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Appendix 1. Focal Site #1 – Russian River 

Summary of Existing Data and Information 

Figure 1. Aerial photo of Russian River estuary, showing constricted mouth forming in wave-built sand barrier across the mouth 
of the confined river valley. 

Introduction 
The Russian River Estuary (RRE, Figure 1) is a river-mouth estuary, with strong winter inflows 
and a long, narrow, steep-sided basin (i.e. “confined”).  Intertidal habitats are limited in area. 
Thalweg depths are several meters in many places and exceed 10m where deep scour occurs on 
sharp bends in the channel. 

Breach Permit Synopsis 
The Russian River is home to several types of anadromous fish (coho, Chinook, and steelhead), 
and the river’s estuary is also a major seal haul out. The river estuary historically opens and 
closes with the seasons, resulting in varying water levels within the lagoon. However, due to 
the vulnerability of structures adjacent to the lagoon, the river has been artificially breached for 
many years to control water levels. The Sonoma County Water Agency has approval to 
mechanically breach the Russian River Estuary under several conditions designed to minimize 
the negative impact of breaching activities on the estuarine and marine ecosystems of the area, 
and to minimize the negative impact of breaching activities to beach visitors. An environmental 
resource specialist must be present throughout the sandbar breaching process. Dune plants 
and seal haul out areas must be avoided, and no machinery is allowed seaward of the mean 
high tide line. Sandbar breaching must not disrupt public access to the beach. After the 
breaching is complete, the environmental resource specialist is required to monitor the lagoon 
and submit a report. This report must detail all potential impacts to habitat resources (such as 
fish mortality or stranding), as well as recommendations to avoid these impacts in future 
breaches. The monitoring report must also identify areas affected by emergency development 
activities (sand borrowing, grading, elevations of finished slopes) as well as color photographs 
of the breach site at different points in time. The SCWA must also produce three plans prior to 
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issuance of a breaching permit. The Flood Analysis Plan requires SCWA to coordinate with 
NMFS and property owners to identify measure that would minimize or avoid damages to 
existing structures that would occur as a result of increasing water elevations in the lagoon. The 
Habitat Monitoring Plan shall provide information on the ways the breaching results in benefits 
to juvenile steelhead and/or adverse effects to other salmonids, whether a controlled outlet 
program can achieve optimal lagoon elevations, and whether habitat improvements would 
result in no breaching occurred allowing water levels to increase, the lagoon to enlarge and 
structures to flood.  The Water Quality Monitoring Plan is a combination of requirements from 
the 2008 Biological Opinion, the Temporary Urgency Change Petition, and the Stipulated 
Judgment.  The three data collection programs must be linked and coordinated so that they 
provide a cohesive and useful dataset that can be used to evaluate the low velocity lagoon 
outlet channel and whether or not it is successful in sustaining raised water elevation and 
improved water quality conditions. All three plans must be consistent with the NMFS Biological 
Opinion for the Russian River and must be address in an annual report to the permitting 
agencies. 
 
 

 
Figure 2. Russian River hypsometry (volume of water as a function of water level elevation relative to NAVD88 datum) – inset is 
a zoom for data at water elevations below -5m).  Colors refer to habitat categories defined for juvenile steelhead in Boughton et 
al (2017) and Largier & Koohafkan (2016). 

 
Current Mouth Management 
A rock jetty was constructed over 70 years ago to restrict the movement of the river and aid 
manual breaching efforts.  The estuary may close throughout the year as a result of a barrier 
beach forming across the mouth of the Russian River. The mouth is located at Goat Rock State 
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Beach.  Although closures may occur at anytime of the year, beach berm closures are most 
common in October, November and December (Figure 3), when the first winter storms in result 
in strong beach-building wave action at the mouth of the estuary while river flows remain low 
prior to the first rain-bearing winter storms in December or January.   
 

 
Figure 3. Photos of morphological changes during September-October 2014 closure. 

 
Closures result in ponding of the Russian River behind the barrier beach and, as water levels 
rise in the estuary, flooding of adjacent lowlands and development may occur. The barrier 
beach has been artificially breached for decades; first by local citizens, then the County of 
Sonoma Public Works Department, and since 1995, by Sonoma County Water Agency (SCWA) 
(Figure 4). SCWA breaching activities are conducted in accordance with the Russian River 
Estuary Management Plan.  The purpose of artificially breaching the barrier beach is to alleviate 
potential flooding of low-lying properties along the estuary.  The river water elevation is 
managed to remain below flood levels in order to protect recreational, agriculture and private 
properties.  A multi-agency agreement was negotiated to breach the mouth before the water 
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level reaches 9ft above NAVD.  SCWA typically implements a breach when the water reaches 
7ft.  This management strategy precludes naturally occurring high-water inundation periods 
except under special circumstances.  For example, in December 2015 with the mouth closed, 
waves built the berm higher at the same time as river flow and wave overwash filled the lagoon 
to 12ft NAVD.  The mouth was not breached as it was unsafe for operations on the beach.  
During this event, Highway 1 was partly flooded in addition to several low-lying residential and 
agricultural properties.   
 

 
Figure 4. Russian River mouth closure record from 1973 to 2016 (Behrens et al 2012; extended here to 2016).  Blue spaces 
indicate periods when the mouth was open and orange/red spaces represent times of closure.  Closures are most common in fall 
(September-November), when early big-wave events occur prior to winter rains and enhanced river flow.  Years with extreme 
drought (1977) or strong flows (1982) are apparent.  About 80 percent of the closure events since 1995 ended manually (red 
spaces), when heavy equipment was used to dig a trench across the beach to breach the estuary. 

 
In 2009, NOAA wrote a Biological Opinion requiring SCWA to manage the estuary mouth in a 
way that would better support an estuarine rearing habitat for juvenile steelhead.  The aim is to 
allow the mouth to remain closed or in a perched state in summer.  The plan is to develop a 
partial breaching strategy that allows the estuary to function as a perched lagoon through 
summer, thus maintaining a water level below 9ft.  In addition to concerns for salmon 
populations and other fish, there is significant concern for the colony of harbor seals that use 
the sandbar at the mouth to haul out (Figure 5).  This imposes another constraint on mouth 
management, which includes flooding, salmon conservation, and marine mammals.  
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Figure 5. Photos of artificial breaching of the mouth of the Russian River on 2 January 2014.  Times of photos and location of a 
group of harbor seals are annotated on each photo. 

Water Level 
• Water level in lagoon is monitored by an electronic gage maintained by Sonoma County 

Water Agency (SCWA) (Figure 6).  Data are available in real-time and the historic record is 
available for a few decades.  However, the highest and lowest water levels are not well 
recorded by this gage as power is lost when water levels exceed 10ft and the gage is located 
at an elevation of 1ft so it cannot record water levels below 1ft.  Additional water level data 
are recorded at multiple sites by UC Davis each summer and fall.  Water level elevation and 
tidal variability reflect mouth state, which has been well described by Behrens et al (2012). 

o In winter, the mouth is generally open and water levels exhibit significant tidal 
fluctuations, but the tide is muted with tidal range less than in ocean (typically 
<50%).  Highest water levels are recorded during strong river flow or during periods 
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when the mouth is closed.  In particular, the highest recent water level was 
observed in December 2015 during closed-mouth conditions during wave overwash 
and early rain (12ft water level flooded Highway 1).  Lowest water levels are tidal, 
following deep scour of mouth channel during high river flow or major breach 
event).  Winter closures are typical in early winter, when river flow is still weak while 
large winter waves can quickly close the mouth.  Nevertheless, the mouth can close 
in any winter month (Figure 4), if river flow decreases enough between rain events. 
 

 
Figure 5. Time series data on water level at multiple locations in the Russian River estuary in 2014, showing a brief closure event 
in early May and prolonged closure events in September-October and October-November. 

 
o In spring, the mouth typically remains open (or closes only briefly) – and water levels 

vary tidally.  This happens when seasonal runoff persists late in spring due to late-
winter wave events.  In other drier years the mouth may close in spring and remain 
closed though summer.  Open-mouth conditions are more likely if managed river 
flow is higher than unaltered (natural) runoff. 

o In summer, the mouth often remains open (if it did not close in spring) and water 
levels are tidal, although increasingly muted due to shoaling of the estuary mouth 
channel (estuary tide range often ~20% of ocean range).  During closed mouth 
conditions, diurnal sea breeze forcing can alter water levels by 5-10cm by a force 
surface seiche (Behrens 2012).  During closures in both summer and fall, water level 
will rise faster than under natural conditions if river inflow is higher than natural 
conditions – and it may not be possible to maintain a closed or perched mouth with 
higher river inflow in summer or fall.   

o In fall, the mouth often closes when early winter swell (generated in the Gulf of 
Alaska) moves sand into the estuary mouth before local rains and while river flow is 
low.  These closures can be prolonged and with a positive water budget, water levels 
would rise to berm crest height in the absence of SCWA-managed breaching of the 
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 mouth when water levels exceed 7ft and before 9ft NAVD88.  The low point in the 
berm heights may be as low as 6ft, but often the berm is over 10ft and may be as 
high as 15ft NAVD88. 

 
Stratification 
• Stratification is dominated by the density difference between seawater and freshwater 

inflow (Figure 7).  During strong winter flows all saline waters may be flushed from the 
estuary, but for most of the year there is a resident saline layer that intrudes half the 
distance of the estuary (to about Sheephouse Creek) following high tides and retreats to 
seaward of the Highway-1 Bridge following low tides.  This salt wedge is larger, shallower, 
and intrudes further during spring tides and when the mouth channel is deeper. 

o Data on water salinity and temperature are available from time-series sensors 
deployed for summer and fall and boat-based profile surveys conducted during 
closures.  Data are available since 2009 with some historical data from earlier. 

o When the mouth closes, the salt wedge is trapped in the lagoon, forming a distinct 
lower saline layer.  Often these deep saline waters are trapped before the mouth 
closes, as the channel shoals.  Small-volume intrusions may top up the deep saline 
layer during perched conditions or owing to berm overwash due to large waves 
during closure events. 

o Following closure the salt-wedge spreads landward and stratification profiles often 
sharpen.  Stratification can extend landward as far as Moscow Road Bridge.  This is 
outlined by Behrens et al (2015). 

o Most stable water column and longest water residence is observed in deeper 
locations, e.g., Sheephouse Creek, Osprey, and Heron Rookery. 

o While some saline water may be exported by seepage through the sandbar and/or 
vertical mixing and overflow during perched conditions, this appears to be 
inadequate and stratification persists in the RRE. 
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Figure 6. Time series data on temperature, salinity and dissolved oxygen at Paddy’s Rock – a station seaward of Highway-1 
Bridge (2.5km from the mouth). Closure events in early May, September-October, and October-November are shown by grey 
shading.  This is the same time period as shown for water levels in Figure 6. 

 
Inundation of the Marsh Plain 
• Inundation events are typical in fall when the mouth closes and water levels rise slowly and 

inundate gravel shoals and low-lying vegetated riverbanks in addition to small marsh areas 
(e.g., Penny Island) (Figures 8 and 9).   

o Grazing lands, the visitor center and low-lying houses are inundated when water 
levels exceed 10ft, with management plans that aim to preclude water levels above 
9ft in most closure events.   

o High water levels in summer are undesirable as they inundate popular river beaches.   
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Figure 7. Projected area of marsh plain inundation from 5/1/13 to 10/5/13 in the lower Russian River Estuary using the Coastal 
Lidar dataset and water elevation data provided by the Sonoma County Water Agency. 
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Figure 8. Water elevation (blue line) relative to MSL in the Russian River Estuary. The black line represents the average marsh 
plain elevation while the gray bar represents the range. Water elevation data provided by the Sonoma County Water Agency. 

Water Quality 
• Primary water quality concerns relate to hypoxia below the pycnocline (i.e., the interface 

between low-salinity surface layer and high-salinity bottom layer), rendering deeper waters 
unsuitable for juvenile steelhead and other salmonids of concern (Figure 10).  This is the 
focus of active research and management.  As outlined by Hewett (2016), there is sufficient 
biological oxygen demand (BOD) beneath the pycnocline to remove all or most of the 
dissolved oxygen and no mixing to re-oxygenate these waters.  During the first days of 
closure, light may penetrate sufficiently to support photosynthesis that precludes anoxia in 
this lower layer – but this is not true later in a closure when a thick layer of freshwater has 
built on top of the deep saline layer.  

o Data on oxygen are available from time-series sensors deployed for summer and fall 
and boat-based profile surveys conducted during closures.  Data are available since 
2009 with some earlier data sets. 
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Figure 9. Spatial distribution of temperature, salinity, dissolved oxygen, chlorophyll-a, turbidity and light along a longitudinal 
transect in the Russian River Estuary on 28 May 2013. Note the pycnocline in (b) appears a quick change from dark blue to red, 
with low DO below it in (c) being depicted by a dark blue color. 

 
• Additional water quality concerns are: 

o Fecal bacteria may enter the estuary with surface inflows or from leaking septic 
tanks.  The concern is for contact recreation.  Data on fecal indicator bacteria are 
limited (collected by SCWA), no analysis is available and the concern has not been 
fully assessed. 

o Macro-algal blooms are observed in dry years during warm weather.  The concern is 
that these blooms indicate nutrient pollution.  Some data are collected by SCWA but 
a full analysis/assessment is not available. 

o Micro-algal blooms may have occurred in past years. 
 
Marsh Condition 
NOTE: Please see Appendix 5 for a description of the California Rapid Assessment Method for 
Wetlands (CRAM) to provide more context for this section. 
 
• Two habitat assessments using CRAM were performed in the spring of 2012, at which point 

the mouth was open.  CRAM Index scores ranged from 82-85, which is in the upper quartile 
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of condition.  The four attributes of CRAM had the following ranges: Buffer and Landscape 
Context (85-92), Hydrology (75-83), Physical Structure (88-100), and Biotic Structure (67-
86). 

• Both assessment areas scored well for the number of co-dominant plant species. The Co-
Dominant Plants at both assessment sites included: 

o Baccharis pilularis 
o Carex obnupta 
o Distichlis spicata 
o Eliocharis sp. 
o Equisetum sp. 
o Juncus balticus 
o Juncus efusus 
o Lepidium latifolium(invasive) 
o Leymus sp. 
o Lonicera involucrata 
o Native Fern sp. 
o Potentilla argentea 
o Rubus ursinus 
o Salix lasiolepis 
o Schoenoplectus californicus 
o Scirpus sp. 

 
• Vegetation community Indices (plant surveys):  

o Environmental Monitoring and Assessment (EMAP) vegetation surveys were 
conducted by CCWG staff in 2012.  In general, the plant community of the Russian 
River Estuary is rich and dominated by native species. The results are as follows 
(Table 1): 
 

Table 1. EMAP metric scores and interpretation for the RRE. 

EMAP 
Metric 

Parameter Site 1 Site 2 Interpretation 

1 The proportion of total values that 
comprised non-native plants, summed 
across all subplots in all plots in all 
transects 

0.29% 6.03% Proportion of 
non-native 
plants is low. 

2 The proportion of total values that 
comprised invasive plants, summed 
across all subplots in all plots in all 
transects 

0.23% 0.19% The 
proportion of 
invasive 
plants is very 
low 

3 The number of native species found 
along EMAP transects, tallied 
cumulatively  

21 15 The number 
of native 
species is high 
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EMAP 
Metric 

Parameter Site 1 Site 2 Interpretation 

4 Along the backshore, proportion of total 
values that comprised non-native 
plants, summed across all subplots in all 
plots in the transect 

0 0.42% Along the 
backshore, 
non-native 
plants cover is 
low 

5 number of plant species (both native 
and non-native) found across all marsh 
plain transects (excluding backshore) 

26 12 Number of 
marsh plant 
species (both 
native and 
non-native) 
was high 

 
Fish Condition 
• Fish Community: Extracted from the Russian River Biological Opinion Status and Data Report 

(Year 2014-2015): 
o The Water Agency has been fish sampling the Russian River Estuary since 2004. The 

Estuary fisheries monitoring area included the tidally-influenced section of the 
Russian River and extended from the sandbar at the Pacific Ocean to Duncans Mills, 
located 9.8 km (6.1 mi) upstream from the coast (Figure 11).
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Figure 10. Russian River Estuary fisheries seining study reaches and sample sites, 2014. 

o From 2004 to 2009, eight seining stations were located throughout the Estuary in a
variety of habitats based on substrate type (i.e., mud, sand, and gravel), depth, tidal,
and creek tributary influences. Three seine sets adjacent to each other were
deployed at each station totaling 24 seine sets per sampling event. Stations were
surveyed approximately every 3 weeks from late May through September or
October. Total annual seine pulls ranged from 96 to 168 sets.

o Starting in 2010 fish seining sampling was doubled in effort with 300 sets completed
for the season. Surveys were conducted monthly from May to October. Between 3
and 7 seine sets where deployed at 10 stations for a total of 50 sets for each
sampling event.

o For data analysis, the Estuary study area was divided into three reaches, including
Lower, Middle, and Upper, which is consistent with study areas for water quality and
invertebrate studies.

o Note that all fish seining studies were conducted under predominantly open river
mouth conditions allowing daily tidal circulation in the Estuary. The results of the
2014 fish studies contribute to the 11-year dataset of existing conditions and
knowledge of a tidal brackish system. This baseline data will be used to compare
with a closed mouth lagoon system at a future point in time.

o The distribution of fish in the Estuary is, in part, based on a species preference for or
tolerance to salinity (Figure 12). In general, the influence of cold seawater from the
ocean results in high salinity levels and cool temperatures in the Lower Reach
transitioning to warmer freshwater in the Upper Reach from river inflows. Fish
commonly found in the Lower Reach were marine and estuarine species including
surf smelt (Hypomesus pretiosus), English sole (Parophrys vetulus), and staghorn
sculpin (Leptocottus armatus). The Middle Reach had a broad range of salinities and
a diversity of fish tolerant of these conditions. Common fish in the Middle Reach
included those found in the Lower Reach and shiner surfperch (Cymatogaster
aggregata) and bay pipefish (Syngnathus leptorhynchus). Freshwater dependent
species, such as the Sacramento sucker (Catostomus occidentalis), Sacramento
pikeminnow (Ptychocheilus grandis), and Russian River tule perch (Hysterocarpus
traskii pomo), were predominantly distributed in the Upper Reach. Anadromous fish,
such as steelhead (Oncorhynchus mykiss) and American shad (Alosa sapidissima),
which can tolerate a broad range of salinities, occurred throughout the Estuary.
Habitat generalists, such as threespine stickleback (Gasterosteus aculeatus) and
prickly sculpin (Cottus asper), occurred in abundance in the Estuary, except within
full strength seawater in the Lower Reach.
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Figure 11. Distribution of fish in the Russian River Estuary based on salinity tolerance and life history, 2014. Data is from monthly 
seining during May, June, September, and October. 

Invertebrate Community 
Extracted from the Russian River Biological Opinion Status and Data Report (Year 2014-2015): 
• Sonoma County Water Agency is determining the temporal and spatial distribution,

composition (species richness and diversity), and relative abundance of potential prey items
for juvenile salmonids in the Russian River estuary, and evaluating invertebrate community
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response to changes in sandbar management strategies, inflow, estuarine water circulation 
patterns (stratification), and water quality (Figure 13). 

Figure 12. Distribution of juvenile salmonid prey resource availability sampling sites in the Russian River estuary. 

• Commensurate with assessment of potential responses to estuary conditions by the
macroinvertebrate prey of juvenile salmonids, the Water Agency is also monitoring juvenile
salmonid diet composition and behavior.

• The following are included in the sampling regime:
o Benthic Infauna: benthic macroinvertebrates documented as occurring in the diets

of juvenile steelhead salmon occurred most commonly and abundantly at Penny
Point in June when the estuary was open.  However, benthic macroinvertebrate prey
assemblages were not statistically different when compared among dates (Global R
= 0.152). All pair-wise comparisons indicated high similarity in assemblage (density)
composition between dates, even between the two periods of estuary closure.

o Epibenthic-sampling by the epibenthic net samples within 10 m of the high water
level was the most indicative of a shift in prey organism distribution as a function of
estuary water level and volume
 Under open-estuary, tidally-fluctuating, low-water-elevation conditions in

early June, juvenile Chinook salmon prey were concentrated in the lower two
stations, where Americorophium spp. and E. confervicolus amphipods and G.
insulare isopods reached average densities as high as ~1,000 m-2 at River
Mouth (Figure 13). By late September, early into estuary closure with the
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water elevation at 4.2 ft., prey taxa had diversified and expanded through 
the middle and upper estuary reaches although at lower densities  

 After 22 days of estuary closure, with the water level at 6.7 ft. at the Jenner
gage, composition and densities of the same prey had expanded further into
their recently inundated intertidal habitat

 In part, this likely represents the mobility of the epibenthic crustaceans and
aquatic insects, as well as perhaps the effect of expanded, productive
intertidal habitat, as compared to the benthic macroinvertebrates, which
may be delayed or otherwise constrained in recruiting to the expanded
habitat.

o Zooplankton—Density and numerical composition of zooplankton (data filtered to
remove benthic or other non-pelagic organisms) indicated higher diversity of taxa
and greater abundance in September-October, during estuary closure, than in June.
 It should be noted in this and earlier reports that none of the pelagic

zooplankton taxa appeared in the prey composition of juvenile steelhead in
the estuary.

Other Biotic Resources 
• Primary Productivity: Extracted from the Russian River Biological Opinion Status and Data 

Report (Year 2014-2015):
o Monitoring locations were established at three sites that supported backwater 

habitats targeted for sampling. These locations and include Vacation Beach, Monte 
Rio, and Patterson Point (Figure 14). Transects were established perpendicular to 
the shoreline in locations that were expected to be submerged during mouth 
closure. Transect endpoints were installed and initial data was collected while the 
river mouth was open on 12 September 2014. Following closure of the Estuary on 17 
September follow-up sampling was conducted on 24 September, 3 October, and 22 
October, which corresponded to an approximate water surface elevation gain of 2 
feet additively for each sampling event.

• A table (Figure 13) showing sampling for microalgae and macroalgae percent cover at three 
different locations: vacation beach, monte rio, and Patterson point. Sampling occurred on 
four different dates and barrier beach configuration at each location: September 12th when 
the mouth was open, September 24th when the mouth was closed, October 3rd when the 
mouth was closed, and October 22nd when the mouth was closed. The data show the most 
distinct pattern at the vacation beach site, where the microalgae cover was greater than the 
macroalgae cover at 69% compared to 31%.  Over the time period of the mouth being 
closed the percent of microalgal cover decreased to 28% and the macroalgal percent cover 
increased to 72%.  At the other two sites, the percent cover for micro and macroalgae 
fluctuated, but no distinct pattern was discernible. 
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Figure 13. Change in relative cover over time between micro- and macro- algae between 9/12/14 and 10/22/14. 
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