagoon that provides a very productive, reliable nursery 
ground for large, fast-growing juvenile steelhead, despite its potentially warm summer 
temperatures. Annual steelhead estimates in the summer lagoon have ranged between 250 
and 2,800 juveniles since 1993. Since the 1950’s, a unique concrete flume that passes 
through the sandbar has been used to regulate the lagoon water level. The Soquel Creek 
Lagoon Management Plan was completed in 1990 for the City of Capitola and California 
Coastal Conservancy.  It was implemented by D.W. ALLEY & Associates. The City of 
Capitola is now concluding an Update of the Soquel Creek Lagoon Management and 
Enhancement Plan, 2003 (Alley et al. 2003). It will be available from City Hall upon 
completion. That effort was funded separately from the watershed assessment and 
enhancement plan being developed by the Santa Cruz County Resource Conservation 
District. The reader may refer to the City’s lagoon plan update for more details regarding 
lagoon recommendations designed to construct and maintain the summer sandbar, to 
maintain water depth and fish cover, to minimize summer water temperature and to 
improve water quality of urban runoff. 
 
Enhancement of the lagoon will be result from: 
 

1. Constructing the summer sandbar at the Creek mouth sufficiently high to 
prevent tidal overwash of salt water 
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2. Maintaining a freshwater lagoon of maximum depth during the dry months of 
summer and fall 

 
3. Placing large wood in the summer lagoon to create fish cover 

 
4. Reducing pollutants from urban runoff and slowing runoff into the lower creek 

and lagoon 
 

5. Protecting and enhancing the health of existing trees bordering the lagoon that 
provide shade 

 
6. Removing and replacing non-native tree and understory species  

 
7. Maximizing summer inflow through proper watershed management 

 
The lower mainstem resource unit between the lagoon and Moores Gulch provides 
habitat for low densities of relatively fast growing juvenile steelhead (Appendix A; 
Figures 1 and 2). The potential for habitat enhancement and increased steelhead 
production is great in this resource unit. The primary limiting factor is high sand content 
in spawning gravels leading to highly mobile streambed material during stormflows. The 
result is poor spawning success with poor oxygenation of eggs and high probability of 
nests being washed away. Juvenile numbers are generally higher between the lagoon and 
Moores Gulch after mild winters that are followed by low baseflow compared to after wet 
winters followed by higher baseflow. Spawning conditions are more stable during mild 
winters, particularly if storms occur primarily early in the wet season. However, young-
of-the-year steelhead grow more rapidly in years with higher baseflow, and a higher 
proportion reach smolt-size after one growing season.  
 
Balance Hydrologics has determined lower Soquel Creek to be a streamflow-losing 
reach. Zero streamflow has been recorded at the USGS gage in Soquel Village in water 
years 1977, 1988, 1992, 1993, 1994 and 1995 (October into November of 1995). Urban 
runoff creates rapid increases in stormflow with associated urban pollutants in lower 
Soquel Creek, particularly between the lagoon and the Soquel Avenue Bridge in Soquel 
Village. In 2002, bullfrogs were detected in the sunny meander bend upstream of Bates 
Creek. The presence of this exotic predator may locally impact salmonid populations in 
the future if its numbers increase. Bullfrog breeding ponds have not been identified.  
 
The extent of the water shortage and duration of the next drought will reduce the 
steelhead population and determine the lag time for its recovery. Impacts similar to the 
last drought will prevent restoration of a self-sustaining coho population. The human 
population has increased since the last drought, ending approximately 10 years ago. 
Over-drafting of underground aquifers is a concern of many. Therefore, the next drought 
may impact steelhead and other aquatic species more severely than previous ones. Two or 
more successive drought years will be more severe. Until new water sources are 
developed that do not reduce instream flow further, increased water demand will 
perpetuate the threatened status of steelhead and prevent restoration of coho salmon.  
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Soquel Creek between the lagoon and Moores Gulch (Reaches 1-6) will likely never be 
cool enough for rearing coho salmon. However, the well-shaded Bates Creek may 
support coho salmon in the future, and is likely an important source of young-of-the-year 
steelhead at present. Two wide meander bends exist between the lagoon and Moores 
Gulch, as well as two wide cobble bars upstream of Bates Creek, which have been re-
vegetating since high stormflows in three successive water years, 1996-1998. Spawning 
substrate, water depth, escape cover and stream shading have improved since the El Niño 
winter of 1997-98.  
 
Fishery enhancement between the lagoon and Moores Gulch will result from:  
 

1) Increasing stream shading with planting of trees of large stature (redwood, 
Douglas Fir and sycamore) near the stream but beyond the danger of removal 
by high stormflows, particularly in meander bends and adjacent to wide gravel 
bars  

 
2) Retention of more large wood in the channel for fish cover and pool scouring,  

 
3) Enlarging road culverts on tributaries to pass more wood into the mainstem 

during stormflows  
 

4) Maximizing summer baseflow, particularly during drought, through judicious 
and coordinated surface water diversion and well pumping with water 
conservation 

 
5) Maximizing summer baseflow through consolidation of water diversion to a 

location furthest downstream  
 
Juvenile steelhead generally increase above Moores Gulch and into the East Branch to 
Hinckley Creek, as the adjacent coniferous forest increases and the stream meanders 
through more canyon- like terrain with high vertical bluffs. Increased stream shading 
allows steelhead to occupy slower habitat than downstream. Escape cover improves with 
more overhanging vegetation. This is a potential coho restoration reach if summer water 
temperatures are reduced and channel wood increases.  Hinckley Creek provides valuable 
cold water with relatively high summer streamflow. It augments East Branch streamflow 
to offset water lost by diversion in the vicinity. A chronically unshaded East Branch 
reach exists between the Hinckley Creek confluence and the canyon leading out of the 
Soquel Demonstration State Forest (SDSF).  
 
Fishery enhancement between Moores Gulch (mainstem and the canyon entrance to 
the Soquel Demonstration State Forest (East Branch) will result from: 
 

1) Protecting existing riparian corridor to maintain shading    
 

2) Re-planting of conifers and oaks on mostly southern bluffs and along northern 
flood plains for future wood recruitment and increased shading  

 
3) Retaining more wood in the active channel for fish escape cover and scour  
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4) Maximizing summer baseflow through judicious water diversion  

 
5) Cooling of the reach upstream of Hinckley Creek with re-vegetation efforts  

 
6) Protecting the riparian corridor from high water velocity with reconfiguration 

of the narrow flood control channel upstream of Hinckley Creek  
   
The East Branch flowing through the Soquel Demonstration State Forest is the primary 
spawning grounds for steelhead. The highest densities of young-of-the-year steelhead 
occur in the SDSF. However, juvenile growth rate is slow with low summer baseflow, 
requiring two years for fish to reach smolt size for ocean living. Low-gradient portions of 
the East Branch between the Soquel Water District weir and Fern Gulch are potential 
coho habitat if more large wood is recruited and cooler summer water temperatures are 
achieved. 
 
Fishery enhancement in the East Branch within and upstream of the Soquel 
Demonstration State Forest will result from: 
 

1) Reducing sedimentation with curtailment of land management activities on 
unstable, landslide-prone slopes 

  
2) Reducing sedimentation through effective erosion control and drainage 

practices associated with unpaved rural roads  
 

3) Cooling summer water temperatures through planting and retention of 
redwoods along the riparian corridor  

 
4) Increasing large wood recruitment to the channel for pool scour and fish cover 

through planting and retention of redwoods along the riparian corridor   
 

5) Improving adult steelhead passage between Ashbury Falls and the Highland 
Road slide to significantly extend steelhead spawning and rearing into relatively 
high quality habitat. 

 
The lower West Branch, downstream of Hester Creek, has relatively cool summer water 
that will satisfy coho requirements in some years. However, further stream cooling and 
more wood must accumulate in this reach to sustain coho salmon. Presently, juvenile 
steelhead densities are typically low and growth rate is slow due to relatively low summer 
baseflow and highly sedimented conditions. Hester Creek is a major source of sediment. 
 
The upper West Branch above Hester Creek has the highest enhancement potential for 
steelhead by improving spawning access. Modification of two road fords and two major 
bedrock chutes will improve passage to more than 4 miles of relatively high quality 
rearing habitat (upstream of the Olsen Road Bridge). Much of the West Branch is likely 
inaccessible in most years. Despite limited steelhead access, salmonid densities were 
relatively high in 2002 above the bedrock chutes (presumably mostly resident fish), 
underscoring the potential value of this resource unit. More temperature monitoring is 
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necessary to judge the potential for coho habitat. Stream sedimentation is high in the 
upper West Branch from landslides in an unstable zone along the West Branch and in 
upper tributaries (Laurel and Burns creeks).   
 
Fishery enhancement in the West Branch will result from:  
 

1) Modifying passage impediments to spawning adult salmonids 
 

2) Maximizing summer baseflow through judicious water diversion, particularly 
during drought  

 
3) Reducing stream sediment by stabilizing landslide-prone areas and initiating 

proper erosion control and drainage measures along rural road networks  
 

4) Increasing large wood recruitment from Hester Creek with its retention in the 
West Branch  
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STEELHEAD AND COHO SALMON ECOLOGY 

 
General Life History. In order to understand the factors that limit steelhead and coho 
salmon, the life history requirements of the species must be described. Steelhead 
(Oncorhynchus mykiss) are genetically indistinct from rainbow trout and differ only in 
their behavior. Steelhead exhibit a life cycle similar to other members of the salmon 
family known as anadromy, in which they develop into adulthood in the ocean and swim 
to their natal stream to reproduce. Most adults migrate to their home stream in January 
through early May after 2 years (range of 1-3 years) of feeding and growth over the 
continental shelf. However, adult steelhead differ from all other salmon species in that 
some survive the spawning process, return to the ocean and may spawn again the next 
spawning season. Adult salmon of other species die after they spawn. The hatched young 
that emerge from the spawning gravel are known as fry and spend 1-2 years as juveniles 
in their natal, freshwater streams. Once large enough to survive ocean conditions, most 
make their way to the ocean in late winter and spring, undergoing physiological and 
coloration changes, a process known as smolting, which allows them to osmoregulate in 
the saline ocean environment. The more variable life cycle of steelhead has made them 
more adaptable to habitat changes and more resilient to increased acuteness of natural 
events (flood and drought) caused by human development and water usage than the 
simpler life cycle of coho salmon. In addition, steelhead are the only salmon species that 
can survive their first spawning to spawn in later years. 
 
Coho salmon (Oncorhynchus kisutch) have an anadromous life cycle somewhat different 
than steelhead. Three-year-old adults return to their home streams to spawn after 18 
months to 2 years in the ocean and migrate upstream earlier than steelhead, from 
November through February (Shapovalov and Taft 1954). Adults die after spawning. All 
juveniles spend just 1 year in freshwater before smolting. There is no intermingling of 
year classes of coho salmon, with populations forming 3 separate year classes, unlike 
steelhead that may have considerable overlap of year classes in the annual group of 
spawning adults. Consequently, if a year class of coho becomes weak due to either late 
flood events or drought that reduces spawning access and success, it may take several 
generations for that year class to recover. For the few remaining coho populations along 
the central Coast, only one year class of 3 remains strong. It is believed that coho salmon 
have been extirpated from Soquel Creek. 
 
Migration. Adult steelhead in small coastal streams migrate upstream from the ocean 
after several prolonged storms; the migration seldom begins earlier than December and 
may extend into May if late spring storms develop (Shapovalov and Taft 1954; D. Alley 
pers. observation).  Many of the early migrants tend to be smaller than the later ones. 
Spawning adult fish may be blocked by barriers such as bedrock falls, shallow riffles and 
major logjams that back up sediment behind to create gradient drops.  Man-made objects, 
such as culverts, bridge abutments and dams are often significant barriers.  Some barriers 
may completely block upstream migration, but many partial barriers in coastal streams 
are passable at higher streamflows.  If the barrier is not absolute, some adult steelhead are 
usually able to pass in most years, since they can time their upstream movements to 
match peak flow conditions.  However, in drought years when storms are delayed, these 
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partial barriers may become serious impediments to spawning adult steelhead and coho 
and may increase vulnerability to fishing mortality. 
 
Coho salmon often have severe migrational problems, because their migration period is 
often prior to the peak flows needed to pass shallow riffles, boulder falls and partial logjam 
barriers.  Access at the river mouth is also a greater problem for coho salmon, because they 
die at maturity and cannot wait in the ocean an extra year if access is poor due to failure of 
sandbar breaching during drought or delayed stormflow. 
 
Smolts (young steelhead and coho salmon that have physiologically transformed in 
preparation for salty ocean life) in local coastal streams tend to migrate downstream to 
the lagoon and ocean in March through June (Shapovalov and Taft 1954; Smith and 
Alley 1987-88, unpublished data).  In streams with lagoons, young-of-the-year 
steelhead may spend several months in this highly productive lagoon habitat and grow 
rapidly. This was the case in Soquel Creek Lagoon (Alley 2002b).  In some small coastal 
streams, downstream migration can occasionally be blocked or restricted by low flows 
due primarily to heavy streambed percolation or early season stream diversions. 
Flashboard dams or closure of the stream mouth by sandbars are additional factors that 
adversely affect downstream migration. However, downstream migration is not a major 
problem in most Santa Cruz Mountain streams except during extreme drought. 
 
Spawning.  Steelhead and coho salmon require spawning sites with small to medium-sized 
gravels (from 1/4" to 3 1/2" diameter) having a minimum of fine material (sand and silt) 
mixed with them and with adequate flows of clean water moving over and through them 
(Shapovalov and Taft 1954). Females usually excavate their nests in the center of the 
channel thalweg (deepest point) in glides at the tails of pools (or the heads of riffles above 
the break), where water infusion of the substrate is maximized, and streambed scour is 
minimized. They may be forced to spawn in deeper riffles and runs if stream depth is too 
shallow at pool tails. Increased fine materials from sedimentation, or cementing of the 
gravels with fine material, restrict water and oxygen flow through the redd (nest) to the 
fertilized eggs.  This reduces hatching success.  In many local Santa Cruz Mountain 
streams, steelhead and coho salmon appear to successfully use spawning substrate with 
high percentages of coarse sand, which probably reduce hatching success (Alley pers. 
observation).  Coho salmon and steelhead that spawn earlier in the winter are much more 
likely to have redds washed away or buried with sediment by winter storms. 
 
Steelhead and coho spawning success may be limited by scour from winter storms in some 
Santa Cruz Mountain streams. Eggs require 3-4 weeks to incubate at 10 to 15ºC and longer 
with cooler water temperature (Moyle 1976).  Sack fry spend another 2 to 3 in the gravel 
before emerging. Unless hatching success has been severely reduced, however, survival of 
eggs and larvae is usually sufficient to saturate the limited available rearing habitat in most 
small coastal streams.  The production of young-of-the-year fish is related to spawning 
success, which is a function of the quality of spawning conditions and ease of spawning 
access to the upper reaches of tributaries, where spawning conditions are generally better. 
 
Rearing Habitat.  Juvenile steelhead are generally identified as young-of-the-year (young-
of-the-year; first year) and yearlings (second year).  Except in streams with high mean 
summer flow volumes (greater than 0.2 to 0.4 cfs per foot of stream width), steelhead 
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usually require two summers of stream residence before reaching smolt size (Smith 1984; 
Shapovalov and Taft 1954). However, in the mainstem of Soquel Creek a portion of the 
young-of-the-year age class grows sufficiently to require only one year of stream residence 
time. Most lagoon steelhead residents require only one growing season before smolting 
(Alley 2002a). Coho salmon appear to be eliminated from lagoons when temperatures rise 
above 20°C in the presence of steelhead (J. Smith, pers. observation), making Soquel 
Lagoon too warm for coho rearing. The slow growth and often two-year residence time of 
most local juvenile steelhead indicate that the year class can be adversely affected by low 
streamflows or other problems during either of the two years of residence.  
 
Young-of-the-year steelhead disperse downstream into less crowded habitat soon after 
emergence, but spend the remainder of the growing season in the same stream/ lagoon 
habitat. This has been confirmed by tagging of juveniles (Davis 1995) and studies in 
Redwood Creek that indicated no movement between July and October (Smith 1994) and 
differences in growth rate between nearby mainstem sites and tributary sites on the San 
Lorenzo River (Alley 2002c) and in Scott and Waddell creeks (Smith 2002). The fish that 
are sampled in the fall are found where they reared for the summer.  
 
Young-of-the-year steelhead appear to be regulated by available insect food, although 
cover (hiding areas, provided by undercut banks, wood, large rocks which are not buried or 
"embedded" in finer substrate, surface turbulence, etc.) and pool and riffle depth are also 
important, especially for larger fish. young-of-the-year coho appear to also be regulated by 
available insect food. Pool habitat is the primary habitat for steelhead in summer in Soquel 
Creek and would be the only habitat for juvenile coho, which lack the swimming ability to 
compete with steelhead in fastwater habitat. The warm water temperatures of lower Soquel 
Creek increase food demand and may bring starvation to pool- inhabiting coho in several 
reaches. The deeper the pool, the more habitat value it has.  Higher streamflow enhances 
food availability, surface turbulence and habitat depth, which were all factors in increasing 
steelhead densities and growth rates in 1998 (Alley 1999b).   
 
Densities of yearling steelhead are usually regulated by water depth and the amount of 
escape cover that exists during low-flow periods of the year (July-October) (Smith 1984).  
These factors are also important in regulating juvenile coho in pools that are larger than 
young-of-the-year steelhead. In most small coastal streams, availability of this 
"maintenance habitat" provided by depth and cover appears to determine the number of 
smolts produced by the smaller streams.  The abundance of food (aquatic and terrestrial 
insects falling into the stream) and fast-water feeding positions for capture of drifting 
insects in "growth habitat" determines the size of these smolts (Moyle 1976).  Aquatic 
insect production is maximized in unshaded, high gradient riffles dominated by relatively 
unembedded substrate larger than about 4 inches in diameter.   
 
Yearling steelhead growth usually shows a large incremental increase from March through 
June.  Larger steelhead then smolt. But for steelhead that stay a second summer, summer 
growth is very slight (or even negative in terms of weight) as flow reductions eliminate 
fast-water feeding areas and reduce insect production. Increased summer water temperature 
increases steelhead metabolic rate and food requirements to maintain growth and survival. 
In the warmer, lower mainstem of Soquel Creek, juveniles must use only the heads of pools 
where water velocity and insect drift are greater. A growth period may also occur in fall 
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and early winter after leaf-drop of riparian trees, after increased streamflow from early 
storms, and before water temperatures decline to less than about 48°F or water clarity 
becomes too turbid for feeding.  The "growth habitat" provided by higher flows in spring 
and fall is very important, since ocean survival and rate of return as spawning adults 
increase exponentially with the size of the smolts that are produced.  
 
Of the two primary size-class categories of juvenile steelhead captured during fall 
sampling, the smaller size class was those less than (<) 75 mm (3 inches) Standard 
Length (SL) because they would likely require another growing season before smolting.  
The larger size class included juveniles 75 mm SL or greater (=>) and constituted fish 
that are called "smolt-size" because they will out-migrate the following spring. Jerry 
Smith analyzed scale samples for juvenile steelhead smolts trapped as they moved toward 
the sea in the San Lorenzo River in 1987-89 (Smith and Alley, unpublished data), 
determining the smolt sizes at the first annulus. It was found that 97% of 1+ smolts were 
76mm SL or longer.  In addition, in the 1987-89 data years, 75% (240 of 320) of fish 
sampled were 76mm SL or longer at their first annulus smolted the following spring. This 
meant that an estimated 75% of the juveniles that had reached 76 mm SL by the end of 
their first growing season smolted by the following spring. It also meant that nearly all of 
the 1+ juveniles (those that had taken two seasons to reach smolt size) were at least 76 
mm SL.  The smolt size class may include fast growing young-of-the-year steelhead 
inhabiting the mainstem Creek and lagoon and yearlings and older juveniles inhabiting 
the Branches and tributaries. The Dettman population model (Kelley and Dettman, 
1987) was used to provide an index of adult returns on a reach-by-reach basis in 1981, 
1994 and 1997-2001.  The basic assumption of the model is that the survival rate from 
juvenile to returning adult is positively related to juvenile size. This has been confirmed 
by scale analysis of returning adults (Smith, unpublished).  The return rate in the model 
was determined for Waddell Creek in the 1930’s and 1940’s and is not intended to 
predict adult returns with present day oceanic conditions. Yet the index is valuable for 
comparing the potential value of each year’s juvenile population (using the estimated 
number in each size class) with other years, holding oceanic survival rates constant. 
 
Overwintering Habitat.  Deeper pools, undercut banks, side channels, logs, upturned 
tree roots, debris accumulations and especially large, unembedded rocks provide shelter 
for fish against the high flows of winter (Bustard and Narver 1975).  In some years, 
such as 1982, extreme floods may make overwintering habitat the critical factor in 
steelhead production.  In most years, however, if the pools have sufficient larger boulders 
or undercut banks to provide summer rearing habitat for yearling steelhead, then these 
elements are sufficient to protect overwintering steelhead against winter flows. For coho 
salmon fry that may emerge in late winter and spring, overwintering habitat is critically 
important to their survival. 
 
CURRENT RESEARCH ON SALMONID HABITAT AND TRENDS IN JUVENILE 
POPULATION SIZE  

 
Fish Sampling Efforts 
 
Juvenile steelhead have been sampled annually in Soquel Creek by electrofishing in 
1997-2002, and steelhead habitat has been evaluated (Appendix A; Figures 1-3) (Alley 
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1998-2002). At the time of this writing, analysis of the 2002 data is incomplete. Earlier 
fish sampling was performed in the Soquel Creek watershed by Smith and Alley in 1981, 
including the tributaries of Bates, Moores, Hester and Hinckley creeks  (Smith 1982) and 
by D.W. ALLEY & Associates in 1994 (Alley 1995a). In 2000-2002, only sites sampled 
by D.W. ALLEY & Associates were used in the analysis (Alley 2002b). In 1997-99, two 
steelhead sites in Reaches 12A and 12B of the Soquel Demonstration State Forest were 
sampled by the California Department of Forestry, with the remainder of the watershed 
sampled by D.W. ALLEY & Associates. Tributaries were not sampled in 1994 and 1997-
2002. Choice of sampling sites was based on their average habitat quality for each reach 
in terms of the amount of escape cover and water depth in pool habitat. Juvenile steelhead 
densities from each site were extrapolated to reach densities in 14 stream reaches 
(Appendix A; Figures 1-3), with habitat proportioning from habitat-typing during 
survey work. Refer to Appendix A for a more complete description of sampling 
methods. A mark-and-recapture effort in Soquel Lagoon has been used to estimate 
juvenile densities there since 1993 (Alley 1994-2002a). Refer to the limiting factors 
assessment for a description of steelhead and coho salmon life history patterns and 
habitat requirements. 
 
Relevant Habitat and Juvenile Steelhead Population Trends in Soquel Creek with 
Enhancement Implications  
 

1. In the mainstem, downstream of the West Branch confluence, escape cover under 
objects in pool habitat in 2000 showed a third year of measured decline. In 1997 
there were 3,701 linear feet of cover measured in pools, compared to 1,692 feet in 
1999 and 1,602 feet in 2000.  Thus, there was less than half the level observed in 
1997. In-channel woody material that had disappeared in 1998 was not replaced 
by 2000. Considerable woody material had accumulated at the outside bends of 
wide meander cuts into streambanks after the 1998 stormflows, but it was not part 
of the summer low-flow channel. In 2001, the escape cover in sampled mainstem 
pools increased due primarily to increased overhanging tree branches from 
recovering riparian vegetation (Figure 16; Appendix A). 

  
2. After the drought years of the late 1980’s and early 1990’s, the riparian forest had 

encroached without flood flows. In looking at limited tree canopy closure estimates 
from 1994 that corresponded to sites in 1997, the substantial loss of riparian corridor 
was detected in ensuing years. The large peak storm event in January 1995 of 
7,000+ cfs at the USGS gage and ensuing storms in 1995 and the next winter of 
1995-1996 brought woody material into the mainstem channel that resulted in a 
large wood accumulation of several hundred yards in length that a County-
supervised crew spent several weeks removing in upper Reach 3 by February 1996. 
This is the present location of substantial streambank erosion on the outside of the 
bend that had been previously covered with wood.   By 1997, the streambanks had 
begun unraveling after a significant flood flow of nearly 7,000 cfs on 10 December 
1996. Riparian vegetation had been eroded into the stream channel, providing 
considerable cover but left unshaded stream channel. There was substantially more 
escape cover in 1997 than later years. However, the high winter flows of 1997-98 
left a channel largely unshaded in many stretches, with much less woody in the 
channel for fish escape cover.  High summer water temperatures as those observed 
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in 1997 and 1998  (despite the high summer baseflow in 1998) have likely resulted 
from efforts to impede recovery of riparian vegetation in the lower reaches. The 
continued low mainstem young-of-the-year production noted from 1999 to 2000 was 
likely associated with fewer adults returning after heavy storms of 1998 associated 
with El Niño. Conditions caused juvenile mortality in the stream as floods flushed 
fish out to sea and smolt survival in the ocean was reduced due to short food supply.  
Also, baseflow was reduced in 2000 with reduced pool depth and cover. The 
increase in young-of-the-year production in 2001 likely resulted from increased 
adult returns to pre- El Niño levels, improved spawning conditions and greater 
escape cover at sampling sites in 2001.  

 
3. Tree canopy closure for the years of recent study, 1997-2002 has been insufficient 

to prevent water temperatures from increasing above the tolerance of coho 
salmon. In 2001, the riparian corridor was recovering after two milder winters in a 
row. Percent tree canopy closure improved substantially at 5 of 12 mainstem sites 
in 2001. However, the highly exposed stretches near Bargetto’s winery, near the 
Whitehead’s residence, near Mountain School and above the Hinckley Creek 
confluence on the East Branch continued to be largely unshaded and much less 
than the 65-85% closure that existed in 1994 at some of them (Figure 15; 
Appendix A). In 2001, tree canopy closure varied between approximately 25 and 
65% at the 12 mainstem sites. In the two branches, tree canopy closure ranged 
between 65 and 85% except at Site 14 above Hinckley Creek where it was only 
35%. Data from comparable sites in 1994 indicated that all 5 comparable sites on 
the mainstem and East Branch downstream of the SDSF were more shaded in 
1994 than 1999 and 2001.  At least 2 of the largely unshaded sites in 1999 and 
2001, Sites 3 and 14 had more than 65% tree canopy closure in 1994. 

 
4. If the mainstem is to become habitable to coho and remain habitable for steelhead, 

summer baseflow must be protected. The riparian corridor must be allowed to 
recover and be protected from tree removal associated with logging, land 
development and flood control activities. The systematic cutting of riparian tree 
seedlings and remnant vegetation remaining after stormflows has prevented 
recovery of the riparian corridor in the past and restoration of a riparian tree 
canopy over the stream. In 2001, the riparian seedlings were still being retained 
on the bars left after the previous high stormflows, indicating an improvement in 
management techniques.  

 
5. The high steelhead growth rate in the mainstem has the potential to produce a 

significant portion of the smolt-sized juveniles in the watershed. A very high 
percentage of juveniles produced in the mainstem (Reaches 0-8) are smolt-sized 
(Figure 4; Appendix A). This is because more of the young-of-the-year juveniles 
reach smolt-size in the mainstem than in Branch reaches (except for Reach 10) 
(Figure 6; Appendix A). The proportion of young-of-the-year fish growing to 
smolt size is higher in years with greater baseflow, as well (Figures 6 and 7; 
Appendix A). 

 
6. Estimated mainstem production of juveniles (all sizes combined) for 1981, 1994 and 

1997-2001 was 9,100, 15,100, 12,800, 5,200, 3,300, 3,200 and 7,700, respectively 
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(Figure 9; Appendix A). Mainstem production represented 21% of the total in 
1997, 13% in 1998, 7% in 1999, 13% in 2000 and 24% in 2001. Thus, in 2001 the 
mainstem showed an upswing in steelhead numbers and proportion of the total 
watershed production. 

 
7. Young-of-the-year production in the 7.3 miles of mainstem went from 12,300 

(1,700/mile) in 1997 to 5,000 (700/mile) in 1998, to 2,900 (400/mile) in 1999, to 
2,500 (350/mile) in 2000 to 7,200 (1,000/mile) in 2001 (Figure 12; Appendix A). 

 
8. Increased young-of-the-year production in the mainstem in 2001 was probably due 

to more spawning activity in the lower watershed during a drier winter, improved 
spawning gravel (survey work in May 2001 indicated coarser spawning gravel with 
less fine sediment in a number of locations), better survival of eggs during a milder 
winter and a slight recovery in adult returns after the depressed numbers 
hypothesized for the previous year due to El Niño storms of winter, 1997-98 (Alley 
2001). In 2001, habitat conditions continued to recover with more escape cover, and 
habitat depth either deepened or remain unchanged despite reduced streamflow. 

 
9. The mainstem of Soquel Creek has been an important source of production for larger 

size classes and yearlings, as is the case in the San Lorenzo River (Alley 2002). 
Successful spawning upstream of the lagoon (probably late in the spawning season) 
has been important to seeding the productive lagoon with juveniles, as well.  Size 
Class 2 and 3 production in the Soquel Creek mainstem for 1981, 1994 and 1997-
2001 was 1,900, 4,500, 4,550, 4,900, 2,600, 2,700 and 2,650, respectively (Figure 
5; Appendix A). For 1997-2001, this represented 48%, 39%, 31%, 42% and 45% of 
the total number of smolt-sized juveniles. Thus, although the mainstem produced 
only 24% of the juveniles in 2001, it produced nearly half of the smolt-sized 
juveniles. Therefore, projects which enhance spawning and rearing conditions in the 
mainstem can be very important to increasing production of smolt-sized juveniles. 

 
10. The upper Soquel Creek Branches have been important reaches for spawning and 

young-of-the-year production than the mainstem. Estimated young-of-the-year 
production in 1997-2001 in the upper Soquel Creek Branches was 46,100 (79% of 
the total), 34,900 (87% of the total), 40,300 (93% of the total), 20,800 (89% of the 
total) and 21,300 (75% of the total), respectively (Figure 12; Appendix A). 
Young-of-the-year steelhead production in 2001, as well as previous years, in the 
upper watershed was considerably higher (2,300/mile; 43/ 100 feet) than in the 
mainstem (1,000/mile; 19/ 100 feet), undoubtedly because of greater spawning 
activity and spawning success in the upper watershed, coupled with better rearing 
habitat associated with cooler water in all but Reach 10. Therefore, projects which 
improve access to spawning and rearing habitat in upper Branch reaches can be 
very important in increasing production of young-of-the-year juveniles. 

 
11. In upper Soquel Creek branches, production estimates of yearlings increased to a 5-

year high of 2,550 (275/mile; 5.2/ 100 feet) in 2001 from 1,800 (190/mile; 4/ 100 
feet) in 2000 (Figure 13; Appendix A). This resulted from increased escape cover 
and a milder winter that allowed greater over winter survival. Therefore, projects 
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that promote increased large woody material in these reaches can greatly increase 
survival of yearlings.  

 
12. In comparing smolt-size (Size Class 2 and 3) juvenile densities at sampling sites in 

2001 with those found county-wide in 1981 (Table 1), most of the 12 mainstem 
sites were rated in the “below average” to “poor” range, with only two sites with 
“fair” densities. Of the 8 upper branch sites, there were 3 sites in the good to fair 
range, but the remainder were in the “poor” to “very poor” range. In order of 
increasing habitat quality, Site 19 was rated “very poor” (5% of sites) and Sites 1, 6, 
11, 13a, 13b, 15 and 20 were rated “poor” (35% of sites) (Figures 1-3; Appendix 
A). Sites 2, 5, 7, 8, 10 and 12 (30% of sites) were rated ‘below average’, while only 
Sites 4, 9, 14 and 16 (20% of sites) were rated “fair” and only Site 17 satisfied the 
“good” rating.  Therefore, from a county-wide perspective, most Soquel Creek sites 
were relatively unproductive in terms of smolt-sized juveniles, indicating the 
potential for considerable enhancement. 

 
13. The index of adult returns from juvenile steelhead production is based on a model  

(Dettman and Kelley 1987) that assigns higher survival rates of juveniles reaching 
adults to larger juveniles. Survival rate is size-dependent, with larger juveniles 
having more survival. The indices of adult returns from juvenile production in the 
lower watershed (mainstem Reaches 0-8) in 1994 and 1997-2001 were 360, 228, 
218, 124, 129 and 139, respectively. The indices of adult returns from the upper 
watershed to Girl Scout Falls I and Ashbury Falls (Reaches 9-14a) in 1997-2001 
were 366, 435, 380, 230 and 217, respectively. The overall adult indices in 1997-
2001 were 594, 653, 504, 359 and 356, respectively (Table 2).  Thus, the adult index 
declined 45% from 1999 to 2001, and the 2000 and 2001 adult indices were very 
similar. The adult index has not recovered since the El Nino storms of winter 1997-
98 that brought considerable sediment into the channel and washed away large wood 
in the mainstem. This is largely due to a reduction in smolt-sized juveniles. 
Therefore, projects that will increase spawning success in the lower watershed and 
rearing habitat (more escape cover from more wood retention in the channel) 
throughout the watershed will increase the potential for adult returns. 

 
 
Table 1.  Rating of Steelhead Rearing Habitat For Small Central Coast Streams.*  
(From Smith 1982.) 
 
          Very Poor - less than 2 smolt-sized** fish per 100 feet of stream. 
 
          Poor -                   2 to 4         “          “          “          “          “    
 
          Below Average - 4 to 8         “          “          “          “          “ 
 
          Fair -                  8 to 16         “          “          “          “          “ 
 
          Good -             16 to 32         “          “          “          “          “   
 
          Very Good -   32 to 64          “          “          “          “          “ 
 
          Excellent -   64 or more        “          “          “          “          “ 
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         *  Drainages sampled included the Pajaro, Soquel and San Lorenzo systems, as well as     
             other smaller Santa Cruz County coastal streams that totaled more  than 100       
             sampling sites in 1981. 
 
       ** Smolt-sized fish were at least 75 mm (3 inches) Standard Length. 
---------------------------------------------------------------------------------------------------------------- 
 
Table 2. Summary Table for Indices of Adult Returns Predicted from Juvenile 
Production in 1994 and 1997-2001. (From Alley 2002.) 
 

Year Lower Watershed 
Reaches 0-8 

Upper Watershed 
Reaches 9-14a 

Combined 
Reaches 0-14a 

1994 360   
1997 228 366 594 
1998 218 435 653 
1999 124 380 504 
2000 129 230 359 
2001 139 217 356 

  
 
Water Temperature Monitoring in 2001 and Enhancement Goals 
 
Refer to Appendix B for an explanation of the effects of water temperature on 
acclimation and fish metabolic rates, research done on steelhead temperature tolerance, 
data collected on temperature tolerances of salmonids in the Central Coast region and the 
basis for enhancement goals regarding target temperatures. 
 
Ideally, water temperatures would not rise above 20ºC (68ºF), based on laboratory work 
related to steelhead/ rainbow trout scope of activity and metabolic demands. Refer to the 
literature review in Appendix B. However, young-of-the-year steelhead can grow rapidly 
to smolt size in one growing season in lower Soquel Creek and lagoon and the mainstem 
San Lorenzo River in reaches where summer water temperatures regula rly rise above 
20ºC (Alley 2001c). Despite the increased food demand at higher temperatures, if food 
supply is adequate, young-of-the-year steelhead can grow to smolt size the first year at 
water temperatures above 20ºC, though they must utilize habitats where food is abundant, 
such as lagoons (Smith 1990) and fastwater habitat (Smith and Li 1983; Moyle et al. 
1982).  
 
The water temperature enhancement goal for steelhead in stream habitat upstream of the 
lagoon, in the mainstem and East and West Branches, should be maintenance below 20ºC 
(68ºF) in April and May when baseflow still remains above summer low-flow and 
juvenile salmonids are feeding and growing rapidly. From June 1 to September 1, the 
water temperature should not rise above 20ºC (68ºF) for more than 15% of the month and 
preferably the maximum daily temperature, averaged weekly, should not rise above 21ºC 
(70ºF). The summertime goal was based on observation of which Soquel Creek reaches 
were typically cool enough to allow juvenile steelhead to inhabit more than just fastwater 
habitat in pools. If growth rate and production of smolt-sized young-of-the-year fish were 
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taken into account, the goal could be somewhat warmer for lower Soquel Creek (Reaches 
1-4) (Alley 2002b). These temperature goals are not intended to imply that they are 
necessarily optimal for steelhead growth or that they should be regulatory goals. But 
they are attainable through enhancement and will allow steelhead to grow and thrive 
without water temperature being a significant limit factor. By comparison, the average 
daily water temperature requirement is more restrictive than was determined for Big 
Sulphur Creek (Russian River drainage). For Big Sulphur Creek it was assumed that 
stations which had temperatures greater than 20ºC for less than 50% of the time in any 
one month are not expected to cause significant sub- lethal effects in that month, unless 
that station reaches a marginal or lethal maximum temperature (25.8ºC for fish 
acclimated to 20ºC) (Kubicek and Price 1976).  The Santa Ynez River Technical 
Advisory Committee (SYRTAC) proposed guidelines with upper limits of 20ºC average 
daily temperature and 25ºC daily maximum as providing acceptable habitat conditions for 
steelhead in the Santa Ynez River (SYRTAC 2000). The SYRTAC (2000) decided that a 
mean daily temperature of 22ºC may be the threshold between acceptable and unsuitable 
from a long-term perspective. This was based on studies by Hokanson et al. (1977) who 
concluded that the highest constant temperature at which the effects of growth and 
mortality balance out was 23ºC.   
 
Regarding temperature optima, Moyle (2002) stated, “The optimal temperatures for 
growth of rainbow trout are around 15-18ºC, a range that corresponds to temperatures 
selected in the field when possible. Thus in a section of the Pit River containing a thermal 
plume from an inflowing cold tributary, rainbow trout selected temperatures of 16-18ºC. 
However, many factors affect choice of temperatures by trout (if they have a choice), 
including the availability of food.” Optimal temperature for rainbow trout in higher 
elevation mountain streams of the Sierra Nevada or Cascades may be lower than what is 
optimal for juvenile steelhead along the central Coast. According to Smith (2003), “The 
optimum temperature for coho or steelhead very much depends upon factors other than 
temperature of the habitat.  The ideal habitat conditions would be moderately cool and 
sunny, with the sunny conditions providing higher algae and invertebrate abundance (fish 
food).  In the Sierra or other northern or higher elevation habitats this combination is 
possible.  However, along the Central Coast, most cool habitats are heavily shaded and 
unproductive and most sunny habitats are relatively productive, but warm.  Because the 
interactions that control survival and growth of steelhead in warmer and/or productive 
habitats are fairly complex, the best way to determine the suitability of the habitat and the 
optimum temperature is to sample the fish to determine their microhabitat use and 
growth rates.  If fish are abundant and fast growing in warm lagoons or fast, sunny 
(warm) stream reaches, then the warmer temperatures are being compensated for or even 
facilitating high growth rates; higher temperatures are optimum.  In small tributaries 
where fish grow slowly, then cooler temperatures are required, and overwinter habitat 
and habitat for yearling fish are likely to be the major habitat concern.”   
 
The enhancement goal for water temperature prior to re-introduction of coho salmon into 
potential coho reaches during summer/fall months (June 1 to October 1) should have 
average daily water temperature (averaged weekly) of 16.7ºC (62ºF) or less in the 
warmest week and that the weekly maximum temperature should be 18.0ºC (64ºF) or less 
during the warmest week. This goal is based on work done on the Mattole River 
watershed (with sandy substrate similar to Soquel Creek), correlating presence of coho 
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salmon with summer water temperature (Welsh et al. 2001). Refer to Appendix B for 
details. These temperature goals are not intended to imply that they are necessarily 
optimal for coho growth or that they should be regulatory goals. But they are attainable 
through enhancement and will allow coho to grow and thrive without water temperature 
being a significant limit factor. According to Moyle (2002), juvenile coho prefer and are 
assumed to grow best at water temperatures of 12-14ºC (53.6-57.2ºF) and do not persist 
in streams where summer temperatures reach 22-25ºC (71.6-77ºF) for extended periods 
of time. 
 
The targeted stream segments include 1) the mainstem Reaches 7-9 (Moores Gulch 
confluence to Hinckley Creek confluence on the East Branch), 2) Reaches 11 and 12A 
(Soquel Demonstration State Forest between the Soquel Creek Water District Weir at the 
lower end of the canyon and the gradient increase below the Fern Gulch confluence) and 
3) Reaches 13 and 14a on the West Branch (downstream of the lowermost Girl Scout 
Falls. We do not believe that the mainstem Reaches 1-6, downstream of the Moores 
Gulch confluence can become sufficiently shaded to reach this goal.  
 
Influx of cool tributary water is an important moderator of warmer mainstem and East 
Branch reaches, helping to attain the temperature targets. Important cool tributaries are 
Bates, Amaya and Hinckley creeks. The cooler West Branch helps to cool East Branch 
water at their confluence. It would be advantageous that target summer temperatures for 
Bates, Hinckley and Amaya creeks to approximate the target for re- introduction of coho 
salmon to provide mainstem cooling and coho habitat in the tributaries.  
 
Regarding Soquel Creek Lagoon in summer, where food is more abundant than upstream, 
the enhancement goal for steelhead should be to maintain water temperature below 20ºC 
at dawn within 0.25 m of the bottom and the afternoon maximum below 22ºC (71.6ºF) 
near the bottom. Maximum daily water temperature should not reach 26.5ºC (79.5ºF).  
 
We do not believe that Soquel Creek Lagoon may be cooled sufficiently for juvenile coho 
salmon. Water temperatures above 20ºC (68ºF) are considered limiting to juvenile coho 
salmon in the presence of steelhead in lagoons (depending on food abundance), and 
temperatures below 16ºC (60.8ºF) are preferred (J. Smith, personal communication). 
Therefore, the enhancement target for making Soquel Creek Lagoon habitable for coho 
should be to maintain summer water temperature below 20ºC (68ºF). 
  
In order to measure water temperature in Soquel Creek, water temperature probes were 
placed in strategic locations for the warm months of 2001. Refer to Appendix B for a 
description of the methods of water temperature monitoring. Of the retrieved recorders, 9 
provided temperature data at 2-hour intervals (Table 3).   
 
 
Results and Discussion of Water Temperature Monitoring  
 
In 2001, the steelhead goal of allowing summer temperatures to rise above 20ºC (68ºF) 
for no more than 4 hours a day (15% of the month) was not met at the lower 3 stations 
(Reaches 1-6 (Appendix A; Figure 1) below the Mountain School Bend (near fish 
sampling site 4) and below Whitehead’s Bend (channel mile 2.3 near fish sampling site 
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9)) and at Stations 8 and 9 (Reaches 9 and 10 of the East Branch downstream of the 
largely unshaded Reach 10 situated above Hinckley Creek) for at least one month of three 
(Table 4). The goal was not met at Station 11 in Reach 12A (Soquel Demonstration State 
Forest) for 12-30 June. Appendix C provides the methods of water temperature 
monitoring and the time series plots of water temperature at monitoring stations. 
  
The steelhead goal of preventing maximum daily temperature, averaged weekly, from 
rising above 21ºC (70ºF) was not met in 2001 in several of the weeks at Stations 2 and 3 
(Reaches 3 and 4) and in most weeks at Stations 8 and 9 (middle Reach 9 and lower 
Reach 10, respectively, in the East Branch) (Table 5). Station 9 in Reach 10 reached at 
least 26.5ºC (79.5ºF) for 5 days in 2001, with the maximum monthly temperature 
reaching at least 80ºF (26.7ºC) in July and August (Table 6). The goal was met at Station 
4 (upper Reach 6), Station 6 (upper Reach 8), Station 7 (lower Reach 9), Station 10 
(Reach 13 (lower West Branch)) and Station 11 (Reach 12A (Long Ridge Road on East 
Branch in Soquel Demonstration State Forest)).  
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Table 3. Continuous Water Temperature Monitoring Stations in 2001. 
(Refer to Figure 1 for Mapped Locations.) 

 
Neither the mainstem reaches, the East Branch, nor the lower West Branch met the 
temperature goals for coho salmon (Tables 7 and 8). Areas that most closely approached 
the goal were in the mainstem in upper Reach 6 just below Moores Gulch, Reach 12A in 
the Soquel Demonstration State Forest above Amaya Creek and Reach 13 in the lower 
West Branch.  Upper Reach 6 was approximately 5ºF too warm for average daily 
temperature and maximum daily temperature for its warmest weeks. Reach 12A was 
1.3ºF too warm for average daily temperature and 5.3ºF too warm for daily maximum 
temperature during its warmest weeks. However, Reach 12A satisfied the coho 
temperature criteria for average daily temperature after June 18 and for maximum daily 
temperature after 27 July. The east-west stream orientation added to stream shading as 
summer progressed. Reach 13 was too warm by 1ºF in average daily temperature and 
1.1ºF in maximum daily temperature. This West Branch reach missed the coho 
temperature criteria in only one week for maximum daily temperature and average daily 
temperature. 
 

Station 
(Reach) 

Temperature Monitoring Locations in Soquel Creek 
 

1 
(R-1) 

Lower Reach 1 adjacent to the Nob Hill Shopping Center in Capitola 
 

2 
(R-2) 

Middle Reach 3 downstream of the Whitehead’s Bend and the straight channel 
with the vertical bank (near buried AMC Rambler). 
 

3 
(R-4) 

Upstream end of Reach 4 (in corner pool just downstream of boundary between 
Reaches 4 and 5) downstream of Rivervale Road. 
 

4 
(R-6) 

Upper Reach 6 in straight channel downstream of the Moores Gulch confluence 
and upstream of the Mountain School Bend. 
 

5 
(R-7) 

Upper Reach 7 downstream of Purling Brook Road ford. (No data provided.) 
 

6 
(R-8) 

Upper Reach 8 downstream of the West Branch confluence. 
 

7 
(R-9) 

Lower Reach 9 on the East Branch, upstream of West Branch confluence. 
 

8 
(R-9) 

Middle Reach 9 on the East Branch, downstream of Mill Pond. 
 

9 
(R-10) 

Lower Reach 10 on the East Branch, upstream of Hinckley Creek and 
downstream of the Olive Springs Quarry. 
 

10 
R-13) 

Lower Reach 13 on the West Branch, downstream of Hester Creek. 
 

11 
(R-

12A) 

Reach 12A Upstream of Longridge Road Crossing in Soquel Demonstration 
State Forest 
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On 7 August 2002 at 1300 hr, water temperature was measured in the East Branch, up 
and downstream of Hinckley Creek, and in Hinckley Creek. Upstream of Hinckley Creek 
it was 68.5ºF (20.3ºC). Below Hinckley Creek 100 feet it was 63.5ºF (17.5ºC), a 
reduction of 5ºF. In Hinckley Creek it was 58ºF (14.4ºC).   
 
Lagoon water temperature criteria satisfied the enhancement goal for steelhead more than 
half the time throughout the summer of 2001 within 0.25 meters of the bottom, but there 
had been some of the warmest water temperatures in the lagoon in the past 4 years (Alley 
2002). The poorer water temperatures resulted from tidal overwash on 2 July and again 
on 21 July. Of the 11 monitorings in 2001, Station 2 at the Stockton Avenue Bridge had 
dawn temperatures greater than 21.5ºC (70.7ºF) during 4 monitorings (36%). On 28 July, 
all but the flume station had dawn temperatures greater than 23ºC (73.4ºF).  
 
Lagoon water temperatures after 2 tidal overwashes in July 2001 were probably stressful 
for juvenile steelhead, unlike the 4 previous years. For 14 days, daily temperatures near 
the bottom fluctuated between approximately 23ºC (73.4ºF) and 26ºC (78.8ºF). It would 
have been even more stressful for coho salmon.   
 
Lagoon water temperatures were well within the limits of juvenile steelhead in 1999 and 
2000. Maximum daily lagoon water temperatures remained well below 22ºC (71.6ºF) in 
2000 and went above that only one day in 1999 (Alley 2002). These were years without 
tidal overwash. In 2000, lagoon water temperature at dawn was less than 20ºC (68ºF) 
throughout most of the summer within 0.25 meters of the bottom, except the week after 
sandbar closure and in early July under the Stockton Avenue Bridge after tidal overwash.  
This was consistent with mostly good water temperatures in 1998 and 1999, which were 
better than 1997 conditions. In 1997, saltwater had entered the lagoon repeatedly.  
Lagoon depth had fluctuated more that year, and there was less streamflow to flush out 
the saltwater, leading to dawn water temperatures greater than 21.5ºC (70.7ºF) for at least 
one station during each of 6 summer monitorings. 
 
 
Table 4. Percent of the Time That Water Temperature Exceeded 20ºC (68ºF) (Enhancement 
Goal of 15% or less) for Steelhead at Continuous Monitoring Sites in Soquel Creek, 2001, 
Based on Measurements at 2-Hour Intervals for County Sensors and 30-minute Intervals for 
the California Department of Forestry Sensor at Site 11. 
 
 
Month Site 

1 
Site 

2 
Site 

3 
Site 

4 
Site 
5 

Site 
6 

Site 
7 

Site 
8 

Site 
9 

Site 
10 

Site  
11 

June 21 22 21 7 No 
Data 

1 13 35 39 0 16 
(12-30 
June) 

July 13 24 19 4 No  
Data 

5 7 29 36 0 1 

August 8 22 18 1 No 
Data 

13 3 21 34 0 0 
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Table 5. Maximum Daily Water Temperature Averaged by Week at Continuous Monitoring 
Stations in Soquel Creek in 2001 (Enhancement Goal of Average Weekly Maximum of 70ºF 
(21ºC) or less). 

Week Site 
1 

Site 
2 

Site 
3 

Site 
4 

Site 
5 

Site 
6 

Site 
7 

Site 
8 

Site 
9 

Site 
10 

Site 
11 

28 May- 
3 June 

68.5 68.8 69.3 66.7  65.8 67.5 72.7 71.3   

4-10 June 69.0 70.4 70.7 67.9  66.9 68.6 74.0 72.4   
11-17 June 68.6 70.8 70.8 67.7  65.9 68.6 73.8 73.1 62.1  
18-24 June 69.2 72 71.4 68.2  66.8 68.9 75.0 74.3 63.1 69.3 
25 June-  

1 July 
69.7 71.5 70.8 67.6  66.4 68.3 73.6 73.2 63.2 67.8 

2-8 July 70.1 73.0 72.2 68.8  67.9 69.5 75.1 77.9 65.1 66.2 
9-15 July 67.7 69.9 69.3 65.9  65.9 66.7 72.1 72.9 62.3 64.4 
16-22 July 68.4 71.0 70.4 66.5  67.4 67.0 72.7 73.4 62.1 64.5 
23-29 July 66.5 69.8 69.1 64.8  67.7 66.2 72.0 73.8 62.2 63.2 
30 July- 
5 August 

68.4 71.5 70.9 66.4  68.7 67.1 72.6 75.5 62.6 62 

6-12 August 69.2 72.7 71.6 66.9  69.3 67.7 72.7 77.7 63.7 62.6 
13-19 

August 
66.5 70.4 69.7 64.8  67.8 65.8 70.2 77.3 61.8 60.9 

20-26 
August 

66.9 70.6 69.3 64.6  68.0 65.8 69.8 76.4 61.9 60.9 

27 August- 
2 September 

64.6 67.9 67.0 62.1  66.3 63.3 67.0 72.4 60.7 60.2 

 
Table 6. Maximum Monthly Water Temperatures (ºF) at Continuous Monitoring Stations in 
Soquel Creek, 2001. 

Station 
(Reach) 

22 May- 
31 May 

June July August September 1 October- 
10 October 

1 
(R-1) 

71.8 71.8 72.5 71.8 65.6 62.8 

2 
(R-3) 

71.8 73.9 73.9 74.6 69.7 67 

3 
(R-4/5 Boundary) 

71.8 73.2 74.6 73.9 68.4 64.2 

4 
(R-6) 

72.5 69.7 70.4 69.0 63.5 60.8 

6 
(R-8) 

69.7 69.0 69.7 71.1 67.0 62.8 

7 
(R-9) 

68.4 71.1 71.8 69.7 64.9 61.5 

8 
(R-9) 

70.4 76.0 77.4 75.3 68.4 64.2 

9 
(R-10) 

75.3 76.0 80.2 80.9 76.0 73.9 

10 
(R-13) 

 64.2 66.3 64.9 61.5 59.4 

11 
(R-12A) 

 70.4 68.3 62.9 60.8 58.0 
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Table 7. Warmest Average Daily Water Temperature (ºF) and Maximum Daily Water 
Temperature (ºF) Averaged by Week at Continuous Monitoring Stations in Soquel Creek, 
2001. (Weeks began 28 May and ended 2 September.) 

Station 
(Reach) 

Warmest 
Week 

Warmest Average 
Daily Temperature (ºF) 

Averaged by Week 
(Target for Coho- 62ºF) 

Warmest  
Daily Maximum 
Temperature (ºF) 

Averaged by Week 
(Target for Coho- 64ºF) 

1 
(R-1) 

2-8 July 66.7 70.1 

2 
(R-3) 

2-8 July 66.7 73.0 

3 
(R-4/5 boundary) 

2-8 July 66.1 72.2 

4 
(R-6) 

2-8 July 64.9 68.8 

6 
(R-8) 

6-12 August 67.0 69.3 

7 
(R-9) 

2-8 July 65.8 69.5 

8 
(R-9) 

2-8 July 67.3 75.1 

9 
(R-10) 

2-8 July 68.6 77.9 

10 
(R-13) 

2-8 July 63.0 65.1 

11 
(R12A) 

2-8 July 63.3 69.3  
(18-24 June) 

Table 8. Average Daily Water Temperature (ºF) Averaged by Week in Soquel Creek at 
Selected Continuous Monitoring Sites in 2001.  

Week Site 2 Site 4 Site 7 Site 10 Site 11 
28 May- 
3 June 

63.3 61.9 63.4   

4-10 June 64.4 62.8 63.9   
11-17 June 64.4 62.7 63.9 59.9  
18-24 June 65.1 63.4 64.6 61.0 62.4 
25 June- 

1 July 
65.8 63.8 64.7 61.4 61.9 

2-8 July 66.8 64.9 65.8 63.0 63.3 
9-15 July 64.7 62.9 63.8 60.8 61.1 

16-22 July 64.6 62.5 63.3 60.2 60.5 
23-29 July 64.5 62.4 63.3 60.4 60.5 
30 July- 
5 August 

65.2 62.7 63.5 60.5 60.1 

6-12 August 66.2 63.8 64.0 61.7 61.5 
13-19 August 64.1 61.7 62.2 59.8 59.6 
20-26 August 64.3 61.8 62.3 60.0 59.8 
27 August- 

2 September 
62.8 60.4 60.9 59.1 59.3 
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Conclusions and Enhancement Goals Pertaining to Water Temperature  
 

1. Water temperature goals for steelhead were not met in 2001 in the lagoon, 
mainstem Reaches 1-4, East Branch Reaches 9, 10 and 12A, although juvenile 
steelhead inhabited all of them.  

 
2. Regarding Soquel Creek Lagoon in summer, the enhancement goal for steelhead 

should be to reduce summer water temperature in order to meet the enhancement 
temperature target. This will be accomplished through maximizing lagoon depth, 
maximizing stream inflow, avoiding tidal overwash and riparian plantings and 
protection. It is highly unlikely that water temperature may be sufficiently 
reduced through enhancement to allow coho salmon to survive in the lagoon. 

 
3. Regarding stream habitat in the Soquel Creek drainage, the enhancement goal for 

steelhead should be to reduce summer water temperature to meet the enhancement 
temperature target in Reaches 1-4, 9-10 and 12A (primarily in early summer in 
12A). This will be accomplished through riparian plantings and protection.  
Despite the room for temperature improvement, lower Soquel Creek downstream 
of Moores Gulch and the lagoon contribute a very significant proportion of the 
smolt-sized steelhead juveniles each year.   

 
4. Water temperature goals for coho salmon were not met in 2001 anywhere in the 

drainage, although they were most closely approached in the West Branch and the 
East Branch above Amaya Creek. 

 
5. Regarding stream habitat in the Soquel Creek drainage, the enhancement goal for 

coho salmon should be to reduce water temperature substantially in Reaches 7-10 
and somewhat in Reaches 11-14 to meet the enhancement temperature targets. 
Riparian plantings and protection will be required. It is highly unlikely that water 
temperature may be sufficiently reduced through enhancement to allow coho 
salmon to survive in Reaches 1-6. If these reaches were to become sufficiently 
shaded to allow coho salmon to survive, growth rates of juvenile steelhead would 
be reduced significantly.    

 
 
Survey of Streambank Erosion and Landsliding in 2002 
 
Locations of streambank erosion and landsliding in the vicinity of creek channels were 
measured and documented during stream survey work by D.W. ALLEY & Associates in 
tributaries and the upper East and West Branches in summer 2002. Pictures of some of 
these sites are provided in Appendix L. The limit of the survey work was to the upper 
extent of anadromy in Moores, Hester and Hinckley creeks. Other survey work in other 
reaches went above the extent of anadromy, but the list of erosion sites was not complete 
for the watershed.  The East Branch survey area included from Amaya Creek confluence 
to the entrance to the Soquel Demonstration State Forest. The West Branch survey began 
at the confluence with the East Branch and extended to the flashboard dam, 4.4 miles 
upstream of the Olsen Road crossing. Grover Gulch (upstream of Bates Creek Dam) was 
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surveyed in the lower 3,600 feet. Past surveys of landsliding and erosion from other 
researchers are described in Appendix F, with locations of current landslides listed in 
Appendix G.    
 
On Bates Creek below the dam there were two sources of erosion in 2002 (Table 9). 
There was an eroding slope below a road off- channel on the south side at 3,580 feet 
upstream of Main Street. A second erosion site was a slope failure below the paved road 
on the north side, 4,800 feet upstream of Main Street near the Hunnicutt residence. In 
Grover Gulch (tributary to Bates Creek above the dam) a large landslide was detected at 
3,390 feet from its mouth. Its dimensions were 70 feet wide by 200 feet upslope. The 
reservoir behind the Bates Creek Dam was filled with sediment. Soft sediment deposits 
were present in the creek for hundreds of feet upstream, as well as in the tributary, Grover 
Gulch.  
 
In the 6,500 feet surveyed on Moores Gulch in 2002, only one instance of streambank 
erosion was detected that was 8 feet high and 14 feet long (Table 9). In the 6,700 feet 
surveyed on Hinckley Creek, one landslide was detected 2,850 feet from the mouth.  
 
On the East Branch between Ashbury Falls and the east entrance to the Soquel 
Demonstration State Forest, there were 11 large landslides (7 inactive) and one long 
eroding bank in 2001 (Table 9). On the south side, upstream from a boulder flow at the 
upper end of the Highland slide, was an 800-foot length of badly eroded and unstable 
streambank. Within this 800-foot reach there was a 200-foot long wood accumulation 
with many redwood trees. This erosion and wood clustering was possibly caused 
upstream of an earthen sediment and wood dam that was created when the Highland slide 
was initiated. On Amaya Creek, three landslides and an active meander cut of streambank 
erosion were detected in the lower 2,700 feet surveyed for anadromy in 2002. The largest 
was 117 feet wide, averaging 120 feet upslope. These landslides had wood accumulations 
at their toes.  
 
Seven landslides were noted on the West Branch (Table 9). A particularly large, active 
slide area on both sides of the channel was 2.3 miles upstream of Olsen Road, with 100 
feet of streambank on the right side eroding (averaging 50 feet upslope) and 420 feet on 
the left side eroding (averaging 200 feet upslope.)  
 
In the 4,000 feet of the Hester Creek downstream of the barrier to anadromy, two large 
landslides, presumably initiated, in 1998 were identified (Table 9). Dimensions were 80 
feet wide by 180 feet upslope for one and 80 feet wide by 100 feet upslope for the other. 
Neither appeared active. Two other, lesser slides were observed.   
 
 
Table 9. Streambank Erosion and Landslides Identified During the Fishery Survey for 
the Extent of Anadromy in Soquel Creek in 2002.  
 
Number Stream Location Description 

1 Bates 3,520 ft Above 
Main St 

Bank sloughing downslope from road cut - visquine covered- 
60 ft long by 15 ft high.  

2 Bates 4,300 ft Above 
Main St 

Landslide with old growth stumps coming down, downslope 
of road cu- 100 ft long by 30 ft high 
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3 Bates 4,740 ft Above 
Main St 

Vertical slide adjacent paved road near Hunnicut residence. 
Visquine covered. 

4 Grover  3,390 ft from 
Bates Creek 
confluence 

Landslide 70 ft long by 200 ft upslope. Active since 1998. 
Wood cluster at base. 

5 Moores  9,832 ft from 
Love Creek 
confluence 

Fill Dirt deposited on bank- 8 ft high by 14 ft long. Highly 
erodible. 

6 Hinckley  2,868 ft from East 
Branch 
confluence 

Bedrock mudshale landslide now stable- 80 ft high by 75 ft 
long. 

7 East 
Branch 

Above Ashbury 
Gulch 

A large, active slide on the south side- 350 ft high by 200 feet 
wide at coordinates N37º05.459’; W121º52.927’. 

8 East 
Branch 

Above Ashbury 
Gulch 

Inactive slide 300 ft high by 200 ft long. No coordinates 
possible. 

9 East 
Branch 

Above Ashbury 
Gulch 

An older slide was observed on the south side, 200 feet high by 
100 feet wide. The coordinates were N37º05.416’; 
W121º52.647’ 

10 East 
Branch 

Above Ashbury 
Gulch 

A delta deposit was observed on the south bank at coordinates 
N37º05.402’; W121º52.539’. 
 

11 East 
Branch 

Above Ashbury 
Gulch 

Inactive slide, north side, largely being sandstone. No 
coordinates possible. 

12 East 
Branch 

Above Ashbury 
Gulch 

Active slide, north side- 300 ft long at the base by 300 feet 
high and triangular. No GPS was possible. 
 

13 East 
Branch 

Above Ashbury 
Gulch 

An active slide was observed on the south side, 100 feet high 
by 100 feet long. No coordinates possible.  
 

14 East 
Branch 

Above Ashbury 
Gulch- 4,698 ft 
downstream from 
SDSF entrance. 

A large rock/boulder flow was observed from the north. It was 
determined by others to be just upstream of the Highland 
Road slide. The south side from this boulder flow upstream at 
least 800 feet was badly eroded and unstable. Within this 800-
foot reach there was a 200-foot long wood clustering with 
many downed redwood trees. The upstream end of the wood 
accumulation was 3,831 feet downstream of the SDSF 
entrance.  

15 Amaya 326 ft from East 
Branch 
confluence 

Active meander cut- 80 ft long by 10 ft high. Scalloped. 

16 Amaya 858 ft from East 
Branch 
confluence 

Active landslide- 100 ft long by 80 ft high. Wood cluster at 
base. 

17 Amaya 1,783 ft from East 
Branch 
confluence 

Active landslide- 60 ft long by 50 ft high. Wood cluster at 
base. 

18 Amaya 2,756 ft from East 
Branch 
confluence 

Gully with associated erosion- 12 ft wide by 120 ft high. 
Result of 1998 storm? Two redwood seedlings regenerated. 

19 Amaya 4,011 ft from East 
Branch 
confluence 

Massive, active landslide- Extending 250+ ft long by 150-200 
ft upslope.  Tilted standing redwoods. Substantial wood 
clustering at base.  

20 Hester 1,976 ft from 
West Branch 
confluence 

Inactive landslide (1998?)- 80 ft long by 180 ft high. 10 ft tall 
trees growing on it.  

21 Hester 2,306 ft from 
West Branch 

Inactive landslide (1998?)- 80 ft long by 100 ft high. Wood 
clustering at upstream end. 
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confluence 
22 West 

Branch 
1,100 ft upstream 
of Olsen Rd 
Bridge 

Inactive landslide (1998?)- 40 ft long by 80 ft high. Old 
growth redwood stump at base. 

23 West 
Branch 

2,550 ft upstream 
of Olsen Rd 
Bridge 

Inactive landslide (1998?)- 50 ft long by 95 ft high. Easily 
erodible soil at base. 

24 West 
Branch 

8,310 ft upstream 
of Olsen Rd 
Bridge 

Active landslide with water seep - 60 ft long by 100 ft high. 
Large slump of soil mounded midway down slide. 

25 West 
Branch 

12,350 ft 
upstream of Olsen 
Rd Bridge 

Vertical Right bank- very erodible- 100 ft long by 50 ft high.  

26 West 
Branch 

12,350 ft 
upstream of Olsen 
Rd Bridge 

Huge, active landslide on left bank- 422 ft long by 200 ft 
average height. Lower ½ active. Considerable wood 
accumulation in channel. No grade control from wood. 

27 West 
Branch 

14,750 ft 
upstream of Olsen 
Rd Bridge 

Huge, active landslide- 210 ft long by 200 ft average height. 
Upper 1/3 vertical, lower 2/3 active. Considerable wood 
clustering at base. 

28 West 
Branch 

17,820 ft 
upstream of Olsen 
Rd Bridge 

Active landslide- 130 ft long by 80 ft high. Lower ½ active 
with considerable wood clustering at base. 

 
Conclusions Pertaining to Survey of Erosion and Landsliding Locations 
 

1. Sources of sediment in the watershed included primarily landslides entering the 
creek channel in the upper East Branch (upstream of Ashbury Gulch), Amaya 
Creek, Hester Creek, Burns Creek (Santa Cruz County Study, 1986), Laurel 
Creek (Santa Cruz County Study, 1986), Grover Gulch and the upper West 
Branch (upstream of Girl Scout Falls II).  

 
2. Wood clusters were often associated with the toe of landslides and sometimes 

stored considerable sediment behind. 
 

3. Roads are a primary cause of landsliding. Roads made by cut and fill operations 
on slopes create roadbeds of potentially unstable fill material. These roads may 
change drainage patterns and sometimes focus runoff onto unstable slopes below, 
especially if the roads are not out-sloped. Land use and associated road building 
on unstable slopes may encourage landsliding.  

 
4. Cutting of trees in the riparian zone reduces their bank stabilizing effects. 

 
Spawning Glide Analysis in 2002 
 
Particle size distributions of spawning glides in Soquel Creek were evaluated in summer 
2002, to assess the quality of steelhead spawning habitat.  Percent sand and geometric 
means of spawning glide samples were used to predict percent survival of steelhead 
embryos and percent fry emergence. Refer to Appendix D for the methods used in 
selecting, collecting and analyzing spawning glide core samples. Valuable consultation 
was obtained from Kris Vyverberg of the California Department of Fish and Game. Refer 
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to Appendix J for locations where spawning glides were observed in 2002 between the 
lagoon and the Soquel Water District weir. 
 
When analyzed as complete bulk samples (0-24 cm depth) and used and unused spawning 
glide samples were combined, percent sand ranged from 8.5 to 35.6%, averaging 16.5% 
(Table 10).  The geometric means of these samples ranged from 14.2 to 36.9 mm, 
averaging 20.7 mm. Based on geometric mean values in the 7 actual spawning redds, 
percent embryo survival averaged 91% (range of 72% to 97%) (Table 10, using Figure 2). 
Based on the percent sand in redds, percent fry emergence from hatched embryos averaged 
93% (range of 84% to 99%) (Table 10, using Figure 3), and survival from egg to fry 
emergence averaged 85% (range from 60% to 96%).  When data from all 12 samples were 
combined (used and unused glides), the average D-values for the spawning gravel were 
slightly smaller diameters, the average geometric means were slightly lower and the 
average percent sand was slightly higher. These differences translated into slightly lower 
survival percentages of embryos and fry emergence of hatched embryos, with overall 
survival from egg to emerged fry averaging 80%.  However, these survival estimates from 
the entire bulk samples may be high because the substrate was highly armored in spawning 
glides. Spawning redds were slightly more armored, on average, than the overall average.  
 
It was noted that steelhead tended to chose heads of riffles (sometimes called tails of pools 
or runs) just upstream of higher gradient, constricting riffles, which would maximize the 
intragravel water velocity. Spawning glides with similar substrate composition as those in 
spawning redds were ignored when riffles below were wide and relatively low gradient.  
 
Most redds and unused spawning glides in Soquel Creek had a layer of larger particles 
armoring the surface, with much finer particles and more sand underneath. The relative 
degree of armoring reported for gravel bed streams is typically between 1.5 and 3 (Parker 
et al. 1982). In Soquel Creek, the armoring index (based on the ratio of D-50 values for the 
surface and subsurface sub-samples) at each site ranged between 1.3 and 6.0, averaging 3.4 
(Table 10). Five of the spawning glides (4 of them used) had D-84 values greater than 90 
mm (3 ½ inches), the upper boundary of typically chosen spawning gravel. This indicated 
that steelhead chose larger substrate for spawning in winter 2001-2002 than typically 
preferred. However, from corings the substrate appeared uncompacted and easy to move. 
 
Due to the degree of armoring, particle analysis of the sub-surface layer for each sample 
may indicate a more realistic estimate of embryo surviva l and fry emergence. In comparing 
the subsurface samples to entire bulk samples, the average D-50 for the 12 samples was 
smaller than that for the entire bulk sample (13.9 mm vs. 35.9 mm in the bulk sample), the 
average geometric mean was smaller (14.0 mm vs. 20.7 mm in the bulk sample) and the 
percent sand was higher (27.7% vs. 16.5% in the bulk sample) (Tables 10 and 11). 
Although the substrate was slightly larger with slightly less sand, on average, for the 
subsurface portions of spawning redds compared to those of all samples combined, the 
same trends were present when comparing subsurface samples to entire bulk samples for 
spawning redds only.  
 
Estimated percent embryo and fry survival were lower for subsurface layers compared to 
combined surface and subsurface layers, with smaller geometric means and more sand in 
the subsurface samples. Percent embryo survival in redds averaged 73% (range of 50% to 
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82%) (Table 11, using Figure 2). Percent fry emergence of hatched embryos from redds 
averaged 66% (range of 53% to 82%) (Table 11, using Figure 3). Survival rate from egg 
to fry emergence from subsurface layers of redds averaged 49% (range of 27% to 61%).  
Estimated survival rate from egg to fry emergence from surface and subsurface layers 
combined was 85%. 
 
Bratovich and Kelley (1988) estimated survival of coho salmon to fry emergence within a 
range of 6% and 84%, averaging 59% in Lagunitas Creek, and using similar procedures as 
those used here except that sand included particles less than 3 mm in their study instead of 
2 mm measured as sand in this study. This likely made little difference in the results 
because Lagunitas Creek had sand of granitic origin, which is more coarse than sand in 
Soquel Creek, which is of mostly sandstone origin. They considered 59% survival rate 
relatively high. This was higher than our 49% survival rate estimated for steelhead in 
Soquel Creek, and 4 of 12 (33%) of the spawning glides had estimated survival rates of 
31% or less when the 10-24 cm layer was analyzed. Therefore, spawning conditions in 
Lagunitas Creek in the mid 1980’s were somewhat better than in the lower 10 miles of 
Soquel Creek in 2002. Bratovich and Kelley (1988) reasoned that steelhead fry emergence 
would be higher than coho fry emergence in Lagunitas Creek because steelhead fry were 
reported to emerge from sand more easily than larger chinook salmon fry (Bjornn 1969), 
and emergence survival was higher for steelhead fry than salmon fry in identical mixtures 
of sand and gravel (Hall and Lantz 1969). At the time of emergence, salmon fry are larger 
than steelhead fry (Phillips et al. 1975) and have more difficulty emerging through 
restricted gravel interstices.  
 
Streambed conditions in Soquel Creek in 2002 were likely much better than after the 1997-
1998 El Niño storms that inputted considerable sediment to the channel. Qualitatively, 
spawning conditions appeared less sandy in 2002 than previous years after 1998. Spawning 
success is likely quite variable in Soquel Creek and periodically very low in the lower 10 
miles of the mainstem and East Branch. This is because the creek is subject to episodic 
flood events that provide large quantities of fine sediment to the channel. The extremely 
mobile nature of the streambed in Soquel Creek results in frequent scour flows that may 
wash away spawning redds or bury them.  This apparently contributes to generally low 
recruitment of young-of-the-year steelhead to the mainstem. Of the last 6 years of 
monitoring, young-of-the-year densities in Reaches 1-10 were substantially higher in 1997 
and 2002, after mild winters in which most of the stormflows occurred early in the winter. 
This result is consistent with the suspected high vulnerability of spawning redds to scour.    
 
Table 10. Gravel Size Descriptors for Untruncated Bulk Gravel Samples, Surface and 
Subsurface Gravel Samples Combined (0-24 cm depth), Mainstem and East Branch 
(Reaches 1-10) Soquel Creek, Summer 2002.  

Habitat # 
(Increasing 
% Fines) 

Reach Spawning 
Use 

D16 
mm 

D50 
mm 

D84 
mm 

dg* 
mm 

% 
Sand 
Finer 
than 

2 mm 

Armor 
Index 

% 
Embryo 
Survival 
(based 

on  dg)* 

% 
Fry 

Emergence 
(based on 
% sand )* 

% Egg 
to Fry 

Survival 

27 8 Yes 9.05 50.79 112.33 31.88 8.53 4.09 97 99 96 
33 9 No 6.73 30.19 56.40 19.48 10.90 2.05 93 97 90 
19 6 Yes 8.03 70.45 169.60 36.90 11.49 6.08 97 97 94 
31 9 Yes 5.64 33.74 68.70 19.69 11.74 2.07 94 97 94 
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1 1 Yes 5.90 49.82 98.20 24.07 13.13 4.63 97 96 93 
9 3 No 4.62 32.60 63.27 17.10 14.47 3.75 88 86 76 
28 8 No 4.16 29.38 54.78 15.10 15.69 3.05 81 95 77 
15 4 Yes 3.86 31.83 77.33 17.28 16.85 2.45 88 92 81 
32 9 Yes 3.69 36.69 96.17 18.84 18.07 2.61 91 88 80 
17 6 No 3.51 24.04 62.10 14.76 19.67 5.03 79 86 68 
24 7 Yes 3.31 22.65 60.77 14.18 21.95 4.20 72 84 60 
6 1 No 2.73 18.00 135.03 19.20 35.61 1.31 92 50 46 
  Overall 

Average 
5.1 35.9 87.9 20.7 16.5 3.4 89 90 80 

  Std. Dev. 1.9 14.1 34.5 6.7 6.9 1.4 7.6 12.9 14.8 
  Used 

Habitat 
Average 

 
5.6 

 
42.3 

 
97.6 

 
23.3 

 
14.5 

 
3.7 

 
91 

 

 
93 

 
85 

  Std. Dev. 2.0 14.7 33.8 7.7 4.3 1.3 8.3 5.1 12.0 
*dg = geometric mean; Embryo survival relationship from Shirazi et al. 1981; Fry emergence relationship    
  from Hall and Lantz 1969.  
 
 
Table 11.Gravel Size Descriptors for Untruncated Bulk Gravel Samples, Subsurface 
(10-24 cm depth) Gravel Samples Combined, Mainstem and East Branch (Reaches 1-
10) Soquel Creek, Summer 2002.   
(Refer to the Figure 1 for map locations.) 
 
Habitat # 

(increasing 
% fines) 

Reach Spawning 
Use 

D16 
mm 

D50 
mm 

D84 
mm 

dg 
mm 

% 
Finer 
than 

2 
mm 

% 
Embryo 
Survival 
(based 

dg)  

% 
Fry 

Emergence 
(based on 
% sand ) 

% Egg 
to Fry 

Survival 

33 9 No 3.76 19.57 49.41 13.63 19.57 72 83 60 
31 9 Yes 3.48 20.81 53.84 13.69 20.81 72 82 59 
19 6 Yes 3.19 19.12 76.07 15.58 23.83 82 74 61 
27 8 Yes 6.35 15.46 28.41 13.43 24.01 71 73 52 
6 1 No 3.15 9.11 172.03 23.28 24.44 96 71 68 
9 3 No 3.00 11.91 37.42 10.60 27.35 48 65 31 
15 4 Yes 2.96 15.14 75.04 14.90 28.24 78 63 49 
1 1 Yes 2.90 12.13 73.83 14.63 29.78 76 60 46 
28 8 No 2.87 12.33 42.47 11.04 30.69 51 58 30 
32 9 Yes 2.87 13.02 92.53 16.30 30.82 85 58 49 
24 7 Yes 2.77 10.56 42.56 10.86 33.95 50 53 27 
17 6 No 2.67 7.25 36.05 9.81 38.49 42 46 19 
           
  Overall 

Average 
3.3 13.9 65.0 14.0 27.7 69 65 46 

  Std. Dev. 1.0 4.1 37.5 3.5 5.3 16.2 10.9 15.0 
  Used 

Habitat 
Average 

 
3.5 

 
15.1 

 
63.2 

 
14.2 

 
27.3 

 
73.4 

 
66.1 

 
49 

  Std. Dev. 1.2 3.3 20.7 1.6 4.3 10.6 9.6 10.3 
 
 
Conclusions Pertaining to Spawning Glide Analysis 
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1. Higher densities of young-of-the-year steelhead in Soquel Creek in 2002 (as in 
1997) were likely to be partially due to higher egg survival and fry emergence 
resulting from less scour of spawning redds than other years during a mild winter 
without significant late storms. 

 
2. Spawning gravel in steelhead redds was similar in quality to gravel in unused 

glides. However, adult steelhead appeared to spawn upstream of steep, 
constricting riffles to maximize intragravel water velocity. 

 
3. In 4 of the 7 analyzed spawning redds, steelhead chose gravel with D-84 values 

much beyond the 90 mm (3 ½ inches) typical upper boundary for spawning gravel 
size. This may indicate that spawning gravel of preferred size at the heads of 
appropriate riffles (at least on the streambed surface) is in short supply in Soquel 
Creek at present.      

 
4. Most redds and unused spawning glides in Soquel Creek had a layer of larger 

particles armoring the surface, with smaller particles and more sand underneath. 
The average armoring ratio was 3.4, while the typical range reported for gravel bed 
streams is 1.5 to 3. However, from coring efforts, the substrate did not appear 
compacted or difficult to move. 

 
5. In estimating survival rate of eggs to fry emergence, composition of the 

subsurface layer of the spawning gravel likely determines the survival rate. 
 

6. The best estimate of average survival rate from egg to fry emergence (based on 
composition of subsurface layers of steelhead redds) was 49% in 2002. (The 
estimated average survival rate for surface and subsurface layers combined of 
steelhead redds was 85%.) The estimated 50% survival rate was higher than 
expected, but was not indicative of conditions after episodic flood events. This 
was probably the highest quality gravel since before the El Niño storms of 1997-
98.  However, there were only 35 spawning glides identified in 10 miles of the 
mainstem and East Branch (3.5/ mile) and only 10 glides had observable 
steelhead redds in a year when they were highly visible, all of which had steep, 
constricting riffles below. 

 
 
Survey for Large Woody Material in Soquel Creek in 2002 
 
Michelle Leicester (graduate student in Natural Science under the guidance of Dr. Jerry 
Smith at San Jose State University) performed a wood inventory for D.W. ALLEY & 
Associates on Soquel Creek in summer 2002. This was judged critical to watershed 
assessment because the amount of wood present in the stream channel and the likelihood 
of its recruitment are crucial factors in evaluating habitat conditions and the assessing the 
potential for habitat restoration. Leicester also inventoried three other coastal streams in 
2001-2002, using the same methods for purposes of comparison. Donald Alley assisted 
her in collecting data on Soquel Creek. Leicester provided results and conclusions of the 
survey in her draft report (Leicester, unpublished draft report ). Findings and 
recommendations pertaining to large wood from that report are included here with 
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additional recommendations from D.W. ALLEY & Associates. Refer to Appendix L for 
photographs of some wood clusters. 
 
Refer to Appendix E for a description of the methods and detailed results of the wood 
survey on Soquel Creek in 2002. 
 
When describing a stream channel and upper areas nearby, certain names and definitions 
are used. There is the low flow channel, which is wetted with flowing water during the 
summer. There is the bankfull channel, which is also known as the active channel that 
holds a stormflow that usually occurs every 1.5 to 2 years in a watershed. Downed wood 
within the bankfull channel is considered in-channel. Areas above the bankfull channel 
are considered out-of-channel. It is the bankfull event that is typically capable of picking 
up and moving significant streambed material, thus changing the channel morphology 
somewhat. The bankfull width is the channel width at the bankfull flow. Seldom are there 
riparian (streamside) trees of 6 inches diameter or larger within the bankfull channel 
because that area periodically gets scoured by winter flows. If there is an extended 
drought, smaller trees may encroach into the bankfull channel and re-vegetate the gravel 
bars within the bankfull channel. But the established riparian forest usually begins at the 
bankfull edge and extends upslope. Sometimes quite large trees are perched at the 
bankfull line, creating undercut banks and an excellent source of downed wood later on. 
The slope of the streambank is sometimes steeper below the bankfull line and becomes 
more gradual above it. Entrenchment is a measure of the degree of vertical containment 
of the stream channel, often computed as a ratio of the width of the food-prone area at an 
elevation twice the maximum bankfull depth divided by the bankfull width. So a stream 
channel with low entrenchment will spread out more during a flood that goes beyond the 
bankfull flow. 
 
The upslope zone includes riparian forest, usually dominated by deciduous (trees that 
drop their leaves in the fall), broad leaf trees such as alder, bigleaf maple, cottonwood, 
dogwood and sycamore. Redwoods, Douglas fir, California bay laurel and tanoak also 
commonly live in the upslope zone within the riparian forest or slightly higher. On 
Soquel Creek this upslope area includes a terrace (elevated flat area) in many places, 8-
10 feet above the bankfull elevation, covered with mostly older cottonwoods. During 
floods (larger stormflows greater than bankfull events) the riparian corridor in the upslope 
area becomes inundated, even the high terraces during high stormflows. In the valley 
reaches not bordered by canyon wall on both sides, the stream has a floodplain that may 
extend laterally hundreds of feet beyond the bankfull channel. Houses and buildings are 
sometimes constructed within the floodplain. The width of this flood-prone area depends 
on the size of flood event being considered. The 100-year floodplain includes the channel 
width that would become flooded from a storm event with an estimated frequency of 
occurrence of 100 years. Wood floating down the creek at higher than bankfull events 
may get hung up in the standing riparian forest, thus being sieved out of the moving 
channel before it can jam up on a bridge or other larger wood clusters downstream.  
 
 
General Results and Discussion Regarding the Large Wood Survey  
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Stream Characteristics 
 
The surveyed portion of Soquel Creek (Reaches 1-10) was geomorphically similar in 
most of the sample areas.  The lower reaches (1-4) had many urbanized stretches, with 
many homes and structures in close proximity to the channel. The middle reaches (5-7) 
had fewer urbanized sections but had considerable stretches without development. The 
stream channel itself is low gradient, with low to moderate entrenchment, moderate to 
high width/depth ratios and substrate dominated by sand, gravel or cobble s (Rosgen 
channel types C3, C4 or C5) (Tables 1 and 3; Appendix E).  The riparian areas were 
broad, with slopes of <43% on the left bank and <57% on the right bank.  Upslope areas 
also tended to be gently sloped (Table 2; Appendix E). Reaches 3-7 were punctuated 
periodically by dramatic vertical bedrock canyon walls on one side that caused the stream 
to bend abruptly at several turns.  
 
The upper reaches (8-10), from the Purling Brook ford upstream into the East Branch 
past the Olive Springs Quarry, had fewer homes adjacent to the stream, but had many 
developed parcels related to horse activities, outdoor events and a lengthy flood control 
project in Reach 10 that had been constructed by the landowner opposite the quarry.  The 
channel narrowed and became more entrenched, although riparian widths remained 
relatively broad; the substrate was dominated by gravel and cobble (Rosgen type C4 or 
B3C).  Both the riparian and upslope areas contained intermittent bedrock outcrops with 
resultant vertical banks and steep slopes (Table 2; Appendix E). Reach 8 had more 
instances of canyon walls on both sides than downstream reaches. Reach 9 was often 
bordered by a canyon wall or steep slope on the south with more gradual floodplain 
above the bankfull on the north side that encouraged development of ranchettes.  
 
Many instances of cutting and removal of riparian trees were noted in the course of this 
survey. Large wood in the channel in urbanized stretches was often cut up. Cutting in the 
riparian corridor was a significant factor in the lack of functional in-channel large wood.   
 
 
Large Woody Material, Tree Distribution, Species Composition and Abundance 
 
Large wood lying in the riparian corridor and channel (LWD), as well as live trees, were 
hardwood and conifer species.  Conifers included Douglas fir (Pseudotsuga menziesii) 
and redwood (Sequoia sempervirens), although the majority of the trees and logs tallied 
were redwoods.  The native hardwood species were white alder (Alnus rhombifolia), red 
alder (Alnus rubra), black cottonwood (Populus tricocarpa), western sycamore (Platanus 
racemosa), California bay laurel (Umbellularia californica), tanbark oak (Lithocarpus 
densiflorus) and willow (Salix spp.).  Red alder and cottonwood made up most of the live 
trees and logs tallied.  Non-native species present included Acacia spp. and Eucalyptus 
spp.  These were primarily present in Reaches 1 through 4, and most were too small to be 
tallied (<1 foot diameter). 
 
There were 1,119 out-of-channel logs and trees counted in the upslope, riparian and 
perched areas, of which 392 (35%) were conifers and 727 (65%) hardwood (Table 4; 
Appendix E). In general, upslope areas were dominated by conifers (74%), and the 
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riparian and perched (within or at the edge of the bankfull channel) areas were dominated 
by hardwoods (84%) (Table 4; Appendix E).  
 
There were only 92 pieces of large wood in the 10.2 miles of active (low flow and 
bankfull combined) channel surveyed.  Thirty-six pieces (39%) were conifers and 56 
(61%) hardwoods (Table 5; Appendix E).  The majority (59%) of the large wood was in 
the low flow channel, and conifer/hardwood ratios there were similar to that of the entire 
active channel (37% to 63%).  Abundance of large wood associated with habitat 
formation (pool or backwater) was similar to overall channel abundance (55% hardwood 
versus 45% conifer), but conifer-derived large wood was somewhat more likely to be 
associated with habitat compared to its overall abundance.  
 
Only 33% of the large wood present was associated with forming pool or backwater 
habitat (Table 5; Appendix E).  Overall, small hardwood pieces were most abundant 
throughout the sampled areas, with conifers scarce downstream but becoming more 
abundant in the upper reaches (Figs. 1-8; Appendix E).  Overall, hardwood pieces less 
than 2 feet in diameter were denser than those of other conifer or hardwood categories 
(Figs. 5 and 7; Appendix E), and conifer pieces less than 2 feet in diameter had the 
lowest densities (Figs. 1 and 3; Appendix E).  The conifer wood present was 
approximately 65% “old” redwood, with the remainder recent redwood and Douglas fir.  
Most hardwoods tallied were cottonwood or red alder.   
 
Densities of wood in the active channel varied little among reaches (Table 6; Figures 1-
8; Appendix E), and were extremely low overall.  Reach 1 had the lowest density (0.8 
pieces per thousand feet) and Reach 6 had the highest (3.2 pieces per thousand feet) 
(Table 7).  By comparison, Gazos Creek in San Mateo County, which was surveyed in 
2001 and supports coho salmon and steelhead, had reach densities ranging from 18 to 65 
pieces per thousand feet (Leicester 2002, unpublished report).  
 
 
Conclusions Regarding the Large Wood Survey   
   

1. Large wood was extremely scarce in Soquel Creek compared to other coastal 
streams recently surveyed (Waddell, Scott and Gazos creeks) (Leicester 2002, 
unpublished data).  While much of the channel’s large wood was large in size 
(greater than 2 feet in diameter and/or greater than 20 feet in length), it was 
mostly hardwood-derived and not contributing to habitat quality features. 

 
2. Conifer- and hardwood-derived large wood was present in the channel in roughly 

equivalent amounts, in spite of the fact that hardwoods outnumbered conifers in 
out-of-channel areas by a ratio of about 2 to 1.  Soquel Creek has a large active 
channel, approaching 100 feet in width in some places, and a mean bankfull width 
of 52.3 feet.  Any large wood recruited to the channel is unlikely to remain unless 
it is large (greater than 2 feet in diameter and greater than 20 feet in length).  This 
would explain why densities of long, large-diameter large wood were much 
higher than shorter large wood densities.  The relatively high abundance of 
conifer-derived large wood in the channel compared to upslope was apparently 
because conifer-derived large wood has longer residence time due to its greater 
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diameter and length, and its higher resistance to decay compared to hardwood-
derived large wood. 

 
3. Pools and backwaters formed by logs were primarily formed by relatively scarce, 

large (greater than 2 feet in diameter and 20 feet in length), coniferous large 
wood, despite the fact that hardwood large wood was present in greater densities. 

 
4. Most of the conifer-derived large wood was “old” redwood that had been in the 

channel for considerable time 
 

5. Shorter large wood can have a positive impact on habitat when it is associated 
with, or “caught” by, large wood as part of a wood cluster. 

 
6. Recruitment sources of new large wood were primarily perched, dead/standing 

and/or leaning trees, most of which are hardwoods less than 2 feet in diameter (in 
particular red alders and cottonwoods).  Very few dead/standing or leaning 
conifers were present, and most of these were in riparian or upslope areas, where 
the likelihood of natural recruitment is low. 

 
7. Large conifers were upslope and likely to be recruited only during catastrophic 

events such as debris flows or large storms such as those that occurred in 
December 1955 and January 1982.  To prevent damage to downstream structures, 
such as roads or bridges, most large wood recruited to Soquel Creek during high 
flow events has usually been removed.  Evaluation of current management 
practices for large wood could perhaps redirect current removal efforts to preserve 
large wood naturally recruited to the channel, thereby helping to create highly 
desirable habitat structures within the stream. Increasing large wood clusters in 
Soquel Creek will be absolutely necessary for restoring coho salmon and 
increasing the steelhead population. 

  
8. Substantial improvement of in-channel large wood densities and the habitat 

benefits associated with large wood would be most easily accomplished by the 
addition of large (greater than 2 feet in diameter and/or 20 feet or more in length) 
conifer trunks and rootwads.  This could be achieved by cutting large trees and 
dropping them into the channel, or preferably by pulling them partially into the 
channel complete with rootwad, at appropriate upstream locations.  During high 
flows, they would act as “catcher” logs for smaller wood, and perhaps reduce the 
amount of large wood being rinsed downstream to cause jams against bridges and 
problems for other structure. However, due to the close proximity of many 
structures to the Creek in the mainstem, the liability of placing large wood into 
Soquel Creek may be too great to recommend actively cutting and placing wood 
in the creek. In order for wood to stay put and be effective in catching wood, it 
would need to be longer than the bankfull width, which was often 50 feet or more. 

 
 
Survey for the Extent of Anadromy and Identification of Passage Impediments in 2002 
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A discussion of adult steelhead passage impediments (partial barriers at lower winter and 
spring flows) and absolute barriers is necessary in order to determine the upstream limits 
of anadromous (life history pattern that involves freshwater spawning and hatching, 
portion of rearing in freshwater and the ocean and return to freshwater as adults to 
spawn) fish habitat.  
 
Passage impediments in Soquel Creek include man-made features such as creek fords 
(low water crossings) in the West Branch and box culverts on tributaries. Refer to 
Appendix L for photographs of some of the impediments. Many summer cobble dams 
are constructed annually for recreation and water diversion. However, these are expected 
to blow out or be of little consequence during stormflows. However, two substantial ones 
have been constructed in the past- one in Reach 7 and one in Reach 9. A concrete weir 
exists at the beginning of Reach 11 above the quarry to measure streamflow. However, 
this is not an impediment at the present time.  
 
Absolute barriers are sometimes a matter of interpretation, experience and comparisons 
of size distribution of salmonid populations above and below. Man-made absolute 
passage barriers are a concrete Laurel Mill Dam abutment on the upper West Branch 
(approximately 6 miles upstream of the Hester Creek confluence) and the concrete dam 
on Bates Creek below the Grover Gulch confluence. 
 
Natural features creating impediments include two bedrock chutes on the West Branch, a 
bedrock shelf and 4 boulder fields on the East Branch, a bedrock chute and bedrock 
waterfall on Bates Creek, bedrock falls on Moores Gulch and wood clusters on other 
tributaries (Hinckley, Hester and Amaya creeks), With the bed mobilizing and the 
amount of streambank erosion that may occur episodically, critically wide riffles develop 
in different locations. However, in the past they have appeared after large stormflow 
events at several locations; just above the lagoon, below the corner pool adjacent to the 
Grange, in the Whitehead’s bend and below the bend at the sandstone wall in Reach 5 
(adjacent to the upper portion of the former Leporini orchard).   
 
 
Adult Salmonid Passage 
 
Passage impediments in Soquel Creek have the greatest impact on migrating adult 
salmonids heading to spawning grounds because they often travel several miles upstream. 
Impediments in the East and West Branches are more than 10 miles inland.  Access to 
upstream spawning habitat may be especially limiting when streamflow is insufficient to 
provide adequate water depth to allow them to jump over waterfalls or swim through 
steep or wide, shallow riffles.  If stormflows do not remain high long enough, by the time 
adults reach impediments in the upper branches, streamflow may have receded to the 
point of making passage very difficult or impossible. Adults typically migrate on the 
descending limb of the hydrograph and not while streamflow is still rising. As stormflows 
become more flashy (rapid increase in stormflow and rapid decrease), which becomes 
more common as watersheds become more urbanized, adult fish passage will become 
more difficult with more frequent stranding. 
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Since passage over many potential barriers is flow dependent, and coho salmon migrate 
upstream and spawn in late fall and early winter, they are much more vulnerable to 
passage impediments than steelhead. Coho are also weaker jumpers than equally sized 
steelhead.  Though winter storms may begin in November and December, soil conditions 
do not often reach saturation until January when additional rainfall results in increased 
flows in Soquel Creek.  If winter storms are delayed or drought conditions exist, flows 
may be inadequate to allow coho salmon migration over certain passage impediments.  If 
drought conditions persist, steelhead may also be impacted by low flow conditions that 
limit migration over certain passage impediments. 
 
Table 12 and Figure 1 describe the type and location of known passage impediments 
occurring on the East and West Branches and tributaries of Soquel Creek, with common 
locations of critical riffles on the mainstem There may also be additional passage 
impediments at other locations that limit migration during low-flow conditions.  Where 
data were available, the degree that each location impedes passage and under what flow 
conditions it is passable were noted (Table 12). Refer to Appendix H for locations of 
passage impediments.  
 
To improve migration conditions for salmonids, more detailed studies must be conducted 
to assess the barriers identified in this report.  The solution at each of the individual sites 
will depend on the type of barrier, its configuration, and streamflow conditions at 
different times of the year.  Remediation of existing barriers should begin with sites 
lower down in the watershed since they restrict access to more adequate spawning and 
rearing habitat. Preliminary ideas regarding improvement of impediments were made as 
they were observed.  
 
Priorities were assigned for each adult salmonid passage impediment regarding the 
importance of modification or maintaining passage by protecting winter flows (Table 
12). Before a decision is made to modify partial and absolute barriers, we must determine 
the extent of potential habitat that exists upstream of these passage problems and the 
likelihood that new barriers would form after modification.  
 
 
Smolt Out-Migration 
 
Smolt out-migration by both coho and steelhead occurs primarily from March through 
May.  The primary limiting factor on movement of smolts from their rearing habitat to 
the ocean would be excessive dewatering of the stream channel resulting in very shallow 
riffles or dry sections, which would create physical barriers to migration.  From March 
through May, complete dewatering of the channel could occur during a year, or period of 
years, under drought conditions. In 1992 and 1994 the channel went dry in Reach 1 near 
the Walnut Street Park.   
 
With an increased human population using limited water resources and consistent 
commercial water use on the Creek, smolt out-migration may become more of a limiting 
factor when the area experiences the next severe drought period. Access through the 
sandbar will likely be protected during the primary smolt out-migration with the use of 
the flume at the beach in Capitola. 



D.W. ALLEY & Associates Final Fisheries Report to S.C. County 3/14/03 

  Final County Soquel Fish Assessment31403.doc 41

 
Table 12. Description and locations of adult salmonid passage impediments on Soquel 
Creek.   
(Refer to Figure 1 for map locations.  This list includes identified passage 
impediments in 2002 and common locations of critical riffles in the mainstem, which 
are modified after each large stormflow and are usually worse until heavy sediment 
deposits are transported away.)  
 

ID Location Description Degree of Passage 
Impediment 

Priority in Maintaining/ 
Improving Passage 

1 
Mainstem Soquel 
Creek- Reach 1 

Wide critical riffle just upstream of 
Nob Hill Passable at ~ 50-200 cfs 

 
High 

2 Mainstem Soquel 
Creek- Reach 1 Wide critical riffle just below Grange Passable at ~ 50-150 cfs  

High 

3 Mainstem Soquel 
Creek- Reach 3 

Wide critical riffle upstream of Bates 
Creek 

Passable at ~ 50-200 cfs  
High 

4 Mainstem Soquel 
Creek- Reach 3 

Wide critical riffle at lower end of bend 
near Whitehead’s residence 

Passable at  ~ 50-150 cfs  
High 

5 Mainstem Soquel 
Creek- Reach 5 

Wide critical riffle at bend below high 
sandstone wall  

Passable at ~ 50-150 cfs  
High 

     

6 

East Branch- just 
below Ashbury 
Gulch. 
N37º05.535’; 
W121º53.702’ 
At lower end. 

Ashbury Falls - Field of Large 
Boulders, Narrow Canyon- 4 jumps 
over a span of 165 feet in length. 

Passable at ~ 100-150 cfs, likely 
to collect wood clusters 

 
High 

7 

East Branch- just 
below Ashbury 
Gulch 
 

Ashbury Falls -Bedrock Shelf-40 ft 
wide 

Passable at ~ 250-300 cfs 

 
 

High 

8 

East Branch- above 
Ashbury Gulch. 
N37º05.460’; 
W121º53.038’ 

Boulder Falls Passable at ~ 150 cfs 

 
High 

9 

East Branch- above 
Ashbury Gulch 
N37º05.388’; 
W121º52.600’ 

Steep boulder field creating step- 4.5 
feet jump without pool. Passable at ~ 200 cfs 

 
 

High 

10 

East Branch- 6,100 ft 
downstream of State 
Forest Entrance. 
N37º05.362’; 
W121º52.278’ 

Boulder Falls - 6.5 ft jump.  Passable at ~ 350 cfs 

 
 
 

High 

11 

East Branch- 5,600 ft 
downstream of State 
Forest Entrance. 700 
ft downstream of 
large wood cluster 
just upstream of 
Highland slide. 
N37º05.302’; 
W121º52.170 

Boulder/Wood Falls- 10 ft jump.  
Passable at ~ 600+ cfs (Above 
Bankfull) 
 

 
 

High 

     
12 West Branch- 1,000 Culverted Ford- No jump required into Passable at summer flow  
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ft Above Hester 
Creek 

4-ft diameter culvert; 60 ft wide; 
potential for jam 

High 

13 

West Branch- 600 ft 
Above Olsen Rd. 
7,750 ft above 
Hester Creek 
Confluence.  

Girl Scout Falls I- 7-ft drop; chute 15 ft 
long Passable at ~ 400 cfs 

 
High 

14 

West Branch- 890 ft 
Above Olsen Rd. 
8,000 ft above 
Hester Creek 
Confluence. 

Bedrock chute- 5-ft drop; chute 10 ft 
long Passable at ~ 200 cfs 

 
High 

15 

West Branch- 2,600 
ft Above Olsen Rd. 
9,750 ft above 
Hester Creek 
Confluence. 
N37º04.376’; 
W121º57.188’ 

Wood cluster- 10 ft high; 20 ft wide; 30 
ft long (Not grade control) 

Passable at ~ 30-50 cfs 

 
Moderate 

16 

West Branch- 3,660 
ft Above Olsen Rd. 
10,800 ft above 
Hester Creek 
Confluence. 

Girl Scout Falls II- 12-15 ft drop; 12 ft 
wide at bankfull; chute 25 ft long 

Passable at ~ 800-1000+ cfs  
(2-3 times bankfull) 

 
High 

17 

West Branch- 10,000 
ft Above Olsen Rd. 
17,150 ft above 
Hester Creek 
Confluence. 
N37º05.287’; 
W121º57.674 

Tilly’s ford- 5 ft high ford without 
culvert; 50 ft wide Passable ~ 200-300 cfs  

 
High 

 

18 

West Branch- 11,000 
ft Above Olsen Rd. 
18,150 ft above 
Hester Creek 
Confluence. 
N37º05.352’; 
W121º57.790 

Gabion Wall across channel- 1-2 ft 
high Passable ~ 50-75 cfs 

 
Moderate 

19 

West Branch- 
23,250 ft Above 
Olsen Rd; 30,400 ft 
Above Hester Creek; 
1,465 ft below paved 
road 

Laurel Mill Concrete Dam- 12-ft drop, 
45 ft wide Impassable 

 
None (Access extremely 

limited upstream due to high 
gradient and high frequency of  

landsliding upstream) 

     

20 

Bates Creek- 2,600 ft 
Above Main St. 
N37º00.000’; 
W121º56.729 

Bedrock chute- 7-ft vertical drop over 2 
steps, 30 ft long, 17 ft wide 

Passable ~ 100 cfs (Above 
Bankfull) 

 
Moderate 

21 Bates Creek- 3,100 ft 
Above Main St 

Bedrock/Wood falls- 8-ft drop into 
narrow canyon 

Passable ~ 150-200- cfs  
Moderate 

22 Bates Creek- 6,900 ft 
Above Main St 

Concrete Dam- 20-30 ft high Impassable  
None 

     

23 Grover Gulch- 
1,920 ft from Mouth 

Wood cluster- 4-ft vertical drop, 0.5 ft 
deep jump pool (sediment delta) 

Passable at 40-50 cfs Moderate if Bates Cr. Dam is 
removed 

24 Grover Gulch- Bedrock chute with LWD- 5-ft drop, 5- Passable at 75-100 cfs Moderate if Bates Cr. Dam is 
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1,995 ft from Mouth ft wide, no jump pool removed 

25 Grover Gulch- 
2,045 ft from Mouth 

Wood cluster- 8-ft high, no jump pool Passable at 150 cfs  Moderate if Bates Cr. Dam is 
removed 

26 Grover Gulch- 
2,085 ft from Mouth 

Wood cluster-4-5 ft high, Loosely 
aggregated 

Passable at Present- Jam with 
openings available 

Moderate if Bates Cr. Dam is 
removed 

27 Grover Gulch- 
2,100 ft from Mouth 

Two logs spanning creek-2.5 ft drop, 
no jump pool, 25 ft wide 

Passable at 75-100 cfs Moderate if Bates Cr. Dam is 
removed 

28 Grover Gulch- 
2,187 ft from Mouth 

Wood cluster, Old growth involved Passable at 40-50 cfs but may 
worsen soon 

Moderate if Bates Cr. Dam is 
removed 

29 
Grover Gulch- 
3,390 ft from Mouth 

Wood cluster-3-ft drop, 12-ft diameter 
redwood rootwad involved, at base of 
landslide 

Passable at 30-40 cfs 
Moderate if Bates Cr. Dam is 

removed 

30 Grover Gulch- 
3,475 ft from Mouth 

Wood cluster-8-ft high, no jump pool, 
at upper end of landslide 

Passage flow could not be 
estimated 

Moderate if Bates Cr. Dam is 
removed 

     

31 
Moores Gulch- 
1,521 ft Above Love 
Creek confluence 

Wood cluster- 3-ft vertical drop, 2-ft 
deep by 20 ft long jump pool Passable at 30-40 cfs 

 
Low 

32 
Moores Gulch- 
1,825 ft Above Love 
Creek confluence 

Bedrock falls - 5-ft vertical drop, 4-ft 
deep by15-ft long jump pool 

Passable at bankfull ~ 60-80 cfs 
 

Low 

33 
Moores Gulch- 
1,825 ft Above Love 
Creek confluence 

Bedrock chute- 2.5-ft drop without 
jump pool Passable at bankfull ~ 60-80 cfs 

 
Low 

34 
Moores Gulch- 
2,260 ft Above Love 
Creek confluence 

Bedrock falls - 5-ft drop, 5-ft deep by 
10-ft long jump pool Passable at bankfull ~ 60-80 cfs 

 
Low 

35 
Moores Gulch- 
6,207 ft Above Love 
Creek confluence 

Round culvert- 6-ft diameter, 57 ft long 
with baffles inside 

Passable but may become debris 
collector 

 
Low 

36 
Moores Gulch- 
9,604 ft Above Love 
Creek confluence 

Round culvert (private)- 5-ft diameter, 
42-ft long. No drop at bankfull 

Passable but may become debris 
collector 

 
None 

37 
Moores Gulch- 
9,784 ft Above Love 
Creek confluence 

Round culvert (private)- 5-ft diameter, 
25-ft long. Aggradation below 

Passable but may become debris 
collector 

 
None 

38 

Moores Gulch- 
10,093 ft Above 
Love Creek 
confluence 

Round culvert (private)- 5-ft diameter, 
20 ft long. No drop at bankfull 

Passable but may become debris 
collector 

 
None 

39 

Moores Gulch- 
11,571 ft Above 
Love Creek 
confluence 

Round culvert (private)- 5-ft diameter, 
25-ft long. Aggradation below. 

Passable but may become debris 
collector 

 
None 

40 

Moores Gulch- 
12,264 ft Above 
Love Creek 
confluence 

Round road culvert - 3-ft diameter, 20-
ft long. 3-ft drop1 at bankfull. 3-ft deep 
by 10 ft long jump pool at bankfull 

Passability difficult. Culvert 
undersized and bankfull would 
flow over road as well as 
through culvert 

 
None 

     

41 
Hinckley Creek- 
5,763 ft from mouth 

Bedrock falls with Wood cluster at 
head- 10-ft drop over chute 6-ft long, 
1.5-ft deep jump pool (5-ft deep at 
bankfull) 

Impassable at bankfull or at 
much higher flows. 

 
None 

     

42 Amaya Creek- 2,091 
ft from mouth 

Wood cluster- 7-ft high, 25-ft wide, 
approach pool 1.5 ft max. depth. 

Passable at ~300+ cfs 
(Grade control.) 

 
None 
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N37º04.759’; 
W121º55.701’ 

Redwood rootwads as catchers. 

43 Amaya Creek- 2,181 
ft from mouth 

Wood cluster- 7 ft high, 30 ft wide, 12 
ft long, approach pool 1.8 ft max. depth 

Passable at ~30-50 cfs 
(Not grade control.) 

 
None 

44 
Amaya Creek- 2,706 
ft from mouth 

Wood cluster- 6 ft high, 25 ft wide. 
Very stable. Old-growth log and 3 
rootwads as catchers. 

Passable at ~300+ cfs 
(Grade control.) 

 
None 

45 
Amaya Creek- 3,886 
ft from mouth 

Wood cluster- 8 ft high, 35 ft wide. 
Unstable, caused by debris flow from 
much landsliding, to supply more 
wood. 

Passable at ~300+ cfs 
(Grade control.) 

 
 

None 

     

46 Fern Gulch- 382 ft 
from mouth 

Wood cluster- 14-ft drop. Pool 5-ft 
deep by 10 ft long at bankfull. 

Impassable  
None 

     

47 Ashbury Gulch- 352 
ft from mouth 

Boulder cluster- 5-ft vertical drop, 3-ft 
deep approach pool  

Passable at ~ 50-80 cfs 
 

 
None 

48 
Ashbury Gulch- 432 
ft from mouth 

Split channel boulder cluster- 5.5-ft 
drop one side into 0.5 ft deep pool; 6-ft 
drop other side. From 3-ft deep pool at 
bankfull. 

Passable at ~ 100+ cfs 

 
 

None 

49 Ashbury Gulch- 480 
ft from mouth  

Boulder cluster- 6-ft vertical drop into 
1.2 ft deep pool.  

Passable at ~ 100+ cfs  
None 

50 Ashbury Gulch- 546 
ft from mouth 

Large wood cluster from debris slide. Passage very problematic  
None 

     

51 
Hester Creek- 1,656 
ft from mouth. 

Wood cluster- 5-ft minimum height 
without jump pool; 25 ft wide. 7-ft 
diameter redwood stump as catcher. 

Passable at ~ 100+ cfs 
(Grade control.) 

 
None 

52 
Hester Creek- 2,379 
ft from mouth 

Wood cluster on bedrock shelf- 4-ft 
minimum height without jump pool, 
20-ft wide 

Passable at ~ 200 cfs 
(Grade control.) 

 
None 

53 
Hester Creek- 2,620 
ft from mouth. 
 

Wood cluster- 6 ft minimum height 
without effective jump pool 

Passable at ~ 200-250 cfs 
 

None 

54 

Hester Creek- 2,916 
ft from mouth. 
N37º03.817’; 
W121º56.396 

Wood cluster- 6 ft minimum height, 1.5 
ft deep jump pool. 25 ft wide.  

1 ft hole in center. If not usable, 
passable at 200-300 cfs. (Grade 
control.) 

 
None 

55  
Hester Creek- 3,537 
ft from mout h 

Wood cluster- 3.5 ft minimum height. 2 
old growth redwood stumps and 
standing dead old growth as catchers. 

Passable at ~ 150-200 cfs 
 

None 

56 
Hester Creek- 4,036 
ft from mouth 

Bedrock falls with wood cluster on top- 
10-ft bedrock falls with additional 7-10 
ft of wood on top in a 12-ft wide gorge 

Impassable 
 
 

None 
 
 
 
Growth Rate and Density of Juvenile Steelhead in Relation to Streamflow 
 
Differences in juvenile steelhead growth rate occur between cooler upper reaches of the 
East and West Branches and heavily shaded tributaries compared to the warmer, larger 
mainstem and lower East Branch of Soquel Creek. In the high baseflow year of 1998, 
most juvenile steelhead that reared in the mainstem and East Branch up through Reach 10 
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grew fast enough to reach smolt-size (typically => 75 mm Standard Length) within 1 year 
(Alley 1999). However, most young-of-the-year juveniles in the West Branch and upper 
East Branch in the Soquel Demonstration State Forest did not reach smolt-size in 1998 
due to cooler temperatures and less streamflow. In a drier year with less baseflow, such 
as 1997  (Alley 1998) or 2002 (Alley unpublished data), a large proportion of young-of-
the-year steelhead reached smolt size the first year in Reaches 1-6 and 10, while only a 
small proportion reached smolt size in Reaches 7-9, and none did in the West Branch and 
upper East Branch in the Soquel Demonstration State Forest.  The slower growth rate 
directly resulted from lower baseflow and greater competition for food with higher 
densities of young-of-the-year fish. Young-of-the-year steelhead inhabiting the lagoon 
grew to smolt size in one season in all years of monitoring (Alley 1992-2002) despite 
warm temperatures. The high food abundance in the lagoon was responsible.  
 
The positive relationship between streamflow and steelhead growth rate was confirmed 
with data collected from the San Lorenzo River. In 1981 and 1994-97, faster growth rates 
of young-of-the-year steelhead occurred in the mainstem San Lorenzo River in wetter 
years as summer baseflow increased (Alley et al. 2002). This same relationship was 
found for mainstem Soquel Creek when the percent of young-of-the-year fish reaching 
smolt-size was greater for wetter years (Appendix A; Figures 6 and 7). The largest 
impacts of streamflow on juvenile steelhead growth in the mainstem San Lorenzo River 
were seen in the middle River, where there was generally a higher proportion of yearling-
sized (smolt-sized) young-of-the-year’s as annual summer streamflow increased, as well 
as higher densities of these fish during wetter years (Table 13). Therefore, the annual 
density of smolt-sized young-of-the-year fish was plotted against measures of streamflow 
in regression analysis. Very high correlations were found between fall baseflow and 
densities of smolt-sized young-of-the-year fish in the middle San Lorenzo River (Alley et 
al. 2003). This positive San Lorenzo River relationship between streamflow and smolt-
size densities would be expected in the mainstem of Soquel Creek from Reach 1 through 
Reach 10 on the East Branch, if it were not for poor spawning success in wetter years in 
Soquel Creek.  
 
Regression analysis in tributaries to the San Lorenzo River focused on the relationship 
between streamflow and young-of-the-year densities, since nearly all young-of-the-year 
fish were <= 75 mm SL.  Results indicated that annual young-of-the-year densities 
increased substantially in wetter years with higher summer baseflow (Table 13). Results 
in San Lorenzo tributaries would be expected in the West Branch of Soquel Creek, the 
upper East Branch in the Soquel Demonstration State Forest and in tributaries such as 
Bates, Moores, Hinckley, Amaya and Hester creeks, if it were not for poor spawning 
success in wetter years in Soquel Creek. 
 
Except for 1998, which had substantially higher baseflows than other years, the benefits 
of higher baseflow found in the middle San Lorenzo (increased densities of young-of-the-
year fish reaching smolt size) were not well expressed in the Soquel Creek mainstem 
(Reaches 1-8) or the lower East Branch below the Soquel Demonstration State Forest 
(Reaches 9-10). Higher densities of smolt-sized young-of-the-year fish did not occur even 
though growth rate was higher in wetter years in Soquel Creek and a higher proportion of 
young-of-the-year fish reached smolt size. The problem has been that there were much 
fewer young-of-the-year fish produced in wetter winters in these reaches so that there 
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were fewer of them to grow into smolt size. After wetter winters, low spawning success 
was apparently incapable of sufficiently saturating the rearing habitat with young-of-the-
year fish. Only in 1998 were there more young-of-the-year fish produced, apparently at 
the end of the spawning season, and most all reached smolt size to make relatively high 
densities of smolts in the lower watershed. Therefore, the limiting effects of high 
sediment content in spawning gravels on spawning success (more redd scour and/or 
burying in sediment) overshadowed the benefit of more streamflow in these lower 
reaches unless a very wet winter occurred with very high baseflow afterwards.   
 
For comparison, measured streamflow in fall in Reaches 7 and 8 of the upper mainstem 
was 2.5 to 3 cfs greater in 1998 compared to 2001.  Measured streamflow in Reaches 1-3 
in the lower mainstem was 3.5 to 4.5 cfs greater in 1998 than 2001. The indication that 
excess fine sediment and poor spawning success in intermediately wetter winters was 
more limiting than reduced growth rate of young-of-the-year’s caused by reduced 
baseflow does not negate the limiting effect of reduced baseflow, however.   
 
Regarding the overall density of smolt-sized juveniles produced in the lower watershed, 
which is the all important size class in contributing to adult returns, few yearlings inhabit 
these reaches. So, as young-of-the-year production goes, so goes the production of 
smolts. Even with the present shortage of wood and escape cover in the lower watershed, 
spawning success as determined by the amount of fine sediment on the bed that moves 
each winter, appears most limiting. If wood were allowed to increase, rearing habitat 
might improve and sediment transport may decline to make up for existing spawning 
limitations in wetter winters. 
 
The benefits of streamflow found in San Lorenzo tributaries regarding higher densities of 
young-of-the-year were expressed in the East Branch in the Soquel Demonstration State 
Forest for the years 1999-2001(Table 1 and Figures 11 and 12; Appendix A). 
However, as in the mainstem, spawning success was apparently higher in milder winters 
such as 1997 and 2002, leading to higher young-of-the-year densities despite the reduced 
baseflow. Here again, the limiting factor of sediment overshadowed the benefit of higher 
baseflow in wetter winters. 
 
Regarding the overall density of smolt-sized juveniles produced in the upper watershed 
(Soquel Demonstration State Forest and West Branch), streamflow is certainly limiting to 
insect production and drift rate that are translated into slower steelhead growth rate there 
than in the lower watershed. All of the smolt-sized juveniles in the upper watershed are 
yearlings that take 2 years to smolt. No consistent relationship has developed between 
baseflow and yearling density in the upper watershed except that a high flow winter such 
as 1998 washes the yearlings out of the system. The baseflow likely does not vary enough 
from year to year in the upper watershed, and it is generally so low that rearing habitat 
quality (amount of escape cover and pool depth resulting from the balance between scour 
and sedimentation) and the size of the young-of-the-year population the previous year are 
the primary determinants of yearling (smolt) density there. 
   
Conclusions Pertaining to Streamflow, Juvenile Steelhead Density and Growth Rate 
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1. Juvenile steelhead do not migrate to the ocean until they reach smolt size (at least 
75 mm Standard Length).  

 
2. The number of smolt-sized fish produced each year has the greatest effect on the 

number of adults that will return to the watershed. Young-of-the-year fish that do 
not reach smolt size the first year must spend two years in the creek and over 
winter two years, making them more vulnerable to predation and less likely to 
make it to sea.  

 
3. With higher baseflow, growth rate of young-of-the-year steelhead increased in the 

lower watershed and the proportion of young-of-the-year fish reaching smolt size 
the first year increased. 

 
4. Years with higher baseflow in spring and summer did not increase young-of-the-

year growth rate in the West Branch and upper East Branch (Soquel 
Demonstration State Forest) enough to increase the proportion or the density of 
young-of-the-year fish reaching smolt size in the first year. In these upper 
watershed reaches, the baseflow in wetter years was lower than in downstream 
reaches. 

 
5. Years with higher baseflow in spring and summer did not increase densities of 

smolt-sized young-of-the-year fish in the mainstem, despite faster growth rates, 
except in the very wet year of 1998. In 1998, when baseflow was 2.5-3 cfs higher 
in the upper mainstem and 3.5 to 4.5 cfs greater in the lower mainstem compared 
to a more average year like 2001. In 1998 there were not many young-of-the-year 
fish produced, but most all of them reached smolt size in the mainstem.  

 
6. Poor spawning success and associated low young-of-the-year densities in the 

mainstem in most of the wetter years overshadowed any benefit of increased 
growth rate of young-of-the-year fish. Greater densities of young-of-the-year fish 
occurred after milder winters such as 1997 and 2002 that had lower baseflows.  
These years had greater densities of smolt-sized young-of-the-year fish and 
greater total densities of smolt-sized juveniles. The exception was 1998. 
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Table 13. Linear regression equations generated between streamflow and young-of-the-year 
steelhead densities at mainstem San Lorenzo River and tributary sites for years 1981, and 
1994-1997. (From Alley et al. 2003.) 
 

Location Variables 
Regression 
Equation1 

R-
Squared 
Statistic2 

F-
Statistic 
P-Value3 

Mean monthly flow @ Big Trees; 
young-of-the-year’s => 75 mm SL/ 

100ft 
Y = 0.36x + 35.59 0.28 0.47 

Gorge 
Annual minimum daily flow @ Big 

Trees; young-of-the-year’s  =>75 mm 
SL/ 100 ft 

Y = 2.02x + 20.50 0.26 0.49 

Mean monthly flow @ Big Trees; 
young-of-the-year’s => 75 mm SL/ 

100 ft 
Y = 0.36x + 10.11 0.51 0.29 

Lower 
River 

Henry Cowell 
Annual minimum daily flow @ Big 

Trees; young-of-the-year’s =>75 mm 
SL/ 100 ft 

Y = 2.30x – 9.23 0.43 0.21 

Mean monthly flow @ Big Trees; 
Average young-of-the-year’s => 75 

mm SL/ 100 ft 
Y = 0.38x – 0.13 0.99 0.00 

4-site 
composite Annual minimum daily flow @ Big 

Trees; Average young-of-the-year’s 
=> 75 mm SL/ 100 ft 

Y = 1.86x – 11.46 0.86 0.02 

Below Fall 
Creek 

Annual minimum streamflow; young-
of-the-year’s  => 75 mm SL/ 100 ft 

Y = 0.95x + 0.54 0.85 0.03 

Ben Lomond Annual minimum streamflow; young-
of-the-year’s  => 75 mm SL/ 100 ft 

Y = 13.48x – 26.99 0.89 0.02 

Brookdale Annual minimum streamflow; young-
of-the-year’s  => 75 mm SL/ 100 ft 

Y = 8.45x – 7.99 0.87 0.02 

Middle 
River 

Below 
Boulder Creek 

Annual minimum streamflow; young-
of-the-year’s  => 75 mm SL/ 100 ft 

Y = 1.29x + 5.20 0.22 0.42 

Zayante 
Creek 

Below Bean 
Creek 

Annual minimum streamflow; young-
of-the-year Density/ 100 ft 

Y = 11.51x – 0.16 0.58 0.08 

Mean Monthly flow @ Mt. Hermon 
young-of-the-year Density/ 100 ft 

Y = 14.43x + 3.15 0.59 0.04 
Bean 
Creek 

Below 
Lockhart 

Gulch Annual minimum streamflow; young-
of-the-year Density/ 100 ft 

Y = 56.84x + 8.25 0.38 0.14 

Lower 
Boulder 

Above Hwy 9 Annual minimum streamflow; young-
of-the-year Density/ 100 ft 

Y = 58.17x – 11.59 0.77 0.02 

 

1 The independent variable “x” is a measure of streamflow. The dependent variable “y” is the juvenile fish density. 

2 Percent of the variation in fish density explained by the linear model. 

3 Probability that an error would be made in rejecting the null hypothesis that the slope of the regression is zero. 



D.W. ALLEY & Associates Final Fisheries Report to S.C. County 3/14/03 

  Final County Soquel Fish Assessment31403.doc 49

Habitat Conditions in Tributaries and the East and West Branches Above Passage 
Impediments 
 
Bates Creek 
Bates Creek was habitat typed from its mouth to one habitat past Main Street. This was 
the reach most impacted by urbanization. Pools were formed by bedrock, logs and 
rootwads. Average pool depth was greater than pools surveyed in Moores, Hinckley, 
Amaya and Hester creeks, but less than in Grover Gulch (Table 14).  However, the mean 
of maximum pool depths was less than those in Grover and Moores gulches. Escape 
cover was comparable to Grover Gulch and more available than in other tributaries. Tree 
canopy closure was intermediate among the tributaries, and water temperature was 
relatively cooler after exiting a more shaded canyon above Main Street. The tree canopy 
below Main Street was provided by a diverse, largely deciduous riparian forest consisting 
of alder, cottonwood, willow, dogwood and sycamore, with some redwood, Douglas fir, 
exotic ornamentals and a cedar. The culvert under Main Street was 8 feet in diameter and 
57 feet long. It constricted the channel and has a high probability of accumulating wood 
during stormflows. Streamflow on 28 August 2002 was visually estimated at 0.25 cubic 
feet per second (cfs). Non-pool habitat was too shallow for fish to inhabit. Rocks were 
heavily embedded. 
 
The tree canopy above Main Street was well shaded by tall trees and a ridge to the south 
(averaging 82% canopy closure and 25% deciduous) with redwood along with tanoak and 
bigleaf maple. Sixteen pools were greater than 2 feet maximum depth between Main 
Street and the Dam, 6,900 feet upstream. These deeper pools were mostly bedrock 
scoured with little cover. More than any other tributary, Bates Creek above Main Street 
had several large pieces of wood of old-growth redwood origin. Two natural passage 
impediments existed in the middle of this reach, making the dam accessible only during 
storm flows. Yearling-sized salmonids increased above the first bedrock chute, indicating 
resident trout. As many as 15-20 of these larger trout were present in each deep pool. The 
channel had cut down to bedrock in many places. There were only 3 eroding slopes in the 
reach. 
 
Spawning habitat was poor with a preponderance of sand from the Dam to the mouth. 
The dam has served as a sediment trap in the past and could continue to do so if trapped 
sediment was excavated and removed from the completely filled reservoir. 
 
Grover Gulch 
The confluence of Grover Gulch and Bates Creek was 965 feet upstream from the Dam. 
The streambed consisted of soft sediment downstream of the confluence to the dam. The 
Grover Gulch canyon was heavily shaded (88%) with redwood, tanoak, California bay 
and only 2% bigleaf maple. Streamflow was reduced to 0.15 cfs and may cease during 
drought.  Resident trout were present, but growth was probably very slow. Grover Gulch 
was primarily pool habitat (Table 14), and most pools were scoured by wood and 
rootwads, with some bedrock present. Escape cover was in good supply, and pool depth 
was greater than other tributaries.  The stream channel was mostly sand and clay in pools, 
often with soft deposits. Rocks were very embedded. Spawning conditions were poor 
with mostly fines. 
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The costs and benefits of removal of the Bates Creek Dam should be carefully considered 
because of the potentially heavy release of sediment from behind the dam, the poor 
accessibility of Grover Gulch to adult steelhead if the dam was removed, the probable 
low fish productivity of Grover Gulch and the value of the Dam as a sediment catchment 
basin. Adult steelhead access to Grover Gulch would be highly problematic because of 
the narrowness the channel, having vertical banks and bedrock walls that will catch large 
wood.  The channel easily forms wood clusters that may impede passage, particularly if 
clusters form at the top of bedrock chutes. Refer to photographs in Appendix L for 
existing passage impediments. Eight impediments were found in 3,500 feet of surveyed 
channel. A significant landslide was located approximately 2,500 feet from the mouth, 
contributing much wood to a wood cluster that was 8 feet high and spanned the creek. 
Multiple large redwood rootwads were involved.  
 
Moores Gulch 
Moores Gulch is actually tributary to the smaller Love Creek that travels through a box 
culvert to enter mainstem Soquel Creek. The County constructed a fish ladder to improve 
steelhead access to the culvert and Moores Gulch. Moores Gulch was the most highly 
sedimented tributary, with a preponderance of sand in all habitat types (Table 14). Rocks 
were highly embedded.  Most pools had shallow average depths, though there were 
relatively deep bedrock pools interspersed between. Pool escape cover was similar to that 
in Hinckley Creek, more than in Hester Creek, but less than in Amaya, Bates and Grover 
Gulch. The channel was well shaded, and water temperature was relatively cool. In small, 
highly shaded, highly sedimented streams insect production is likely low.  Steelhead 
growth rate was very slow in 1981 and probably continues to be. 
 
The channel passed through several culverts, though the most substantial impediments 
were natural bedrock chutes within the first 2,000 feet of the creek. Moores Gulch is 
probably one of the least productive of the tributaries. 
 
Hinckley Creek 
Hinckley Creek is of primary importance to the East Branch because it maintains high 
baseflow in the summer with relatively cool water that moderates the hot water flowing 
out of the less shaded Reach 10 on the East Branch. Streamflow was estimated at 0.4 cfs, 
while the East Branch was flowing at less than 0.1 cfs above the confluence. 
 
Yellow-legged frogs were present.  
 
Hinckley Creek was well shaded (88%) with a third of the tree canopy deciduous (Table 
14). Pool habitat was relatively poorly developed, with habitat proportions fairly evenly 
distributed between pools, riffles and step-runs. Pools were scoured by boulders, wood, 
rootwads and some bedrock. Pool escape cover was intermediate in availability compared 
to other tributaries.  Pools averaged more than 50% fines, lending to poor spawning 
habitat at their tails. Rocks were highly embedded. Three large wood clusters were 
observed between 3.800 and 6,700 feet from the mouth. A bedrock waterfall with wood 
at the top formed an absolute barrier at 5,700 feet from the mouth. Stream bank erosion 
was very limited in the reach surveyed. 
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The creek will benefit from recruitment of large wood to create more pool habitat. 
Streamside trees must be protected to promote recruitment of large coniferous wood and 
to maintain cool water temperature.  With the high baseflow and relatively high 
deciduous riparian contribution, growth rate of young-of-the-year steelhead is probably 
comparable to the East Branch in Reach 9. Hinckley Creek is likely one of the more 
productive tributaries for young-of-the-year steelhead, with more than a mile of 
accessible habitat. 
 
Amaya Creek  
Amaya Creek is an important source of large wood, although its unstable canyon slopes 
make it has been documented as leading contributor of sediment during large stormflows. 
It is important to leave the wood clusters in the channel to impede sediment transport into 
the East Branch. Four large wood clusters and a sizeable landslide were observed in the 
3,800 feet of surveyed channel.  
 
With the near absence of bedrock in the lower reaches, pools were primarily scoured by 
wood, rootwads and boulders. Although pools were relatively shallow and constituted 
slightly less than a third of the habitat, they contained relatively large amounts of cover 
under wood (Table 14). Streamflow was estimated at 0.2 cfs. Tree canopy was less than 
other tributaries with more than a third as deciduous. It was one of warmest tributary, but 
3ºF cooler at 60ºF than the East Branch at the end of the survey day on 31 August 2002. 
 
Although wood clusters began to impose passage impediments 2,000 feet from the mouth 
of Amaya Creek, and spawning glides were highly embedded with an estimated 25% 
fines, the lower reaches of Amaya Creek were likely productive for juvenile steelhead 
due to the good cover in pools. And spawning substrate was better quality than other 
tributaries.  
 
Hester Creek   
Hester Creek was analogous to Amaya Creek in that it could be an important source of 
large wood (if it could pass the box culvert at its mouth), while its unstable canyon slopes 
make it a significant contributor of sediment during large stormflows. Here, too, it is 
important to leave the wood clusters as sediment traps to impede sediment transport into 
the West Branch. The debris flows occur at such high frequency, that rearrangement of 
wood clusters (that begin 1,600 feet from the mouth) to aide in fish passage will likely 
have very short-lived benefit. In addition, the absolute barrier to adult migration was 
found at 4,000 feet from the mouth.  
 
A small portion of the riparian corridor was deciduous (11%) in a well-shaded canyon 
offering 82% canopy closure from primarily redwood and tanoak with some alder and 
bigleaf maple (Table 14). Water temperatures were cool. In the lower 1,000 feet that was 
habitat typed, pool development was relatively poor with 20% of the stream as pools and 
relatively shallow pool depths. Pool escape cover was the lowest of the tributaries, and 
spawning glides were heavily embedded and dominated by fines (40%). Hester Creek 
may be expected to produce few yearlings and low densities of young-of-the-year 
juveniles. 
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East Branch Above Ashbury Falls 
The surveyed stretch above Ashbury Gulch had a higher portion of larger boulders (> 10 
inches diameter) than elsewhere in the watershed, offering the highest pool cover rating 
of the reaches that were habitat typed. The potential for production of yearling fish is 
high in this reach. The canyon was well shaded (80% tree canopy) with a third of the 
riparian shading being provided by deciduous trees (Table 14). The riparian forest was 
primarily redwood and tanoak with Douglas fir, California Bay, bigleaf maple and alder.  
The stream channel was mostly step-run and pool habitat, with a modest 0.2 cfs estimated 
streamflow. Average pool depth was higher than in any of the tributaries, but shallower 
than the upper West Branch, with its deep bedrock pools. Spawning habitat was not 
evident in the segment habitat typed. Pools were heavily embedded with high percent 
fines (40%), typical of other upper watershed reaches.  
 
The relatively high-quality rearing habitat in pools and sufficiently cool water 
temperatures in the upper East Branch warrant efforts to make passage impediments at 
Ashbury Falls and upstream less challenging. The large boulders in the narrow canyon 
and the bedrock shelf upstream that make up the Ashbury Falls complex (5 drops) could 
benefit from modification. Then there were 4 boulder cluster impediments between there 
and the vicinity of the Highland Slide that we recommend modifications to. 
 
West Branch Between Girl Scout Falls I and II (Reach 14B) 
About 600 feet upstream of Olsen Road was the Girl Scout Falls I bedrock chute. 
Between Girl Scout Falls I and II was designated as the 3,000-foot Reach 14B. Sampling 
in this reach in 2002 indicated high densities of young-of-the-year salmonids typical of a 
steelhead population (Table 1; Appendix A). However, the absence of late winter storms 
may have allowed resident trout to recruit high numbers of young-of-the-year fish. 
Densities of yearling-sized salmonids were in relatively high densities, as well as larger 
trout being present that were likely resident. Therefore, fish sampling did not offer a 
clear-cut answer to the adult passability of Girl Scout Falls I. Snorkel-censusing of deeper 
pools may allow detection of larger resident trout. 
 
 The reach was adequately shaded with a tree canopy closure of 79%, with 16% 
deciduous (Table 14). The forest on the steep slopes was primarily Douglas fir, redwood, 
tanoak, California bay and bigleaf maple. Two-thirds of the reach was pool habitat, with 
more than 90% scoured by bedrock. Pool cover was very low in most pools with 
periodically pools with considerable cover. Most of the cover was in 3 of 29 pools. 
Eighteen of 29 pools (62%) were at least 2 feet maximum depth. Ten of 29 pools (34%) 
were at least 3 feet maximum depth. Rearing habitat would be greatly improved by 
increased recruitment of large wood into the channel. Embeddedness was high in pools 
and runs, though it was much lower in riffles, step-runs and glides. Spawning habitat 
appeared to be adequate to saturate rearing habitat in 2002.  
 
A bedrock chute 300 feet upstream of Girl Scout Falls I warrants modification to ease 
passage to Girl Scout Falls II. Modification is warranted for a wood cluster spanning the 
creek 2,000 feet upstream of Girl Scout Falls I.   
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West Branch Upstream of Girl Scout Falls II (Reach 14C) 
Approximately 3.7 miles of potential steelhead habitat exists upstream of Girl Scout Falls 
II.  Girl Scout Falls II appeared impassable, based on our experience. However, sampling 
above this impediment showed similarly high young-of-the-year densities as found below 
(Table 1; Appendix A). This would imply a steelhead population. However, the absence 
of late winter storms may have allowed resident trout to recruit high numbers of young-
of-the-year fish. There were no larger resident-sized salmonids captured. However, pools 
of average pool depth were sampled and deeper pools that would likely support larger 
trout were not. Snorkel-censusing of these deeper pools may provide more decisive 
information.  
 
Habitat conditions in Reach 14C were similar to those in Reach 14B. Tree canopy was 
slightly less at 74% with slightly more deciduous trees (Table 14). The canopy estimates 
were taken throughout the reach. The same riparian tree species were found as in the 
immediately downstream reach, with alder and willow also present in places. Pools again 
constituted two-thirds of the habitat, with more than 90% scoured by bedrock. The 
proportion of step-runs increased, indicating a higher gradient than below. Pool escape 
cover was low, but slightly higher than in Reach 14B. Fifteen of 23 pools (65%) were at 
least 2 feet maximum depth and 4 pools (17%) were at least 3 feet maximum depth. 
Escape cover was more spread out among the pools than in Reach 14B. Increased 
recruitment of large wood into the channel would greatly improve escape cover in pools. 
Pools and step-runs were highly embedded, but riffles were much less embedded. 
 
Salmonid densities in Reach 14C were quite high, with good spawning success in 2002. 
Therefore, modification/laddering is warranted of Girl Scout Falls II, as well as two man-
made impediments, 6,000-7,000 feet upstream of the Girl Scout Falls II. These include a 
concrete low-water crossing and a gabion dam paralleling a stream crossing. There was a 
road within the bankfull channel with several stream crossings for approximately 700 
feet, 4,300 feet upstream of Girl Scout Falls II. The road led to 2 house trailers and an 
established encampment certainly within the 1998 floodplain. Proper sewage disposal 
should be a concern.  
 
There were 5 landslides in this reach contributing significant sediment, particularly the 
large, active landslide region 9,000-11,000 feet upstream of Girl Scout Falls II (Table 9). 
Repair of these slides would significantly enhance salmonid habitat. Insect production in 
riffles would improve. Spawning success would increase in more typical years when later 
winter and spring storms occur. 
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Table 14. Habitat conditions in Soquel Creek tributaries and the East and West 
Branches upstream of passage impediments. 

Stream/ 
Reach/ 
Length 

Habitat 
Type 
(# of  

Habitats) 

%  
Habitat 

Proportion 

Mean 
Length 

(ft) 

Mean 
Width 

(ft) 

Mean 
Depth 

(ft) 

Mean 
Max. 
Depth 

(ft) 

Cover 
Length/ 
Stream 
Length 

Avg. 
Cover 
Index* 

Avg. 
Embed- 
dedness 

%  
Fines 

Overall 
%Tree 
Canopy 

(% 
Deciduous) 

Maximum 
Water  
Temp. 

º F 

Bates pool (12) 59 42 8 1.0 1.6 0.121 0.133 50 74 80 (75) 57.5 
(lower) riffle (13) 28 19 6 0.2 0.3 0 0 36 32   
861 ft run (6) 13 18 6 0.3 0.5 0 0 48 48   

             
Grover pool (13) 74 54 10 1.2 2.2 0.111 0.131 45 88 88 (2) 57 
(lower) riffle (9) 9 9 6 0.2 0.3 0.024 0.016 23 21   
940 ft run (8) 17 20 7 0.3 0.5 0.006 0.006 31 43   

             
Moores pool (14) 53 52 7 0.8 1.8 0.086 0.101 41 81 82 (46) 57 
(lower) riffle (10) 20 27 13 0.3 0.5 0 0 25 60   
1,376 ft run (9) 27 41 5 0.4 0.8 0.003 0.001 35 86   

             
Hinckley pool (10) 27 35 10 0.8 1.6 0.097 0.102 44 51 88 (34) 61 
(lower) riffle (14) 34 38 9 0.4 0.6 0.012 0.016 41 35   
1,308 ft run (4) 8 27 8 0.6 1.0 0.024 0.022 43 59   

 step -run 
(3) 

31 134 11 0.6 1.0 0.063 0.035 50 62   

             
Amaya pool (11) 30 27 11 0.9 1.3 0.214 0.221 51 64 70 (38) 62 
(lower) riffle (6) 15 26 6 0.2 0.4 0 0 38 15   
1,011 ft run (5) 22 45 7 0.35 0.6 0.018 0.013 46 29   

 step -run 
(6) 

29 49 8 0.4 0.6 0.048 0.044 60 25   

 glide (4) 4 10 9 0.3 0.4 0 0 55 25   
             
Hester pool (7) 20 30 10 0.8 1.2 0.060 0.060 56 35 82 (11) 59.5 
(lower) riffle (9) 32 36 9 0.3 0.5 0.014 0.016 39 40   
1,016 ft run (6) 22 36 12 0.4 0.6 0.013 0.013 53 43   

 step -run 
(3) 

21 72 11 0.4 0.7 0.014 0.014 47 38   

 glide (5) 5 9 9 0.2 0.4 0 0 62 40   
             

East 
Branch pool (18) 42 21 13 1.1 1.7 0.214 0.208 47 41 85 (35) 64 

(2001) 
(above  riffle (5) 8 14 5 0.3 0.6 0.021 0.019 41 6   

Ashbury) 
901 ft 

step -run 
(8) 

50 56 6 0.6 1.1 0.049 0.046 41 21   

             
West 

Branch  
pool (29) 64 73 12 1.5 2.6 0.051 0.049 55 - 79 (16) 62 

(14B) riffle (23) 15 22 - - - - - 33 -   
3,311 ft run (7) 8 53 - - - - - 47    

 step -run 
(7) 

9 41 - - - - - 33 -   

 glide (2) 5 81 - - - - - 35    
             

West 
Branch  

pool (23) 62 70 14 1.4 2.4 0.068 0.075 61 - 74 (23) 62 

(14C) riffle (10) 6 14 - - - - - 30 -   
2,574 ft run (4) 7 47 - - - - - - -   

 step -run 
(10) 25 65 - - - - - 45 -   
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Conclusions Regarding Habitat Evaluation of Tributaries and Upper Portions of the 
East and West Branch 
 

1. Habitat quality on the East Branch upstream of Ashbury Falls was relatively 
good, warranting modification of passage impediments between Ashbury Falls 
and just upstream of the Highland Road slide. 

 
2. Habitat quality upstream of on the West Branch Girl Scout Falls I and II was 

relatively good, warranting modification of passage impediments/ total barriers up 
to the flashboard dam below the Burns/ Laurel Creek confluence. 

 
3. Modification of wood clusters was not warranted on Hester and Amaya creeks 

because the clusters impeded considerable fine sediment that enters the channel 
from unstable slopes during each high stormflow event. 

 
4. Amaya Creek had relatively high amounts of escape cover due to the presence of 

large wood. 
 

5. Modification of culvert crossings and bedrock falls was not warranted on Moores 
Gulch because of its high sediment content and poor rearing and spawning 
habitat. 

 
6. All tributaries had high embeddedness and poor spawning habitat quality due to 

sedimentation. 
 

7. Hinckley Creek had limited pool habitat, though extensive step-run habitat 
provided good habitat for young-of-the-year fish.  

 
8. The relatively high baseflow of Hinckley Creek and its cool water temperatures 

make it an important supply of streamflow to the East Branch and an important 
moderator of hot water flowing out of Reach 10 adjacent to the rip-rapped 
channel. 

 
9. Modification of the natural passage impediments on Bates Creek is warranted 

because of the habitat value upstream and the potential of Bates Creek to better 
seed the lower mainstem with young-of-the-year fish. 

 
10. Removal of the Bates Creek Dam appears unwarranted after survey of Grover 

Gulch because of the potential release of much sediment from behind the dam, the 
poor accessibility of Grover Gulch even if the dam was removed, the probable 
low fish productivity of Grover Gulch and the value of the Dam as a sediment 
catchment basin. 
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LIMITING FACTORS ASSESSMENT 
 
Introduction 
 
In the mainstem reaches, young-of-the-year (YOY) steelhead densities had been low 
since 1997 (prior to the El Niño storms) until 2002, when densities rebounded 
substantially, and smolt-sized production has been low since 1998. Young-of-the-year 
densities at most sites increased in 2002 after a mild winter with early storms, as was the 
case in 1997. Growth rate of young-of-the-year steelhead is positively affected by more 
baseflow in Soquel Creek and other local streams, such as the San Lorenzo River (Alley 
et al. 2002). The proportion of young-of-the-year fish reaching smolt size in one growing 
season has been shown to increase with higher baseflow through regression analysis in 
the middle mainstem of the San Lorenzo River.  Though no formal analysis has been 
done for Soquel Creek, the same relationship between fish growth and streamflow exists 
in lower Soquel Creek. It is seen when comparing 1998 young-of-the-year growth rates 
when baseflow was high to growth rate in other years with less baseflow. Several factors 
appear to limit distribution, survival and growth rate of juvenile steelhead (both small 
young-of-the-year fish and yearlings/ smolt sized young-of-the-year fish). These factors 
include passage impediments, spawning habitat qua lity (proportion of fine sediment, 
number of constricting, steep riffles below spawning glides), spring and summer 
baseflow, amount of escape cover (provided by instream wood, undercut banks, 
unembedded boulders, water depth itself), water temperature and habitat depth. The same 
factors that limit steelhead also limited coho salmon to the point of their disappearance 
from Soquel Creek, presumably during the last drought of 1987-1992. In this assessment 
the limiting factors have been identified for different segments of the Soquel Creek 
drainage (Table 15).   
 
Table 15. Assessment of Limiting Factors for Steelhead and Coho Salmon in the 
Mainstem, Branches and Tributaries of Soquel Creek.                                               
(Coho limiting factors in parentheses if different from steelhead.)  

Location Sediment- 
Spawning 

Sediment- 
Rearing 

Adult Passage 
Impediments 

Spring and 
Summer 

Streamflow 

Summer 
Water 

Temperature  

Large 
Woody 

Material 
Lagoon No Yes No Yes Yes Yes 
 
Mainstem to 
Moores 
Gulch 

 
Yes 

 
Yes 

 
Yes- Drought 

Only 

 
Yes 

 
Yes 

 
Yes 

 
Mainstem from 
Moores 
Gulch to East-
West Branch 
Confluences 

 
Yes 

 
Yes 

 
No 

 
Yes 

 
No (Yes) 

 
Yes 

 
East Branch from 
West 
Branch 
Confluence to 

 
Yes 

 
Yes 

 
No 

 
Yes 

 
No (Yes) 

 
Yes 
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Hinckley Creek 
Confluence 
 
East Branch from 
Hinckley 
Creek to Canyon 
Mouth 

 
Yes 

 
Yes 

 
No 

 
Yes 

 
Yes- Highly 

 
Yes 

 
East Branch from 
Canyon to 
Ashbury Falls  

 
No 

 
Yes 

 
No 

 
Yes 

 
No (Yes) 

 
Yes 

East Branch from 
Ashbury Falls to 
the Soquel 
Demonstration 
State Forest 
Entrance 

 
No 

 
Yes 

 
Yes 

 
Yes 

 
No (Yes) 

 
Yes 

 
West Branch from 
East Branch 
Confluence to 
Hester Creek 

 
Yes 

 
Yes 

 
Yes- If 

Culverted Ford 
Collects Wood 

 
Yes 

 
No (Yes) 

 
Yes 

 
West Branch from 
Hester 
Creek confluence 
to Girl Scout Falls 
I 
 

 
Yes 

 
Yes 

 
No 

 
Yes 

 
No (Yes) 

 
Yes 

West Branch from 
Girl Scout Falls I 
to Girl Scout Falls 
II 

 
Yes 

 
Yes 

 
Yes 

 
Yes 

 
No (Yes) 

 
Yes 

West Branch from 
Girl Scout Falls II 
to Flashboard 
Dam 

 
Yes 

 
Yes 

 
Yes 

 
Yes 

 
No (Yes) 

 
Yes 

Bates Creek 
 

Yes Yes Yes Yes No Yes 

Moores Gulch Yes Yes Yes- If 
Culverts Jam 

Yes No Yes 

Hinckley Creek 
 

Yes Yes Yes Yes No Yes 

Amaya Creek 
 

Yes Yes Yes Yes No No 

Hester Creek Yes Yes Yes Yes No Yes-
Lower 

Reaches 
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Benefits of a Properly Functioning Riparian Zone  
 
A properly functioning riparian corridor will reduce limiting factors, such as warm water 
temperature, excessive stream sedimentation and the shortage of large wood recruitment 
to the stream channel.  
 
There is a growing body of evidence that buffers along streams are necessary to protect 
aquatic ecosystems from potential disruption and degradation. The purpose of riparian 
buffer strips is to allow natural interactions between riparian and aquatic systems to be 
sustained so that appropriate instream ecosystems, sediment regimes and channel forms 
can be maintained. Reid and Hilton (1998) enumerated specific roles of riparian zones in 
relation to the instream environment as follows; 
 

• Maintenance of the aquatic food web through provision of leaves, branches and 
insects 

 
• Maintenance of appropriate levels of predation and competition through support 

of appropriate riparian ecosystems 
 

• Maintenance of water quality through filtering of sediment, chemicals and 
nutrients from upslope sources 

 
• Maintenance of an appropriate water temperature regime through provision of 

shade and regulation of air temperature and humidity 
 

• Maintenance of bank stability through provision of root cohesion on banks and 
floodplains 

 
• Maintenance of channel form and instream habitat through provision of wood and 

restriction of sediment input  
 

• Moderation of downstream flood peaks through temporary upstream storage of 
water 

 
• Maintenance of downstream channel form and instream habitat through 

maintenance of an appropriate sediment regime 
 
According to Reid and Hilton (1998), riparian zones are important to adjacent instream 
ecosystems because the strongly control the availability of food, distribution of predators, 
form of channels and distribution of temperatures (Murphy and Hall 1981, Naiman and 
Sedell 1979, Theurer and others 1985, Zimmerman and others 1967).  
 
Riparian buffer strips in timber harvest zones have been recommended in the past 
because they have been demonstrated to protect instream habitat (Erman and others 
1977, Murphy and others 1986, USDA 1994). Riparian buffer strips have become a 
widely accepted way to help protect aquatic ecosystems and water quality from the 
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effects of upslope activities. According to Reid and Hilton (1998), the Forest Ecosystem 
Management Assessment Team (FEMAT) recommended the establishment of riparian 
reserves to help sustain the proper functioning of processes that influence habitat, and 
thus to provide for habitat requirements for coho salmon and other aquatic species. 
Because steelhead habitat requirements are similar to those of coho salmon, riparian 
reserves would offer them the same protection. Such buffer zones were recommended for 
Federal lands in the Pacific Northwest (Femat 1993). The National Marine Fisheries 
Service (Spence and others 1996; in the ManTech report ) made similar 
recommendations for the design of Habitat Conservation Plans on non-federal lands in 
the same region. Under the Northwest Forest Plan, prescribed buffer widths for fish-
bearing streams are a minimum of two tree heights’ width, and the ManTech report 
concluded that buffers equal to or greater than one tree height’s width were necessary, 
depending on which riparian functions were to be maintained. The Nevada Ecosystem 
Project recommended a minimum of a one-tree-height buffer (Kondolf and others 
1996). According to Reid and Hilton (1998), all of these recommendations specify that 
management activities be avoided within riparian zones unless they are compatible with 
the restoration and preservation of appropriate riparian and aquatic function.  
 
The National Marine Fisheries Service considered riparian habitat to be critical habitat 
for the federally Threatened coho salmon and steelhead.  Removal of riparian canopy 
over a stream is considered an adverse modification and is subject to review by the 
National Marine Fisheries Service (NMFS) under the Endangered Species Act for 
projects requiring Army Corps 404 permits for modifications to stream channels. The 
National Marine Fisheries Service typically recommends in short-term Habitat 
Conservation Plans that an Aquatic Protection Zone (APZ) be established from the outer 
edge of the bankfull channel a distance horizontally equivalent to the site potential tree 
height on Class I and II watercourses in order “to protect the functions and processes of 
the riparian zone.” Within this APZ the National Marine Fisheries Service typically 
recommends that, other than road related activities, no management operations be 
allowed within the APZ or adjacent bankfull channel. For Class III watercourses, the 
National Marine Fisheries Service typically recommends 50-foot Aquatic Management 
Zones (AMZ) for slopes <30% and a 100-foot AMZ for slopes >30% where conifer tree 
size distributions will be left representative of the pre-management stand, with no 
management operations within 30 feet of the outer edge of the AMZ or adjacent bankfull 
channel.  
 
Brown (1991) stated that the mass soil movement in forest watersheds is often triggered 
by road construction. He stated that one landslide or slump can place several times more 
sediment into a stream than is normally carried during a year. Roads made by cut and fill 
operations on slopes create roadbeds of potentially unstable fill material. These roads 
may change drainage patterns and sometimes focus runoff onto unstable slopes below, 
especially if the roads are not out-sloped. 
 
Erosion, sedimentation and habitat degradation may be expected to increase in 
association with increased road building in suburban areas, with increased impermeable 
surfaces that lead to higher stormflow from increased runoff and less percolation, with 
continued land-use management without adequate protection of the riparian corridor and 
lack of maintenance of erosion control measures, with increased clearing of forested 
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areas for human development and increased use of unpaved road surfaces, with continued 
clearing of streamside vegetation by streamside residents and with continued removal or 
cutting of instream large woody material. 
 
 
Water Temperature as a Limiting Factor 

 
Brett (1956) defined lethal temperature theoretically as that temperature at which 50% of 
a fish population could withstand for an infinite time. At the lethal temperature and 
beyond, the is a period of tolerance before death known as the resistance time (Fry 1947) 
Because of the resistance time, fish are able to tolerate diurnal fluctuations exceeding 
lethal temperatures (Fry et al. 1946). Between the upper and lower lethal temperatures is 
found the preferred temperature for each species. Fry (1947) defined the preferred 
temperature as the temperature range in which a given fish population will congregate 
when given the choice of an infinite range of temperatures. Optimal temperature is 
considered that which is most beneficial to the species. Tolerable temperature is that 
which the species can survive at. 
 
Lethal temperature limits and the preferred temperature of a species can be altered 
through acclimation to changing environmental temperatures. As the acclimation 
temperature increases, the lethal and preferred temperatures progressively increase (Brett 
1956). If a fish is allowed to acclimate (adjust) to a warmer temperature, it can survive at 
higher temperatures. This process allows a species to survive over an extended 
temperature range. However, the fish’s food requirements increase with temperature 
because its metabolic rate increases. A review of the literature concerning the effects of 
high temperature on steelhead-rainbow trout shows considerable variation in results 
between different researchers. This was partially due to differences in laboratory 
conditions under which the studies were conducted. Uncontrolled variables such as water 
chemistry, season, day length, acclimation level, physiological condition, size, age, sex, 
reproductive condition, nutritional state and genetic history of tested fish may influence 
their response to water temperature levels. 
 
Sub- lethal effects of high temperatures on salmonids include increased metabolic rates 
and decreased scope for activity, decreased food utilization and growth rates, reduced 
resistance to disease and parasites, increased sensitivity to some toxic materials, 
interference with migration, reduced ability to compete with more temperature resistant 
species and reduced ability to avoid predation. 
 
In Soquel Creek, as in other central Coast streams, water temperature is primarily a food 
issue. In the mainstem, water temperature is probably not directly lethal. But higher 
temperatures increase food demands and restrict steelhead to faster habitats for feeding, 
especially above 21ºC (70ºC) (Smith and Li 1983).  The lethal level for steelhead would 
probably be above 26-28ºC (79-82ºF) for several hours during the day. But this is rarely, 
if ever reached. Even so, warmer temperatures could result in slow growth or starvation 
in steelhead if food supply becomes very limited. Summer water temperatures have been 
measured in the lagoon and just upstream since 1998 (Alley 1999a-2002a) and further 
upstream in 1998 (Alley 1999b) and in 2001 (provided in this assessment).  Daily 
maximum water temperature often rose above 21ºC (70ºF) in the lagoon and just 
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upstream. Temperatue maxima rose into the 23-24ºC (73-75ºF) range upstream of Bates 
Creek in 1998 after the El Niño storms.  These mainstem reaches often provide habitat 
for large yearling steelhead and fast-growing young-of-the-year fish. The high growth 
rate in the mainstem (lower watershed) leads to relatively high densities of smolt-sized 
juveniles in some years and a substantial proportion of the smolt-sized (=>75 mm SL) 
steelhead in the watershed (Appendix A; Table A3 and Figure 5).  
 
Water temperature is partially controlled by air temperature and stream shading. Stream 
shading is affected by topography (canyon versus valley), sun angle (daily and seasonal), 
stream orientation (east-west or north-south), streamflow (less water heats up quicker 
than more water), tree canopy (over the stream and on surrounding slopes), tree species 
(deciduous or evergreen, broadleaf or needle leaf) and seasonality of leaf production and 
leaf-drop by deciduous riparian trees. The volume of streamflow determines the amount 
of heat from solar radiation and air contact that is required to increase water temperature.  
The more flow, the slower the increase in daily temperature and the lower the maximum 
daily temperature for any given amount of sunlight and shading. The creek will warm up 
faster in unshaded reaches on a hot summer day during a drought compared to the creek 
in summer after a wetter winter, given the same amount of shading and air temperature. 
 
Fishes are poikilotherms, meaning their body temperatures conform to the temperature of 
the water they inhabit. As water temperature increases, fishes’ bodies warm up, chemical 
reactions (metabolism) go faster inside their bodies, their ability for activity increases to a 
point, they consume more oxygen and they must consume more food to support higher 
metabolic rates.  But higher water temperatures that occur in the mainstem of Soquel 
Creek and lagoon speed up primary (plant life) and secondary (aquatic insects) 
productivity that result in more food available to fish. Juvenile steelhead can digest food 
faster at warmer temperatures, allowing them to process more food and grow faster to 
reach smolt size the first year, so long as they can find enough food.  
 
In stream habitat in the lower mainstem (primarily Reaches 1-4, Appendix A; Figure 1) 
steelhead must live and feed in fastwater. However, near the upper temperature tolerance 
for steelhead, feeding stops and scope for activity declines. Dissolved oxygen declines as 
temperature rises, as well, making it more difficult for fish with faster metabolism due to 
higher temperatures to obtain sufficient oxygen. At cooler temperatures that exist in the 
upper mainstem, the upper East Branch, the West Branch and tributaries, fish retain most 
of their swimming ability, are not stressed by warm water, require less food and can 
afford to hide in slow pool habitat. But they have less food available due to more tree 
canopy in some reaches, canyon topography (and for the Soquel Demonstration State 
Forest high ridges to the south of an east-west stream orientation) that reduce water 
temperature and slow aquatic insect production. The volume of fastwater is less with 
lower streamflows to reduce insect drift that supplies food for steelhead, compared to 
further downstream in the watershed. Fortunately, at cooler temperatures in the upper 
watershed, steelhead metabolism is slower to reduce food requirements, but growth is 
slower, too.  There, it requires 2 years for juvenile steelhead to reach smolt size. 
Therefore, warmer water temperature speeds up the flow of energy through the food web 
and increases steelhead growth in warmer downstream reaches, but fish are forced to use 
fastwater habitat to survive. It is important to note that if cooler water were not flowing 
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into the lower reaches, they would be even warmer and place even greater food demands 
on steelhead residing there.  
 
Large segments of the riparian corridor along the 7.3 miles of mainstem channel had been 
decimated by the previously high stormflows of 1995, 1996 and 1998, and the source of 
replacement wood in the lower watershed was likely diminished. This is because the high 
stormflows had washed away the previously encroaching riparian forest immediately along 
the channel banks in many locations. Reach 3, downstream of the Whitehead bend and near 
the Bates Creek confluence, was especially hard hit with streambank erosion and loss of 
riparian corridor. Tree canopy closure in 1999 was inadequate to prevent water temperatures 
from increasing above the tolerance of coho salmon in Reaches 0-8 and 10. In 2001, the 
riparian corridor was in process of recovering after two milder winters in a row. Percent tree 
canopy closure improved substantially at 5 of 12 mainstem sites in 2001. However, the 
highly exposed stretches near Bargetto’s winery, near the Whitehead’s residence, near 
Mountain School and above Hinckley Creek continue to be largely unshaded and much less 
than the 65-85% closure that existed in 1994 at some of them (Appendix A; Figures 1 and 
15). In 2001, tree canopy closure varied between approximately 25% and 65% at the 12 
mainstem sites. In the two branches, tree canopy closure ranged between 65% and 85% 
except at Site 14 (Reach 10 above Hinckley Creek) where it was only 35%. Data from 
comparable sites in 1994 indicated that all 5 comparable sites on the mainstem and East 
Branch downstream of the Soquel Demonstration State Forest were more shaded in 1994 
than 1999 and 2001.  At least 2 of the largely unshaded sites in 1999 and 2001, Sites 3 and 
14 had more than 65% tree canopy closure in 1994. 
 
The importance of cool tributaries in lowering the water temperature of mainstem reaches 
was noted during work on the San Lorenzo River (Alley 2001). The same is true for cooling 
effects of Amaya, Hinckley and Bates creeks in the Soquel Creek watershed.  
 
 
Sediment as a Limiting Factor 

 
Input of fine sediment to the stream channel degrades salmonid spawning and rearing 
habitat. Adult steelhead and coho salmon bury their eggs in the streambed gravels in nests 
(redds) in winter and spring, where they incubate for weeks before fry emerge as much as 2 
months after the eggs were spawned. Excessive fine sediment in the absence of coarse 
gravel fills the interstitial spaces and prevents water from move through the gravel to 
provide adequate oxygen to the eggs and sac-fry. As percent fine material increases, egg 
survival declines. Also, with spawning areas dominated by fine material, scour of redds by 
later storms is highly likely. Water depth and hiding places (under wood, boulders, 
undercut banks) are important for juvenile salmonids to avoid predators. High sediment 
inputs degrade rearing habitat because it shallows pools and embeds larger cobbles and 
boulders to reduce escape cover. Suspended sediment also creates high turbidity that 
prevents juvenile salmonids from efficiently feeding on drifting insects, thus reducing 
growth rate. 
 
The Soquel Creek drainage is subject to episodically high inputs of fine sediment during 
large flood events. Soquel Creek Lagoon has been identified as sediment impaired by the 
Water Quality Control Board. Sediment enters the stream primarily from streambank 



D.W. ALLEY & Associates Final Fisheries Report to S.C. County 3/14/03 

  Final County Soquel Fish Assessment31403.doc 63

erosion and landslides. Hester and Amaya creeks were the #1 and #2 most severely 
impacted streams with the most landslides after the 1982 flood (Singer and Swanson 
1983). Many trees were deposited in the channel causing numerous wood clusters. In 
Hester Creek in some areas in 1983, the sediment and debris flows were continuous for 
several hundred feet of stream length. Most reaches were choked with fine sediment and 
downed trees. Large sediment wedges up to several thousand cubic yards were backed up 
behind numerous wood clusters. Other heavy stormflows that had similar effects occurred 
in 1955 and 1996 and 1998.  
 
Sedimentation during large floods tends to create wide riffles that become critically 
shallow passage areas for migrating adult steelhead (and coho salmon in the past). A 
proposed diversion site was considered below the USGS gage in the early 1980’s. In 
1981 it was determined that 35 cfs would be required for adult steelhead and coho salmon 
passage meeting the Thompson’s Criteria that 25% of the stream width have depths of => 
0.6 feet (Dettman et al. 1984). After the January 1982 storm, the estimated passage flow 
was 275 cfs. In 1983 sufficient high flows had moved enough sediment downstream and 
rearranged it so that the amount of streamflow needed to meet the Thompson’s criteria 
was down to somewhere near 100 cfs.  This year-to-year variation in bypass flows for 
adult salmonids highlights how upstream erosion and streambed conditions can influence 
flows required for fish passage.  
 
Erosion problems were assessed in July and August of 1986, for their potential to cause 
sedimentation in the Soquel Creek watershed (Santa Cruz County Planning 1986). This 
was after the large Valentine’s Day storm of 1986. The survey was conducted to document 
chronic sources of sediment, barriers to fish migration and to assess general stream 
conditions. In the mainstem between the ocean and the confluence of the East and West 
Branches it was noted that significant bank erosion existed from the 1982 flood event at the 
downstream portions of meanders, and there was a general lack of riparian vegetation, 
stream shading and escape cover for fish. There was a lack of deep pools and very little 
wood to form scour pools. 
 
On Burns Creek (tributary to the West Branch) it was noted that a large ancient east flank 
landslide made up most of the valley slope along a 0.6 mile stretch, causing slopes 
adjacent to the creek to be highly prone to landsliding (Santa Cruz County Planning 
1986). No fewer than 28 landslides and 19 wood clusters were observed on Burns Creek. 
A series of bedrock waterfalls was present on Laurel Creek approximately one mile 
upstream of the Burns Creek confluence.  A large, active landslide on Laurel Creek was 
identified and recommended for stabilization. Two major wood clusters were identified 
on Amaya Creek at 0.5 and 1.1 miles from its mouth, believed to be complete fish 
barriers. Sediment was stored behind them. 
 
An enhancement goal should be to reduce embeddedness (the amount that larger particles 
are buried in fine sediment) of cobbles and boulders in the streambed to 25% or less. This 
would allow for hiding places for juvenile fish under larger rocks. However, during fish 
sampling by D.W. ALLEY & Associates in 2001, 10 of 20 sites had riffle and run 
embeddedness of 45% or more, with the lowest being 28% (Site 4) and the highest being 
58% (Site 5) (Alley 2002). Embeddedness increased in riffle and run habitat at 14 of 20 
sampling sites from 2000 to 2001. Pools showed a parallel trend with embeddedness 
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increasing at 12 of 20 sites.  Sixteen of 20 sites had pool embeddedness of 50% or higher. 
Embeddedness increased 10% or more at Sites 5, 6, 8, 14, 16, 17 and 20. So, the upper East 
Branch above Hinckley Creek and the West Branch above Hester Creek had more 
embedded pools. Pools in the middle mainstem were also more embedded. Embeddedness 
will decline when input of fine sediment is reduced. 
 
Steelhead and coho salmon require cold water protected by stream shading. Stream 
sedimentation from erosion destroys spawning and rearing habitat. Sediment fills pools 
and buries objects of cover. Steelhead do best where deep pools exist that possess 
boulders and large wood for fish to hide under. Coho salmon would utilize these pools, as 
well, if they were re- introduced to Soquel Creek.  
 
 
Woody Material as a Limiting Factor 
 
Large wood (previously called large woody debris- LWD) in the active channel is 
important for providing structure necessary for development of pools and backwaters, 
which are vital summer and overwintering habitat for juvenile steelhead (Oncorhynchus 
mykiss) and coho salmon (Oncorhynchus kisutch) (Smith 2000). It serves important 
habitat functions for other species, such as California red- legged frog (Rana aurora 
draytonii) and Foothill yellow-legged frog (Rana boylei), as well. Large (1-foot in 
diameter and 20 feet or more in length) and smaller wood that accumulate in pools are 
extremely important sources of escape cover for juvenile salmonids. The highest quality 
large wood includes downed trees or logs whose lengths are about 1.5 times the bankfull 
width of the channel or more and positioned with a sufficient proportion of their lengths 
on the streambank, or otherwise well-anchored, so as to provide stability during high 
flows as well as scour of the channel bed. The quality of pools formed by large wood can 
vary considerably with the size (length, diameter), type of wood (single or multiple 
trunks or rootwads) and its position within the channel. Complex pools formed from large 
logs or rootwads, which extend out into the channel, can provide a variety of water 
velocities in summer and excellent escape cover. These complex pools are the preferred 
summer habitat for coho salmon and yearling-sized steelhead. However, if water 
temperature becomes too warm, coho cannot survive even with complexity, and steelhead 
are forced to use primarily fastwater habitat at the heads of pools (where wood may be 
clustered or not) or in riffles and runs.  Wood clusters also provide extremely important 
summer foraging habitat for California red- legged frogs and western pond turtles 
(Clemmys marmorata).  
 
The backwaters and pockets formed by large, current-obstructing wood can also provide 
refuges during storm flows, and may provide much of the crucial overwintering habitat 
necessary to prevent heavy loss of juvenile steelhead and coho in wet winters during high 
stormflows (Smith 2000). These winter backwater areas may actually be stagnant, 
shallow or even dry in summer. However, they may provide important habitat for 
overwintering fish and recently emerged coho and steelhead fry in spring. They may also 
provide important reproductive habitat for amphibians, including newts (Taricha spp.), 
Pacific tree frogs (Hyla regilla), California red- legged frogs and Foothill yellow-legged 
frogs.  
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Wood clusters can produce impediments or complete barriers to fish movement, but the 
majority of clusters are not significant impediments (Smith 2000). In weakly entrenched 
channels, the stream can usually cut around wood clusters. In sandy channels, scour 
under the cluster usually provides passage.  The mainstem of Soquel Creek and much of 
the lower West and East Branches are at most weakly entrenched and often sandy 
bottomed. In addition, during high flows a portion of the wood cluster may float. In 
steeper, entrenched gravel/cobble channels the wood cluster may plug with coarse 
sediment, producing a pronounced step (grade control) or falls. Even in those cases, 
removing only a few key pieces may provide passage around the cluster at regular winter 
flows. In headwater reaches, these grade control clusters may store significant sediment 
behind, which may prevent sedimentation downstream and outweigh the passage benefit 
of rearranging or removing the wood cluster. However, if wood clusters are causing 
lateral (sideways) scour into streambanks with significant bank erosion or landsliding, 
their modification may be warranted, particularly if the toe of the eroding bank or slide 
can be protected with rearrangement of the wood and fish cover can be maintained. 
 
Steeper, narrow, entrenched channels have high velocities during floods, resulting in 
poorer wood retention and less complex configurations of the wood that remains (Smith 
2000). Exceptions to this rule may be steep, narrow channels such as Amaya and Hester 
canyons. There, slopes are unstable, landsliding is common and debris flows into their 
channels may be quite substantial during floods and may overwhelm the transport 
capabilities of flood flows.  
 
Alders provide a more continuous supply of in-channel wood, but they are relatively 
small and have relatively short-term benefits because of their small size and low 
durability (Smith 2000). They break up during flood flows and rot quickly. Other 
broadleaf trees, including bigleaf maple, California bay and tan oak also have small trunk 
diameters and short longevity in the stream. Alders may create much of the pool habitat 
in wood-scoured pools and much of the wood clusters. In contrast, redwoods may only 
rarely and episodically be added to the channel.  But as wood in streams, they can 
provide habitat values for centuries. Douglas fir is less durable than redwood, but also 
provides more long-term habitat benefits than the deciduous and broadleaf hardwoods. 
 
Soquel Creek has a history of massive influxes of large wood during large flood events. 
This is typical of coastal watersheds, where recruitment of wood into the channel may be 
sporadic and occurs mainly during large flood events.  At any one time, the majority of 
the wood within the channel may provide little or transitory habitat benefit, and 
individual pieces may shift locations, orientation and clustering. However, the total 
amount of wood available is important in order to maintain the number of beneficial 
habitat features. The habitat value of new, naturally recruited wood and much of the old 
wood can be increased relatively cheaply by repositioning it in the channel and flood 
plain. Since much of the cost of habitat improvements is from transporting wood to the 
site and into the channel, it makes sense to treat episodic flood-year wood as a “windfall” 
where nature has done most of the work. 
 
Nelson (1997) concluded that more woody cover was needed in pools and flatwater 
habitats of Soquel Creek. Most existing cover was from boulders during her survey work. 
She recommended that the natural recruitment of high quality woody cover should be 
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allowed to create habitat complexity.  Redwood trees, logs and rootwads had the greatest 
long-term benefit, she stated.  She added that fallen deciduous trees, such as alder and big 
leaf maple, and other evergreen species, such as California bay laurel, can provide short 
term benefits to fish habitat. 
 
 
Streamflow as a Limiting Factor 
 
Streamflow as a limiting factor is the primary element that defines total available habitat 
for salmonids, with other secondary limiting factors such as sediment affecting the 
quality of the habitat and the ability to reach available habitat. Streamflow determines the 
ability of the stream to move sediment and the force to scour pools and spawning beds. It 
has been widely noted that many physical microhabitat conditions change for stream 
fishes as streamflow increases and decreases (Alley, 1994-2001). These microhabitat 
features include habitat width, water depth, water velocity, surface turbulence (affects the 
amount of cover), rate of insect drift as food for drift- feeding salmonids and, to some 
degree, water temperature and oxygen concentration.  
 
Many other factors besides streamflow also affect microhabitat quality. Scour objects 
(wood, large boulders, bedrock outcrops) affect pool depth and escape cover. Other 
geomorphic features that influence microhabitat include steepness of the streambank, 
degree of channel entrenchment, undercut streambanks, amount of fine sediment 
deposition, substrate size composition, substrate embeddedness, stream gradient, 
frequency and length of shallow fastwater habitat versus slower deepwater habitat and the 
hydraulic features of transitional breaks between habitat types. Still other factors are 
riparian tree composition (species and size), proximity of riparian trees to the streambank 
(affecting frequency of undercut streambanks) and tree canopy (affecting visual clarity, 
food productivity and water temperature). All of these microhabitat features impact each 
phase of fish life history differently. Streamflow and the physical features affect 
spawning habitat and rearing habitat in different ways.  
 
Streamflow plays an important role in the balance between food availability and growth 
for steelhead.  The quantity of streamflow not only dictates the amount of habitat 
available to fish and aquatic insects (juvenile steelheads preferred food) but also acts as a 
“conveyor belt” for delivery of food to feeding steelhead.  The more streamflow that is 
available in spring and summer, the more food that is available to be delivered to the fish.  
As summer flows recede and less habitat becomes available to fish and aquatic insects, 
the conveyor belt of food slows down.  Water temperatures also rise as flows recede in 
the summer months, causing higher metabolic rates for fish and increasing their food 
requirements. 
 
The result of interactions between streamflow, habitat availability, and the conveyor belt 
of food is higher growth rates for fish in the spring months and maintenance or reductions 
in fish size in the summer and fall months. The size of smolts reaching the ocean plays an 
important role in ocean survival and probability of them returning as adults. Larger 
smolts tend to have higher survival rates in the ocean because they can swim faster and 
avoid predators more easily than smaller ones. Also, young-of-the-year fish that can 
smolt after one growing season need only to over-winter once instead of twice in 
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freshwater, greatly reducing their mortality rate prior to smolting. Therefore, growth rate 
is very important. 
 
In addition to requiring adequate food for growth, juvenile steelhead have specific habitat 
requirements, essential for survival.  These include fastwater feeding areas to take 
advantage of food moving along the “conveyor belt” and locations to hide from predators 
(referred to as escape cover) and find refuge from high winter flows. Salmonids feed on 
drifting insects that have either dropped into the stream as adults from streamside 
vegetation or have been produced in riffles and runs as larvae. Generally, the faster the 
water velocity, the more insect drift that may be fed upon. Juvenile densities become 
reduced if fastwater areas become too shallow due to reduced streamflow or 
sedimentation that has filled in deeper pocket water.  Escape cover can include deep 
pools, undercut banks, side channels, large unembedded cobbles and boulders, rootwads, 
large wood, and overhanging vegetation.  Streams that lack adequate escape cover may 
have low fish densities, regardless of the amount of food available. 
 
With seasonal rainfall, streamflow is often a scarce resource for human systems where 
there are water demands for municipal, agricultural, and industrial uses as well as fire 
protection and recreation.  Human demands for water compete with the need to maintain 
streamflow for biological systems.  Human water demand also peaks during summer and 
early fall when streams are experiencing their lowest flows of the year.  Due to the low 
summer streamflow in most streams, streamflow is a limiting factor for fish production 
even in the absence of human use of this valuable resource.  When water extractions are 
added, streamflow becomes a more severe limiting factor. 
 
In Soquel Creek, the seasonal water supply and demand have resulted in the need for 
groundwater pumping and riparian surface diversions.  Balance Hydrologics, Inc. has 
determined that mainstem Soquel Creek is a losing stream in some reaches. Alley 
(2002b; and unpublished data) has made annual fall measurements of streamflow in 
Soquel Creek at a number of stations for 5 successive years (1998-2002) (Appendix A; 
Figure 7). In every year, the measured streamflow below the Grange (fish sampling site 
1, Reach 1; Appendix A; Figures 1 and 2) has been less than flow measured near the 
USGS gage (fish sampling site 2, Reach 2). In August of 1992, Reach 1 of Soquel Creek 
was dry adjacent to the Walnut Street Park below the Grange, with 0.3 cfs as the visually 
estimated inflow to the lagoon (Alley 1993). Again in August of 1994, Soquel Creek was 
dry adjacent to the Walnut Street Park, with 0.25 cfs as the visually estimated inflow to 
the lagoon (Alley 1994). 
 
There were 9 established surface diversions observed over the years of fish sampling and 
surveys on the mainstem and East Branch. Others exist on the West Branch. The 
diversion rates at these locations are unknown. The Soquel Creek Water District 
distributes water to residents in the Soquel Creek Valley, Capitola and other local 
communities. The District operates a deep-aquifer well located near Main Street in 
Soquel Village, adjacent to the USGS gage site. There is disagreement about whether or 
not this well draws water from the underflow of the Creek. A dam is present on Bates 
Creek approximately 900 feet downstream of the Grover Gulch confluence. However, it 
was filled with sediment in summer 2002 and was apparently unused as a water supply. 
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The impact of water extraction on fish populations depends on timing, magnitude, and 
location of the surface diversion/ well. The timing of water extraction is important in 
determining which salmonid life stage is impacted.  The magnitude is important in terms 
of amount being extracted and what remains for bypass.  The location is important in 
understanding the cumulative effect of multiple diversions on downstream habitat 
conditions and population numbers. 
 
 
Adult Passage as a Limiting Factor 
 
As mentioned in the life history description, most adult steelhead migrate up their natal 
streams from January through early May. Coho salmon, if they were still present, would 
migrate upstream primarily from late November into February. Adult salmonids typically 
migrate as stormflow begins to subside from any storm event. Migration occurs primarily 
at night, though light is required to negotiate obstacles. The likelihood of spawning redds 
(nests) being scoured or smothered in sediment declines and percent egg survival 
generally increases in an upstream direction in any watershed. Usually quality of 
spawning gravel increases upstream, although this was not apparent in Reaches 1-10 of 
Soquel Creek in 2002 (Appendix A; Figure 1).  Therefore, spawning success is 
generally highest in the upper reaches of the watershed. A spawning obstacle may be a 
partial impediment that is passable if the fish reaches it at a time when streamflow is high 
enough to allow passage but not too high to create a velocity barrier. Fish may congregate 
below impediments until stormflows are right, increasing their risk to predation and 
angling and delaying their egg laying. When adult salmonids are impeded or entirely 
blocked by obstacles to upper stream reaches, the number of young-of-the-year fish 
annually produced may be significantly curtailed.  
 
The cheapest way to increase the juvenile salmonid population is often by improving 
passage over obstacles when significant spawning and rearing habitat exists upstream. In 
the highly productive East Branch, natural impediments included a series of 6 natural 
impediments (bedrock shelf, steep boulder fields, a waterfall over logs and boulders) 
beginning at Ashbury Falls (Figure 1). Modification of these impediments will provide 
better adult steelhead access to at least an additional 2 miles of relatively high qua lity 
spawning and rearing habitat. The upper East Branch through the Soquel Demonstration 
State Forest is a valuable refuge for salmonids.  
 
In the West Branch of Soquel Creek there were two road-fords and two bedrock chutes 
that substantially impede adult salmonid access to more than 4 miles of potential habitat 
(Figure 1). The impassable Laurel Mill Dam exists in the upper West Branch, but 
accessible habitat is limited above it due to the high natural gradient. In most years, much 
of this 4 miles below the Laurel Mill Dam is likely inaccessible to steelhead. 
Modification of the impediments will provide significant increase in juvenile steelhead 
productivity and create a refuge during drought if surface flow can be maintained. 
 
Impediments exist in various tributaries. Bates Creek has two natural impediments 
(bedrock chute and small waterfall) downstream of the complete barrier created by the 
Bates Creek Dam (Figure 1). Almost a mile of salmonid habitat would be made more 
accessible below the dam with modification of the natural impediments. Removal of the 
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Bates Creek Dam would provide access to relatively poor spawning and rearing habitat in 
Grover Gulch, which is not easily accessible.  
 
Moores Gulch and Hester Creek have box culverts at their mouths that are accessible but 
not optimally so. However, modification of them merely for passage improvement would 
probably not improve access significantly, except during drought. Of course, during 
drought, streamflow may be just a trickle in these small tributaries. A natural bedrock 
falls and a bedrock chute exist on lower Moores Gulch and 6 culverts are present 
upstream to impede passage in some years. However, the poor quality steelhead habitat in 
this tributary does not warrant their modification. Hester and Amaya creeks are prone to 
passage impediments from wood clusters. However, their modification is not 
recommended because these wood clusters form sediment traps and have more value in 
impeding downstream movement of sediment. Two impassable waterfalls exists on 
Hester Creek only 4,000 feet from its mouth, with high gradient stream channel above 
(Figure 1). The bedrock falls on Hinckley Creek, just over a mile from its mouth, does 
not warrant modification because of the limited accessibility of high-gradient stream 
channel upstream.  
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FISHERIES RECOMMENDATIONS TO IMPROVE AQUATIC HABITAT 

 
Water Temperature Recommendations 
 

1. Maintain a freshwater lagoon of maximum depth during the dry months of 
summer and fall. 

 
2. Protect and enhance the health of existing trees bordering the lagoon that provide 

shade. 
 

3. Remove and replace exotic tree and understory species in such a way that lagoon 
shading is not reduced and erosion is not stimulated in the process. 

 
4. Construct the summer sandbar at the Creek mouth sufficiently high to prevent 

tidal overwash of salt water. 
 

5. Maximize summer baseflow through proper watershed management. Important 
considerations include maximization of water percolation to supply underground 
aquifers by minimizing impermeable surfaces. Where new housing developments 
occur, construct water catchment basins to encourage percolation and slow the 
runoff into the creek. Minimize surface water diversions and groundwater 
pumping when it draws from the creek underflow. 

 
6. For water temperature concerns, install additional continuous streamflow 

monitoring stations for the low flow months of May through September to better 
understand the gaining and loosing of streamflow. Locations for monitoring in the 
mainstem and East Branch would be worked out during the implementation 
phase.  

 
7. Increase tree densities and stature where they may offer increased stream shading. 

Refer to the vegetation section of this assessment for the locations of least shading 
where plantings are most needed.  However, trees must be planted in areas which 
are not likely to be subject to erosive flood flows that would soon wash them 
away. If trees must be planted a distance from the low flow channel, then they 
will need to reach heights that will ultimately provide shade. Evergreens such as 
redwood and Douglas fir would be advantageous because they provide shade 
year-round and attain great height. Sycamores offer shading benefits due to their 
tall stature, wide branching and overhanging qualities. Use results of percent 
species composition from the riparian analysis to determine where evergreens and 
sycamores are lacking and viable.  

 
8. At least 75% total shade canopy in multiple layers should be retained over the 

stream channel in the mainstem, West Branch and East Branch. At least 85% total 
shade canopy should be retained in tributaries.  

 
9. Through education, residents should be discouraged from cutting riparian trees. 
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10. Through education, residents should be discouraged from cutting downed wood in 
and adjacent to the stream channel. Inform them of sources of expert consultation 
to contact when loss of property is a concern. 

 
11. The County agency responsible for flood control should be discouraged from 

cutting seedlings on gravel bars adjacent to the creek and cutting up large wood 
that serves to trap sediment and encourage recovery of riparian vegetation. After 
large floods, tree seedlings must be allowed to regenerate on exposed bars. 

 
12. Provide incentives to landowners to install livestock exclusion fencing along the 

perimeters of riparian corridors to preserve riparian vegetation and prevent 
livestock wastes, sediment and other pollutants from entering the stream. 

 
13. Encourage the California Department of Fish and Game to continue to work with 

the California Department of Forestry to protect riparian vegetation and tree 
canopy, to reduce stream and lagoon sedimentation and turbidities, to prevent 
removal of large trees within the riparian and stream protection zones that provide 
tree canopy and a source of large wood for the stream channel. 

 
14. Continue to monitor water temperature on an annual basis at the stations listed in 

Table 3, as well as upstream of Girl Scout Falls II in the West Branch, in order to 
assess success of restoration activities. 

 
15. If stocking of hatchery coho is needed in re-establishing coho in Soquel Creek, 

use only Scott Creek stock. 
 
 
Sediment Recommendations 
 

1. Reduce embeddedness (the amount that larger particles are buried in fine sediment) 
of cobbles and boulders in the streambed to 25% or less. This would allow for 
hiding places for juvenile fish under larger rocks and would provide interstitial 
cracks and crevices for increased aquatic insect production. 

 
2. Land use and road construction should be carried out with extreme caution in 

landslide-prone areas of the watershed, using best management practices to prevent 
re-activation of old slides and initiation of new ones. Use the Cooper and Clark 
base map of landslide-prone areas in the Soquel Creek watershed to identify these 
sensitive areas. 

 
3. Identify and repair manageable bank failures or landslide toes that are significant 

sources of chronic fine sediment loads to the Mainstem, East and West Branches 
and tributaries.  Repairs should be completed using bioengineering techniques and 
material, where appropriate. Changes in water flow patterns should be made if 
existing flow patterns exacerbate slope failures. Habitat enhancement should be 
incorporated into the engineering design, where feasible.  When using riprap, rocks 
placed at the toe of the bank should be large enough to provide escape cover (at 
least 2.5 feet diameter) and scour objects.  
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4.  Locations for sediment catchment basins should be identified and developed, 

where appropriate.  Though a limited number of areas may be suitable for sediment 
catchment basins, they should be used to retain and remove chronic fine sediment 
loads, where feasible.  To make sediment catchment basins successful, each site 
must have a maintenance plan along with a reliable source of funding to 
periodically remove the retained sediment. 

 
5. Investigate the potential of using the Bates Creek Dam as a sediment catchment 

basin. The streambed below has already cut down to bedrock due to years of prior 
reservoir operation. Continued sediment retention will not likely cause further down 
cutting. Reduction in sediment input to Bates Creek and lower Soquel Creek offer 
significant opportunity to reduce sediment impairment of the lower mainstem and 
lagoon and to create better spawning conditions in Bates Creek. Higher young-of-
the-year steelhead production in Bates Creek could help to seed lower Soquel 
Creek.  

 
6. Locations for long-term sediment spoil sites should be identified and developed.  A 

significant amount of sediment is removed from inside ditches, and road surfaces 
during the winter months due to general erosion and removal of landslides.  Much 
of this sediment is deposited in road turnouts or on the outside edge of the road 
surface, only to be eroded further in subsequent storm events.  Establishing a site 
where removed sediment could be effectively disposed of would remove a 
significant source of sediment to adjacent stream channels.  

 
7. Leave wood clusters in Amaya, Hester, Laurel and Burns creeks as beneficial 

sediment traps, even if they pose passage difficulties for migrating salmonids. 
These sub-watersheds are locations of chronic landsliding and debris flows that 
make fish passage very difficult. Hester Creek has an impassable falls 
approximately 4,000 feet from its mouth. 

 
8. Retain wood clusters throughout the watershed to increase channel complexity 

(pool formation and increased fish cover) and create more steep, constricting riffles 
adjacent to the wood clusters that have caused bar formation. This will increase 
spawning habitat in this sediment-laden watershed. 

 
9. Take measures to minimize the flashiness of storm runoff, which increases peak 

flows and encourages streambank erosion. With new developments, include open 
space with water catchment basins to pond runoff and increase percolation. 

 
10. Develop a County road database of roads on unstable slopes and create an 

emergency road repair fund to remedy road-caused erosion with urgency. 
 

11. Implement a sediment reduction program for private roads. 
 

12. Reduce erosion from unpaved rural roads. We agree with the following 
recommendations of the Zayante Area Sediment Study (Swanson and Dvorsky 
2001) in the San Lorenzo River drainage to reduce this erosion. Year-round 
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access roads that are being used for rural land use activities need to be surfaced.  
Five years of maintenance and monitoring of unsurfaced roads needs to occur 
after rural land-use activities are completed.  Problems associated with legacy 
roads need to be identified and fixed prior to re-occurring rural land use activity.  
An engineering geologist needs to certify grading on inner gorge slopes. 

 
13. Study the feasibility of installing underground water catchment basins on major 

storm drains entering lower Soquel Creek from 41st Avenue and Wharf Road that 
will function as sediment and grease traps. Install them if feasible. This will reduce 
the artificially sudden increase in streamflow and road pollutants into the lagoon 
during the first storms of the season and improve lagoon water quality. 

 
14. Study the feasibility of obtaining a conservation easement or purchasing open 

space land in the Soquel Village and Capitola area where urban surface runoff 
may be piped and infiltrated into the groundwater. Property adjacent to Highway 
1 would be an excellent location to serve as a catchment basin for upper 41st 
Avenue urban runoff. 

 
15. Promote educational efforts regarding the watershed benefits of properly 

functioning buffers along watercourses to control erosion and stream 
sedimentation, in maintaining cool water temperatures and in providing critical 
fish habitat through recruitment of durable, coniferous, large wood. 

 
16. Stabilize the streambank erosion at the Whitehead Bend and revegetate with trees 

of tall stature to provide stream shading and reduce sediment inputs to the 
channel. 

 
17. Include urban runoff infiltration basins in all new housing and other developments 

approved by the County. 
 

18. Retrofit urban runoff infiltration basins in existing housing tracks. 
 
 
Large Wood Recommendations 
 

1. Promote education of property owners to avoid removing streamside trees, which 
help to stabilize banks during high flows, sieve out smaller wood further upstream 
than otherwise, provide shade to maintain cooler water temperatures in summer 
and are a source of large wood. Focus on areas where the riparian corridor fails to 
provide adequate stream shading. 

  
2. Allow wood to remain in the channel after flood events when major amounts of 

large wood are recruited. Judiciously modify wood clusters when they pose a 
threat to property, leaving as much in place as possible without cutting it into 
shorter pieces. It is crucial that crews working with in-channel wood deposits be 
supervised by personnel knowledgeable in the fishery benefits and risks of large, 
in-channel wood. 
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3. At selected locations where conifers are lacking and viable, Douglas fir and 
redwood should be planted to promote long-term recruitment of large wood in 
streams. The largest benefit will occur in the resource unit between the Soquel 
Creek Water District weir and Ashbury Falls. 

 
4. Survey the mainstem and Branches of Soquel Creek each spring to locate new 

wood in the channel. Contact adjacent landowners and educate them on the value 
of leaving uncut, large wood in the channel. 

 
5. Replace culverts with free-span bridges on tributaries to allow the free passage of 

large wood into the mainstem from tributaries during flood events. Key culverts 
include those at the mouths of Moores Gulch and Hester Creek. A free-span 
bridge is also recommended at the Main Street crossing of Bates Creek. 

 
6. Replace the culverted concrete ford upstream of the Hester Creek confluence on 

the West Branch with a free-span bridge to prevent large wood accumulation 
there and to allow large wood recruitment downstream. Until the ford is replaced, 
periodically collect the wood accumulated on the upstream side of the ford and 
deposit it downstream of the ford to allow its natural dispersal. 

 
7. Until existing culverts can be replaced, when crews clear jams on the upstream 

sides, have them move wood through the culverts into the larger downstream 
channels at Hester and Moores Gulch. 

 
 
Streamflow Recommendations 
 

1. Continue to annually monitor juvenile steelhead populations to better understand 
how the juvenile population size is influenced by baseflow, winter stormflow 
patterns and rearing habitat quality (escape cover from overhanging vegetation 
and wood and water temperature). The previous 6 consecutive years of 
monitoring did not include a drought period. We do not know the drought impacts 
on the juvenile population nor the recovery time of the population after a drought. 

 
2. Maximize summer baseflow through proper watershed management and 

cooperation from landowners. Maximize streamflow into the summer lagoon. 
Important considerations include maximization of water percolation to supply 
underground aquifers by minimizing impermeable surfaces. Where new housing 
and commercial developments are planned, construct water catchment basins to 
encourage percolation and slow the runoff into the creek. Minimize surface water 
diversions and groundwater pumping when it draws from the creek underflow. 

 
3. For instream flow concerns with salmonid rearing, install additional continuous 

streamflow monitoring stations for the months of May through September to 
better understand the gaining and losing of streamflow. These low-flow gages will 
be less expensive than the year round USGS gage. Specific locations shall be 
worked out during the implementation phase.  
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4. Protect and enhance summer streamflow. Water resources in the Soquel Creek 
watershed during the late spring and summer months are already scarce in many 
years. For example, zero streamflow has been recorded at the USGS gage in 
Soquel Village in water years 1977, 1988, 1992, 1993, 1994 and 1995 (end of 
October and into November of 1994). Soquel Creek is a fully adjudicated stream. 
The purpose of this recommendation is to encourage water conservation and 
alternatives to surface water diversion during salmonid out-migration, during the 
critical spring growth period and during summer rearing of juvenile salmonids.  

 
5. In order to maximize the instream flow benefits to fish, water extraction from the 

stream channel or its underflow for domestic and commercial uses should occur 
as low in the watershed as possible, where this action is feasible. Water diversions 
should be consolidated where feasible. Removing water from the headwaters of 
the Soquel Creek watershed limits the conjunctive use of that water for stream 
habitat functions.  By removing the water at the lowest point in the system, the 
water becomes available to aquatic resources for important rearing and growth.  
Water supply agencies should be encouraged to assess their operations and 
cooperate to develop an efficient system that sustains the aquatic and riparian 
ecosystem and preserves the water supply. 

 
6. Conduct water supply pumping overnight.  Streamflow is often the highest during 

the nighttime hours as evaporation and vegetative transpiration are reduced. This 
is also the period of time when fish are relatively inactive and not feeding.  
During the low-flow summer months, water that is being stored off-channel for 
use during peak demand periods should be diverted during the hours of 9 p.m. and 
5 a.m.  Municipal water suppliers should assess their operations during low-flow 
summer months based on this recommendation. 

 
7. Encourage water diverters to be proactive in developing critical instream flow 

levels juvenile salmonids in impacted stream reaches.  Instream flow levels 
should be updated every few years because of the dynamic nature of streambed 
morphology in the mainstem of Soquel Creek. A stream monitoring system 
should be established to inform water diverters and the community when water 
conservation is of greatest importance.  Critical flow values would include 
minimum bypass flow requirements for upstream adult migration during winter 
months and rearing habitat conditions in the summer and fall months. These flow 
requirements may vary before and after large flood flows that widen the channel 
and flatten it with sediment, necessitating periodic re-evaluation of fishery needs. 

 
8. For educational purposes, perform an instream flow analysis that includes 

transects in the mainstem, West and East Branches. The instream flow 
incremental methodology (IFIM) models fish habitat as a function of streamflow. 
As a context for this modeling, install 3 continuous streamflow gages in the 
vicinity of IFIM transects in the three areas fo r at least the months of April 
through October.   

 
9. Appoint a Water Master to carry out the adjudication of water rights on Soquel 

Creek. 
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10. Inform landowners with riparian rights that there is a mechanism for them to 

donate their adjudicated water allotment to an entity, such as the City of Capitola, 
for the benefit of protecting instream flow for fish downstream to the lagoon. 

 
11. Protect existing and potential refugia from catastrophic events and secure and 

develop additional refugia where possible. Purchase fee titles or conservation 
easements. 

 
12. Protect hydraulic continuity (continuous surface flow) throughout the watershed. 

Prevent the complete loss of surface streamflow that has occurred in the past. 
 

13. Use appropriate methods, such as exceedence probability curves or the rainfall-
runoff curve developed from the Watsonville waterworks station, to predict late 
summer flow conditions.  Exceedence probability curves would be based on 
historic flow data for wet, average, dry, and drought conditions.  This 
information, specifically the data developed for the Main Street USGS gage in 
Soquel Village, can be used to determine the range of flows that could be 
expected in the low-flow summer and fall months.  If predicted flows are below 
the critical level to maintain viable rearing habitat for salmonids, measures to 
reduce water consumption can be initiated by municipal water suppliers and other 
primary diverters through conservation programs. 

 
14. Adequately screen water diversions to prevent juvenile salmonid mortalities. 

 
 
Passage Recommendations 
 

1. Maintenance of adult passage through the 5 areas where critically wide riffles 
typically form (#1-5 in Table 12; Figure 1) in the lower 5 reaches of the 
mainstem should have high priority. Modification of such riffles should be 
attempted only during severe drought and not as a long-term solution to 
maintaining passage without adequate bypass flows past water diversions. 

 
2. The 6 passage impediments in the East Branch (#6-11 in Table 12; Figure 1) 

beginning at Ashbury Falls and extend ing upstream should be improved to 
provide better access to spawning and rearing habitat. 

 
3. The 7 passage impediments on the West Branch (#12-18 in Table 12; Figure 1), 

downstream of the concrete base of the flashboard dam warrant modification to 
provide better access to considerable spawning and rearing habitat. While the ford 
below Olsen Road was not a passage impediment in 2002, it has a high potential 
to collect wood that may create an impediment. The higher densities of yearling 
sized salmonids and larger, upstream of Girl Scout Falls I and II, indicate that 
adult passage may be achieved only in some years. The Girl Scout Falls II is 
likely to be a complete barrier in all but the wettest years. Snorkeling of deeper 
pools would provide more data on the maximum sizes of trout upstream of this 
bedrock chute and better determine the presence/absence of a resident rainbow 
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trout population. However, even if this falls proved to be an absolute barrier, the 
miles of potential habitat upstream would warrant its modification or laddering. 
Improve fish passage over the unculverted, concrete “Tilly’s Ford” in the upper 
West Branch. If fish passage cannot be improved with the existing ford, replace it 
with a free-span bridge. Remove the instream gabion basket wall that has been 
constructed across the West Branch just below the instream ford that is located 
upstream of Tilly’s Ford. 

 
4. Modification appears unwarranted for the Laurel Mill flashboard dam that is 4.4 

miles upstream of Olsen Road (6 miles upstream of the Hester Creek confluence) 
and the Redwood Lodge Road culvert 1,500 feet upstream. Laddering the dam for 
adult steelhead passage would be expensive ($200,000+), as would be insuring 
passage through the culvert (a 12-foot diameter corrugated metal culvert 
approximately 80 feet long) or installing a free-span bridge. Little accessible 
steelhead habitat is likely upstream of the culvert in Burns and Laurel Creek due 
to (1) the high incidence of landsliding and wood clustering reported in Burns 
Creek (no fewer than 28 landslides and 19 logjams reported on Burns Creek in the 
1986 county survey (refer to Appendix F)), (2) the high gradient on both Burns 
(9%) and Laurel Creek (8%) typically associated with boulder cascades in the first 
0.4 miles of their confluences with each other and (3) a 15-ft high concrete dam 
on Laurel Creek ½ mile from its confluence with Burns Creek and (4) a series of 
bedrock waterfalls present on Laurel Creek approximately one mile upstream of 
the Burns Creek confluence. Under the best conditions, ½ mile of habitat would 
be gained on Laurel Creek and ¼ mile on the West Branch between the Laurel 
Mill Dam and the road culvert.  

 
5. Modification of the two natural impediments in Bates Creek (#21 and 22 in Table 

12; Figure 1), downstream of the dam, is warranted. This is the only fish-bearing 
tributary to the lower mainstem and may serve as a source of young-of-the-year 
steelhead to the mainstem. Removing or laddering the Bates Creek Dam is 
unwarranted because of the chronic tendency for wood clustering in narrow 
canyon reaches of Grover Gulch that create passage impediments, the highly 
sedimented conditions leading to poor spawning habitat and the low summer 
baseflow. Eight passage impediments caused by wood clusters were identified in 
3,460 feet of Grover Gulch in 2002. 

 
6. Existing passage impediments and culverts that may collect wood and become 

passage problems in Moores Gulch in the future (#23-30 in Table 12; Figure 1) 
should have low priority for modification, at most. This is because Moores Gulch 
has very poor rearing habitat. 

 
7. The bedrock falls on Hinckley Creek (#31 in Table 12; Figure 1) does not 

warrant modification because it is likely a complete barrier, and the high gradient 
upstream leads to additional passage problems without substantial increase in 
rearing habitat. 

 
8. The 4 wood clusters observed on Amaya Creek within the lower 4,000 feet of 

stream (#32-35 in Table 12; Figure 1) do not warrant modification. The canyon 
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is prone to landsliding that will bring more wood into the channel in the near 
future. The wood clusters act as sediment traps that prevent sediment from 
moving into the East Branch, where it would degrade rearing and spawning 
habitat. 

 
9. The boulder and wood clusters in Fern and Ashbury Gulches (#36-40 in Table 

12; Figure 1) do not warrant modification because stream gradient rapidly 
increases with more barriers immediately upstream of the first impediments. 

 
10. Modification is not warranted for the 5 wood clusters that form passage 

impediments in Hester Creek (#41-45 in Table 12;Figure 1) below the absolute 
bedrock and wood cluster falls barrier 4,036 feet from the mouth (#46). The 
canyon slopes are very unstable and prone to landsliding and chronic wood 
clustering in the creek that would continue to create passage problems. The 
existing wood clusters act as sediment traps, impeding sediment movement into 
the West Branch that would degrade spawning and rearing habitat there.  

 
11. Modification of the absolute barrier at a bedrock and wood cluster falls, 4,036 feet 

from the mouth on Hester Creek (#46 in Table 12; Figure 1) is unwarranted. The 
drop was 17-20 feet. Permanent modification and may be impossible because it 
was situated in a narrow canyon (12 feet wide), with vertical sandstone walls, that 
is prone to wood clustering and future passage problems. In addition, there is a 
second bedrock falls, 10 feet high, 120 feet upstream of the first falls, that would 
also require modification. 
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Figure 1. Soquel Creek Watershed, Santa Cruz County, California. Locations of Adult 
Steelhead Passage Impediments (2002), Spawning Glide Sampling (2002) and Water 
Temperature Monitoring (2001).
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Figure 2. Relationship between percent embryo survival and geometric mean  
diameter of the spawning substrate (from Shirazi et al. 1981). 
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Figure 3. Relationship between average percent fry emergence survival and  
percentage of 1-3 mm sand (adapted fro Hall and Lantz 1969). 
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APPENDIX A. TRENDS IN JUVENILE STEELHEAD DENSITIES AND HABIAT 
CONDITIONS IN SOQUEL CREEK   
 
Methods 
 
Juvenile steelhead have been sampled annually by electrofishing in 1997-2002, including 
3 sites in the Soquel Demonstration State Forest (SDSF) (Figures 1-3; Appendix A).  In 
2000-2002, only sites sampled by D.W. ALLEY & Associates were used in the analysis 
(Alley 2002b). In 1997-99, two steelhead sites in Reaches 12A and 12B of the Soquel 
Demonstration State Forest were sampled by the California Department of Forestry, with 
the remainder of the watershed sampled by D.W. ALLEY & Associates. Tributaries were 
not sampled. Choice of sampling sites was based on their average habitat quality for each 
reach in terms of the amount of escape cover and water depth in pool habitat. Juvenile 
steelhead densities from each site were extrapolated to reach densities in 14 stream 
reaches, with habitat proportioning from habitat-typing during survey work. A 
mark-and-recapture effort in Soquel Lagoon has been used to estimate juvenile densities 
there since 1993 (Alley 1994-2002a). Earlier fish sampling was performed in the Soquel 
Creek watershed by Smith and Alley in 1981, including the tributaries of Bates, Moores, 
Hester and Hinckley creeks  (Smith 1982) and by D.W. ALLEY & Associates in 1994 
(Alley 1995a). 
 
The assumption was that young-of-the-year steelhead would disperse downstream into less 
crowded habitat soon after emergence, but would spend the remainder of the growing 
season in the same stream/ lagoon habitat. This has been confirmed by tagging of juveniles 
(Davis 1995) and studies in Redwood Creek that indicated no movement between July and 
October (Smith 1994) and differences in growth rate between nearby mainstem sites and 
tributary sites on the San Lorenzo River (Alley 2002c) and in Scott and Waddell creeks 
(Smith 2002). The fish that are sampled in the fall are found where they reared for the 
summer. 
 
Most steelhead juveniles (and nearly all smolt-sized juveniles) inhabit pools in Soquel 
Creek. Habitat conditions in pools determined the choice of sampling sites. Based on 
habitat typing and habitat assessment of reaches in 1997, 1999 and 2000 by D.W. 
ALLEY & Associates (Alley 1998; 2000b; 2001b) and in the East and West Branches by 
the California Department of Fish and Game (Nelson 1997) prior to 2000 when D.W. 
ALLEY & Associates habitat typed them, reach averages were determined for mean and 
maximum pool depth and the escape cover index per pool. Then representative sites were 
chosen for sampling in 1997-2001 as having pools with approximately the reach average 
for mean and maximum pool depths and escape cover index. In 2002, fewer of the 
previous sampling sites were re-sampled to allow for increased sites in the West Branch.  
Habitat depth and escape cover are most important in determining the density of smolt-
sized (=>75 mm Standard Length (SL) juvenile steelhead in small central coast streams.  
 
The correlation between habitat depth, escape cover and density of smolt-sized juveniles 
was confirmed from a Santa Cruz County-wide sampling program of over 100 sites in 9 
watersheds (Smith 1982) and subsequent modeling of smolt-sized juvenile densities as a 
function of these habitat parameters (Smith 1984). Site densities of juvenile steelhead by 
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size class and age class were determined by electrofishing. In 1997-2001 in all Reaches 
(except Reaches 12A and 12B in the Soquel Demonstration State Forest in 1997-1999), 
reach production of juvenile steelhead was extrapolated to by multiplying densities by 
habitat type within the representative sites by the number of feet of each habitat type in 
the reach, using the habitat proportions determined by habitat typing. Production 
estimates for each reach were added together to estimate the juvenile steelhead 
population size. In 1981 and 1994, site densities of juveniles were assumed to represent 
reach densities, and reach production was extrapola ted from site production to obtain 
watershed production estimates. In 1997-99 in Reaches 12A and 12B, site densities of 
juveniles determined by the California Department of Forestry were assumed to represent 
reach densities, and reach production was extrapolated from site production. In 2001, 
measurement of habitat conditions at established sampling sites was used to assess annual 
changes in habitat quality. 
 
The Soquel Creek watershed was divided into the lower and upper watershed during 
fishery analyses. The lower watershed consists of the lagoon and 8 stream reaches (12 
sampling sites) leading upstream to the confluence of the East and West Branches 
(Figure 2). The upper watershed consists of the two branches, with two reaches on the 
West Branch and 5 reaches on the East Branch (8 sampling sites) until 2002 (Figure 3). 
In 2002, two additional reaches were added to the East Branch. One reach (14b) was 
between Girl Scout Falls I and II. The second added reach (14C) was between Girl Scout 
Falls II and the flashboard dam below the Burns and Laurel creek confluences. Most of 
the successful spawning and young-of-the-year steelhead production has occurred in the 
upper watershed, with most of the yearlings also residing there. Fewer juveniles have 
utilized the lower mainstem, but grow more quickly there.  
 
Steelhead densities were determined by electrofishing at sampling sites, using the 
multiple-pass depletion method. In a few habitats at lower mainstem sites, steelhead 
densities were very low (1-3 fish captured per pass) in long habitats, and there was not 
significant depletion. In these cases, the total count of juveniles captured after 3 passes was 
used as the density estimate. In some cases the same low number were captured on the first 
two passes, with none captured on the third. The total count was deemed more accurate 
than the depletion model estimate. The concern was to prevent overestimate of juvenile 
densities. These judgments have been made consistently over the past 4 years of sampling. 
The depletion model was applied separately for size classes and age classes in each habitat 
type. Therefore, total population estimates were slightly different after adding up the size 
classes compared to age classes. The 2001 fish sampling occurred 9-22 October. Three 
passes were made in nearly every habitat, which had been blocked off with nets, as had 
been done the previous 4 years. In a few shallow habitats with no cover where no fish were 
captured in two passes, the third pass was cancelled.  
 
At the CDF sites (16-18) in the SDSF in 1997-99, approximately 100 meters of stream was 
blocked off with nets at either end. At all 3 sites in 1997-99, each consisting of several 
habitat units, the entire site was electrofished in two passes. Captured fish were kept 
separate during each pass and measured to Fork Length by CDFG.  Thus, estimation of 
steelhead density by habitat type was not possible. CDF provided the catch data by pass for 
each site.  We divided juvenile steelhead into size classes and age classes after Fork Length 
was converted to Standard Length. The two-pass depletion method of calculation was used 
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to estimate juvenile steelhead densities for CDF sampling sites. Based on experience, 
density estimates from two electrofishing passes usually over-estimate actual densities, and 
at least three electrofishing passes per site would have improved accuracy. 
 
 
 
 
Juvenile Steelhead Densities at Sampling Sites- Methods 
 
In the work by D.W. ALLEY & Associates, depletion estimates of steelhead density were 
applied separately to two age-classes in each habitat type at each site.  The densities of 
young-of-the-year (YOY) fish were estimated separately from yearling (1+) and older 
juveniles (2+). Depletion estimates were also applied separately to size classes of steelhead.  
The number of fish in each age and size class was recorded for each pass.  The age-class 
boundary was determined for each sampling site, based on the length frequency histogram 
of fish captured at the site.  The dividing line between age classes was a break in the 
length-frequency distribution of fish lengths that had been lumped into 5 mm groupings.  
Histograms are contained in Appendix C, with 2001 field measurements of steelhead 
lengths.  Age class information was used to determine annual juvenile production.   
 
In this and other juvenile steelhead studies in which sampling occurred in the fall, a 
size-class boundary was chosen at 75 mm (3 inches) Standard Length (SL) for two reasons.  
One was that fish smaller than this would probably spend another spring, summer and fall 
in the stream before smolting and entering the ocean the following winter and spring.  The 
other reason for the size class boundary was that fish captured at larger than 75 mm SL 
would probably migrate downstream and smolt during the next late winter and spring 
following sampling to enter the ocean. These probable behaviors were based on the size 
distributions of juvenile fish captured throughout Santa Cruz County (Smith 1982) and the 
sizes of down-migrant smolts captured in the San Lorenzo River (Smith unpublished). The 
75 mm SL cut-off for smolt size was based on scale samples analyzed by Dr. Jerry Smith 
for juvenile steelhead smolts trapped as they moved toward the sea in the San Lorenzo 
River in 1987-89 (Smith and Alley, unpublished data), determining the smolt sizes at 
the first annulus. It was found that 97% of 1+ smolts were 76mm SL or longer.  In 
addition, in the 1987-89 data years, 75% (240 of 320) of fish sampled were 76mm SL or 
longer at their first annulus smolted the following spring. This meant that an estimated 
75% of the juveniles that had reached 76 mm SL by the end of their first growing season 
smolted by the following spring. It also meant that nearly all of the 1+ juveniles (those 
that had taken two seasons to reach smolt size) were at least 76 mm SL.   
 
The second size-class boundary was set at 150 mm SL, which is the typical size above 
which steelhead in Waddell Creek are 2+ years old (Smith, pers. comm.). These three 
size-classes coincided with the age-class boundaries used in the Dettman model to estimate 
adult returns from juvenile production (Dettman and Kelley 1987).  
 
The depletion method was used to estimate the number of fish in each sampled habitat type 
in two size categories; those less than (<) 75 mm SL (3 inches) (Size Class 1) and those 
equal to or greater than (=>) 75 mm SL (Size Classes 2 and 3).  Once the number estimate 
was determined for Size Classes 2 and 3 combined, the proportion of each of these two 
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larger size classes in the group of captured fish was calculated. These proportions of 
captured fish were multiplied by the number estimate for all steelhead in Size Classes 2 and 
3 to obtain separate estimates for each size class in the habitat. These larger size classes 
were entered separately into the Dettman population model (Kelley and Dettman 1987) to 
predict number of returning adults.  The 0+ age class, 1+ age class and 2+ age class for 
Waddell Creek steelhead in the model corresponded to our Size Classes 1, 2 and 3, 
respectively.  In comparisons of size class densities between sampling sites, densities of 
Size Classes 2 and 3 were combined.   
 
 
Juvenile Steelhead Densities Determined by Reach- Methods  
 
For Reaches 1-14, the number of juvenile steelhead estimated by size class and age class 
per foot of stream in each sampled habitat type was multiplied by the number of feet of that 
habitat type in each reach.  Then the number of fish estimated in each habitat type of the 
reach was added to the number of fish in the other habitat types to obtain reach totals. Glide 
habitat that was not associated with tails of pools was not sampled in every reach due to the 
typically low numbers of fish inhabiting glides.  In reaches where glides were not sampled, 
steelhead densities in similar glides of adjacent reaches were used to determine reach 
densities and production. The depletion model was applied separately for size and age 
classes in each habitat type. Therefore, total population estimates were slightly different 
after adding up the size classes compared to age classes. 
 
For Reach 12 that was sampled by CDF in 1997-99, steelhead densities could not be 
determined by habitat type because of sampling methods.  In order to obtain estimates of 
reach densities, it was assumed that the two sites sampled in Reach 12 were representative 
of habitat and habitat proportions throughout the reach.  Then the estimated steelhead 
densities of each size and age class were multiplied by the total stream length in Reach 12. 
In 2000 and 2001, densities were determined separately for Reaches 12a and 12b by D.W. 
ALLEY & Associates, using the habitat ratios determined in 2000.  
 
The estimates of juvenile numbers and adult indices for past years (pre-2000) were revised 
and reduced in the 2000 census (Alley 2001) because a bedrock chute was observed just 
upstream of the Olsen Road crossing of the West Branch of Soquel Creek (Reach 14). This 
chute, designated as the “Girl Scout Falls,” is likely to substantially impede adult migration. 
Therefore, the upper 4.3 miles of Reach 14, designated as Reach 14b, was deleted as 
steelhead habitat. Thus, the estimates of juvenile production for Reach 14 in past reports 
were reduced in the 2000 and 2001 census to represent the production in Reach 14a only. In 
this report, the previously calculated juvenile production and contribution to the adult index 
by Reach 14b were subtracted from the total juvenile estimates and adult indices for 
previous years. 
 
 
Estimated Index of Returning Adult Steelhead Resulting from Natural Production of 
Juveniles in Soquel Creek- Methods  
 
The predicted number of returning adults was based on survival rate of different size 
classes of juveniles returning as adults to Waddell Creek during the period, 1933-42 
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(Shapovalov and Taft 1954).  It was found that steelhead survival rate to spawning adults 
increased exponentially with increasing size of steelhead smolts (J. Smith, personal 
communication).  Dave Dettman (Kelley and Dettman 1987) developed a model based on 
the Waddell Creek relationship of average size of each age class as smolts and survival to 
returning adult.  He estimated survival of juveniles from a reasonable estimate of densities 
in Waddell Creek in the fall to the down-migrant smolt stage for the different age classes.  
The relationship derived from Waddell Creek data was: 
 
                                                                        (0.025)(Fork length of smolt) 
                        Fraction of Survival = (0.067) e 
 
The input required in the Dettman model was an estimate of juvenile steelhead densities by 
age class in the fall of the year.  The size classes were divided according to year class sizes 
typically found in Waddell Creek, based on Dr. Jerry Smith's experience.  
Young-of-the-year fish were up to 75 mm Standard Length.  Yearlings were from 75 mm 
to 150 mm Standard Length.  Steelhead were included in the 2+ age class if larger than 150 
mm Standard Length.   
 
Number of juvenile steelhead by age/size class per foot of each habitat type in each reach 
was inputted to the Dettman model to predict number of returning adults, using the 
Waddell Creek rate of return during the 1933-42 period.  Returning adults consisted of two 
categories.  One was first time spawners.  The other was the total number of returning 
adults expected with a 20% repeat spawning rate.  The model emphasized the increased 
survival rate expected for larger size classes of juvenile steelhead. 
   
To make a more realistic estimate of returning adults from juveniles present in 1997-99, 
estimates derived from the Dettman model were reduced by 50%, based on an estimate of 
returning adult steelhead to Waddell Creek in 1991-92 (Smith 1992).  Smith estimated that 
roughly 248 adults returned to spawn, based on his trapping of up-migrating adult 
steelhead, tagging, sampling upstream of the trap for recaptures, and trapping down 
migrants for recaptures.  This estimate was approximately half of the average return of 432 
adults during the 1933-42 Shapovalov and Taft study (1954).  An assumption was that the 
reduction in returns in 1992 resulted from reduced ocean survival. Another underlying 
assumption in the 50% reduction of survival rate was that rearing habitat in Waddell Creek 
is currently capable of producing 1930's levels of juvenile smolts over the long term.  This 
assumption was judged likely by Dr. Smith (personal communication).  
 
Smith added that the adults returning in 1991-92 on Waddell Creek came from juvenile 
production primarily in 1988-90, during a five-year drought.  Further, additional 
streamflow reduction and habitat degradation came from summer water diversion that did 
not exist in the 1930's.  Therefore, the juvenile production leading to adults in 1991-92 was 
probably much less than the average juvenile production during the 1930's. It follows that 
the average return estimate of 432 adults in the 1930's may be higher than one would 
expect from juvenile production during drought years of the 1930's. Limited supporting 
evidence is the following.  The first recorded water year on the San Lorenzo River (record 
beginning in 1937) that produced similar acre-feet of streamflow as the drought years of 
1987-92 was water year 1938-39.  The adult return estimate from primarily juveniles 
produced in that water year was 377 adults in 1941-42.   
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The range of estimated adult returns during the earlier study was 373-539 adults. A less 
conservative reduction factor, but perhaps a more realistic one, may be 0.33 (1 - 248/373) 
or 33% instead of 50%, using the ratio of Smith's estimated adult return divided by the 
lowest estimated adult return during the 1932-42 period.  This is still probably a high 
reduction factor because during drought in 1989-90 there was a surface water diversion 
reducing juvenile production that was absent during 1930's drought.  
 
Whether the reduction factor should be 50% or 33% or something else, the model provides 
an annual adult index for comparison, and probably a conservatively low adult estimate 
with the 50% reduction factor.  It is important to note that our annually applied model uses 
the same constant survival rates from juveniles to adults, and our correction factor is also 
constant.  However, there are annual fluctuations in ocean survival that are impossible to 
account for. Therefore, the estimate of adult returns using the Dettman model is only an 
index and not an annual prediction of adult returns. This index is valuable because it is a 
way to express and compare the annual value of juvenile production by size class with 
other years in terms of potential adult returns if all factors are kept constant.   
 
The aforementioned method of estimating an index of returning adult steelhead was the 
only practical one.  Estimates of adult numbers from numbers of smolts captured by 
down-migrant smolt trapping would be prohibitively expensive and inefficient because 
down-migrant smolt trapping would require nightly trapping activities over a period of at 
least two months in the spring.  Smolt trapping would be very inefficient during stormflows 
when down-migration would increase. Unless a very permanent trapping facility was 
constructed, the fish trap would be very ineffective during storm events.  Down-migrant 
adult trapping would give an inaccurate indication of adult up-migration because many 
adults do not survive to down-migrate after spawning.  Trapping of down- migrant adults 
would require the same expensive, intensive effort required for down-migrant smolt 
trapping, with the associated ineffectiveness during stormflows.  An added negative aspect 
would be potentially high fish mortality unless the trap was emptied daily. 
 
 
Results of Fish Sampling 
 
In the mainstem in the past 6 years of sampling, young-of-the-year steelhead densities at 
sampling sites were generally the highest in 1997, prior to the El Niño storms of 1997-
1998 and in 2002 after a mild winter with early winter storms (Table A1). Young-of-the-
year fish densities between 1997 and 2002 have been low in the 12 mainstem sites, with 
the first improvement seen in 2001 (average site density = 17.0 young-of-the-year fish/ 
100 ft (S.D.= 10.3) and again in 2002 (average site density = 47.5 young-of-the-year fish/ 
100 ft (S.D.= 27.4). For comparison, young-of-the-year densities at the 12 mainstem sites 
in 1997 averaged 43.3 young-of-the-year’s/ 100 ft (S.D.= 29.5), more than twice that of 
2001 and very similar to that of 2002. Young-of-the-year densities were also high at the 
mainstem San Lorenzo River sites below Boulder Creek in 1997 for presumably the same 
reasons (average= 90.8 young-of-the-year’s/ 100 ft (S.D.= 41.6)). In sunny, sandy, valley 
portions of other central Coast watersheds, average young-of-the-year density in the 
lower and middle segments of the San Lorenzo River mainstem (downstream of Boulder 
Creek confluence) was similarly low in 2001 (17.1 young-of-the-year’s/ 100 ft (S.D.= 
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9.4)) and less than in lower Santa Rosa Creek (36.6 young-of-the-year’s/ 100 ft (S.D.= 
17.6)) (Alley 2002c; 2002d). Conditions in 1997 and 2002 were more favorable for 
successful egg survival and growth because all of the major storms occurred in the early 
winter, minimizing scour of steelhead nests later on and maximizing water clarity in the 
spring for feeding. In addition, more escape cover was present in 1997 than succeeding 
years in the form of large wood. By 2002, more overhanging vegetation was present due 
to riparian recovery.  
 
Yearling densities at sampling sites have been chronically low in the mainstem of Soquel 
Creek for 6 years (0.9 yearlings/ 100 ft (S.D.= 0.4) in 2001; 1.4 yearlings/ 100 ft (S.D.= 
0.8) in 2002). In the sunny valley reaches of the San Lorenzo River they were similar to 
mainstem Soquel Creek (1.6 yearlings/ 100 ft (S.D.= 1.9)) and less than in lower Santa 
Rosa Creek (9.5 yearlings/ 100 ft (S.D.= 1.6)) in 2001. 
 
In the East and West Branches of upper Soquel Creek, average young-of-the-year 
densities were much greater than mainstem densities, such as in 2001 (45.1 young-of-the-
year’s/ 100 ft (S.D.= 19.9) and in 2002 (92.9 young-of-the-year’s/ 100 ft (S.D.= 22.5)  
(Table A1). This average young-of-the-year density was similarly comparable to 
tributary and upper mainstem densities in the San Lorenzo watershed (35.9 young-of-the-
year’s/ 100 ft (S.D.= 15.3)) in 2001, but much less than in upper Santa Rosa Creek in 
2001 (167.2 young-of-the-year’s/ 100 ft (S.D.= 38.9)) (Alley 2002c; 2002d), although 
Santa Rosa Creek young-of-the-year’s were much smaller than in the other two drainages 
in most years. Average yearling densities at sites in the upper Soquel watershed were also 
higher than in the mainstem, such as in 2001 (7.1 yearlings/ 100 ft (S.D.= 7.5)) and in 
2002 (5.7 yearlings/ 100 ft (S.D.= 5.0)), though variable. Average yearling densities were 
similar in tributaries and the upper mainstem of the San Lorenzo (9.0 yearlings/ 100 ft 
(S.D.= 5.0)) and much less than in upper Santa Rosa Creek (22 yearlings/ 100 ft (S.D.= 
5.0) in 2001.  
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Table A1.  SITE DENSITIES of Juvenile Steelhead by AGE CLASS at Monitoring 
Sites in Soquel Creek in 1997-2002. (Resident rainbow trout present at Site  #18). 
 
      Sampling                                                             Fall Densities, 1997-2002** 
      Site *                                                   Y-O-Y's                                                       1+ and  2+ 
                                         1997   1998   1999   2000   2001   2002       1997   1998   1999   2000    2001   2002  
 
Near Grange Hall #1         6.1       4.3      1.0      0.9      2.8      6.7          1.2       1.5     1.0      1.9       0.7       0.6 
  
Near USGS Gage #2         4.1       8.3      0.4      5.3      6.3                     0.6       1.2     0.4      0.5       1.4             
   
Below Bates Creek #3     11.7     48.0      5.6      2.0      8.2     14.1         2.5       2.6     2.0      0.5       0.2      0.5 
  
Below Whitehead’s #4    45.7     18.2      6.2      3.5    19.9     28.8         2.2      1.5      0.9      2.0       0.7      2.6 
   
Near Beach Shack  #5     54.0     19.2      5.8       7.6    27.2                    2.8      1.4      2.0      1.6       0.5 
  
Diversion Site  #6            21.1       8.3     2.4        4.4      5.1    46.4         3.2      1.7      0.7      1.0       0.5      1.3 
  
Near Reservoir Site #7    94.0     13.6      5.2        1.6    26.4                    2.2     0.5      0.4      0.4       1.1 
 
Below Rivervale  #8        18.9       9.9      3.9       1.7     11.4    57.2        1.0     0.9      0.7      3.1       1.4       1.6 
  
Adjac. Mt. School #9       53.4     16.0      4.5       4.9     18.8    92.5        3.4    1.7      1.3       4.7       1.7       2.6 
   
Above Moores Glch #10  52.2    10.8       7.8       7.9     12.9   68.8         1.3    1.1      1.3       1.1      0.9        1.8 
    
Below Purling Brook #11 78.3    12.4       9.5    10.2     31.7                   2.7     0.6      2.2       4.1      0.3 
   Road Crossing 
   
Below W. Branch  #12      79.8    18.7     14.4    11.2     33.1    65.1       3.6     0.5      2.0        1.1     0.9        0.3 
 
Below Mill Pond  #13a     75.3   57.4     20.9    24.5   24.0    73.4      7.1      0       1.1       2.9    2.1        2.6 
    
Below Hinckley Ck  #13b      -         -       16.2     22.0    45.9   109.5       -         -         1.1       4.7     1.4         2.0 
     
Above Hinckley Ck  #14    46.9    46.6    24.7     14.6    37.2   104.6      2.6     1.0       1.6       4.8     1.9        2.9 
  
Below Amaya Ck.  #15    139.0   76.9   49.6     35.8   35.4    87.1       0      2.5      6.7      4.0     2.9        4.3 
   
Above Amaya Ck. #16***148.6  171.9  271.6   123.8   77.6   113.9     3.6      5.4     11.6      2.8      8.1        8.0 
       
Above Fern Glch  #17*** 131.9  101.3   159.4    84.7   78.1   112.4     5.7      3.1     11.5      6.9    18.2       17.0 
 
Above Ashbury Gu #18*** 29.4    24.8    33.2         -          -                 13.8      9.6     19.8         -         - 
 
 
 
 
 
Table A1.  SITE DENSITIES of Juvenile Steelhead by AGE CLASS at Monitoring Sites in 
Soquel Creek in 1997-2002. (Resident rainbow trout present at Site  #18). (CONTINUED) 
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      Sampling                                                                   Fall Densities, 1997-2002** 
      Site *                                                      Y-O-Y's                                                        1+ and  2+ 
                                           1997   1998    1999    2000    2001    2002     1997   1998   1999   2000   2001   2002 
 
W. Branch Below  #19    60.6    25.7    30.8     27.0     36.6                   1.2      0.4     1.6      1.2     1.2 
          Hester Ck. 
 
W. Branch Above  #20          -     30.6     36.3     34.3      26.2      49.2         -         0.3      0.3      3.0      2.1     2.9 
          Hester Ck.    
 
          Average Densities     60.6   36.1    33.7     21.4      28.2      68.6       3.2       1.9      3.3       2.6      2.4     3.4 
      (Standard Deviation)   (43.7) (40.8) (62.8)  (30.2)    (20.3)   (33.9)    (3.1)    (2.2)    (4.9)    (1.8)   (4.0)   (4.1) 
 
*    Refer to Table 1 for Site description and Appendix A - Figure 2 for Site Locations.          
**  Densities in number of fish per 100 feet of stream. 
***Raw data obtained from the Soquel Demonstration State Forest, 1997-99. 
 
In comparing smolt-size densities (Size Classes 2 and 3) at sampling sites in Soquel Creek 
in 2001 (as was typical for other years) with those found county-wide in the relatively dry 
1981 (Table A2), most of the 12 mainstem sites were rated in the “below average” to 
“poor” range, with only two sites with “fair” densities (Table A3). Therefore, even though 
young-of-the-year growth rate is sufficient to allow some young-of-the-year’s to reach smolt 
size their first year in many mainstem reaches, there were so few young-of-the-year 
steelhead and yearlings that densities of smolt-sized juveniles were low. Of the 8 upper 
branch sites, there were 3 sites in the good to fair range, but the remainder were in the 
“poor” to “very poor” range for the same reasons as at mainstem sites.  
 
Table A2.  Rating of Steelhead Rearing Habitat For Small Central Coast Streams.*  
(From Smith 1982.) 
 
Very Poor - less than 2 smolt-sized** fish per 100 feet of stream. 
 
Poor - from 2 to 4          "           "            " 
 
Below Average - 4 to 8      "           "            " 
 
Fair - 8 to 16              "           "            " 
 
Good - 16 to 32             "           "            " 
 
Very Good - 32 to 64        "           "            " 
 
Excellent - 64 or more      "           "            "      
 
* Drainages included the Pajaro, Soquel and San Lorenzo systems and other smaller      
   Santa Cruz County coastal streams totaling more than 100 sampling sites in 1981.                 
** Smolt-sized fish were at least 75 mm (3 inches) Standard Length. 
 
Table A3. SITE DENSITIES of Juvenile Steelhead by SIZE CLASS at Monitoring 
Sites in Soquel Creek in 1994 and 1997-2001. (Resident trout present at Site #18). 
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Sampling                    Fall 1997/ Fall 1994      Fall, 1998            Fall, 1999          Fall, 2000         Fall, 2001 
   Site*            Site #/            Densities**           Densities              Densities            Densities          Densities 
                    Reach #       C-1   C-2   C-3    C-1   C-2   C-3    C-1   C-2  C-3    C-1  C-2   C-3   C-1  C-2  C-3 
Near Grange Hall   #1/I   1.7     1.2      0      0.2    4.3    1.1       0     1.0    2.0      0     1.9     0.5    0.5    2.8   0.2  
                          
Near USGS Gage  #2/II   0.9     3.6      0       0      8.8    0.6       0     0.4    0.4      0     5.6     0.3    2.2    5.0   0.5    
 
Below Bates Ck #3/III  1.8/6  11.4/7    0       0    48.0    2.6       0     5.9    1.7     0.9   1.1     0.2    4.0    4.4    0 
 
Below Whiteheads 4/III  20.1    29.5    0     1.5   17.8    1.4       0     6.5    0.3     0.5   3.5     1.5    7.6  15.1  0.3  
  Cherryvale Ave 
 
Beach Shack    #5/IV      38.2   17.5    0.6      0    20.6     0        0.3   6.1   1.7    1.1    7.0    1.1   21.6  5.9   0.5  
   
Diversion Site  #6/IV      14.3     9.6    0.8      0      7.6    1.8        0    1.9   0.7     0      5.1    0.2    2.8   2.5   0.4 
 
Reservoir Site  #7/V  71.6/27.2  25/4.9  0    1.0   12.5    0.5     1.6    3.6   0.4    0.4    1.6      0    21.5   6.0    0  
 
Below Rivervale  #8/VI  11.7     9.0    0.3    0.2   10.0    0.5     1.0    2.9   0.2    0.2    4.2    0.5    6.3   5.9   0.2 
 
Below Moores     36.7/26.6   24.6/5.4   0.3   1.1   15.6   1.7      0.4   4.5   0.2    0.5    0.8      0     6.6  13.5   0.6 
  Gulch #9/VI 
 
Above Moores             43.2      11.0        0      0   11.3    0.6      3.3   5.2    0.6     0     8.8     0.6   9.4    6.1     0 
  Gulch #10/VII 
 
Below Purling              60.5      21.4        0     0.9  11.6   0.6      4.1   5.5    0.9    2.8   8.3     2.1   29.1   2.5     0 
  Brook Rd #11/VII    
 
Above Soquel         68.1/81    15.4/24     0     3.8  15.7     0       9.2   7.2    1.0    5.9   5.9    0.2    28.9   5.5     0 
  Creek Rd. #12/VIII 
 
AVG DENS.        30.7/35.2  14.9/10.3  0.2   0.7  15.3    1.1     1.7    4.2    0.8   2.0   4.5    0.6    11.7   6.3   0.2 
 MAINSTEM 
 
Below Mill          60.2/39.7   19.2/13.8   0  30.4  27.2     0     13.0   8.5     0   16.4   6.4     0      23.1   3.1     0 
  Pond #13a/IX 
 
Below Hinckley Ck  #13B/IX                                                   3.2  13.8    0   15.8   8.6     0      43.9   3.4     0 
 
Above Hinckley  27.4/21.6   22.2/ 2.0    0  26.9  20.8     0    11.8  11.0   0.8   3.5  15.0     0     24.3  13.4     0 
  Ck #14/X 
 
Below Amaya Cr       130.4     7.5       0      64.1  15.8    0    38.2   17.2    0    30.5   8.5    0     35.4    2.9      0 
  CK #15/XI 
 
Above Amaya  143.3/19.2  9.4/10.2  0.5  164.8  14.6  0.3  267.8  15.7    0  114.7  7.6   0.3    77.6    8.1      0 
  #16/XII 
 
Above Fern Gu.130.3/50.1 7.5/17.7  0.5    90.1  14.1   0   151.7   19.2    0   82.4  11.4   0      78.1  17.8    0.4 
  #17/XII 
                     
 
Table 3. SITE DENSITIES of Juvenile Steelhead by SIZE CLASS at Monitoring Sites in 
Soquel Creek in 1994 and 1997-2001. (Resident rainbow trout present at Site #18). 
(CONTINUED) 
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 Sampling                  Fall 1997/ Fall 1994      Fall, 1998           Fall, 1999          Fall, 2000            Fall, 2001 
   Site*          Site #/            Densities**           Densities             Densities          Densities              Densities 
                   Reach #      C-1   C-2    C-3    C-1   C-2  C-3    C-1  C-2   C-3   C-1   C-2  C-3    C-1   C-2   C-3 
 
 
Above Ashbury            29.2   13.2    0.9     20.6    3.9   0     33.2   19.4   0.4     -       -       -           -        -       - 
   Gulch #18 
 
W. Branch Below 60.1/24.2  2.2/21.6  0    20.4    1.3   0     23.4    8.4    0.3   24.5    3.1   0      36.6   1.2      0   
  Hester Cr #19/XIII 
 
West Branch Above  #20/XIV                    20.6   7.6    0     33.2   3.7     0     32.4    5.3    0      26.2   2.1      0 
  Hester Cr Confluence 
  OVERALL 
 AVG DENS. 50.0/32.8  13.7/11.7  0.2/0.1  22.3  15.0   0.6  28.4   8.0   0.6    20.7   6.7  0.3    24.3    6.4  0.3 
(Stand. Dev.) (43.9/21.9) (8.2/7.9) (0.3/0.2)(45.6)(9.8) (0.8)(62.7)(5.7)(0.6)  (31.9)(3.5)(0.5) (21.8)(4.7) (.9) 
  
*    Refer to Tables 1-2 for Site/Reach descriptions and Appendix A - Figure 2 for Site/Reach                                
      Locations.          
**  Density in number of fish per 100 feet of stream. 
 
The average site density of smolt-sized juveniles in stream reaches of the mainstem of Soquel Creek 
in 2001 was 6.5 smolts/ 100 ft (S.D.= 3.9). The lower and middle mainstem of the San Lorenzo 
River had a somewhat higher average site density of 9.1 smolts/ 100 ft (S.D.= 5.2), resulting from 3 
sites having more than 15 smolts/ 100 ft in the lower mainstem where summer baseflow was 
relatively high (Alley 2002c). Lower Santa Rosa Creek had much higher smolt densities at 23.3 
smolts/ 100 ft (S.D.= 7.4) (Alley 2002d). The average site density for these larger juveniles in 
upper Soquel Creek in 2001 was similar to the mainstem at 6.6 smolts/ 100 ft (S.D.= 5.8). In the 
upper San Lorenzo mainstem and tributaries it was somewhat higher at 9.0 smolts/ 100 ft (S.D.= 
4.7) in 2001, owing to the higher density of yearlings. Upper Santa Rosa Creek had much higher 
densities at 23.2 smolts/ 100 ft (S.D.= 3.7) in 2001, owing to more yearlings. 
 
Regarding total juvenile steelhead densities at mainstem sites of Soquel Creek in 2001, they 
averaged 18.2 fish/ 100 ft (S.D.= 10.3). By comparison, the lower and middle mainstem sites of the 
San Lorenzo River had a slightly higher average site density of 20.0 fish/ 100 ft (S.D.= 10.3) 
(Alley 2002c) in 2001. Lower Santa Rosa Creek had a much higher average juvenile site density 
at 46.1 fish/ 100 ft (S.D.= 18.7) (Alley 2002d) in 2001.  
 
Total juvenile steelhead densities in the branches of upper Soquel Creek in 2001 averaged 49.7 fish/ 
100 ft (S.D.= 24.7). By comparison, the upper mainstem and tributary sites of the San Lorenzo 
River had a similar average site density of 44.7 fish/ 100 ft (S.D.= 16.9) (Alley 2002c). Upper 
Santa Rosa Creek had a much higher average juvenile site density at 189.4 fish/ 100 ft (S.D.= 35.6) 
(Alley 2002d).  
 
The relatively low juvenile densities in the lower Soquel Creek and the mainstem San 
Lorenzo result from considerable slow-water habitat in long bedrock pools having little 
escape cover that are mostly unutilized. In these warm, poorly shaded reaches, steelhead 
are forced to use fastwater habitat at the heads of pools or in riffles and runs to obtain 
sufficient food to support elevated metabolic rates. In the larger San Lorenzo mainstem, the 
riffles and runs are deep enough to support higher densities of juveniles, including smolt-
sized fish. However, in mainstem Soquel Creek these habitats are too shallow to support 
many fish, especially larger smolt-sized individuals. In Soquel Creek there exists the 
management potential to allow quicker riparian recovery after periodic flood flows, to 
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leave more woody material in the channel after floods and to increase stream shading by 
vegetating the riparian corridor with tree species of taller stature that were historically 
present.  
 
 
Trends in Juvenile Steelhead Production for Mainstem Reaches of Soquel Creek 
 
Although the mainstem of Soquel Creek produces few young-of-the-year steelhead and has 
low densities of yearlings, it is an important source of production for larger size classed 
juveniles because of the young-of-the-year’s grow rapidly (Table 4). The percent of 
juveniles in Size Classes 2 and 3 by reach in 1997-2001 is presented in Figure 4. Successful 
spawning upstream of the lagoon (probably late in the spawning season) has been important 
to seeding the productive lagoon with juveniles, as well. The lower mainstem of the San 
Lorenzo River consistently contributes a significant proportion of the larger sized juveniles 
in that watershed because a greater proportion of the young-of-the-year fish grow to smolt 
size in one growing season than in the upper watershed (Alley 2002c). The proportion of 
watershed’s smolt-sized juvenile production provided by the mainstem in Soquel Creek for 
1997-2001 was 48%, 39%, 31%, 42% and 45%, respectively (Table A5; Figure 5). The 
mainstem has contributed a higher proportion in the drier years of 1997 and 2000 and 2001.  
When the proportion of young-of-the-year’s that grew into Size Class 2 during the first year 
was plotted from 1997-2001, it was apparent that in wetter years with higher baseflow, 
growth rate was higher with a higher proportion reaching Size Class 2 (Figures 6 and 7). 
The lagoon is a major contributor to smolt-sized fish. These larger size classes have the 
highest survival rate to adulthood and are most important in the juvenile population. It is 
important to note that although the mainstem typically had less young-of-the-year 
production than upper reaches, it produced a significant portion of the larger Size Class 2 
and 3 juveniles. Accumulated steelhead production by reach of smolt-sized juveniles is 
presented in Figure 8. Although the mainstem produced only 24% of the juveniles in 2001 
(Figure 9), it produced nearly half of the smolt-sized juveniles.  The mainstem juveniles 
contributed to 39% of the calculated index of 356 adults expected to return in 2001 (Table 
A4). 
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Table A4. Estimated Number of Juvenile Steelhead BY REACH in Soquel Creek, 
Divided into Age and Size Classes, 2001. 
 
Reach*          Size Classes       All      Age Classes   Adult Index   
            <75mm  =>75mm  =>150 Sizes     Y-O-Y   1+/2+ 
 
Lagoon          0     333   121    454      436     18        45 
 
  1            16     121    13    150      111     57        13 
 
  2            39      80     0    119      105     21         8 
 
  3           297     512     5    814      704     21        47 
 
  4           409     169    20    598      565     24        20 
 
  5           933     177     0  1,110    1,072     39        23 
 
  6           444     551    19  1,014      934     93        54 
 
  7         1,304     264     0  1,568    1,492     30        33 
  
  8         1,596     267     0  1,863    1,793     44        35   50% 
                                                                 Correct.                                                                
Sub-Total   5,038   2,474   178  7,690    7,212    347       278>>>139 
(R0-8) 
 
  9         3,866     349     0  4,215    3,984    224        59 
 
 10         1,500     643    17  2,160    2,036     70        69 
 
 11         2,111     174     0  2,285    2,111    174        31 
 
 12         9,568   1,831    39 11,438    9,568  1,870       232 
 
Sub-Total  17,045   2,997    56 20,098   17,699  2,338       391 
(R9-12) 
 
 13         1,883      63     0  1,946    1,883     63        19 
 
 14a        1,732     145     0  1,877    1,732    145        25   50% 
                                                                 Correct. 
Total(R0-14a)25,698  5,384  234 31,611   28,526  2,893       713>>>356   
 

 
* Reach designations are defined in Table 2 and mapped in Appendix A; Figures    2-4.     
 
**The depletion model was applied separately for size classes and age classes in each                                                                             
     habitat type. Therefore, total population estimates were slightly different after      
     tallying fish by size classes compared to age classes. 
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Table A5. Estimated Numbers of Juvenile Steelhead in Upper and Lower Portions of 
Soquel Creek in the Yearling and Older Age Class and Size Classes 2 and 3 (Alley 
2002b). 
 
           S.C.2-3  S.C.2-3  S.C.2-3  S.C.2-3  Yearling Yearling Yearling 
Year  Re0-8    Re9-14a  Re0-14a  Re0-13   Re0-8    Re9-14a  Re0-14a 
 
1981  1,900     
  
1994  4,500                       9,400 
 
1997  4,550    4,800     9,400    9,500     600    1,800    2,400 
 
1998  4,900    7,700    12,600   12,100     300      700    1,000 
 
1999  2,600    5,600     8,300    8,100     400    2,250    2,700 
 
2000  2,700    3,800     6,500    6,300     800    1,800    2,600  
 
2001  2,650    3,250     5,900    3,100     350    2,550    2,900   
--------------------------------------------------------------------- 
 
The proportion of watershed production of juvenile steelhead (all sizes combined) that 
the mainstem contributed in 1997-2001 was 21%, 13%, 7%, 13% and 24%, respectively 
(Table A6; Figures 9 and 10). Thus, in 2001 the mainstem showed an upswing in 
steelhead numbers and proportion of the total watershed production.  This was due to 
substantially higher young-of-the-year production. Estimated young-of-the-year 
production in the 7.3 miles of mainstem (Reaches 0-8) declined after 1997 and then 
improved in 2001; 1,700/mile in 1997, 700/mile in 1998, 400/mile in 1999, 350/mile in 
2000 to 1,000/mile in 2001 (Table A7). 
 
Table A6. Estimated Numbers of Juvenile Steelhead in Upper and Lower Portions of 
Soquel Creek for All Size Classes Combined (Alley 2002b).      
             
 Year       Lower        Upper        Re0-14a        Re0-13 
 
 1981       9,100     
  
 1994      15,100                                    33,200 
 
 1997      12,800        47,200       60,050         57,000                              
 
 1998       5,200       35,500       40,700         38,800                              
            
 1999       3,300        42,450       45,800         43,200 
 
 2000       3,200        21,900      25,100         21,200 
 
 2001       7,700        23,900      31,600         22,000  
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Table A7. Estimated Numbers of Juvenile Steelhead in Upper and Lower Portions of 
Soquel Creek in the Young-of-the-Year Age Class and Size Class 1 (Alley 2002b). 
 
            S.C.1    S.C.1    S.C.1    S.C.1    Y-O-Y    Y-O-Y    Y-O-Y 
Year  Re0-8    Re9-14a  Re0-14a  Re0-13    Re0-8    Re9-14a  Re0-14a 
 
1981  7,200     
  
1994 10,600                      23,800 
 
1997  8,300   42,400    50,650   47,800   12,300   46,100   58,400 
 
1998    300   27,800    28,100   26,800    5,000   34,900   39,950 
 
1999    700   36,800    37,500   35,200    2,900   40,300   43,250 
 
2000    500   18,100    18,600   16,600    2,500   20,800   23,300 
 
2001  5,000   20,700    25,700   18,900    7,200   21,300   28,500      
--------------------------------------------------------------------- 
  
Increased young-of-the-year production in the mainstem in 2001 was probably due to more 
spawning activity in the lower watershed during a drier winter, improved spawning gravel 
(survey work in May 2001 indicated coarser spawning gravel with less fine sediment in a 
number of locations), better survival of eggs during a milder winter and a slight recovery in 
adult returns after the depressed numbers hypothesized for the previous year due to El Niño 
storms of winter, 1997-98 (Alley 2001b). Habitat conditions in the mainstem improved with 
regard to escape cover in 2001, and habitat depth tended to either deepen or remain 
unchanged despite the reduced streamflow.  
 
It would appear from 1997 and 2001 young-of-the-year production, that in years when the 
latter portion of the winter lacks major storm events, more spawning or spawning success 
occurs in the mainstem and use of the mainstem by young-of-the-year steelhead is greater 
(Figure 11). It is uncertain what proportion of the young-of-the-year’s in the mainstem in 
years like 1997 and 2001 were spawned there and what proportion were contributed by the 
upper watershed where more young-of-the-year production typically occurs. 
 
 
Juvenile Steelhead Production Estimated for the East and West Branches of Soquel 
Creek 
 
A significant habitat benefit in the Branches results from the presence of more productive, 
fastwater step-runs in Reaches 9-12, resulting from higher stream gradient. Step-runs 
replaced much of the unproductive, long, slow pool habitat associated with highly 
embedded, slow runs and glides found in the mainstem.  
 
In 2001 the upper watershed, upstream of the East and West Branch confluence and 
encompassing 55% of the16.6 channel miles of steelhead habitat sampled in Soquel Creek, 
produced 75% of the estimated 28,500 young-of-the-year’s, 88% of the estimated 2,900 
yearling steelhead, 53% of the predicted 5,600 larger Size Class 2-3 juveniles and 76% of 
the total 31,600 juvenile steelhead predicted in the population.  Approximately Seventy-five 
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to 90% of the young-of-the-year production and of the total juvenile population occurred 
in the two branches in the 5 years of monitoring (Figures 9, 11 and 12). Seventy to 90% 
of the yearlings were typically in the two branches during the 5 years of monitoring 
(Figures 13 and 14). Approximately 50-70% of the smolt-sized juveniles were produced 
in the 2 branches during the 5 years of monitoring (Figure 5 and 8). These percentages 
indicate the mainstem is under-utilization by juvenile steelhead. 
 
 
Relevant Habitat Trends in Soquel Creek  
 
In the mainstem downstream of the West Branch confluence, escape cover under objects 
in pool habitat in 2000 showed a third year of measured decline. In 1997 there were 3,701 
linear feet of cover measured in pools, compared to 1,692 feet in 1999 and 1,602 feet in 
2000 (Alley 2001b).  Thus, there was less than half the level observed in 1997. 
In-channel wood that had disappeared in 1998 was not replaced in 2000. Considerable 
wood had accumulated at the outside bends of wide meander cut s into streambanks after 
the 1998 stormflows, but it was not part of the summer low-flow channel. In 2001 the 
escape cover in sampled mainstem pools increased due primarily to increased 
overhanging tree branches from recovering riparian vegetation. 

  
After the drought years of the late 1980’s and early 1990’s, the riparian forest had 
encroached without flood flows. In looking at limited tree canopy closure estimates from 
1994 that corresponded to sites in 1997, the substantial loss of riparian corridor was 
detected in ensuing years (Figure 15). The large peak storm event in January 1995 of 
7,000+ cfs at the USGS gage and ensuing storms in 1995 and the next winter of 1995-
1996 brought wood into the mainstem channel and resulted in a large wood jam of 
several hundred yards in length that a County-supervised crew spent several weeks 
removing in upper Reach 3 by February 1996. This is the present location of substantial 
streambank erosion on the outside of the bend that had been previously covered with 
wood.   By 1997, the streambanks had begun unraveling after a significant flood flow of 
nearly 7,000 cfs on 10 December 1996. Riparian vegetation had been eroded into the 
stream channel, providing considerable cover but left unshaded stream channel (Figure 
15). There was substantially more escape cover in 1997 than later years (Figure 16). 
However, the high winter flows of 1997-98 left a channel largely unshaded in many 
stretches, with much less wood in the channel for fish escape cover.  Flood control 
activities tha t focused on cutting up large wood and cutting back riparian growth on 
exposed sandbars has likely reduced valuable escape cover and prevented the recovery of 
the riparian corridor. High summer water temperatures as those observed in 1997 and 
1998 (Alley 2002b), despite the high summer baseflow in 1998 (Figure 17), have likely 
resulted from efforts to impede recovery of riparian vegetation in the lower reaches. The 
continued low mainstem young-of-the-year production noted from 1999 to 2000 was 
likely associated with fewer adults returning after heavy El Nino storms of 1998 
(Appendix A; Figure 4) had reduced smolt survival and food supply in the ocean. Also, 
baseflow was reduced in 2000 (Figure 17, Appendix A; Figures 5 and 6) with reduced 
pool depth and cover. The increase in young-of-the-year production in 2001 likely 
resulted from increased adult returns, improved spawning conditions and greater escape 
cover at sampling sites in 2001 (Alley 2002b).  
 



D.W. ALLEY & Associates Final Fisheries Report to S.C. County 3/14/03 

  Final County Soquel Fish Assessment31403.doc 99

Tree canopy closure in 1999 was inadequate to prevent water temperatures from 
increasing above the tolerance of coho salmon in Reaches 0-8 and 10. In 2001, the 
riparian corridor was in process of recovering after two milder winters in a row. Percent 
tree canopy closure improved substantially at 5 of 12 mainstem sites in 2001. However, 
the highly exposed stretches near Bargetto’s winery, near the Whitehead’s residence, near 
Mountain School and above Hinckley Creek continue to be largely unshaded and much 
less than the 65-85% closure that existed in 1994 at some of them. In 2001, tree canopy 
closure varied between approximately 25 and 65% at the 12 mainstem sites. In the two 
branches, tree canopy closure ranged between 65 and 85% except at Site 14 above 
Hinckley Creek where it was only 35% (Figure 15). Data from comparable sites in 1994 
indicated that all 5 comparable sites on the mainstem and East Branch downstream of the 
Soquel Demonstration State Forest were more shaded in 1994 than 1999 and 2001.  At 
least 2 of the largely unshaded sites in 1999 and 2001, Sites 3 and 14 had more than 65% 
tree canopy closure in 1994 (Alley 2002b). 
 
Embeddedness of larger substrate by sand and silt is a measure of sedimentation. 
Generally, the greater the embeddedness, the lower the aquatic insect productivity in 
fastwater habitat. Embeddedness in riffle and run habitat at sampling sites reached a 5-
year high at many sites in 2001, with most habitats embedded between 40 and 60% 
(Figure 17). 
 
 
Steelhead and Coho Enhancement Implications 
 
If the mainstem is to become habitable to coho and remain habitable for steelhead, summer 
baseflow must be protected. The riparian corridor must be allowed to recover and be 
protected from tree removal associated with logging, land development and flood control 
activities. The systematic cutting of riparian tree seedlings and remnant vegetation 
remaining after stormflows has prevented recovery of the riparian corridor in the past and 
restoration of a riparian tree canopy over the stream. In 2001 the riparian seedlings were still 
being retained on the bars left after the previous high stormflows, indicating an 
improvement in management techniques (Alley 2002b).  
 
The high growth rate in the mainstem has the potential to produce a significant portion of 
the smolt-sized juveniles in the watershed. A water quality goal should be to maintain 
water temperature at 20ºC or cooler in the Soquel Creek mainstem, downstream of 
Moores Gulch. Cooler temperatures may not be possible due to the wide floodplain at 
bends and lack of riparian canopy closure, even where the riparian corridor is intact. 
 
Because of the existing spawning challenges for coho and typical summer water 
temperatures found in the mainstem of Soquel Creek below the Moores Gulch 
confluence, no acceptable water temperature goal can realistically be attained for coho 
downstream of Moores Gulch.  It is highly unlikely that coho salmon can successfully 
spawn in the mainstem Creek below the Moores Gulch confluence in most years.  With 
their early spawning period and the sandy conditions, the coho redds are extremely 
vulnerable to scour and sedimentation from later winter and spring storms. 
 
In the future through restoration efforts, coho might successfully spawn and rear in the 
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low-gradient Reaches 7, 8, and 9 between the Moores Gulch confluence and the Hinckley 
Creek confluence on the East Branch.  However, these reaches, as well as Reach 10 
above the Hinckley Creek confluence, are currently too warm during some summers and 
will require restoration of tall riparian trees (redwood, Douglas fir, and sycamore) to 
bring adequate stream shading and sufficiently cool water temperatures in the summer. 
 
A maximum water temperature goal for the mainstem between the Moores Gulch 
confluence and the Soquel Creek Water District weir at the mouth of the canyon, above 
Olive Springs Quarry should be to bring summer water temperatures down into the 16-
18ºC range. 
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Figure A1. Reach Designations and Fish Sampling Sites in the Soquel Creek Drainage 
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Figure A2. Reach Designations and Fish Sampling Sites in Lower Soquel Creek. 
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Figure A3. Reach Designations and Fish Sampling Sites in Upper Soquel Creek. 
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Figure 4. Percent of Juveniles in Size Classes 2 and 3 (Smolt-Sized) by Reach in Soquel 

                Creek in 1997-2001.

 
Figure A4. Percent of Juveniles in Size Classes 2 and 3 (Smolt-Sized) by Reach in 
Soquel Creek in 1997-2001. 
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Figure 5. Relative Proportion of Size Classes 2 and 3 of Juveniles Produced in the Upper Watershed

                 Compared to the Lower Watershed (Below East and West Branch Confluence) in 
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Figure A5. Relative Proportion of Size Classes 2 and 3 of Juveniles Produced in the  
Upper Watershed Compared to the Lower Watershed in Soquel Creek, 1997-2001. 
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Figure 6. Percent of Young-of-the-Year Steelhead Growing into Size Class 2 by Reach in

                 Soquel Creek in 1997-2001.

                

 
 
Figure A6. Percent of Young-of-the-Year Steelhead Growing into Size Class 2 by 
Reach in Soquel Creek in 1997-2001. 
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Figure 7. Estimated Fall Streamflow in Soquel Creek in 1997-2001.

Figure A7. Estimated Fall Streamflow in Soquel Creek in 1997-2001. 
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Figure 8. Accumulated Smolt-Sized (=>75 mm SL) Steelhead Production by Reach

                     in Soquel Creek in 1997-2001.

Figure A8. Accumulated Smolt-Sized (=>75 mm SL) Steelhead Production by Reach in 
Soquel Creek in 1997-2001. 
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Figure 9. Relative Proportion of Steelhead Juveniles of All Sizes Produced in the Upper Watershed

                 Compared to the Lower Watershed (Below East and West Branch Confluence) in

                 Soquel Creek in 1997-2001.
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Figure A9. Proportion of Steelhead Juveniles of All Sizes Produced in the Upper 
Watershed Compared to the Lower Watershed in Soquel Creek in 1997-2001. 
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Figure 10. Trend in Juvenile Steelhead Production in Soquel Creek for Reaches 0 Through 14a

                   (16.6 miles) in 1997-2001. 

 
 
Figure A10. Trend in Juvenile Steelhead Production in Soquel Creek for Reaches 0 
Through 14a (16.6 miles) in 1997-2001. 
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Figure 11. Accumulated Steelhead Production by Reach of Young-of-the-Year Steelhead in 

                     Soquel Creek in 1997-2001.

 
Figure A11. Accumulated Steelhead Production by Reach of Young-of-the-Year 
Steelhead in Soquel Creek in 1997-2001. 
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Figure 12. Relative Proportion of Young-of-the-Year Juveniles Produced in the Upper Watershed
                   Compared to the Lower Watershed in Soquel Creek in 1997-2001.

 
Figure A12. Relative Proportion of Young-of-the-Year Juveniles Produced in the 
Upper Watershed Compared to the Lower Watershed in Soquel Creek in 1997-2001. 
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Figure 13. Relative Proportion of Yearling and Older Juveniles Produced in the Upper Watershed

                   Compared to the Lower Watershed (Below East and West Branch Confluence) in 

                   Soquel Creek in 1997-2001.
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Figure A13. Relative Proportion of Yearling and Older Juveniles Produced in the 
Upper Watershed Compared to the Lower Watershed in Soquel Creek in 1997-2001. 
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Figure 14. Accumulated Yearling Steelhead Production by Reach in Soquel Creek in 1997-2001.

Figure A14. Accumulated Yearling Steelhead Production by Reach in Soquel Creek in 
1997-2001. 
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Figure 15. Average Percent Canopy Closure at Sampling Sites along Soquel Creek

                    in 1994, 1997-99 and 2001.

 
Figure A15. Average Percent Canopy Closure at Sampling Sites along Soquel Creek in 
1994, 1997-1999 and 2001. 
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Figure 16. Escape Cover Index for Pool Habitat at Fish Sampling Sites on Soquel Creek

                   in 1997-2001.
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Figure A16. Escape Cover Index for Pool Habitat at Fish Sampling Sites on Soquel 
Creek in 1997-2001. 
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Figure 17. Embeddedness Averaged for Riffle and Run Habitat at Sampling Sites 
                   in Soquel Creek in 1997-2001.
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Figure A17. Embeddedness Averaged for Riffle and Run Habitat at Sampling Sites in 
Soquel Creek in 1997-2001. 



D.W. ALLEY & Associates Final Fisheries Report to S.C. County 3/14/03 

  Final County Soquel Fish Assessment31403.doc 118

 
 
APPENDIX B. WATER TEMPERATURE AND OXYGEN TOLERANCES FOR  
CENTRAL COAST STEELHEAD AND COHO SALMON  

 
Water Temperature Considerations- Steelhead in Soquel Creek 
 
The relationship between water temperature and metabolic rate (measured as oxygen 
consumption) is basic to fish physiology and important in understanding fish distribution 
and ecology.  Fish being ectotherms (cold-blooded), their body temperatures increase 
along with metabolic rate as water temperature increases.  At higher temperatures, 
steelhead oxygen requirements and food demands increase, and steelhead are forced to 
fastwater habitat or other sources of abundant food. References that indicate that oxygen 
consumption by fishes increases with water temperature include Fry (1947), Beamish 
(1964) and Beamish (1970).  Many fisheries textbooks refer to this relationship.  An 
example is The Chemical Biology of Fishes by Malcolm Love (1970).  The positive 
relationship between water temperature and metabolic rate in fishes leads to higher 
oxygen requirements as water temperature increases (Nikolsky 1963). 
 
Brett (1956) defined lethal temperature theoretically as that temperature at which 50% of 
a fish population could withstand for an infinite time. At the lethal temperature and 
beyond, there is a period of tolerance before death, known as the resistance time (Fry 
1947). Because of the resistance time, fish are able to tolerate diurnal fluctuations 
exceeding lethal temperatures (Fry et al. 1946). Between the upper and lower lethal 
temperatures is found the preferred temperature for each species. Fry (1947) defined the 
preferred temperature as the temperature range in which a given fish population will 
congregate when given the choice of an infinite range of temperatures. 
 
Lethal temperature limits and the preferred temperature of a species can be altered 
through acclimation to changing environmental temperatures. As the acclimation 
temperature increases, the lethal and preferred temperatures progressively increase (Brett 
1956). This process allows a species to survive over an extended temperature range. A 
review of the literature concerning the effects of high temperature on steelhead-rainbow 
trout shows considerable variation in results between different researchers. This was 
partially due to differences in laboratory conditions under which the studies were 
conducted. Uncontrolled variables such as water chemistry, season, day length, 
acclimation level, physiological condition, size, age, sex, reproductive condition, 
nutritional state and genetic history of tested fish may influence their response to water 
temperature levels. 
 
Sub- lethal effects of high temperatures on salmonids include increased metabolic rates 
and decreased scope for activity, decreased food utilization and growth rates, reduced 
resistance to disease and parasites, increased sensitivity to some toxic materials, 
interference with migration, reduced ability to compete with more temperature resistant 
species and reduced ability to avoid predation. 
 
A review of the literature indicates that temperatures below 20ºC (68ºF) are best suited 
for the success and production of steelhead-rainbow trout (Kubicek and Price 1976). 
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Snyder and Blahm (1971) reporting on the work of Brett (1959) stated that steelhead 
could exist at temperatures above 20ºC (68ºF), but only at the expense of feeding, 
growth, maturation and migration. Mantelman (1958) indicated that the range of 12 to 20º 
was most favorable for food consumption and growth of rainbow trout. Coche (1967) 
concluded that, for his stock of juvenile steelhead, temperatures between 20ºC (68ºF) and 
24ºC (75.2ºF) were responsible for high maintenance requirements and low conversion 
efficiency of food into growth. Dickson and Kramer (1971) reported that the scope for 
activity of hatchery and wild rainbow trout was maximum at 15ºC (59ºF) and 20ºC 
(68ºF), respectively, and slightly less at 25ºC (77ºF). Baltz et al. (1987) reported that 
optimal temperatures for growth of rainbow trout to be around 15-18ºC, a range that 
corresponded to temperatures selected in Sierran streams when possible. Baltz et al. 
(1987) found that rainbow trout selected temperatures of 16-18ºC in the Pit River 
(southern Cascades of Northeast California) when they had a choice. However, Moyle 
(2002) stated that many factors affect choice of temperatures by trout, including food 
availability. The applicability of temperature data collected on Sierran/Cascade trout 
populations has limited applicability to Central Coast steelhead populations and 
temperature preferences. In higher elevation Sierran streams, there are conditions of cool 
and sunny, productive conditions. We do not have that on the Central Coast. Cool habitat 
here is unproductive in terms of food because it is heavily shaded. Sunny habitat on the 
central coast is warm and productive in terms of food. Therefore, we have warmer stream 
habitats that are more optimal for steelhead growth and densities than cool, heavily 
shaded habitats. 
 
At sub- lethal levels water temperature is largely a food availability issue.  If food is 
scarce, low temperatures (10-14ºC or less) would be optimal, because they reduce basal 
metabolic rate, reducing food needs and resulting in lower summer weight loss (if food is 
very scarce).  If food is moderately abundant higher temperatures (14-18ºC) would be 
optimal, because metabolic rate would not be too high, and swimming performance and 
digestive rate would allow for active feeding and growth.  If food is very abundant and 
available, then warmer temperatures (18-22ºC) might be optimal, because rapid digestion 
would allow the fish to quickly assimilate the abundant food and growth rate would be 
high. 
 
In Santa Cruz County, in cooler, shaded tributaries where summer water temperature in 
consistently in the 15-18ºC range, juvenile steelhead grow relatively slowly, requiring 2 
years to reach smolt size. Whereas in lower mainstems of larger watersheds (Soquel 
Creek downstream of Moores Gulch and the San Lorenzo below Zayante Creek 
confluence) where the summer water temperature is consistently in the 18-21ºC range 
and streamflow is greater than in tributaries, juvenile growth rate is faster, with many 
young-of-the-year juveniles reaching smolt size the first year. However, higher 
temperatures increase food demands and restrict steelhead to faster habitats for feeding in 
these lower reaches, especially above 21ºC (70ºC) (Smith and Li 1983). In Santa Rosa 
Creek (San Luis Obispo County) juvenile steelhead growth rate is substantially faster in 
the warmer, less shaded, lower valley than in the cooler, upper canyon (Alley 2002d). 
Many of the young-of-the-year steelhead reach smolt size the first growing season in the 
lower valley and very few do in the upper canyon. In conclusion, in central coast streams, 
optimal habitat is not the coolest habitat.  
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Kubicek and Price (1976) concluded that although temperatures less than 26.5ºC (79.7ºF) 
were not assumed to directly cause steelhead mortality in the Big Sulphur Creek drainage 
(tributary to the Russian River, Mendocino County), temperatures consistently above 
20ºC (68ºF) were assumed to cause sub-lethal stress that could result in decreased fish 
production and indirect mortality. They noted that juvenile steelhead disappeared from a 
section of Big Sulphur Creek when hot springs caused summer temperatures to rise above 
26ºC.  They assumed in their monitoring that stations that had temperatures greater than 
20ºC (68ºF) for less than 50% of the time in any one month were not expected to cause 
significant sub- lethal effects in that month, unless that station reached a marginal or lethal 
maximum temperature.  
 
Charlon (1970) found that steelhead acclimated at 24ºC (75.2ºF) experienced a lethal 
temperature of 26.35ºC (79.4ºF). Alabaster (1962) found steelhead acclimated to 20ºC 
(68ºF) to experience a lethal temperature of 26.6ºC. McAfee (1966) found steelhead 
lethal temperatures in the range of 24-29ºC (75.2º- 84.2ºF) with unspecified acclimation 
temperatures. 
 
 
Supporting Evidence For High Temperature Tolerance in Steelhead 
 
There are many central coast examples of steelhead surviving and growing well at water 
temperatures above 21ºC. Many of these come from coastal lagoons (Alley 2002a) and 
lower reaches of unshaded drainages, such as lower Soquel Creek (Alley 2002b) and the 
lower San Lorenzo River (Alley 2001c), but only where food is abundant.  When food is 
abundant, growth is actually better at warmer temperatures because digestive rate is 
increased, allowing fish to consume more food and grow more quickly.   
 
The Soquel Creek Lagoon is inhabited by juvenile steelhead each summer and is valuable 
nursery habitat.  As a typical example, on 22 July 1988 at 0820 hr the minimum lagoon 
temperature was 20.8º C, and by 1449 hr the minimum lagoon temperature was 22-23º C 
at all stations throughout the water column, (Habitat Restoration Group 1990).  Large, 
fast-growing steelhead were collected from this lagoon in fall, 1988, indicating their 
survival well above 21º C.  In late July 1989, Smith observed 300+ steelhead juveniles at 
the mouth of Noble Gulch in Soquel Lagoon where the water column temperature ranged 
from 21.4 to 22.4º C at 1555 hr.   
 
On 21 July 1992 in Soquel Lagoon, the minimum temperature measured at 4 sites before 
0700 hr was 21.2º C (Alley 1993).  At 3 of the 4 monitoring sites the minimum was 23º 
C.  By 1700 hr on that day, the minimum water temperature measured was 25.2º C at one 
site and 26º C at the other monitored site.  These sites were representative of the entire 
lagoon.  Large, fast-growing steelhead were collected in abundance in Soquel Lagoon in 
fall, 1992, after these warm summer conditions.   
 
On two occasions (August and September) in Soquel Lagoon in 1993, steelhead juveniles 
fed at the surface in early morning with minimum water temperature above 20.6 º C 
(Alley 1994).  Water temperature was likely to increase at least 2º C through the day.    
More than 1,100 juvenile steelhead were captured in the lagoon in fall 1993 (Alley 1994).   
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Steelhead have been detected at water temperatures as high as 26º C in Pescadero Creek 
Lagoon (San Mateo County) and at 24º C on a regular basis in Pescadero and San 
Gregorio Lagoons (San Mateo County) (Smith 1990) and Uvas Creek in Santa Clara 
County (J. Smith, pers. observation).  
 
It has been reported that rainbow trout (same species as steelhead but with a freshwater 
life history pattern) survive temperatures from 0 to 28ºC, provided that they are gradually 
acclimated to higher temperatures and that saturated oxygen conditions exist (Moyle 
1976).  Rainbow trout in Big Sulphur Creek, tributary to the Russian River, are often 
exposed to stream temperatures in excess of 20ºC (Price et al. 1978).  This is particularly 
the case in Big Sulphur Creek below Little Geysers Creek where daily minimum 
temperatures sometimes exceed 20ºC.  Daily stream temperatures fluctuate up to, and 
perhaps greater than 28ºC in Big Sulphur Creek in summer rainbow trout habitat (Price 
et al. 1978). Steelhead inhabited the Creek, downstream of where these data were 
collected. More than 100 rainbow trout/ steelhead were observed during snorkeling in 
pools, runs and riffles on 24 July 1976 in Deer Creek, Tehama County, where water 
temperature fluctuated daily between 19 and 24º C (Alley 1977). 
 
 
Water Temperature Considerations- Coho Salmon in Soquel Creek 
 
Because of the existing spawning challenges for coho salmon and typically high summer 
water temperatures found in mainstem Soquel Creek below the Moores Gulch 
confluence, no acceptable water temperature goal can realistically be attained for coho 
downstream of that point. It is highly unlikely that coho salmon can successfully spawn 
in the mainstem below the Moores Gulch confluence in most years. With their early 
spawning period and the sandy conditions, their redds are extremely vulnerable to scour 
and sedimentation from later winter and spring storms. However, if there was successful 
spawning in these mainstem reaches or if juveniles produced by spawning in tributaries 
moved down into these reaches, juvenile coho would easily starve because they cannot 
utilize productive fastwater habitat as steelhead do. Although the lethal temperature limit 
for coho is similar to steelhead, they would likely starve at temperatures above 18-20ºC 
(65-68ºF) in the lower mainstem of Soquel Creek. Coho can potentially tolerate 
temperatures nearly as high as steelhead, but usually are found at much cooler 
temperatures. In Washington, stocked coho were found to do well in streams where 
temperatures exceeded 24.5ºC for more than 100 hours and reached 29.5ºC (Bisson et al. 
1988). However, those were very productive sites, and other species (including steelhead) 
were scarce. According to Moyle (2002) juvenile coho prefer and presumably grow best 
at temperatures of 12-14ºC. However, no reference or geographical area of study was 
provided with this statement. Coho survive well in Waddell and Scott creeks (Santa Cruz 
County) at warmer temperatures. As with steelhead, optimal temperatures for coho 
growth may vary with food abundance and geographical region. Moyle (2002) added that 
coho do not persist in streams where summer temperatures reach 22-25ºC (71.6-77ºF) 
(Emmett et al. 1991; Hassler 1987), and temperatures exceeding 25-26ºC (77-78.8ºF) 
are “invariably lethal.” The warm lagoon at Waddell Creek failed to support coho in 
1996, even though it was productive, and coho were present immediately upstream of the 
lagoon.  Apparently coho could not compete with steelhead in this warm, large pool 
situation. However, in smaller and/or cooler pools, coho tended to successfully exclude 
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young-of-the-year steelhead (Smith unpublished). Even if water temperatures below 
18ºC could be attained in some portions of the mainstem of Soquel Creek downstream of 
Moores Gulch, few coho would likely survive in the long pools where food is in short 
supply. 
 
In the Mattole River system (northern California) coho were found only in tributaries 
where the maximum weekly average water temperatures were 16.7ºC (62ºF) or less and 
the maximum weekly maximum temperatures were 18.0ºC (64ºF) or less (Welsh et al. 
2001). To arrive at these temperature criteria, they determined the average daily water 
temperature for the weeks under consideration and determined the average maximum 
daily water temperature for those weeks. Then they correlated the maximum for all of the 
average weekly temperatures and the maximum for all of the average maximum weekly 
temperatures to coho presence or absence. Because of the generally sandy substrate in the 
Soquel Creek system, and the presence of steelhead, the temperature limits found in the 
Mattole River are probably the appropriate goal for re-establishing coho in the low 
gradient portions of the middle Soquel Creek watershed from the Moores Gulch 
confluence to the beginning of the canyon, upstream of the Olive Springs quarry 
(Reaches 7-10; Alley 2002). In Scott and Waddell creeks in Santa Cruz County, coho 
have been found at warmer sites than those in the Mattole River, but only where the pools 
were very productive (small pools, abundant algae, extensive, productive riffles upstream 
of the pools, etc.) (Smith pers. observation).  
 
 
Oxygen Considerations- Steelhead and Coho Salmon   
 
Steelhead can likely survive oxygen levels in the cooler, early morning as low as 2 mg/l. 
However, the water quality goal for Soquel Creek should be to maintain oxygen levels 
above 5 mg/l because activity is likely restricted at lower oxygen levels. This goal is 
easily met in flowing stream habitat where riffles recharge oxygen, but may not be at 
greater depths in the lagoon under conditions in which considerable saltwater has been 
trapped by sandbar closure without sufficient lagoon inflow during drought.  
 
Local field data are lacking for establishing the minimum oxygen requirements for coho 
salmon juveniles. However, it is highly likely that warm water temperature associated 
with starvation would become limiting to coho in the Soquel Creek system long before 
low oxygen levels would become a factor. It is probable that oxygen levels in flowing 
stream and riverine habitat would be ample for coho salmon, as is the case for steelhead. 
Saline lagoon conditions during drought may reduce oxygen levels in deeper portions of 
the water column below the tolerance for coho, as with steelhead. The 5 mg/l oxygen 
goal for steelhead in the San Lorenzo system would also be adequate for coho salmon.      
 
 
Supporting Evidence for Low Oxygen Tolerance in Steelhead 
 
Steelhead have been observed at oxygen levels below 4 mg/l in many locations along the 
central coast.  Steelhead were captured from isolated pools (stream discontinuous) at 3-4 
mg/l oxygen and 16º C water temperature in 1988 in Waddell and Redwood creeks in 
Santa Cruz and Marin counties, respectively (J. Smith, pers. observation), but coho 
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were absent from the pools in Redwood Creek where levels dropped to 3 mg/l.  In August 
1989 on the Carmel River, juvenile steelhead were observed in pools at three different 
sites where oxygen ranged from a minimum of 2-4 mg/l at the different sites before dawn 
to a maximum of 14-15.5 mg/l (super saturation) in the afternoon, with water temperature 
ranging from 61º F (16.1º C) in the morning to 72º F (22.2º C) in late afternoon (D. 
Dettman, pers. communication).   
 
In San Simeon Creek Lagoon in 1993, steelhead survived to at least mid-August, despite 
morning oxygen levels in the 1.7-2.8 mg/l range. Juvenile steelhead were observed on 10 
June, and 29 July at the same location (Alley, pers. observation).  On 11 June the 
maximum oxygen concentration at that station was 2.7 mg/l at 0603hr (at the surface), 
with water being 14º C (Alley 1995b).  On 8 July the maximum oxygen level was 1.7 
mg/l with water at 16º C at 0525 hr (Alley 1995b).  On 29 July the oxygen concentration 
was at a maximum of 2.8 mg/l with water temperature of 17.5º C at 0530 hr (Alley 
1995b).  An adult steelhead was observed in the lagoon during sampling on 10-11 August 
(J. Nelson, California Department of Fish and Game, pers. communication).   
 
At low temperatures, it was reported that rainbow trout withstand oxygen concentrations 
of 1.5 to 2 mg/l (Moyle 1976). Rainbow trout were found in Penitencia Creek (Santa 
Clara County) at 3 mg/l oxygen and 20º C water temperature (J. Smith personal 
comm.).  
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APPENDIX C. METHODS USED TO MONITOR WATER TEMPERATURE IN  
 SOQUEL CREEK WATER TEMPERATURE TIME SERIES PLOTS FOR 2001. 
 
 
At least 14 continuous HOBO temperature recorders were established in Soquel Creek 
(mainstem and East Branch to beyond the Olive Springs Quarry) on 22-23 May 2001. 
Another recorder was placed in the West Branch on 5 June 2001. Their placement was 
guided by D.W. ALLEY & Associates in an effort to measure increases in water 
temperature downstream of more unshaded stream sections and to determine the general 
heating and cooling patterns in the drainage. California Department of Fish and Game 
and Santa Cruz County supplied the recorders. The recorders were placed in the stream 
by personnel from both agencies (Jennifer Nelson from California Department of Fish 
and Game; Kristen Schroeder from the County), accompanied by Donald Alley on 22 
May. Agency personnel retrieved the recorders on 11-12 October 2001. Of the retrieved 
recorders, 9 provided temperature data at 2-hour intervals (Table 3).   
 
Data were imported to Excel spreadsheets by County personnel and provided to D.W. 
ALLEY & Associates. From these were calculated daily average temperatures, weekly 
averages of daily temperatures and maximum daily temperatures. The Statistix software 
package was used to graphically produce the temperature data. 
 
Other temperature data were obtained from California Department of Forestry manager 
of the Soquel Demonstration State Forest, Thomas Sutfin. The station upstream of the 
Longridge Road crossing was used in this analysis. Their Hobo temperature recorders 
provided temperature data at 30-minute intervals.  Data were provided in Excel 
spreadsheets in degrees Farenheit. 
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Soquel Creek Temperatures at Long Ridge Crossing
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Figure 10. Soquel Creek Water Temperature Station 11 (Long Ridge Rd) in 2001. 

(Provided by Thomas Sutfin, California Department of Forestry.) 
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APPENDIX D. METHODS FOR SELECTING, COLLECTING AND ANALYZING 
CORE SAMPLES IN SPAWNING GLIDES OF SOQUEL CREEK IN 2002. 
 
During the period of 29 July through 7 August 2002, Soquel Creek was surveyed from 
the upper extent of the lagoon to beyond the Olives Spring Quarry to the Soquel Water 
District Weir at the mouth of the upper canyon (steelhead Reaches 1-10 (Alley 2001)). 
Thirty-five spawning glides were identified, 10 of which contained steelhead spawning 
redds that could be identified. Spawning glides were chosen based on sites containing at 
least some gravel in the range of 0.5 and 3.5 inches diameter in appropriate hydraulic 
conditions. Although the literature for survival of embryos and fry that we are familiar 
with was based on analysis of streambed material collected from actual redd mounds, the 
Technical Advisory Committee for the Soquel Assessment Plan advised us to sample 
spawning glides unused for spawning, as well as spawning redds. After consultation with 
Jennifer Nelson of the California Department of Fish and Game, a modified random 
sampling method was used to choose spawning glides to sample. The intent was to spread 
the sampled glides throughout the 10-mile stream distance and to sample at least 1 
steelhead redd in each of 4 segments of equal length. The stream length of the 10 reaches 
was divided into 4 equal segments. Three spawning glides were sampled from each 
segment, totaling 12 samples. One spawning glide with a steelhead redd was chosen non-
randomly from each segment, and two others were chosen randomly from each segment. 
With the spawning glides numbered 1 through 35, those sampled were #1, 6, 9, 15, 17, 
19, 24, 27, 28, 31, 32 and 33. Those glides containing steelhead redds were #1, 15, 24, 
27, 31 and 32. The gravel samples were collected during the period, 3-6 September 2002. 
 
Hydraulic conditions for spawning were considered appropriate if steelhead redds were 
present or if the sample site was located within 15 feet of a downstream hydraulic 
control, usually near the break between the tail of a pool and the riffle immediately 
downstream. When a spawning redd was present, the core sample was taken from the 
redd mound itself. When a steelhead redd was not present, the best spawning location 
was selected for sampling at the deepest (usually close to halfway) point across the width 
of the glide.  Gravel was collected from each spawning glide at one location with a coring 
device provided by the California Department of Fish and Game. The device cons isted of 
a steel cylinder, serrated on the bottom, 18 inches (45.7 cm) in diameter and 12 inches 
(30.5 cm) deep. The corer had two handles for two people to grasp and twist the cylinder 
back and forth into the streambed. The corer was sunk into the substrate by the biologists, 
while maintaining the upper rim above the water surface. The gravel sample was 
collected in three streambed horizons totaling 24 cm (9.5 inches) into the streambed. 
Streambed substrate was first excavated from the corer to a depth of 10 cm and collected 
in a plastic garbage bag inserted in a burlap bag. Next, substrate was excavated from 10-
20 cm below the original streambed surface and collected separately from the upper 10 
cm. Then a third sample was excavated from the 20-24 cm horizon and collected in a 
separate bag. The three samples filled approximately 2 ½ 5-gallon buckets. The lower 
two samples were combined in the lab before sieving to estimate size composition for the 
10-24 cm horizon.   
 
The upper 10 cm sample of the complete core sample was analyzed separately from the 
lower 10-24 cm sample to detect any armoring of the streambed with larger gravel and 
cobble. Vyverberg (Vyverberg et al. 1997) also separated the upper 10 cm layer from the 
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remainder of her core samples from the American River to assess armoring. A sub-
sample of each of the two depth ranges was taken for sieve analysis. The substrate from 
the upper 10 cm was divided into 4 approximately equal piles. Two of the 4 piles that 
were diagonal to each other were discarded. Then the remaining substrate was mixed and 
separated into 4 more piles. The alternate diagonal piles were eliminated and the 
remaining two piles were sieved. The substrate from the 10-24 cm zone was subdivided 
and sieved in the same way, except another dividing into 4 more piles was performed 
before the sub-sample for sieving was obtained. After the two samples were analyzed 
separately, weights for each size class of substrate from both samples were combined to 
obtain overall substrate composition for the entire core sample. 
 
Sieve analysis was performed at the facilities of Balance Hydrologics, Inc., with the use 
of sieves having openings of 2, 4, 8, 16, 32, 64 and 128 mm. The 2 mm sieve was 
considered adequate for determine the proportion sand and smaller particles because the 
sandstone origin of the sand made nearly all of it less than 2mm diameter. The samples 
were slightly damp during the weighing. The sample was poured into the stack of sieves 
and then mechanically shaken for 3 minutes to aide in separation of particle sizes. The 
contents of each sieve were weighed separately in trays on a triple beam balance to the 
nearest 0.1 grams in nearly all cases except for heavier cobbles that were weighted 
separately on a postal scale to the nearest ounce. 
 
The weights of the particles retained in each sieve were entered into a spreadsheet 
provided by Balance Hydrologics, Inc. The weight of particles retained by each sieve was 
inputted to the spreadsheet. The spreadsheet calculated the weight passing through each 
sieve, the cumulative percent of the sample by weight passing through each of the 
progressively finer meshed sieves, a graphical representation of the percent passing as a 
function of particle size, and D-values for the characteristic sizes of particles (including 
the D-16, D-50 and D-84). A weight check was possible if the total sample was weighed 
prior to sieving with a percent loss of material calculated from the sieving process. 
Percent loss was calculated for only the first few samples because the loss was low and 
the preliminary weighing proved to be too time consuming. D-values were calculated for 
entire bulk samples (0-24 cm depth) and associated subsurface samples (10-24 cm). 
 
The geometric mean (dg) was calculated for each entire bulk sample (0-24 cm depth) 
from each spawning glide and the associated subsurface sample (10-24 cm).  by taking 
the square root of the product of the D16 and D-84 values. The armoring ratio was 
determined by dividing the D-50 of the surface sub-sample (0-10 cm depth) by the D-50 
of the sub-surface sample (10-24 cm depth). A ratio of 1 would indicate no armoring.  
 
Estimates of percent steelhead embryo survival were determined for each sample from a 
relationship developed for salmonids based on the geometric mean of the spawning 
gravel (Shirazi et al. 1981). Estimated percent fry emergence were determined for each 
bulk sample from a relationship developed for steelhead based on the percent sand in the 
spawning gravel (Hall and Lantz 1969). When the high armoring indexes were detected, 
separate estimates of percent embryo survival and fry emergence were calculated to 
obtain a more realistic estimate of survival coming from the subsurface layer. Survival 
from egg to fry emergence was calculated by multiplying the percent embryo survival by 
the percent fry emergence. 
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APPENDIX E. METHODS AND DETAILED RESULTS OF THE WOOD  
SURVEY OF SOQUEL CREEK IN 2002. 
 
A total of 10.2 stream miles were surveyed for trees and large wood (sometimes called 
“large woody debris” (LWD)) on five days in the summer of 2002.  Sampling began at a 
downed willow 850 feet downstream of the Highway 1 overpass at Soquel Road, and 
ended at the stream gauge weir at mile 10.2. 
 
Reaches were designated prior to sampling by Donald Alley, based primarily upon 
changes in channel characteristics (especially gradient that determined habitat 
proportions, substrate and entrenchment), changes in stream shading and changes in 
streamflow and/or sediment input downstream of tributary and Branch confluences.   
 
Stream distances were measured using a hip chain, and beginning and end points of each 
sample segment were flagged for future reference.  In addition, GPS coordinates were 
logged for both beginning and end points of sample segments wherever possible.  Due to 
the remarkably small amount of large wood present in the active channel, all wood 
present in the low flow and bankfull channels was measured, identified to species and 
recorded with its size, location, position in the channel and association with any habitat 
feature.  Bank and upslope inventories were performed at a rate of one 200-foot sample 
per thousand feet (determined in advance as the 200 – 400 foot segment) according to the 
protocol recommended by the California Department of Fish and Game (California 
Department of Fish and Game). 
 
Data were collected using a “LWD (large woody debris) Inventory Form”, which was 
modified from the form contained in the California Department of Fish and Game 
Salmonid Habitat Restoration Manual (Flosi et al., 1998).  The California Department of 
Fish and Game form categorizes trees, logs and stumps in the bankfull channel or 
adjacent to the channel by length (6-20 feet, >20 feet), diameter (in one-foot increments 
from 1 foot to >4 feet), and location (bankfull channel or upslope; left or right bank).  All 
trees within the channel and/or 50 feet up the bank on either side are tallied according to 
their diameter as live or dead, and conifer or deciduous. Leicester extended the tally to 75 
feet up the bank from bankfull.  
 
The new form was successively tested and modified over the course of sampling on other 
coastal streams in the area (Gazos, Waddell and Scott creeks), and all Soquel Creek 
samples reflect the most recent version of the form. 
 
The new form retains some of the parameters contained in the California Department of 
Fish and Game form, but is modified in several ways, as follows: 
 

1. The category “perched” was applied to standing live or dead trees located 
within the channel, or to trees or large wood at the edge of the bankfull 
channel, which were likely to be recruited at high flows. 

 
2. The “upslope” category was split into two new categories: 

a) “riparian,” representing an area beginning at the edge of the 
bankfull channel, of variable recorded width, and dominated by 
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deciduous riparian trees (i.e., cottonwood (Populus), alder (Alnus), 
willow (Salix), etc);  

b) “upslope,” representing any area, sometimes beyond the riparian 
zone, but still falling within 75 feet of the bankfull channel. 

 
3. Slopes (in percent) of the riparian and upslope areas were recorded 

separately. 
 
4. Four new categories were created for large wood located within   

                        the bankfull channel: 
a) low flow/pool for pieces in the low flow channel which were 

creating or enhancing a pool; 
b) low flow/extra for pieces in the low flow channel which were 

present but not contributing to creation of pool habitat; 
c) bankfull/backwater for pieces in the remainder of the bankfull 

channel which were creating or enhancing a backwater; and 
d) bankfull/extra for pieces in the bankfull channel which were 

present but not contributing to creation of backwater habitat. 
 
5. Widths of the low flow and bankfull channels, and of bankfull depths, were 

recorded. 
 
6. All logs, stumps and trees were recorded by species (using letter codes) in the 

locations that they occurred.  Downed trees present in multiple location 
categories were indicated accordingly with the position of the root shown. 

 
 7. Additional symbols represented: 

a) “Old”, which was defined as a conifer that was missing bark and 
limbs and/or showing evidence of decay; 

b) Logs that were within clusters; 
c) Trees leaning in such a manner that they were likely to fall into the 

channel; 
d) Multi-trunked trees; 
e) Downed trees with rootwad still attached; 
f) Downed trees which were still alive; and 
g) Probable source of recruited wood, if it was apparent. 
 

A clinometer was used to measure slopes.  Upslope distances were determined using a 
rangefinder.  Channel widths and depths, and tree/log diameters and/or lengths were 
measured using a folding stadia rod. 
 
Field tallies were organized by reach and total piece counts of large wood compiled for 
the bank and upslope samples, and for total counts of in-channel large wood.  Since 
reaches varied in length, relative densities (pieces per thousand feet) for instream large 
wood were calculated so that comparisons between the reaches could be made.  Since all 
in-channel wood was tallied, the piece counts represent actual numbers present. 
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Results and Discussion Regarding the Survey of Large Woody Material  
 
Stream Characteristics   
 
The surveyed portion of Soquel Creek was geomorphically similar in most of the sample 
areas.  The lower fishery reaches (1-4) had many urbanized stretches, with many homes 
and structures in close proximity to the channel. The middle fishery reaches (5-7) had 
fewer urbanized sections but had considerable stretches without development. The stream 
channel itself is low gradient, with low to moderate entrenchment, moderate to high 
width/depth ratios and substrate dominated by sand, gravel or cobbles (Rosgen channel 
types C3, C4 or C5) (Tables E1 and E3 ).  The riparian areas were broad, with slopes of 
<43% on the left bank and <57% on the right bank.  Upslope areas also tended to be 
gently sloped (Table E2). Reaches 3-7 were punctuated periodically by dramatic vertical 
bedrock canyon walls on one side that caused the stream to bend abruptly at several turns.  
 
The upper fishery reaches (8-10), from the Purling Brook ford upstream into the East 
Branch past the Olive Springs Quarry, had fewer homes adjacent to the stream, but had 
many developed parcels related to horse activities, outdoor events and a lengthy flood 
control project in Reach 10 that had been constructed by the landowner opposite the 
quarry.  The channel narrowed and became more entrenched, although riparian widths 
remained relatively broad; the substrate was dominated by gravel and cobble (Rosgen 
type C4 or B3C).  Both the riparian and upslope areas contained intermittent bedrock 
outcrops with resultant vertical banks and steep slopes (Table E2 ). Reach 8 had more 
instances of canyon walls on both sides than downstream reaches. Reach 9 was often 
bordered by a canyon wall or steep slope on the south with more gradual floodplain 
above the bankfull on the north side that encouraged development of ranchettes.  
 
Many instances of cutting and removal of riparian trees were noted in the course of this 
survey. Large wood in the channel in urbanized stretches was often cut up. Cutting in the 
riparian corridor was a significant factor in the lack of functional in-channel large wood.   
 
 
Large Woody Material, Tree Distribution, Species Composition and Abundance 
 
Large wood lying in the riparian corridor and channel (LWD), as well as live trees, were 
hardwood and conifer species.  Conifers included Douglas fir (Pseudotsuga menziesii) 
and redwood (Sequoia sempervirens), although the majority of the trees and logs tallied 
were redwoods.  The native hardwood species were red alder (Alnus rubra), black 
cottonwood (Populus tricocarpa), western sycamore (Platanus racemosa), California bay 
laurel (Umbellularia californica), tanbark oak (Lithocarpus densiflorus) and willow 
(Salix spp.).  Red alder and cottonwood made up most of the live trees and logs tallied.  
Non-native species present included Acacia spp. and Eucalyptus spp.  These were 
primarily present in Reaches 1 through 4, and most were too small to be tallied (<1 foot 
diameter). 
 
There were 1,119 out-of-channel logs and trees counted in the upslope, riparian and 
perched areas, of which 392 (35%) were conifers and 727 (65%) hardwood (Table E4). 
In general, upslope areas were dominated by conifers (74%), and the riparian and perched 
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(within or at the edge of the bankfull channel) areas were dominated by hardwoods (84%) 
(Table E4).  
 
There were only 92 pieces of large wood in the 10.2 miles of active (low flow and 
bankfull combined) channel surveyed.  Thirty-six pieces (39%) were conifers and 56 
(61%) hardwoods (Table E5).  The majority (59%) of the large wood was in the low 
flow channel, and conifer/hardwood ratios there were similar to that of the entire active 
channel (37% to 63%).  Abundance of large wood associated with habitat formation (pool 
or backwater) was similar to overall channel abundance (55% hardwood versus 45% 
conifer), but conifer-derived large wood was somewhat more likely to be associated with 
habitat compared to its overall abundance.  
 
Only 33% of the large wood present was associated with forming pool or backwater 
habitat (Table E5).  Overall, small hardwood pieces were most abundant throughout the 
sampled areas, with conifers scarce downstream but becoming more abundant in the 
upper reaches (Figs. E1-E8).  Overall, hardwood pieces less than 2 feet in diameter were 
denser than those of other conifer or hardwood categories (Figs. E5 and E7), and conifer 
pieces less than 2 feet in diameter had the lowest densities (Figs. E1 and E3 ).  The 
conifer wood present was approximately 65% “old” redwood, with the remainder recent 
redwood and Douglas fir.  Most hardwoods tallied were cottonwood or red alder.   
 
Densities of wood in the active channel varied little among reaches (Table E6; Figures 
E1-E8), and were extremely low overall.  Reach 1 had the lowest density (0.8 pieces per 
thousand feet) and Reach 6 had the highest (3.2 pieces per thousand feet) (Table E7 ).  By 
comparison, Gazos Creek in San Mateo County, which was surveyed in 2001 and 
supports coho salmon and steelhead, had reach densities ranging from 18 to 65 pieces per 
thousand feet (Leicester 2002, unpublished report).  
 
 
Reach Comparisons of Large Wood Pieces 
 
Lower and Middle Reaches (1 through 7) 
Reaches 1 through 7 extended from downstream of Highway 1 to almost a mile 
downstream of the West Branch confluence (30,120 total feet).  Out-of-channel trees 
were dominated by hardwoods such as cottonwoods, alders and sycamores that were 
clustered in the riparian areas.  A total of 542 trees were tallied in the out-of-channel 
areas in Reaches 1 through 7, of which 128 (24%) were conifers and 414 (76%) were 
hardwoods.  Conifers were relatively scarce overall and usually located in the upslope 
areas, where they were the dominant species. (Table E4).   
 
Very little dead/down or dead/standing wood was observed and tallied.  In Reach 6, a 
dead/standing sycamore 3-4’ in diameter was perched and leaning, and a dead/down 
Douglas fir 2-3’ in diameter was perched and spanned the channel from bank to bank 
approximately 5 feet above the channel bed.   Within the riparian, a 1-2’ diameter 
Monterey pine was dead/standing in Reach 4, and a 1-2’ cottonwood was dead/down.  
Upslope in Reach 3 there was a dead/standing Monterey pine 2-3’ in diameter, and Reach 
7 contained one old redwood rootwad greater than 10 feet in diameter.  Sample 1 in 
Reach 7 encompassed 75 feet of riparian area on the right bank that had been completely 
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cleared of trees and contained many stumps and logs 1-3 feet in diameter, which had been 
cut and left on the bank.   
 
In-channel wood densities were quite low, ranging from 0.8 pieces per thousand feet in 
Reach 1, to 3.2 pieces per thousand feet in Reach 6 (Tables E6 and E7; Figs E1-E8).   A 
total of 49 pieces of large wood were tallied in these reaches, of which 11 (22%) were 
conifer and 38 (78%) were hardwood-derived.  Reach 6 contained the highest densities of 
structure-associated large wood, at 2.6 pieces per thousand feet (Table 6); most (77%) 
was hardwood-derived.  In the other reaches, the majority of the large wood was 
hardwood-derived and classified as “extra,” meaning that it was not associated with 
creating pool scour, fish cover or backwater areas (Tables E5 and E6). Hardwood-
derived large wood classed as “extra” in the low flow channel was most common and 
represented half (49%) of the large wood tallied in Reaches 1 through 7 (Table E5). 
 
Only 4 clusters of large wood were noted within Reaches 1 through 7, with one in Reach 
1, two in Reach 3 and one in Reach 6.  The Reach 6 cluster was relatively large and 
probably formed during the winter of 1995 or 1998.  It contained many large conifer-
derived pieces of large wood, but all were stranded in the riparian area, out of the active 
channel.  The wood contained in the other clusters was too small to be included in the 
tally. 
 
Upper Reaches (8 through 10) 
This section began 4,890 feet downstream of the West Branch confluence and ended at 
the East Branch stream gage weir at the end of Reach 10 (23,480 total feet).  Out-of-
channel tree species composition was similar to downstream reaches in that hardwoods 
were dominant and riparian areas had the highest numbers (Table E4).  However, conifer 
numbers increased significantly from downstream reaches.  A total of 580 trees were 
tallied in the out-of-channel areas in reaches 8 through 10, of which 264 (45%) were 
conifers and 316 (55%) were hardwoods.  
 
In-channel wood densities were very low, ranging from 1.4 pieces per thousand feet in 
Reach 8 to 2.4 pieces per thousand feet in Reach 9 (Tables E6 and 7; Figs E1-E8).  A 
total of 43 pieces of large wood were tallied in these reaches, of which 25 (58%) were 
conifer and 18 (42%) were hardwood-derived, in keeping with the increased conifer 
abundance in the upslope regions of these reaches (Tables E4-E6).  Reach 9 contained 
the highest densities of structure-associated large wood, at 0.8 pieces per thousand feet 
(Tables E6 and E7; Figs. E1-E8), although most of it was hardwood-derived.  In 
Reaches 8 and 10, the majority of the large wood was conifer-derived and classified as 
“extra,” indicating that they were not associated with creating pool scour, fish cover or 
backwater areas (Tables E5 and E6).  
 
There were four large wood clusters noted within Reaches 8 through 10, with one each in 
Reaches 8 and 10, and two in Reach 9.  One of the Reach 9 wood clusters was relatively 
large and associated with an abandoned channel on the left bank.  It likely formed during 
a high flow event and the stream rerouted around it.  It has since degraded and few large 
pieces of large wood remained.  Most of the dead/down wood tallied for Reach 9 was 
contained within this remnant cluster, but Reach 9 also contained two Douglas firs 2-3 
feet in diameter which were dead/standing in the perched area of the right bank.  There 
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was some dead/standing and dead/down wood in Reaches 8 and 10, consisting of old, cut 
redwood stumps upslope in Reach 8, and one large perched redwood in Reach 10, which 
was 3-4 feet in diameter and appeared to be dying. 
 
Many instances of cutting and removal of riparian trees were noted in the course of this 
survey. This was done in apparent ignorance of the County riparian ordinance and 
contributed to the lack of in-channel large wood.   
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TABLE E1.  Reach lengths (feet), number of samples per reach, and Rosgen channel 
classification types for Soquel Creek in 2002.  
 

REACH LENGTH (feet) NUMBER OF 
SAMPLES 

CHANNEL TYPE 

1 4,175 4 C5 
2 1,820 2 C4 
3 4,645 6 C3/4 
4 3,560 3 C4 
5 3,844 4 C4 
6 6,406 7 C3 
7 5,670 5 C4 
8 4,890 5 B3C 
9 12,730 13 C4 
10 5,860 6 B3C 

 
 
 
 
TABLE E2.  Mean width (feet) and ranges (sample means) by reach for the riparian 
border and mean slopes (%) and ranges (sample means) for riparian and upslope 
areas of Soquel Creek in 2002.  Where no range is given, values did not vary. 
 
 RIPARIAN WIDTH (FEET) SLOPE (%) 

 LEFT BANK RIGHT BANK LEFT BANK 
UPSLOPE 

LEFT BANK 
RIPARIAN 

RIGHT BANK 
RIPARIAN 

RIGHT BANK 
UPSLOPE 

REAC
H 

Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range 

1 41 20-60 31 18-55 5  21 15-25 43 25-60 9 5-20 
2 35 20-50 45 15-75 5  40 15-65 48 40-55 5  
3 58 25-75 51 5-75 8 5-10 13 8-30 57 8-150 79 65-125 
4 33 10-75 55 25-75 5  25 15-40 20 10-40 5  
5 48 10-75 53 30-75 23 5-75 43 8-100 19 5-40 7 5-10 
6 64 30-75 60 45-75 28 5-150 15 10-20 16 8-50 17 5-85 
7 46 8-75 54 35-75 58 5-150 33 10-50 18 5-55 28 5-75 
8 49 20-75 34 10-75 30 5-70 31 10-

100 
68 12-

110 
66 5-110 

9 42 5-75 45 5-75 73 5-180 52 10-
180 

17 5-100 36 5-150 

10 55 30-75 56 10-75 20 5-50 18 7-40 23 5-90 27 5-75 
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TABLE E3.   Mean widths (feet) of low flow and bankfull channels, mean bankfull 
channel depths (feet), bankfull width/depth ratios and low flow/bankfull width/ratios 
by reach for Soquel Creek in 2002.  

 LOW FLOW 
CHANNEL 

BANKFULL  
CHANNEL 

REACH Mean  
Width (feet) 

Mean  
Width 
(feet) 

Mean  
Depth (feet) 

BANKFULL 
WIDTH/ 

BANKFULL 
DEPTH 
RATIO 

LOW FLOW 
WIDTH/ 

BANKFULL 
WIDTH 
RATIO 

1 33.3 53.3 2.8 19.0 0.62 
2 31.5 42.5 3.5 12.1 0.74 
3 23.2 46.7 3.5 13.3 0.50 
4 26.3 48.3 3.0 16.1 0.54 
5 33.8 56.8 2.7 21.0 0.60 
6 28.7 51.7 3.0 17.2 0.56 
7 33.2 58.8 1.9 30.1 0.56 
8 24.2 56.6 2.4 23.5 0.43 
9 19.2 52.7 2.1 24.8 0.36 
10 18.8 52.0 2.2 23.6 0.36 

 
Table E4.   Total piece counts of large wood in Soquel Creek samples in 2002 by type 
(conifer “CF” vs. hardwood “HW”) for live and dead trees in areas classified as 
upslope, riparian or perched, by reach with category.  

(“Upslope” was non-riparian zone within 75 feet of bankfull. “Riparian” is 
riparian vegetation zone within 75 feet of bankfull. “Perched” was standing live 
or dead trees located within the channel, or to trees or large wood at the edge of 
the bankfull channel, which were likely to be recruited at high flows. “Out-of-
Channel Wood” combined all three categories. ) 

 UPSLOPE RIPARIAN PERCHED TOTALS 
REACH CF HW CF HW CF HW CF HW 

1 2 2 0 51 0 3 2 56 
2 3 0 0 12 0 2 3 14 
3 12 6 0 24 0 4 12 34 
4 7 0 2 57 0 5 9 62 
5 17 2 3 72 0 10 20 84 
6 36 9 2 88 2 15 40 112 
7 34 7 8 28 0 17 42 52 
8 45 31 25 19 7 20 77 70 
9 102 31 45 125 12 42 159 201 
10 14 6 8 31 6 8 28 45 
STREAM 
TOTALS 

272 94 93 507 27 126 392 727 

         TOTAL AMOUNT OF OUT-OF-CHANNEL WOOD:  1,119 
% 

OVERALL 
24% 9% 8% 45% 2% 12% 35% 65% 
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TABLE E5.   Total piece counts of large wood by type (conifer vs. hardwood), function 
(structure enhancing vs. extra) for in-channel wood (low flow or bankfull) on Soquel 
Creek in 2002, by reach with category and totals per reach and for the entire area 
sampled.  
 

 LOW FLOW CHANNEL BANKFULL CHANNEL TOTALS 
 POOL EXTRA BACKWATER EXTRA LOW FLOW  BANKFULL 

REACH CF HW CF HW CF HW CF HW CF HW CF HW 
REAC

H 
1 0 2 0 0 0 0 0 2 0 2 0 2 4 
2 0 0 1 1 0 0 1 1 1 1 1 1 4 
3 0 0 0 2 1 0 0 5 0 2 1 5 8 
4 0 0 0 1 0 0 0 4 0 1 0 4 5 
5 1 0 0 2 1 1 0 0 1 2 1 1 5 
6 2 7 1 4 0 0 1 1 3 11 1 1 16 
7 2 1 0 4 0 0 0 0 2 5 0 0 7 
8 2 0 0 1 0 0 2 2 2 1 2 2 7 
9 0 4 6 3 2 2 3 4 6 7 5 6 24 
10 3 0 2 2 0 0 5 0 5 2 5 0 12 

STREAM 
TOTALS 10 14 10 20 4 3 12 19 20 34 16 22 92 

  
% 

OVERALL 
11% 15% 11% 22% 4% 3% 13% 21% 22% 37% 17% 24%  

 
TABLE E6.   Summary of in-channel large wood amounts per thousand feet by type 
(conifers “CF” vs. hardwoods “HW”) and size.   
Amounts include all wood noted, whether within a sample or not.  Percentages reflect the 
relationship between the category and the total piece count per reach.  Letters following 
amounts indicate tree species (A = alder, B = CA bay, C = cottonwood, D = Douglas fir, I 
= acacia, R = redwood, S = sycamore, U = eucalyptus, W = willow).  Pieces denoted with 
(*) were judged in the field to be “old.”  Blank boxes indicate a value of zero. “Extra” 
implies not associated with pool scour, fish cover or backwater. 
 

  LOW FLOW CHANNEL BANKFULL CHANNEL 
  POOL EXTRA BACKWATER EXTRA 

REAC
H 

PIECE SIZE CF HW CF HW CF HW CF HW 

1 6-20 X 1-2’         0.2-A 
 >20 X 1-2’         0.2-A 
 ROOT X 1-2’          

%  0 0 0 0 0 0 0 50 
 6-20 X 2-4+’          
 >20 X 2-4+’   0.2-C       
 ROOT X 2-4+’  0.2-C       

%  0 50 0 0 0 0 0 0 
          

LOW FLOW BANKFULL TABLE 6 (CONT.) 
POOL EXTRA BACKWATER EXTRA 

REAC PIECE SIZE CF HW CF HW CF HW CF HW 
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H 
2 6-20 X 1-2’     0.5-A    0.5-A 
 >20 X 1-2’    0.5-R*      
 ROOT X 1-2’         

%  0 0 25 25 0 0 0 25 
 6-20 X 2-4+’          
 >20 X 2-4+’          
 ROOT X 2-4+’       0.5-R*  

%  0 0 0 0 0 0 25 0 
3 6-20 X 1-2’         0.2-C 
 >20 X 1-2’     0.2-A, 

0.2-C 
   0.2-C 

 ROOT X 1-2’          
%  0 0 0 25 0 0 0 25 
 6-20 X 2-4+’         0.2-C 
 >20 X 2-4+’         0.4-C 
 ROOT X 2-4+’     0.2-R*    

%  0 0 0 0 13 0 0 37 
4 6-20 X 1-2’         0.8-U 
 >20 X 1-2’         0.3-A 
 ROOT X 1-2’          

%  0 0 0 0 0 0 0 100 
 6-20 X 2-4+’          
 >20 X 2-4+’          
 ROOT X 2-4+’         

%  0 0 0 0 0 0 0 0 
5 6-20 X 1-2’          
 >20 X 1-2’     0.3-A, 

0.3-C 
   0.3-W 

 ROOT X 1-2’     0     
%  0 0 0 40 0 0 0 20 
 6-20 X 2-4+’      0.3-R*    
 >20 X 2-4+’  0.3-D        
 ROOT X 2-4+’         

%  20 0 0 0 20 0 0 0 
6 6-20 X 1-2’   0.2-A       
 >20 X 1-2’   0.5-A    0.2-C  0.2-W 
 ROOT X 1-2’          

%  0 22 0 0 0 6 0 6 
 6-20 X 2-4+’          
 >20 X 2-4+’  0.2-D 0.5-A, 

0.2-S, 
0.2-B 

      

 ROOT X 2-4+’ 0.2-R* 0.2-C, 
0.2-A 

0.2-R*    0.2-R*  

%  13 41 6 0 0 0 6 0 
LOW FLOW BANKFULL TABLE E6 (CONT.) 

POOL EXTRA BACKWATER EXTRA 
REAC

H 
PIECE SIZE CF HW CF HW CF HW CF HW 
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7 6-20 X 1-2’          
 >20 X 1-2’          
 ROOT X 1-2’   0.2-A  0.6-A     

%  0 13 0 37 0 0 0 0 
 6-20 X 2-4+’  0.2-R        
 >20 X 2-4+’  0.2-D   0.2-A    0.2-B 
 ROOT X 2-4+’         

%  24 0 0 13 0 0 0 13 
          
8 6-20 X 1-2’        0.2-R* 0.4-A 
 >20 X 1-2’     0.2-A     
 ROOT X 1-2’          

%  0 0 0 14 0 0 14 29 
 6-20 X 2-4+’  0.4-R*        
 >20 X 2-4+’        0.2-R  
 ROOT X 2-4+’         

%  29 0 0 0 0 0 14 0 
          
9 6-20 X 1-2’    0.3-R*     0.1-A 
 >20 X 1-2’   0.2-A 0.1-R, 

0.1-R* 
0.3-A  0.1-A  0.1-B, 

0.1-C, 
0.1-A 

 ROOT X 1-2’          
%  0 8 21 13 0 4 0 17 
 6-20 X 2-4+’        0.1-R*  
 >20 X 2-4+’   0.1-C, 

0.1-S 
0.1-R*  0.1-

D*, 
0.1-R* 

0.1-M 0.1-D, 
0.1-R 

 

 ROOT X 2-4+’         
%  0 8 4 0 8 4 13 0 
          

10 6-20 X 1-2’          
 >20 X 1-2’     0.3-A     
 ROOT X 1-2’          

%  0 0 0 13 0 0 0 0 
 6-20 X 2-4+’    0.2-R*    0.4-R*  
 >20 X 2-4+’  0.3-R*, 

0.2-R 
 0.2-R    0.5-R, 

0.2-D 
 

 ROOT X 2-4+’       0  
%  22 0 17 0 0 0 48 0 
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Table E7.  Total pieces of large wood per thousand feet for the active channel (low flow 
and bankfull) of Soquel Creek in 2002 compared to pieces of large wood per thousand 
feet of active channel in samples on Gazos Creek in 2001  
(Leicester unpublished Report. Reaches 5A, 5B and 5C in Gazos Creek were 
combined as Reach 5 in this table).  
 

REACH TOTAL PIECES /1,000 
FEET IN SOQUEL CREEK 
(NUMBER OF PIECES PER 

REACH) 

PIECES /1,000 FEET IN 
GAZOS CREEK 

SAMPLES 
(ESTIMATED NUMBER OF 

PIECES PER REACH) 
1 
 

1.0 (4) 20.8 (277) 

2 
 

2.2 (4) 30.6 (122) 

3 
 

1.7 (8) 62.5 (125) 

4 
 

1.4 (5)                   0 (875-ft reach) 

5 
 

1.3 (5) 40.9 (501) 

6 
 

2.5 (16) 20.0 (40) 

7 
 

1.2 (7) 12.5 (11) 

8 
 

1.4 (7)  

9 
 

1.9 (24)  

10 
 

2.0 (12)  

Combined 
Reaches 

1.7 (92) 30.4 (1,076) 
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Figure E1.  Densities of coniferous large wood pieces with diameters less than 2 feet, tallied in 
the low flow channel by reach, log length and structure association. (“Extra” implies not 
associated with creating pool scour, fish cover or backwater areas.) 
 

Figure E2.  Densities of coniferous large wood pieces with diameters greater than 2 feet, tallied in 
the low flow channel by reach, log length and structure association. (“Extra” implies not 
associated with creating pool scour, fish cover or backwater areas.) 
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Figure E3.  Densities of coniferous large wood pieces with diameters less than 2 feet tallied in the 
bankfull channel by reach, log length and structure association. (“Extra” implies not associated 
with creating pool scour, fish cover or backwater areas.) 
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Figure E4.  Densities of coniferous large wood pieces with diameters greater than 2 feet tallied in 
the bankfull channel by reach, log length and structure association. (“Extra” implies not 
associated with creating pool scour, fish cover or backwater areas.) 
 
 
 
 

Conifer Pieces >2' Diameter in Bankfull Channel

0.7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1 2 3 4 5 6 7 8 9 10

Reach

P
ie

ce
s/

10
00

 fe
et

BW, <20' BW, >20' BW, Root Extra, <20' Extra, >20' Extra, Root



D.W. ALLEY & Associates Final Fisheries Report to S.C. County 3/14/03 

  Final County Soquel Fish Assessment31403.doc 152

Figure E5.  Densities of hardwood large wood pieces with diameters less than 2 feet tallied in the 
low flow channel by reach, log length and structure association. (“Extra” implies not associated 
with creating pool scour, fish cover or backwater areas.) 
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Figure E6.  Densities of hardwood large wood pieces with diameters greater than 2 feet tallied in 
the low flow channel by reach, length and structure association. (“Extra” implies not associated 
with creating pool scour, fish cover or backwater areas.) 
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Figure E7.  Densities of hardwood large wood pieces with diameters less than 2 feet tallied in the 
bankfull channel by reach, log length and structure association. (“Extra” implies not associated 
with creating pool scour, fish cover or backwater areas.) 
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Figure E8.  Densities of hardwood large wood pieces with diameters greater than 2 feet tallied in 
the bankfull channel by reach, log length and structure association. (“Extra” implies not 
associated with creating pool scour, fish cover or backwater areas.) 
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APPENDIX F. LITERATURE REVIEW 
 
Lower Soquel Creek Instream Flow Requirements and Fish Screen and Ladder Layout 
for Proposed Diversion in 1981 by D.W. Kelley, D.H. Dettman, S.K. Li and W.C. 
Fields, Jr. prepared for the Soquel Creek County Water District. 
 
In the vicinity of the USGS gage, spawning had occurred between March 30 and April 8 
1981 when streamflow averaged 25.4 cfs (Kelley et al. 1981).  They estimated a 
minimum flow needed for spawning to be 25 cfs.  
 
Invertebrate density measurements as a function of water depth and velocity indicated 
that neither factor is probably important in maintaining spring invertebrate population in 
lower Soquel Creek. Evidence suggested that that population size is more likely related 
simply to the area of the stream bottom covered by running water. However, they did not 
measure insect drift rate, but only bottom densities. 
 
 
Investigations of Alternative Water Development Projects on Soquel Creek Progress 
Report 1982-83, June 1984 by D.H. Dettman and D.W. Kelley for the Soquel Creek 
Water District. 
 
A proposed diversion site below the USGS gage was considered. In 1981 it was 
determined that 35 cfs would be required for adult steelhead and coho salmon passage 
meting the Thompson’s Criteria that 25% of the stream width have depths of => 0.6 feet. 
After the January 1982 storm, the estimated passage flow was 275 cfs (Dettman and 
Kelley 1984). In 1983 sufficient high flows had moved enough sediment downstream and 
rearranged it so that the amount of streamflow needed to meet the Thompson’s criteria 
was down to somewhere near 100 cfs.  This year-to-year variation in bypass flows for 
adult salmonids highlights how upstream erosion and streambed conditions can influence 
flows required for fish passage. 
 
In 1983 it was judged that spawning conditions in the West Branch below the proposed 
dam site a short distance above the Girl Scout falls was too heavily embedded in sand to 
successfully incubate a high percentage of eggs or for the young to emerge from the nests 
after hatching.  
 
 
Soquel Creek Storm Damage Recovery Plan, 1983. by Steven Singer and Mitchell 
Swanson in cooperation with the Santa Cruz County RCD for the U.S. Soil 
Conservation Service.  
 
By September 1, 1983 there had been 59 major logjams that had been cleared in 30 miles 
of stream (Singer and Swanson 1983). Almost all of these jams were new because 
watershed streams had been cleared of most logs prior to the 4 January 1982 storm 
(Hope, pers. comm.) Average size of the logjams was about 15 feet high, 35 feet wide 
and 20 feet deep. Estimated flood flows of the 1955 and 1982 floods were 12,000 
(highest on record) and 9,700 cfs, respectively, with recurrence intervals of 30 and 16 
years, respectively. Soquel Village is in the floodplain. 
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They concluded that increased land use and development in the upper watershed could 
increase the likelihood and severity of logjams and flooding hazards in Soquel Village if 
improperly managed.  The major types of land use include residential development and 
timber harvesting. Logging was the major land use activity in the East Branch. Roads 
play a key role in debris flow initiation. Studies in the Pacific Northwest showed that 
logging roads increased the rates of debris flow occurrence from 25 to 340 times the 
natural rate (Swanston and Swanson 1976). Extensive quarrying has left a highly unstable 
landform that will require continual drainage management and erosion control for many 
decades to come. 
 
By far, mass movement from heavily forested adjacent hillslopes generated the greatest 
source of large trees, stumps and sediment to Soquel Creek. Human land use activity 
accounts for the onset of many landslides in the watershed. Rainfall intensity largely 
determines the number of debris flows that occur, which in turn determines the amount of 
logs available for logjam formation. The nuclei of logjams are large (greater than 3 feet in 
diameter) conifer logs or stumps that get caught in the channel. Smaller trees and wood 
back up behind it to form jams. Most riparian trees are too small to instigate a logjam. 
Rainfall events that produce major floods also produce major log inputs. Even with all 
channels completely cleared of logs the day before the flood, the flood can 
instantaneously bring many new logs into the channel to become sources of new jams. 
Presence of riparian vegetation (alders, willows, cottonwoods, etc) on stream banks and 
meander points does not increase the risk of logjam formation. Riparian vegetation acts to 
reduce the number of floating logs by filtering out logs when high-flows cut across 
vegetated meander pints and by protecting banks from erosion. When bank erosion 
occurs, many trees may be lost. Riparian vegetation stabilizes banks. Large riparian trees 
grow on slightly higher terraces and along more stable areas where they are not prone to 
being washed out by most floods. 
 
Hester and Amaya creeks were the #1 and #2 most severely impacted streams with the 
most landslides after the 1982 flood. Many trees were deposited in the channel causing 
numerous logjams. In Hester Creek in some areas, the debris flows were continuous for 
several hundred feet of stream length. Most reaches were choked with fine sediment and 
debris. Large sediment wedges up to several thousand cubic yards were backed up behind 
numerous logjams. The Amaya channel was wide and straight with a high capacity to 
move large logs. 
 
It is crucial that logjam crews be supervised by personnel knowledgeable I the benefits and 
risks of large organic debris. Logs less than 10 inches in diameter and less than 10 feet long 
are too small to serve as nucleus logs for logjams. Larger logs that are well anchored and 
not prone to catch additional debris could be left in the channel. The key to effective stream 
clearance and log jam removal is to remove only those logs or jams most likely to create 
future log jams downstream or cause bank erosion. Smaller debris should be ignored as 
harmless and left for valuable fish habitat. 
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Soquel Creek Chronic Sediment Source Inventory, 1986 completed by Dave Hope and 
the Resources Section of the Santa Cruz County Planning Department. 
 
Erosion problems were assessed for potential for sedimentation in the Soquel Creek 
watershed (Santa Cruz County 1986). The survey in July and August, 1986 was 
conducted to document chronic sources of sediment, barriers to fish migration and to 
assess general stream conditions. In the mainstem between the ocean and the confluence 
of the East and West Branches it was noted that significant bank erosion existed from the 
1982 flood event at the downstream portions of meanders and there was a general lack of 
riparian vegetation, stream shading and escape cover for fish. There was a lack of deep 
pools and very little wood to form scour pools. The 30-foot high dam was noted on Bates 
Creek along with 4 significant debris jams. Above the Bates Creek Dam, a great deal of 
sediment input was noted from Grover Gulch, tributary to Bates Creek, due to an ancient 
landslide which formed the entire western wall of the valley.  
 
Localized siltation was noted in Miners Creek (Moores Gulch?) due to road bank slough 
material being sidecast into the creek.  
 
On West Branch Soquel Creek a waterfall was noted beyond the Girl Scout Falls I 
(presumably referring to our Girl Scout Falls II), and a 15-foot dam was noted below the 
confluence of Laurel and Burns creeks. Two fords and one active landslide were noted on 
the West Branch, with several stabilized slides from 1982. A 12-foot diameter corrugated 
metal culvert existed approximately 300 yards upstream of the dam and was 
approximately 80 feet long. On Burns Creek it was noted that a large ancient east flank 
landslide made up most of the valley slope along a 0.6-mile stretch, causing slopes 
adjacent to the creek to be highly prone to landsliding. No fewer than 28 landslides and 
19 logjams were observed on Burns Creek. A series of bedrock waterfalls were present 
on Laurel Creek approximately one mile upstream of the Burns Creek confluence.  A 
large, active landslide on Laurel Creek was identified and recommended for stabilization. 
 
A deep bedrock gorge was identified for the first 0.8 miles of Hester Creek, above which 
it flows along the Zayante fault for 1.2 miles, making the reach extremely prone to 
landsliding. Fifteen logjams were identified on Hester Creek that were either believed to 
be fish passage problems or diverted flow into the streambank, creating bank erosion. 
Someone (Dave Hope?) recommended that some of these logjams be removed and others 
partially removed. Of the 67 debris jams and logjams identified in the basin, 19 were 
located on Hester Creek.  
 
On the East Branch an active landslide was identified adjacent to the Olive Springs 
Quarry. Two bedrock falls (Ashbury Falls?) were noted on the East Branch, 6 miles 
above its confluence with the West Branch, believed to be barriers to anadromy. 
 
A mile of good steelhead habitat was observed on Hinckley Creek below a major logjam 
that constituted a barrier to fish migration. Considerable sediment was backed up behind 
it from a large landslide. Two other landslides and numerous logjams were found.  
 
Two major logjams were identified on Amaya Creek at 0.5 and 1.1 miles from its mouth, 
believed to be complete fish barriers. Sediment was stored behind them. 
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Soquel Creek Stream Inventory Report, 1996 by Jennifer Nelson of California 
Department of Fish and Game. 
 
Limited water temperature data suggested that maximum temperatures were above the 
acceptable range for juvenile salmonids in their stream reach 1 (Nelson 1997). More 
woody cover was needed in pools and flatwater habitats. Most existing cover was from 
boulders. The natural recruitment of high quality complexity with woody cover should be 
allowed.  Redwood trees, logs and rootwads have the greatest long-term benefit, however 
fallen deciduous trees (i.e. alder and big leaf maple) and other evergreen species (i.e. bay 
laurel) can provide short term benefits to fish habitat. 
 
 
Steelhead Restoration and Management Plan for California, Department of Fish and 
Game, 1996.  
 
The Plan covers the North coast and South coast, but not the Central coast, where Soquel 
Creek is located. 
 
 
Draft Strategic Plan for Restoration of the Endangered Coho Salmon South of San 
Francisco Bay in September 1998 by the California Dept. Fish and Game. 
 
Although no definitive information is available, all brood year lineages of coho are 
generally extirpated from Soquel Creek (Baker 1998). 
 
Factors contributing to population declines were summarized by Anderson (1995).  
Most stream habitat loss and degradation has resulted from watershed disturbances 
caused by or associated with human activities, such as cropland agriculture, logging, 
urban development, municipal, industrial, agricultural and domestic water diversions, 
highway and road construction and maintenance, livestock grazing, erosion and flood 
control projects, rock quarries, dairy and other confined animal operations, and the 
construction of water diversion and impoundment structures.  
 
Most habitat degradation is associated with the loss of essential habitat components 
necessary for coho salmon survival and recruitment, especially impacts from streambed 
sedimentation, reduced flows and loss of structure in the form of deep pools and large 
woody material. 
 
Streambed sedimentation appears to be one of the major, universal contributing factors in 
the decline of the southern coho in the nine streams covered in this Restoration Plan. In 
many areas, fine sediment resulting from upland erosion has infiltrated the interstitial 
spaces and embedded the cobble and gravels. This condition has resulted in the 
displacement and elimination of a sizeable portion of the insect population. 
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Infiltration of interstitial spaces can also result in tight, compacted cobbles and gravels, 
reducing their permeability and usefulness as coho spawning sites. Fry emergence from 
the gravels drops off sharply when fine material like sand exceeds 15%. 
 
Streamflows in many of the watersheds are over appropriated during the critical low flow 
season. Monitoring compliance with the existing fisheries flow bypass terms of water 
rights has not been practical. Consequently, flows during low flow periods in many 
reaches of southern coho streams are inadequate to support viable populations. 
 
Coho salmon have been adversely impacted by catastrophic natural events and have 
survived to recolonize streams and reestablish populations. Their resiliency to eventually 
rebound from floods, drought, landslides and other natural stochastic events, is now 
reduced by the pervasive destruction and degradation of their essential stream habitats, 
changes in ocean conditions and reduction in population size below the numbers 
necessary to ensure their present survival against natural environmental disasters (Brown 
et al. 1994). 
 
Major landslides can deposit huge sediment loads into stream channels over long periods 
that can take decades or centuries to recover, with associated salmon habitat degradation. 
Floods can destroy or alter stream and lagoon habitats, accelerate erosion and 
sedimentation, and destroy eggs, fry and juvenile salmon populations, thus reducing or 
eliminating brood years. Droughts desiccate coho rearing and holding habitats, eliminate 
fish populations and prevent or delay the opening of stream mouths and lagoons, thus 
preventing access into the streams by spawning adults and emigration of smolts. The 
severe drought conditions of the mid-1970’s exacerbated by existing reduced and 
degraded habitat, apparently was the cause of much decline and extirpation of coho 
salmon runs south of San Francisco Bay (Smith 1994b, Brown et al. 1994, Bryant 
1994). Low rainfall during the fall and early winter months coincident with coho salmon 
spawning migration can prevent adult coho access into streams, leading to failed brood 
years even if later storms occur. Low flows during the spring months can landlock 
downstream migrant coho smolts by allowing sandbar to reestablish, preventing entry to 
the ocean and consequently depressing or eliminating brood year recruitment.  
 
The inflexible 3-year maternal brood year lineage and early winter spawning traits of 
coho salmon place the southern coho stocks in high jeopardy from drought or flood 
events.  
 
When salmon populations are healthy and robust, they can easily withstand a large degree 
of predation without ill effects. However, when salmon populations become severely 
depressed, as the southern coho salmon are today, predation may retard restoration. 
 
Recent observations suggest there is heavy marine mammal predation on salmon once 
being hooked by ocean fishermen and on salmon and steelhead attempting to access 
streams by swimming over shallow sandbars at the mouths of the San Lorenzo River and 
Scott and Waddell creeks (Lease 1994). This predation is exacerbated during low flow 
conditions in the fall and winter, which cause adult coho to accumulate in lagoons or in 
the ocean at the mouths of streams, waiting to enter and complete their spawning 
migrations. Examination of returning adult coho salmon in the winter of 1991/1992 
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revealed that the portion of a spawning run exhibiting marine mammal attack marks can 
vary from 10% of the fish trapped on Waddell Creek (J. Smith pers. comm.) to 80% of 
those captured on Scott Creek (D. Strieg, pers. comm.). 
 
While fishing in the ocean may not be the primary cause of decline of coho salmon stocks 
as a whole, harvesting may contribute to the continued decline and eventual extirpation of 
native and naturalized coho stocks that are now reduced to extremely low numbers. 
 
Oceanic conditions along the North American Pacific Coast over the past 60 years have 
contributed to the decline of California coho salmon populations. A warming rend in sea 
temperatures along the coast is causing dramatic declines in zooplankton abundance, 
corresponding declines in fish species that forage on zooplankton, changes in ocean 
current and upwelling patterns, a northward shift in many marine species population 
ranges, an overall decline in ocean productivity, and consequently an oceanic 
environment that has been far less favorable for coho salmon survival. Brown et al. 
(1994) summarized evidence suggesting that major ocean mortalities of smolt and adult 
coho salmon have been occurring at least over the past 20 years. These ocean changes 
that potentially reduce ocean survival emphasizes the importance and urgency of 
improving freshwater habitat and maximizing coho smolt survival. 
 
The goal of the restoration effort is to establish an adult run of 100 coho in Soquel Creek. 
A viable coho brood year is one in which fall juvenile coho density at 10 or more 
sampling sites, judged to be in potentially suitable juvenile coho rearing habitat, shall 
average at least 15 juvenile coho per 100 linear feet of stream or 100 returning naturally 
produced adult coho are confirmed by direct observation or by estimates based on 
acceptable adult salmon enumeration. 
 
Restoration actions include Department coordination of habitat improvement and barrier 
removal programs to exploit opportunities to improve fish passage at small dams, 
improperly placed culverts and natural barriers. 
 
Distribution of informational materials to inhabitants of watersheds could reduce fish 
losses resulting from ignorance and heighten awareness and reporting of illegal activities 
of others. 
 
Approximately 9 miles of mainstem and tributary are considered potentially usable coho 
rearing habitat. Water rights in the watershed have been adjudicated and a minimum 
bypass flow has been established. (It does not state what that is.) 
 
Appendix C has potential remedial actions for coho salmon in Soquel Creek pages C-54 
to C-61.  Aspects include streamflow, water quality, water temperature, sediment, 
refugia, large woody material, the lagoon, riparian vegetation, fish passage, genetics and 
incidental take. 
 
The water temperature goal is to maintain water temperatures within the optimum range 
of 50 to 59ºF the year round. 
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Selected Action items  
 

• Conduct an IFIM instream flow analysis to determine flow requirements for coho 
salmon where such determinations are needed. 

 
• Determine the effects of wells on streamflows and take appropriate actions.  

 
• Include urban runoff infiltration basins in all new housing and other developments 

approved by the County. 
 

• Encourage landowners, using monetary incentives as one method, to install 
livestock exclusion fencing along the perimeters of riparian corridors to prevent 
livestock wastes from entering the stream. 

 
• Prevent the removal of riparian vegetation and tree canopy. 

 
• Enter into a new CESA Section 2090 MOU with the CDF if the present 

Biological Opinion is found to be deficient in protecting riparian vegetation and 
tree canopy, in preventing stream and lagoon sedimentation and turbidities, in 
preventing the removal of large trees within the riparian and stream protection 
zones, in preventing the removal of riparian vegetation and stream canopy. 

 
• Conduct a comprehensive geological survey of the watershed to identify and map 

current and potential sediment sources. 
 

• Protect existing and potential refugia from catastrophic events and secure and 
develop additional refugia where possible. Purchase fee titles or conservation 
easements or invoke other legal remedies where needed. 

 
• Allow logs firmly keyed into streambanks to remain in place when removing or 

modifying logjams or other stream debris. 
 

• Maintain a continuous stream tree canopy of 85% closure or greater. 
 

• Annually inventory the watershed for barriers or impediments to adult and 
juvenile coho migration and remove or modify the structure where needed or 
justifiable. 

 
• If stocking of hatchery coho is needed in re-establishing coho in Soquel Creek, 

use only Scott Creek stock. 
 

• Prevent juvenile coho mortalities arising from unscreened or improperly screened 
water diversions. 
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Soquel Demonstration Sate Forest General Forest Management Plan, 1998. California 
Department of Forestry and Fire Protection. 
 
In order to help protect remaining steelhead populations, the California Department of 
Fish and Game prohibits angling in the East Branch of Soquel Creek (Sutfin et al. 1998). 
The diversion and over drafting of water are significant problems in the Soquel Creek 
drainage, especially along its lower reaches. Near the town of Soquel, a portion of the 
creek has dried up on various occasions, including the summers of 1991, 1992 and 1994. 
There are water allotment requirements, but the requirements of fish were not considered 
when maximum amounts for residences and businesses were allocated. Residents need to 
conserve water, allow the creek to flow its natural path, preserve riparian corridors and 
prevent accelerated erosion.  
 
Late-succession management areas have been established along all fish-bearing streams 
in the SDSF and receive specialized management designed to enhance the riparian zone. 
These areas will extend 300 feet on either side of the East Branch of Soquel Creek, 
Amaya and Fern Creeks within the SDSF boundaries. The intent is to promote 
development of functional old-growth habitat characteristics through infrequent, low-
intensity timber management activities. Characteristics include multi- level canopy 
structure with vertical and horizontal diversity, stand-age diversity and large trees, snags, 
down logs and other woody material. Timber harvesting in these areas will conform to 
the following guidelines: 
 

• At least 75% total shade canopy in multiple layers would be retained. 
 

• At least 25% shade canopy in trees at least 24 inches DBH would be retained. 
 

• All woody riparian (i.e., hydrophytic) vegetation would be retained except where 
riparian function would be enhanced by removing such vegetation. 

 
• Large snags (i.e., standing dead trees at least 20 inches DBH and 15 feet tall) or 

live wildlife trees (i.e., trees that support bird nests or have cavities or large limbs 
that make them valuable for nesting birds) would be recruited (created from 
existing healthy trees) or retained at an average density of at least five per acre. 

 
• At selected locations where conifers are lacking, Douglas firs and redwoods 

would be planted to promote long-term recruitment of large wood in streams. 
 

• Downed logs at least 24 inches in diameter and 30 feet long would be retained or 
recruited by felling trees at an average density of at least two per acre, and total 
coarse, wood would be retained at an average density of at least 10 tones per acre.  

 
• Tractor use and cable yarding corridors will be restricted to pre-designated trails 

in late successional management areas.  
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Soquel Creek Stream Analysis for Soquel Drive Bridge, April 2000. Northwest 
Hydraulic Consultants, Inc. prepared for the County of Santa Cruz. 
 
The reach from Highway 1 to the walk bridge above Soquel Avenue was surveyed. It was 
noted that the close proximity of urban areas to the edge of the creek channel, even 
localized bank erosion could threaten structures on adjacent property (Northwest 
Hydraulic Consultants 2000). Future bank erosion was predicted during large flood 
events mostly on outsides of bends and where vegetated slopes were disturbed. Soil was 
sandy and loosely consolidated soil. It was concluded that conservation of existing 
riparian vegetation was important for bank stability. Large-scale channel migration and 
bank erosion were not observed to have occurred over the past several decades. However, 
a significant lateral shift in the creek channel adjacent to Bargetto’s Winery was noted 
between 1912 and 1978, with it being relatively straight in 1912. 
 
Based on the lack of significant reduction in forest cover, it was suggested that the 
amount of wood available for recruitment to the stream will remain comparable to 
historical levels. Wood transport at Soquel Drive Bridge is expected to continue at 
historical rates. The main sources of woody material come from landslides from 
earthquakes, saturated soil and channel migration. 
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APPENDIX G. EROSION SITE LOCATIONS ON SOQUEL CREEK, 2002. 
 
 

Site No. Latitude Longitude Notes 
1 37 00 

068 
121 56 582 Bates- Landslide below dirt road cut 

2 37 00 
130 

121 56 438 Bates- off-channel landslide 

3 37 00 
182 

121 56 388 Bates- vertical streambank below paved road- Hunnicutt's 

4   Grover Gulch- Landslide to creek, 3,390 ft from Bates Creek confluence 
5   Moores Gulch- Streambank erosion 9,832 ft from Love Creek confluence 
6   Hinckley- Landslide 2,868 ft from East Branch confluence 
7 37 05 

459 
121 52 927 East Branch- Landslide above Ashbury Gulch 

9 37 05 
416 

121 52 647 East Branch- Landslide above Ashbury Gulch 

10 37 05 
402 

121 52 539 East Branch- Landslide above Ashbury Gulch 

14   East Branch- Landslide above Ashbury Gulch, 4,698 ft downstream of 
SDSF entrance 

15   Amaya streambank erosion- 326 ft from East Branch confluence 
16 37 04 

612 
121 55 597 Amaya- Large landslide to creek 

17   Amaya landslide- 1,783 ft from East Branch confluence 
18   Amaya gully- 2,756 ft from East Branch confluence 
19   Amaya landslide- 4,011 ft from East Branch confluence 
20   Hester landslide- 1,976 ft from West Branch confluence 
21   Hester landslide- 2,306 ft from West Branch confluence 
22   West Branch landslide- 1,100 ft upstream of Olsen Road bridge 
23 37 04 

376 
121 57 188 West Branch landslide- 2,550 ft upstream of Olsen Road bridge 

24   West Branch landslide- 8,310 ft upstream of Olsen Road bridge 
25 37 05 

555 
121 57 611 West Branch landslide- right bank 

26 37 05 
555 

121 57 611 West Branch landslide- left bank across from # 25 

27 37 05 
831 

121 57 488 West Branch landslide 

28   West Branch landlside- 17,820 ft above Olsen Road. 
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APPENDIX H. LOCATIONS OF ADULT SALMONID PASSAGE MPEDIMENTS 
IN SOQUEL CREEK, 2002. 

 
Site 
No. 

Latitude Longitude Notes 

6 37 05 
535 

121 53 
702 

East Branch- Beginning of Ashbury Falls complex 

7   East Branch 100-200 ft below Ashbury Gulch (N37 05.558; W121 
53.595 

8 37 05 
460 

121 53 
038 

East Branch Short Boulder Falls 

9 37 05 
388 

121 52 
600 

East Branch Boulder field 

10 37 05 
362 

121 52 
278 

East Branch Boulder falls 

11 37 05 
302 

121 52 
170 

East Branch Boulder/Wood falls 

12   West Branch ford- 1021 ft upstream of Hester Creek confluence 
13   West Branch Girl Scout Falls I - 600 ft upstream of Olsen Rd. Bridge 
14   West Branch- chute- 890 ft upstream of Olsen Road Bridge 
15 37 04 

376 
121 57 

188 
West Branch Wood cluster- 2,600 ft upstream of Olsen Road Bridge 

16   West Branch Girl Scout Falls II- 3,660 ft upstream of Olsen Rd 
Bridge 

17 37 05 
287 

122 57 
674 

West Branch Tilly's ford- 10,127 ft upstream of Olsen Road Bridge 

18 37 05 
352 

121 57 
790 

West Branch gabion wall below low water ford, 11,055 ft Above 
Olsen 

19   West Branch concrete dam- 23,250 ft above Olsen Bridge, 1,465 ft 
downstream of paved road. Complete barrier. 

20 37 00 
000 

121 56 
729 

Bates chute- 2,590 ft upstream of Main Street 

21   Bates Bedrock falls- 3,135 ft upstream of Main Street 
22   Bates Creek Dam- 6,900 ft upstream of Main St, 965 ft downstream 

of Grover Gulch confluence 
23   Moores Gulch wood cluster- 1,521 ft from Love Creek confluence 
24   Moores Gulch Bedrock Falls- 1,825 ft from Love Creek confluence 
25   Moores Gulch Bedrock Falls- 2,260 ft from Love Creek confluence 
26   Moores Gulch Culvert- 6,207 ft from Love Creek confluence 
27   Moores Gulch Culvert- 9,604 ft from Love Creek confluence 
28   Moores Gulch Culvert- 9,784 ft from Love Creek confluence 
29   Moores Gulch Culvert- 10,093 ft from Love Creek confluence 
30   Moores Gulch Culvert- 11,571 ft from Love Creek confluence 
31   Hinckley Creek Bedrock falls- 5,763 ft from East Branch confluence 
32 37 04 

759 
121 55 

701 
Amaya- wood cluster 

33   Amaya- wood cluster- 2,181 ft from East Branch confluence 
34   Amaya wood cluster- 2,706 ft from East Branch confluence 
35   Amaya wood cluster- 3,886 ft from East Branch confluence 
36   Fern Gulch- 382 ft from East Branch confluence 
37   Ashbury Gulch- 352 ft from East Branch confluence 
38   Ashbury Gulch- 432 ft from East Branch confluence 
39   Ashbury Gulch- 480 ft from East Branch confluence 
40   Ashbury Gulch- 546 ft from East Branch confluence 
41   Hester Creek- 1,656 ft from West Branch confluence 
42   Hester Creek- 2,379 ft from West Branch confluence 
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43   Hester Creek- 2,620 ft from West Branch confluence 
44 37 03 

817 
121 56 

396 
Hester Creek- 2,916 ft from West Branch confluence 

45   Hester Creek- 3,537 ft from West Branch confluence 
46   Hester Creek- 4,036 ft from West Branch confuence 
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APPENDIX I. LOCATIONS OF 200-FOOT SEGMENTS FOR LARGE WOODY 
MATERIAL SURVEY IN SOQUEL CREEK, 2002. 
 

Wood  
Survey 
Sites 

Latitude Longitude Notes 

1 36 58 
869 

121 57 
512 

Began at upper extent of lagoon and sampled the  
200-400 ft segment each 1000 ft. 

2 36 59 
015 

121 57 
542 

Arundo 200-300 ft upstream 

3 36 59 
118 

121 57 
386 

 

4 36 59 
206 

121 57 
357 

 

5 37 59 
332 

121 57 
342 

Began just above Soquel Avenue Bridge 

6 36 59 
495 

121 57 
335 

Began just above USGS gage 

7 36 59 
655 

121 57 
374 

Adjacent yellow house above creek 

8 36 59 
770 

121 57 
312 

 

9 36 59 
934 

121 57 
272 

Downstream of buried Rambler 

10 37 00 
084 

121 57 
254 

 

11 37 00 
178 

121 57 
172 

Lower end of Whitehead bend 

12 37 00 
140 

121 57 
030 

Used backup GPS due to dead battery, may be 
incorrect, 11,200 ft from upper end of lagoon 

13 37 00 
490 

121 57 
490 

Used backup GPS, may be incorrect, 12,400 ft 
From upper end of lagoon. 

14   13,200 ft. lost confidence in backup GPS 
15   14,200 ft 
16   15,200 ft, above riffle above bend at end of 

Cherryvale 
17   16,200 ft. below high sandstone bluff 
18 37 00 

976 
121 56 

881 
17,200 ft, upper end of Fish Sampling Site 7  

19   18,200 ft, 150 feet upstream of beginning of Reach 6. 
20 37 01 

103 
121 56 

867 
19,200 ft, adjacent Rivervale development, vicinity of 
Fish Sampling Site 8 

21 37 01 
286 

121 56 
798 

Below Nutter residence crossing 

22 37 01 
435 

121 56 
799 

 

23 37 01 
506 

121 56 
737 

 

24 37 01 
640 

121 56 
774 

 

25 37 01 
793 

121 56 
856 

 

26 37 01 
861 

121 56 
735 

 

27 37 01 
871 

121 56 
515 

 

28 37 01 
889 

121 56 
552 

At 27,400 ft. 27,200 had no GPS. 
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889 552 
29 37 01 

993 
121 56 

663 
 

30 37 02 
032 

121 56 
507 

 

31 37 02 
155 

121 56 
602 

80 ft above Purling Brook Road ford 

32 37 02 
294 

121 56 
624 

Redwoods abundant with Douglas fir 

33 37 02 
309 

121 56 
491 

 

34 37 02 
478 

121 56 
424 

 

35 37 02 
560 

121 56 
469 

Tail of pool with old growth cut stumps laying 
horizontal 

36 37 02 
645 

121 56 
399 

Begin East Branch sampling 

37 37 02 
590 

121 56 
297 

 

38 37 02 
575 

121 56 
201 

At 37,400 ft. No GPS at 37,200 ft 

39 37 02 
577 

121 56 
050 

At 38,400 ft. No GPS at 38,200 ft 

40 37 02 
697 

121 56 
106 

 

41 37 02 
728 

121 55 
019 

 

42 37 02 
770 

121 55 
890 

 

43 37 02 
794 

121 55 
759 

 

44 37 02 
937 

121 55 
737 

 

45 37 02 
955 

121 55 
598 

Adjacent Mill Pond 

46 37 03 
074 

121 55 
514 

 

47 37 03 
140 

121 55 
338 

140 ft downstream of Mill Pond Diversion point 

48   No GPS possible for beginning or end of 47,200 ft 
49 37 03 

366 
121 55 

420 
Above Hinckley Creek 

50 37 03 
475 

121 55 
406 

 

51 37 03 
606 

121 55 
488 

 

52 37 03 
760 

121 55 
453 

 

53 37 03 
872 

121 55 
477 

 

54 37 03 
976 

121 55 
573 

Soquel Water District Weir 400 ft upstream 
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APPENDIX J. LOCATIONS OF POTENTIAL STEELHEAD SPAWNING GLIDES 
AND OBSERVED REDDS (NESTS) IN 2002. 
 
Observed 
Spawning 

Glides  
(Asterisk  
indicates 

those 
sampled) 

Latitude Longitude Notes 

1* 36 58 
875 

121 57 
513 

Steelhead redd in 2002, Adjacent retirement center near Nob 
Hill Shopping Center 

2 36 58 
892 

121 57 
514 

Previously modeled for spawning using IFIM. 

3 36 58 
965 

121 57 
551 

Narrowing riffle below glide, located below Highway 1 Bridge 

4   Under Porter Street Bridge 
5 36 59 

142 
121 51 

318 
Adjacent Little Tampico Restaurant. Previously modeled using 
IFIM. 

6* 36 59 
170 

121 57 
308 

Narrowing riffle below. Just above Walnut Street walk bridge. 

7 37 59 
256 

121 57 
352 

Apartment with retaining wall. 

8 36 59 
622 

121 57 
372 

Steelhead redd in 2001. Previously modeled using IFIM. 

9* 36 59 
695 

121 57 
317 

Adjacent Arundo at Bargetto's Winery, downstream of Bates 
Creek. 

10 36 59 
873 

121 57 
311 

Steelhead redd in 2001 

11 36 59 
961 

121 57 
272 

2 steelhead redds in 2002, steep, narrowing riffle below. Above 
buried Rambler 

12 37 00 
150 

121 57 
258 

Steelhead redd in 2002, just upstream of Villa. Previously 
modeled using IFIM. 

13 37 00 
176 

121 57 
172 

Steelhead redd, Bottom of split channel in Whitehead bend 

14 37 00 
173 

121 57 
157 

May be steelhead redd or large lamprey nest, northern 
secondary channel in Whitehead bend 

15*   Steelhead redd in 2002, narrowing riffle below 14,200 feet from 
Nob Hill above lagoon. Just below Reach 5 lower boundary 

16 37 00 
735 

121 56 
976 

Steep narrowing riffle below, within Fish Sampling Site 6 

17*   19,720 ft from beginning at Nob Hill. Tail of bend pool, 500 ft 
below N37 01.286; W121 56.798, Above Rivervale 

18 37 01 
351 

121 56 
760 

Steelhead redd in 2002, flowing tributary 75 ft upstream 

19* 37 01 
503 

121 56 
825 

Steelhead redd in 2002, Fish Sampling Site 9 adjacent 
Mountain School 

20 37 01 
537 

121 56 
711 

3 steelhead redds in 2002, downstream of Garden Haven 
Nursery 

21 37 01 
881 

121 56 
544 

Steep narrowing riffle below, within upper Fish Sampling site 
10 

22 37 02 
088 

121 56 
716 

50 ft downstream of unknown bridge 

23 37 02 
068 

121 56 
491 

Below Purling Brook Road ford 

24* 37 02 
109 

121 56 
525 

Below Purling Brook Road ford. Tail of bedrock pool in Fish 
Sampling Site 11.  
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25   31,000 ft from beginning at Nob Hill, tail of horseshoe pool and 
first bend below Soquel Creek Road Bridge 

26 37 02 
358 

121 56 
444 

Tail of bedrock pool a few hundred feet below Soquel Creek 
Road Bridge.  

27* 37 02 
485 

121 56 
540 

Upstream of Soquel Creek Road Bridge. Tail of long pool. 

28* 37 02 
565 

121 56 
423 

Steelhead redd in 2001, but not in 2002. 

29 37 02 
623 

121 56 
304 

Tail of corner pool with narrowing steep riffle below, East 
Branch 

30 37 02 
543 

121 56 
104 

Steelhead redd in 2002. Artificially constructed channel just 
upstream of riparian corridor cutting. East Branch 

31* 37 02 
724 

121 55 
951 

Steelhead redd in 2002. Split channel. East Branch 

32* 37 02 
713 

121 55 
911 

Steelhead redd in 2002. East Branch upstream of riparian tree 
cutting site 

33* 37 02 
794 

121 55 
759 

Coordinates slightly upstream. Glide was at tail of corner pool 
adjacent horse corrals. East Branch below in-channel grading 

34 37 03 
142 

121 55 
350 

Possibly a steelhead redd in 2002. Adjacent Mill Pond property. 
East Branch 

35 37 03 
273 

121 55 
411 

Tail of corner pool with narrowing steep riffle below, East 
Branch. Within Fish Sampling Site 9B. No suitable glides found 
in Reach 10. 
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APPENDIX K. LOCATIONS OF SANTA CRUZ COUNTY WATER 
TEMPERATURE RECORDERS IN 2001. 
 
 

Site 
No. 

Latitude Longitude Notes 

1 36 58 
892 

121 57 
514 

Near Nob Hill 

2 36 59 
58 

121 57 16 Near Rambler, different GPS that will no give 3 places for seconds 

3 37 01 
05 

121 56 59 At Reaches 5 and 6 Boundary downstream of Rivervale 

4 37 01 
38 

121 56 46 Downstream of Moores Gulch 

5 37 01 
58 

121 56 40 Downstream of Purling Brook Road ford- no data obtained 

6 37 02 
39 

121 56 27 Mainstem downstream of West Branch confluence 

7 37 02 
645 

121 56 
399 

East Branch Just upstream of West Branch confluence. Kristen 
Schroder’s (Santa Cruz County)  GPS 

8   East Branch downstream of Mill Pond (ask Kristen Schroeder for 
location)  

9 37 03 
243 

121 55 
231 

East Branch upstream of Hinckley Creek and downstream of Olive 
Springs Quarry 

10   West Branch 200 ft upstream of Old San Jose Road Bridge (~800 
ft from mouth) 
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