Appendix 2. Focal Site #2 – Scott Creek
Summary of Existing Data and Information

Figure 1. Photo of Scott Creek estuary on 25 September 2010 (California Coastal Records Project).

Introduction
The Scott Creek Estuary (SCE) (Figure 1) is a river-mouth estuary, with seasonal winter inflows.
The estuarine basin was historically broad, with fringing saltmarshes, but now the estuarine
area is delimited by levees and has more of a single-channel character with limited intertidal
area. Thalweg depths are shallow with negligible residual depth at lowest tidal water levels.
Breach Permit Synopsis
Scott Creek is the only stream south of the mouth of the San Francisco Bay that is home to all
three brood-year lineages of Coho Salmon. The Kingfisher Flat Fish Hatchery run by the
Monterey Bay Salmon and Trout Project (MBSTP) exists on a tributary of Scott Creek, and
releases the spawn of up to 40 captured adults each year - without this breeding program, coho
salmon would be extinct in Scott Creek. Scott Creek is also home to the anadromous Central
California Coast Steelhead. Despite the artificial spawning at Kingfisher Flat, Scott Creek has
suffered low adult returns in recent years due to a combination of factors, including loss of
hydrologic connectivity between the ocean and the creek in drought years. According to MBSTP
the sandbar has remained closed in past drought years throughout the adult coho salmon
migration season. To facilitate coho salmon migration under prolonged dry weather conditions,
the sandbar has been mechanically breached at least two times by MBSTP. The last artificial
breaching effort occurred during the drought of 1989 and coho salmon were successfully
collected soon after entering Scott Creek for spawning purposes by MBSTP (Scott Creek BO).
Due to the biological significance of Scott Creek in the survival of Central California Coast coho
salmon, the MBSTP, California Department of Fish and Wildlife (CDFW), San Jose State
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University (SJSU), and SWFSC recommended developing a drought contingency breaching
program to allow for sandbar breaching during prolonged dry winter conditions. This would be
implemented as an action to encourage coho salmon migration into the Scott Creek watershed
from the Pacific Ocean in order to continue spawning activities at Kingfisher Flat, and during the
spring months to allow smolt outmigration from the watershed into the ocean.
The National Marine Fisheries Service ultimately approved the permit under several conditions.
A qualified biologist is required to be on site during the construction and breach, and a post
breach report is required to detail dates and discussion of construction, lagoon conditions
before and after breach, and post-project monitoring. Post project monitoring will determine
the effects of the breach on the lagoon and the effectiveness of the constructed channel
through recording the average lagoon depth from the Highway 1 Bridge up to 1000 feet
upstream within one week of the bridge, whether any mortality of salmonids was observed
post-breach, and whether the outlet channel performed as anticipated. The artificial breach is
permitted to occur eight times over the course of the ten-year permit, and a maximum of four
winter and four spring breaches is permitted.
Current Mouth Management
The mouth of Scott Creek lagoon is severely constrained by the highway bridge that limits
natural mouth migration processes. Currently, the lagoon is rarely breached mechanically, with
the last known official breach taking place in 1989 (Scott Creek BO). It is unknown if
unpermitted breaching occurs. As of June 3rd, 2014 the National Marine Fisheries Service
(NMFS) has a permit to breach the lagoon to allow salmonid migration if determined necessary.
California Department of Transportation is considering a re-design of the Highway-1 bridge that
would allow the lagoon mouth to function more naturally and has contracted with
Environmental Science Associates (ESA) to provide initial review and conceptual design.
Mouth State
Nylen (2015) compiled a record of mouth state from a long-term data set of mouth state
courtesy of the Monterey Bay Salmon and Trout Project Big Creek Hatchery, which has
recorded daily river mouth condition since 1989, based on either on-site visual observations or
inferred condition from water levels at an upstream weir. Mouth state was recorded as either
open or closed. Paper logs were digitized, and small gaps in the data (≤ 7 days) were filled if
they were found between data points of the same condition. The “open” designation
presumably includes perched conditions, when the stream flows out over the beach without
tidal exchange to/from the lagoon. This record of mouth conditions was extended to 2016
(Figure 2) and shows the high likelihood of closure in fall (September-November) and low
likelihood of closure in late winter and spring (February-May).
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Figure 2. Scott Creek mouth closure record 1989-2013 (Nylen 2015, updated here to 2016). Blue indicates periods when mouth
was open and yellow represent closure. Closures are common in fall (September-November).

Water Level
• Water level in SCE exhibits only weak tidal fluctuations and typically the estuary is in a
perched condition with water levels controlled by mouth state and river inflow rate (Figure
3). Data collected over several years by the NOAA SWFSC continues with additional data
available from CLEAP, CCWG and ESA. Water levels vary up to 2m.
o While the mouth may be closed more than 200 days in some years, it may only close
for less than 20 days in other years (Figure 2 and Nylen 2015). Closures are most
common in fall (closed for more than 20 days on average in September, October and
November) and least common in spring (closed less than 5 days on average in
February, March, April and May). When closed, or even perched, the water level
rises rapidly by 1.5-2m, depending on the height of the berm, until perched outflow
matches the river inflow.
o In winter, the water level rises 1-2m with increased inflow, but flow events are brief
and the water level drops again as strong outflow erodes a deep channel through
the berm.
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Figure 2. Scott Creek data from 10 July 2006 to 2 August 2007. Upper panel: Water level (bold black line) in Scott Creek relative
to forcing due to waves (dashed line), river flow (blue line) and tidal range (red line). Lower panel: Top and bottom salinity (bold
and dashed black lines) and dissolved oxygen concentrations (bold and dashed orange lines). Green shading indicates closure
events. From Nylen (2015).

Stratification
• Stratification is dominated by the density difference between seawater and freshwater
inflow (Figure 3).
o During strong winter flows all saline waters may be flushed from the estuary (flows
of several m3/s), but during weaker winter flows and higher water levels a 2-layer
structure forms with freshwater flowing out to sea over a resident saline layer,
trapped by shoals in the outer estuary.
o During low-flow conditions, seawater intrudes during spring tides, forming a 2-layer
estuary. During neap tides, little seawater intrudes in the absence of big waves and
the saline lower layer is typically flushed from the lagoon. Periods of stratification
tend to correlate with periods of big waves, so that the lagoon is more likely to be
stratified in early winter (big waves with low river flow). Wave overwash events are
evident as peaks in bottom salinity during closure events (e.g., late October 2006,
Figure 3).
o During closures, a lower saline layer may be trapped, but it does not persist –
presumably due to seepage through the narrow and coarse sand berm. In many
cases, the closure is preceded by a perched state during which the saline layer is
trapped. But when the perched state persists, this trapped layer may be exported
by entrainment into the outflowing surface layer so that when the lagoon closes
there is no stratification.
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o During some closures, stratification may be introduced by wave overwash – the
resultant stratification typically persists for about a week.
Inundation of the Marsh Plain
• Inundation events occur during winter flow and mouth closures. High water levels are
short-lived, flooding high marshes for only days or weeks (Figures 4, 5, 6).

Figure 3. Projected area of marsh plain inundation from 2/28/13 to 6/19/16 in the Scott Creek Estuary using the Coastal Lidar
dataset and water elevation based on logger deployed in the main channel by CCWG.
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Figure 4. Scott Creek lagoon marsh plain inundation events at two elevations. Water level based on logger deployed in the main
channel.

Figure 6. Scott Creek lagoon water levels as compared to the marsh plain elevation and MHHW.

Water Quality
• The primary water quality concern in SCE is hypoxia following closure of the mouth.
Although some closures may not result in stratification, it is typical to see stratification
peaking at the time of closure and a decline in bottom oxygen levels following closure.
Oxygen levels in the SCE appear to drop suddenly over a few days (Nylen 2015), but these
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•

•

drops occur at different times after closure depending on a variety of physical and
biogeochemical conditions.
In aggregate, minimum oxygen levels are observed 4-9 days after closure and levels are
unimpaired 15 days after closure, by which time stratification has usually dissipated (Figure
7). Minimum levels are on average ~6mg/L, on the margin of impairment, with some events
resulting in anoxia and others exhibiting only mild lowering of bottom oxygen levels.
Bottom oxygen will also increase if the mouth is breached during the initial 2-week hypoxic
period. This is primarily due to intrusion of oxygenated seawater.

Figure 7. General pattern of oxygen impairment (< 6mg L-1) in bottom water following closure (2004-2010, N=10). Green bars
indicate the probability of oxygen impairment in bottom waters as a function of time since closure. Lines show surface (solid
line) and bottom (dashed line) daily mean salinity.

Marsh Condition
Marsh plain available to complete CRAM assessments is fairly small, and dominated by a mix of
rushes sedges and salt grass species within a fresh and brackish water wetland. Plant
community abundance and distribution patterns changed after the construction of the highway
bridge, which limited the natural mouth migration and marsh plain scour processes. Since
construction of the constrained mouth, the marsh plain adjacent to the channel has become
more stationary. Please see Appendix 5 for a description of the California Rapid Assessment
Method for Wetlands (CRAM) to provide more context for this section.
•

Two CRAM assessments were performed in the spring of 2012, at which point the mouth
was open. CRAM Index scores ranged from 71–77. The four Attributes of CRAM had the
following ranges: Buffer and Landscape Context (82-85), Hydrology (66.67), Physical
Structure (50-75), and Biotic Structure (83.33).
o The CRAM Metric Score for Number of Codominant Species included a score of ‘C’
for both assessment areas.
o The Co-Dominant Plants from both assessment areas included:
 Baccharis pilularis
 Distichlis spicata
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Juncus lesearii
Leymus sp.
Potentilla argentea
Scirpus californicus
Scirpus robustus
Typha angustifolia

Vegetation community Indices (plant surveys)o Environmental Monitoring and Assessment (EMAP) vegetation surveys were
conducted by CCWG staff in 2012. The results are as follows (Table 1):

Table 1.EMAP metric scores and interpretation for the SCE

EMAP Parameter
Metric
1
The proportion of total values that
comprised non-native plants, summed
across all subplots in all plots in all
transects
2
The proportion of total values that
comprised invasive plants, summed
across all subplots in all plots in all
transects
3
4
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The number of native species found
along EMAP transects, tallied
cumulatively
Along the backshore, proportion of total
values that comprised non-native
plants, summed across all subplots in all
plots in the transect
number of plant species (both native
and non-native) found across all marsh
plain transects (excluding backshore)

Site 1

Interpretation

3.27%

Proportion of
non-native
plants is low.

3.25%

The
proportion of
invasive
plants is very
low
13
The number
of native
species is high
15.38% Along the
backshore,
non-native
plants cover is
moderate
9
Number of
marsh plant
species (both
native and
non-native)
was moderate

Fish Condition
• Fish Community
o Salmonids: Scott Creek is highly significant salmonid habitat on the California
Central Coast. It is home to Central California Coast steelhead, which are federally
listed as threatened, as well as Central California Coast coho salmon, which are
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federally listed as endangered. Coho salmon breed every three years, and are
separated into brood-year lineages based on the year they breed. If a traumatic
event occurs during one year in a watershed, that one brood lineage may suffer
decreased adult returns, but the other two brood lineages will be unaffected. When
one or two brood lineages are extirpated from a creek, the existence of Coho salmon
in the creek becomes increasingly vulnerable. Scott Creek, north of Santa Cruz, is the
only watershed south of San Francisco bay that is home to all three brood lineages
of CCC Coho. The Scott Creek watershed is also home to a breeding facility that
captures adult salmonids in the upstream sections of the stream, breeds them, and
releases juveniles. Without the Kingfisher Flat Fish Hatchery in Scott Creek, Coho
salmon in Scott Creek would be extinct.
o The population dynamics of salmonids have been well studied in the Scott Creek
Lagoon. Samples were taken annually between 2003 and 2013, and then between
six and seven times per year (monthly, between June and November) during 2014
and 2015. The following figures depict a subset of the available data. They were
pulled from Hayes et al. 2013, and Kiernan et al. 2016.
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o Other Fish Species:
Catch Per Trap-night
Year Season Stickleback
2014 Spring
43
2014
Fall
94.21
2015 Spring
4.45
2015
Fall
na
2016 Spring
14.125
2016
Fall
3.875
Source: Ben Wassermen, UCSC

Tidewater
Goby
0.25
0
0.45
na
0
0.375

Sculpin
0.25
0
0.09
na
0.125
0

Steelhead
Trout
0
0
0
na
0
0

The majority of this data shows a general negative trend in the quantity of fish present in Scott
Creek (with the exception of the tidewater goby). Anadromous fish (steelhead and coho) rely
on connectivity between the river and the ocean to complete their life cycles, and when the
lagoon does not breach in drought years, these fish can be entirely blocked out of the river,
preventing them from spawning.
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The Comparative Lagoon Ecological Assessment Project
CLEAP ran from 2003-2005 in Santa Cruz County. It focused on collecting and evaluating an
extensive amount of physical, chemical and biological data from 5 Santa Cruz County lagoons
that were determined to represent a range of conditions impacted by human activities. The
specific lagoons selected for detailed evaluation were Scott Creek Lagoon, Laguna Creek
Lagoon, San Lorenzo River Lagoon and Aptos Creek Lagoon. The study collected a wide variety
of data including information on stream inputs, wind exposure, water quality and status,
physical conditions and biological conditions. The biological data characterized the
phytoplankton, zooplankton and benthic invertebrate communities, submerged aquatic
vegetation, and the fish community.
There was a total of 23 sampling days between 5/11/2004 and 11/21/2005 at the Scott
Creek Lagoon. The sampling days were conducted during micro-tidal, macro-tidal, and closed
mouth conditions. Macro tidal refers to time periods of significant daily water circulation in
most lagoon locations due to strong physical connection of lagoon to ocean tides, while micro
tidal refers to time periods of muted water circulation due to reduced tidal influence as a result
of elevated beach berm at mouth and lengthened outlet flow path. When the mouth to the
lagoon is closed there is little to no interaction with the ocean tides.
None of the sampling days directly followed a breaching event at Scott Creek. As a result,
we have decided to present the data as a comparison between the open (micro and macro) and
closed mouth states of the lagoon.
It is important to note that all of the sampling events when the mouth was closed were
conducted in the summer and fall, while all of the sampling events when the mouth was open
(macro or micro) were conducted in the spring and summer. As a result, mouth circulation and
season are not independent from each other and both have influence on the biological
parameters discussed for this lagoon. In addition, there are a multitude of other abiotic factors
(as discussed in the abiotic section) that also influence the abiotic parameters.
Table 2. Mouth circulation condition for each sampling day at Scott Creek Lagoon.

Sampling
Date
5/11/04
7/9/04
8/2/04
9/8/04
9/28/04
10/21/04
5/18/05
5/26/05
6/16/05

Sampling
Circulation
micro (open)
closed
closed
closed
closed
closed
macro (open)
macro (open)
macro (open)

Season
spring
summer
summer
fall
fall
fall
spring
spring
summer
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7/25/05
7/27/05
8/18/05
8/23/05
9/19/05
9/20/05
9/29/05
10/20/05
10/25/05
11/21/05

macro (open)
micro (open)
closed
closed
closed
closed
closed
closed
closed
closed

summer
summer
summer
summer
fall
fall
fall
fall
fall
winter
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