Salinas Valley Water Project
Annual Fisheries Report for 2013

Monterey County Water Resources Agency
893 Blanco Circle
Salinas, CA 93901
May 5, 2014

Salinas Valley Water Project
Annual Fisheries Report for 2013

Prepared by
Monterey County Water Resources Agency
Clayton Leal, Water Resources Biologist
Elizabeth Krafft, Senior Hydrologist
Tam Voss, Water Resources Hydrologist

May 5, 2014

Contents
Introduction ............................................................................................................... 5
Index Reach Monitoring ............................................................................................. 6

Methods .................................................................................................................................................... 7
Arroyo Seco River .................................................................................................................................... 10
Nacimiento River..................................................................................................................................... 25

Out-Migrant Monitoring ........................................................................................... 39

Nacimiento River..................................................................................................................................... 39
Upper Salinas River ................................................................................................................................. 39
Arroyo Seco River .................................................................................................................................... 40

Salinas River Basin Adult Steelhead Escapement Monitoring ..................................... 56
Water Quality Monitoring ........................................................................................ 57

Nacimiento River..................................................................................................................................... 57
Salinas River ............................................................................................................................................ 59
Salinas Lagoon......................................................................................................................................... 63

Dissolved Oxygen, Conductivity and Temperature Monitoring ........................................... 63
Chlorpyrifos and Diazinon Sampling ..................................................................................... 63
Impoundment Survey ............................................................................................... 63

Stranding Survey Field Report ................................................................................................................ 63

Survey Notes ......................................................................................................................... 63

List of Figures
Figure 1: A decision tree for electrofishing studies (Johnson et al., 2007)................................................... 7
Figure 2: Arroyo Seco Index Reach Monitoring Site Map. .......................................................................... 10
Figure 3: Ocular habitat evaluation of all sites on the Arroyo Seco River. ................................................. 11
Figure 4: Arroyo Seco Site 1 cascade pool complex oriented downstream. .............................................. 12
Figure 5: Arroyo Seco River Site 1 Count (n) compared to population estimates (N) derived from
maximum-likelihood iteration estimate (error bars represent standard error around N; 95% CI can be
seen in Table 4). .......................................................................................................................................... 13
Figure 6: O. mykiss captured showing parr (left) and approaching silvery parr (right) life stage. ............. 14
Figure 7: O. mykiss length frequency from Site 1. ...................................................................................... 14
Figure 8: Arroyo Seco River Site 2 Pool Run Complex oriented upstream. ................................................ 15
Figure 9: Arroyo Seco River Site 2 Count (n) compared to population estimates (N) derived from
maximum-likelihood iteration estimate (error bars represent standard error around N; 95% CI can be
seen in Table 6). .......................................................................................................................................... 16

1

Figure 10: Arroyo Seco River Site 3 Riffle, Run, and Pool Complex oriented downstream. ....................... 17
Figure 11: Arroyo Seco River Site 3 Count (n) compared to population estimates (N) derived from
maximum-likelihood iteration estimate (error bars represent standard error around N; 95% CI can be
seen in Table 8). .......................................................................................................................................... 18
Figure 12: Arroyo Seco River Site 4 Riffle, Run and Pool complex oriented upstream. ............................. 19
Figure 13: Arroyo Seco River Site 4 Count (n) compared to population estimates (N) (no estimates
available for spotted bass) derived from maximum-likelihood iteration estimate (error bars represent
standard error around N; 95% CI can be seen in Table 10). ....................................................................... 20
Figure 14: Total O. mykiss count and daily average flow conditions (USGS 1115200) during the sampling
period (2011 sampling occurred in September all other sampling occurred in October) (black lines
indicated 110 year mean daily flow in September and October). .............................................................. 23
Figure 15: O. mykiss length frequency 2010-2013. .................................................................................... 24
Figure 16: Nacimiento River Index Reach monitoring site map. ................................................................ 26
Figure 17: Ocular evaluation of all sites on the Nacimiento River. ............................................................ 27
Figure 18: Nacimiento River Site 1 riffle, run, and pool complex oriented upstream................................ 28
Figure 19: Nacimiento River Site 1 Count (n). No estimates available from maximum-likelihood iteration
estimate. ..................................................................................................................................................... 29
Figure 20: Nacimiento River Site 2 run and riffle complex oriented downstream. .................................... 30
Figure 21: Nacimiento River Site 2 Count (n) compared to population estimates (N) (no estimates
available for riffle sculpin) derived from maximum-likelihood iteration estimate (error bars represent
standard error around N; 95% CI can be seen in Table 17). ....................................................................... 31
Figure 22: Riffle sculpin captured at Site 2 on the Nacimiento River. ........................................................ 32
Figure 23: Nacimiento River Site 3 riffle, run, and pool complex oriented downstream........................... 33
Figure 24: Nacimiento River Site 3 Count (n) compared to population estimates (N) (no estimates
available for riffle sculpin) derived from maximum-likelihood iteration estimate (error bars represent
standard error around N; 95% CI can be seen in Table 19). ....................................................................... 34
Figure 25: Nacimiento River Site 4 run and riffle complex oriented downstream. .................................... 35
Figure 26: Nacimiento River Site 4 Count (n) compared to population estimates (N) (no estimates
available for spotted bass or Sacramento sucker) derived from maximum-likelihood iteration estimate
(error bars represent standard error around N; 95% CI can be seen in Table 17). .................................... 36
Figure 27: Lamprey species in the microphthalmia stage collected at site 4 on the Nacimiento River..... 37
Figure 28: Nacimiento River 5.0 km below the dam. Pool exceeding 1.5 m and surveyor is not in the
thalweg. ...................................................................................................................................................... 38
Figure 29: USGS 11147500 Salinas River at Paso Robles, CA Gage data during the Out-migrant
monitoring period. ...................................................................................................................................... 40
Figure 30: Sampling reach locations. .......................................................................................................... 42
Figure 31: Perpendicular Set Seining Diagram ........................................................................................... 43
Figure 32: Arc Set Seining Diagram ............................................................................................................. 43
Figure 33: Site 1A pool habitat ................................................................................................................... 46
Figure 34: Site 1A run habitat. .................................................................................................................... 46
Figure 35: Site 1 sampling area. .................................................................................................................. 48
Figure 36: Tassajara Creek sampling area. ................................................................................................. 48

2

Figure 37: Site 2 pool habitat. ..................................................................................................................... 49
Figure 38: Site 2 run habitat. ...................................................................................................................... 50
Figure 39: Site 3 pool habitat ...................................................................................................................... 51
Figure 40: Site 3 pool habitat ...................................................................................................................... 52
Figure 41: Site 3 run habitat. ...................................................................................................................... 52
Figure 42: Site 4 pool habitat. ..................................................................................................................... 53
Figure 43: Site 4 run habitat. ...................................................................................................................... 54
Figure 44: Beneficial habitat with conditions not conducive to seine sampling. ....................................... 55
Figure 45: Area of increased depth not conducive to seine sampling. ...................................................... 55
Figure 46: upstream scope seining in narrow step-run habitat. ................................................................ 56
Figure 47: Nacimiento Temperature monitoring location map. ................................................................ 57
Figure 48: Nacimiento Site 5 daily temperature data. Daily minimum, maximum, and average
temperature was obtained from hourly readings over 24 hour periods.................................................... 58
Figure 49: Nacimiento River Site 10 daily temperature data. Daily minimum, maximum, and average
temperature was obtained from hourly readings over 24 hour periods.................................................... 58
Figure 50: Salinas River Temperature Monitoring Sites Map ..................................................................... 59
Figure 51: Salinas River at Blanco Bridge daily temperature data. Daily minimum, maximum, and
average temperature was obtained from hourly readings over 24 hour periods. ..................................... 60
Figure 52: Salinas River water temperature comparison between Blanco Bridge and SRDF Sites. Graph
includes mean daily values for both sites and the temperature increase threshold value derived from a
2.78°C increase of Blanco Bridge Site values. ............................................................................................. 61
Figure 53: Conductivity, dissolved oxygen, and water temperature for SRDF Site at mid-water column.
Conductivity and dissolved oxygen data points have been averaged every six hours. Water temperature
includes daily maximum, mean and minimum trends................................................................................ 62
Figure 54: SRDF impoundment and tailwater prior to lowering the dam. ................................................. 63
Figure 55: Dam lowering process at 14:30. ................................................................................................ 64
Figure 56: Dam lowering process at 15:00. ................................................................................................ 64
Figure 57: Dam completely lowered........................................................................................................... 65

List of Tables
Table 1: Habitat type classifications as in Ode (2007). ................................................................... 8
Table 2: Ocular estimate scale with verbal descriptor defined (Ode, 2007).................................. 9
Table 3: Arroyo Seco River Site 1 sampling area parameters and water quality data. ................ 12
Table 4: Population estimate (N) calculated using maximum-likelihood iterations at Site 1 on
the Arroyo Seco River. Sample size (n) standard error (SE) and 95% confidence intervals (95%
CI) are reported............................................................................................................................. 13
Table 5: Arroyo Seco River Site 2 sampling area parameters and water quality data. ................ 15
Table 6: Population estimate (N) calculated using maximum-likelihood iterations at Site2 on the
Arroyo Seco River. Sample size (n) standard error (SE) and 95% confidence intervals (95% CI)
are reported. ................................................................................................................................. 16
3

Table 7: Arroyo Seco River Site 3 sampling area parameters and water quality data. ................ 17
Table 8: Population estimate (N) calculated using maximum-likelihood iterations at Site 3 on
the Arroyo Seco River. Sample size (n) standard error (SE) and 95% confidence intervals (95%
CI) are reported............................................................................................................................. 18
Table 9: Arroyo Seco River Site 4 sampling area parameters and water quality data. ................ 20
Table 10: Population estimate (N) calculated using maximum-likelihood iterations at Site 4 on
the Arroyo Seco River. Sample size (n) standard error (SE) and 95% confidence intervals (95%
CI) are reported............................................................................................................................. 21
Table 11: Percentage of native species sampled on the Arroyo Seco River by year. .................. 22
Table 12: Table comparing capture data of O. mykiss from the three distinct sampling areas in
2013-2010. .................................................................................................................................... 22
Table 13: O. mykiss rearing densities based upon maximum-likelihood iterations population
estimates of the upper reach in fish per linear meter for 2010-2013.......................................... 23
Table 14: Nacimiento River Site 1 sampling area parameters and water quality data. ............... 28
Table 15: Species and count collected on the Nacimiento River at Site 1. No estimates available
from maximum-likelihood iteration estimate. ............................................................................. 29
Table 16: Nacimiento River Site 2 sampling area parameters and water quality data. ............... 30
Table 17: Population estimate (N) calculated using maximum-likelihood iterations at Site 2 on
the Nacimiento River. Sample size (n) standard error (SE) and 95% confidence intervals (95% CI)
are reported. ................................................................................................................................. 32
Table 18: Nacimiento River Site 3 sampling area parameters and water quality data. ............... 33
Table 19: Population estimate (N) calculated using maximum-likelihood iterations at Site 3 on
the Nacimiento River. Sample size (n) standard error (SE) and 95% confidence intervals (95% CI)
are reported. ................................................................................................................................. 34
Table 20: Nacimiento River Site 4 sampling area parameters and water quality data. ............... 35
Table 21: Population estimate (N) calculated using maximum-likelihood iterations at Site 4 on
the Nacimiento River. Sample size (n) standard error (SE) and 95% confidence intervals (95% CI)
are reported. ................................................................................................................................. 36
Table 22: Percentage of native species sampled on the Nacimiento River by year. ................... 38
Table 23: Habitat type classifications as in Ode, 2007. ................................................................ 45
Table 24: Ocular estimate scale with verbal descriptor defined.................................................. 45
Table 25: Water quality at Site 1A. ............................................................................................... 47
Table 26: Water quality at Site 1. ................................................................................................. 48
Table 27: Water quality at Site 2. ................................................................................................. 50
Table 28: Water quality at Site 3. ................................................................................................. 52
Table 29: Water quality at Site 4. ................................................................................................. 54

4

Introduction
The Monterey County Water Resources Agency (MCWRA) constructed the Salinas Valley Water
Project (SVWP) from 2008 through 2010. The project was the culmination of multi-decades of
planning, engineering and public involvement. The objectives of the SVWP are: halt seawater
intrusion, provide adequate water supplies to meet current and future (2030) water needs and
improve the hydrologic balance of the groundwater within the Salinas River Basin. In 2002
MCWRA Board of Directors certified the Final EIR/EIS and applied to the U.S. Army Corps of
Engineers (Corps) for a permit to construct the SVWP. There are three components to the
SVWP: (1) Nacimiento Dam Spillway Modification, (2) Reoperation of Nacimiento and San
Antonio Reservoirs to store a higher volume of water in the wet season and allow higher
releases of water into the Salinas River during the irrigation season, (3) Salinas River Diversion
Facility (SRDF).
During the permitting process the National Oceanic and Atmospheric Administration’s National
Marine Fisheries Service (NMFS) initiated a formal Section 7 consultation with the Corps on the
issuance of a permit for the SVWP. This consultation resulted in MCWRA authoring the Salinas
Valley Water Project Flow Prescription for Steelhead Trout (Oncorhynchus mykiss) in 2005
(MCWRA, 2005) and including it within the project description. This flow prescription outlines
three main areas of monitoring: (1) to quantify the presence of the threatened O. mykiss in the
lower Salinas Watershed (population monitoring), (2) to monitor river flows to ensure adequate
water for fish passage (migration monitoring) and (3) to monitor water quality to determine
habitat suitability (habitat monitoring). The flow prescription has been incorporated into NMFS
Biological Opinion SWR/2003/2080 (Admin. No. 1514422SWR2003SR8711) and many of the
conditions of this biological opinion (BO) were excerpted from the flow prescription.
In 2010, the Agency completed the construction of the SVWP, Salinas River Diversion Facility
(SRDF) and the biological monitoring program initiated in March of 2010. In order to quantify
the presence of O. mykiss the Agency developed an Index Reach Monitoring Program on the
Nacimiento and Arroyo Seco Rivers. This monitoring commenced in October of 2010 and has
since been conducted yearly in September and October. To understand fish passage and
movement through the Lower Salinas Watershed an Outmirgant Monitoring Program was
established. Starting in 2010, the Agency deployed outmigrant traps on the Salinas,
Nacimiento, and Arroyo Seco Rivers. The outmirgant trap on the Nacimiento River operated for
four consecutive years (2010-2013). Due to low flow conditions in the Arroyo Seco and Salinas
River, outmigrant trapping did not commence in 2013. In attempt to continue with the
monitoring efforts on the Arroyo Seco River, an alternative sampling method was used in 2013.
Aside from monitoring the juvenile movement from natal streams the Agency conducts seine
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sampling in the Salinas Lagoon. The goal of seine monitoring will be to document the
abundance, distribution, and condition of O. mykiss, as well as their residence time in the
lagoon. To better understand the habitat conditions water quality parameters are monitored in
the Salinas River and Lagoon, as well as the Nacimiento and Arroyo Seco Rivers. Methods are
used to track seasonal and diurnal fluctuations as well as instantaneous readings at the time of
a sampling event. All data collected provides beneficial information on O. mykiss populations
and habitat conditions in the Salinas Basin.
This 2013 report is provided to NMFS to comply with Section D. Terms and Conditions, Item 27
c. ii that states “Annual reporting of the biological monitoring results shall be provided to NMFS
by no later than April 15 of the next year.”

Index Reach Monitoring
In accordance to the Section 7 biological opinion (SWR/2003/2080) conducted by the National Marine
Fisheries Service (NMFS) the Monterey County Water Resources Agency (Agency) performed index
reach monitoring for South Central California Coast Steelhead (Oncorhynchus mykiss) on the Arroyo
Seco and Nacimiento Rivers. Index reach monitoring has occurred on both rivers at an annual interval
since 2010. The monitoring attempts to achieve an understanding of juvenile O. mykiss response to
changes in stream flow as well as distributional information, rearing densities, and to provide samples
for determining the proportion of the population derived from anadromous stocks. Based on previous
evaluation of habitat conditions multipass depletion backpack electrofishing was deemed the most
appropriate sampling method. This method allowed for population estimates to be extrapolated and for
a variety of habitat types to be sampled.
As a secondary evaluation of the methods previously used, Johnson et al. (2007) was consulted. Using
the evaluation method provided, it was determined that based on habitat conditions and the question
that is attempting to be answered multipass depletion backpack electrofishing using tandem
electrofishers was the best field protocol to follow (Figure 1).
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`
Figure 1: A decision tree for electrofishing studies (Johnson et al., 2007)

Methods
Four reaches were sampled over a two day period on each river. In order to create a
continuous data set from the previous year’s efforts, sampling occurred in the same reach.
Sites were added and locations within the sampling reach changed as needed to facilitate
current stream conditions. At all sampling reaches block nets were established at both the
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upstream and downstream end of the reach. As required by the BO, all sampling sites
exceeded 30.0 m length.
Each sampling location was habitat typed and features were classified as either a cascade fall,
rapid, riffle, run, step-run, glide, or pool (Ode, 2007) (Table 1). Each sampling site contained at
least two distinct habitat types. Habitat typing was left to the discretion of the principle
investigator. Ode (2007), served as guidelines, but specifics in terms of depth and velocities
were only considered and not used as a definitive parameter. Average wetted width and depth
was estimated and the presence of any anthropogenic influences (bridge, dam, etc.) was noted.
Habitat Type
Cascades

Description
Short, high gradient drop in stream bed elevation often accompanied by
boulders and considerable turbulence

Falls

High gradient drop in elevation of the stream bed associated with an
abrupt change in the bedrock

Rapids

Sections of stream with swiftly flowing water and considerable surface
turbulence. Rapids tend to have larger substrate sizes than riffles

Riffles

Shallow sections where the water flows over coarse stream bed particles
that create mild to moderate surface turbulence (< 0.5 m deep, > 0.3
m/s)

Step-Run

A series of runs that are separated by short riffles or flow obstructions
that cause discontinuous breaks in slope

Runs

Sections without flow obstructions. The stream bed is typically even and
the water flows faster than it does in a pool (> 0.5 m deep, > 0.3 m/s)

Glides

A section of stream with little or no turbulence, but faster velocity than
pools (< 0.5 m deep, < 0.3 m/s)

Pool

A reach of stream that is characterized by deep, low-velocity water and a
smooth surface (> 0.5 m deep, < 0.3 m/s)

Table 1: Habitat type classifications as in Ode (2007).
Ambient conditions as well as water quality (dissolved oxygen, conductivity, and temperature)
were collected at all sampling sites. Ocular estimates (based on percentage of coverage in the
sampling reach (Table 2) were recorded on aquatic algae, macrophytes/emergent vegetation,
boulders, woody debris, undercut banks, overhanging vegetation, rootwads, and artificial
structures. Each habitat feature was ranked on a 0-4 point scale with 0 being absent and 4
being very heavy presence (Table 2). Primary and secondary substrate types were determined
based upon ocular estimates (Ode, 2007).
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Ocular Estimate Scale
Percent
Coverage

0%

<10%

10-40%

40-75%

>75%

Descriptor

Absent

Sparse

Moderate

Heavy

Very Heavy

Scale

0

1

2

3

4

Table 2: Ocular estimate scale with verbal descriptor defined (Ode, 2007).
Two Smith-Root LR24 Backpack Electrofishing Units were used at all sampling sites. The LR24
quick set option was used to establish the initial power and waveform settings. The quick set
output was verified with conductivity readings and referenced with the NMFS Guidelines for
Electrofishing Waters Containing Salmonids Listed under the Endangered Species Act (NMFS,
2000). The electrofisher was tested outside of the sampling area, to determine effectiveness.
Both units were set to the same settings during the sampling period.
Electrofishing commenced from down to upstream using two LR24 backpack electrofishers in
tandem. Each electrofisher operator was flanked by two netters, and the two teams moved
upstream parallel to flow. Verbal communication and spatial awareness was used to insure the
entire width of the stream was covered.
Fish were held in aerated live cars during processing. Length measurements were recorded to
the nearest millimeter at both the fork and total length. After 10 of each individual species
were measured, all other fish of that species were plus counted for a total number. All O.
mykiss were measured and given a smoltification rating even if more than 10 were
encountered. All fish were released outside of the sample area before the next pass
commenced.
Due to the nature of this work assumptions were made in order to interpret the work. All of the
sites, it was assumed that emigration and immigration were prevented by the erection of
upstream and downstream block nets. We assumed that shocking efficiency did not change
between passes and that staff did not become more efficient using the equipment, nor did fish
learn to avoid the electrical field between passes.
Population estimates were calculated using a maximum‐likelihood iterative process for each
site. MicroFish 3.0 (Van Deventer 2006) was used to calculate population estimates, standard
errors, and 95% confidence intervals (95% CI). Population estimates are restricted to the
sampled areas, and are only an index of the overall population. If the number of a particular
species was too low (i.e. only one fish was captured) or all fish of a particular species were
captured on the first pass then maximum‐likelihood population estimate could not be
9

produced. If the lower confidence interval was less than the total catch it was set equal to total
catch, as it is certain at least that many fish were present in the sampling reach.

Arroyo Seco River
Data collection occurred on the Arroyo Seco River on October 21 and 22, 2013. All sampling
days were sunny and clear with temperatures in the low 20°C. Flow on the Arroyo Seco River
was low and did not reach the USGS gage to provide a flow measurement. Observations while
traveling along the roads boarding the river showed area of no flow and isolated pooling. Four
sampling locations were selected (Figure 2). Due to lack of flow, the site located furthest
downstream in previous years’ index reach monitoring was unable to be sampled. A new
sample location was established approximately 9.9 km upstream of the previous years’ site.
Flow at this site (Site 4) was minimal and may not have had connectivity to the main flow
observed upstream at Sites 1, 2, and 3. Site 1 is referred to as the upper, Site 2 and 3 as the
middle, and Site 4 as the lower site.

Figure 2: Arroyo Seco Index Reach Monitoring Site Map.
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All sites habitat conditions were evaluated using the ocular estimate method stated above.
These results are graphed jointly to provide a visual comparison of site conditions (Figure 3).
Variations of habitat conditions are directly related to location within the watershed and
current flow conditions. Each evaluated parameter is not ranked based upon its benefit to O.
mykiss, and an overall higher value on the graph does not necessarily indicate better habitat.
The value within each stacked bar indicate the scale value defined in Table 2.

Arroyo Seco River Ocular
Habitat Evaluation
Site 4

3

1

4

Algae

1

Emergent Veg
Boulders
Site 3

2

2

3

2

3

2

Woody Debris
UnderCuts
Overhanging Veg

Site 2

2

1

4

1

4

2

Rootwads
Artifical Structures

Site 1

2

3

4

2

1

Figure 3: Ocular habitat evaluation of all sites on the Arroyo Seco River.
Site 1
This was the most upstream site sampled and has been sampled during each monitoring year.
This river reach is bordered by steep canyon walls and has a high gradient. Pools flowed into
areas of high gradient drops associated with large boulders and bedrock formations (figure 4).
These cascade type habitats create deep, well oxygenated areas, with hydraulic breaks and
cover. Though this site lacked forms of low flow refugia (woody debris and undercut banks)
(Figure 3) the presence of the cascades and boulders created habitat suitable for summer
rearing. The low level of overhanging vegetation as a primary function of thermal regulation is
muted due to the steep canyon walls that limit sun exposure. Results of the water quality
monitoring and site parameters can be seen in Table 3.
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Figure 4: Arroyo Seco Site 1 cascade pool complex oriented downstream.

Arroyo Seco River Site 1
Habitat: Cascade Pool Complex
Wetted Width
(mean)

Depth
(mean)

Length

9.2 m

60.0 cm

43.0 m

Conductivity
(µS/cm)

Temperature
(°C)

Dissolved Oxygen
(mg/l)

335.0

12.61

10.24

Primary Substrate

Secondary Substrate

Boulders

Cobble

Table 3: Arroyo Seco River Site 1 sampling area parameters and water quality data.
Three species of fish were captured during the survey including O. mykiss. Sacramento
pikeminnow (Ptychocheilus grandis) (n=83) and Sacramento Sucker (Catostomus occidantalis)
(n=33) were the most abundant along with 13 O. mykiss captured. All fish captured were native
to the drainage.
Adequate depletion was achieved of all species and population estimates (Figure 5) were
achieved using the Microfish software (table 4). Though adequate depletion occurred, a nondescending removal pattern occurred on O. mykiss and Sacramento Suckers. Population
12

estimates of O. mykiss had a high standard error (SE=17.35) and broad confidence interval
(13.0-58.0; 95% CI) due to a lower second pass count than the third. The habitat type and
associated water turbulence resulted in difficult fish netting conditions, especially in the
habitats O. mykiss were observed. This contributed to the non-descending removal pattern.

Arroyo Seco River Site 1
Count and Population Estimates
140
120

Count

100
80
Count (n)

60

Estimate (N)

40
20
0
O. mykiss

Pikeminnow

Sacramento Sucker

Figure 5: Arroyo Seco River Site 1 Count (n) compared to population estimates (N) derived from
maximum-likelihood iteration estimate (error bars represent standard error around N; 95% CI
can be seen in Table 4).

Arroyo Seco River Population Estimates Site 1
Species

n

N

SE

95% CI

Rainbow Trout/Steelhead (O. mykiss)
Sacramento Pikeminnow (Ptychocheilus grandis)
Sacramento Sucker (Catostomus occidantalis)

13
83
33

22
113
55

17.35
18.73
25.4

13-58
83-150
33-106

Table 4: Population estimate (N) calculated using maximum-likelihood iterations at Site 1 on
the Arroyo Seco River. Sample size (n) standard error (SE) and 95% CI are reported.
Twelve O. mykiss were classified as parr, with one fish approaching silvery parr life stage (Figure
6). The O. mykiss approaching silvery parr had faded parr marks and showed signs of silvering.
O. mykiss ranged from 61.0-104.0 mm fork length with a mean fork length of 84.84 mm (figure
7). No adult O. mykiss were observed or captured during the survey
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Figure 6: O. mykiss captured showing parr (left) and approaching silvery parr (right) life stage.

O. mykiss Length Frequency
6
5

O. mykiss count

4
3
2
1
0
60-70

71-80

81-90

91-100

101+

mm (fork length)

Figure 7: O. mykiss length frequency from Site 1.
Site 2
This site is located 3.8 km downstream of site 1 and is on the downstream end of the Arroyo
Seco Gorge. This site was sampled in 2011 and 2012. This sampling reach consisted of a pool
draining into a large run (Figure 8). The substrate and flow conditions indicated a run habitat
with large boulders and even substrate. Canopy cover was high and stream features such as
woody debris, undercut banks, and boulders were present (Figure 3). Low gradient and flow
created a habitat that lacked variability, but water quality conditions and overall channel
complexities could have facilitated summer rearing of juvenile salmonids (Table 5).
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Figure 8: Arroyo Seco River Site 2 Pool Run Complex oriented upstream.

Arroyo Seco River Site 2
Habitat: Pool Run Complex
Wetted Width
(mean)
9.2 m
Conductivity
(µS/cm)
327.0
Primary Substrate
Boulders

Depth
(mean)
30.0 cm
Temperature
(°C)
13.66

Length
30.0 m
Dissolved Oxygen
(mg/l)
8.92
Secondary Substrate
Gravel

Table 5: Arroyo Seco River Site 2 sampling area parameters and water quality data.
Green sunfish (Lepomis cyanellus) and speckled dace (Rhinichthys osculus) were captured
during the sampling period. Green sunfish was the most abundant (n=19) with speckled dace
contributing 3 individuals (Figure 9). Adequate depletion was achieved and population
estimates provided narrow confidence intervals (Table 6). No O. mykiss were captured or
observed during the survey. Low flow conditions created sampling conditions that were
conducive to electrofishing and capture rates of stunned fish were high. Low abundance in the
reach was accurately portrayed through the sampling. This site had a higher abundance of
15

non-native species than other sites with the green sunfish being the most numerous species
captured.

Arroyo Seco River Site 2
Count and Population Estimates
30
25

Count

20
Count (n)

15

Estimate (N)

10
5
0
Green Sunfish

Speckled Dace

Figure 9: Arroyo Seco River Site 2 Count (n) compared to population estimates (N) derived from
maximum-likelihood iteration estimate (error bars represent standard error around N; 95% CI
can be seen in Table 6).

Arroyo Seco River Population Estimates Site 2
Species

n

N

SE

95% CI

Green Sunfish (Lepomis cyanellus)
Speckled Dace (Rhinichthys osculus)

19
3

23
3

5.56
0.079

19-35
3-6

Table 6: Population estimate (N) calculated using maximum-likelihood iterations at Site 2 on
the Arroyo Seco River. Sample size (n) standard error (SE) and 95% CI are reported.
Site 3
This site is 0.17 km downstream of Site 3 and was sampled during the previous monitoring
years (2010, 2011, and 2012). This sampling reach consisted of a riffle, run, and pool complex
(Figure 10). It had less canopy cover and an increase in filamentous algae compared to Site 2.
Woody debris was present along with boulders. The artificial structure in this sampling reach
16

was a bridge and bridge abutments (Figure 3). The bridge features contributed to channel
shading and shaped a portion of the channel. The stream reach lacked deep water habitat, but
had habitat complexities and water quality conditions (Table 7) that would facilitate summer
rearing of juvenile salmonids.

Figure 10: Arroyo Seco River Site 3 Riffle, Run, and Pool Complex oriented downstream.

Arroyo Seco River Site 3
Wetted Width
(mean)
5.5 m
Conductivity
(µS/cm)
339.0

Habitat: Riffle Run Pool Complex
Depth
Length
(mean)
35.0 cm
54.0 m
Temperature
Dissolved Oxygen
(°C)
(mg/l)
13.10
9.21

Primary Substrate

Secondary Substrate

Large Cobble

Cobble

Table 7: Arroyo Seco River Site 3 sampling area parameters and water quality data.
Four depletions were used to adequately sample the reach, as an increase in green sunfish on
the second and third pass indicated sampling was not adequate. Five different species of fish
were encountered during the survey with a majority of the abundance being non-native.
Native Sacramento pikeminnow (n=6), Sacramento sucker (n=1), and speckled dace (n=7) were
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captured, along with non-native green sunfish (n=20) and a smallmouth bass (Micropterus
dolomieu) (n=1). Population estimates were unable to be made on Smallmouth bass and
Sacramento suckers as only one fish of each species was captured. Adequate depletion
occurred on Sacramento pikeminnow, green sunfish, and speckled dace so population
estimates were possible. The standard error and 95% CI were high on both green sunfish and
speckled dace due to a non-descending removal patterns (Figure 11).

Arroyo Seco River Site 3
Count and Population Estimates
70
60
50
Count

40

Count (n)

30

Estimate (N)

20
10
0

-10
Smallmouth
Bass

Pikeminnow

Sacramento Green Sunfish Speckled Dace
Sucker

Figure 11: Arroyo Seco River Site 3 Count (n) compared to population estimates (N) derived
from maximum-likelihood iteration estimate (error bars represent standard error around N;
95% CI can be seen in Table 8).

Species

Arroyo Seco River Population Estimates Site 3
n
N
SE

Smallmouth Bass (Micropterus dolomieu)
Sacramento Pikeminnow (Ptychocheilus grandis)
Sacramento Sucker (Catostomus occidantalis)
Green Sunfish (Lepomis cyanellus)
Speckled Dace (Rhinichthys osculus)

1
6
1
20
7

7
32
13

3.08
17.07
17.29

95% CI
6-15
20-67
7-51

Table 8: Population estimate (N) calculated using maximum-likelihood iterations at Site 3 on
the Arroyo Seco River. Sample size (n) standard error (SE) and 95% CI are reported.
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No O. mykiss were observed or captured during the survey. Electrofishing efficiency was high
due to uniform flow conditions and lack of gradient change in the reach. The habitat was
adequately sampled.
Site 4
This site was the furthest downstream and had not been sampled in the previous years. This
reach was wetted, but flow was minimal. Portions of the flow upstream were potentially
subterranean. The current low flow conditions created limited habitat complexities, with
boulders and rootwads being the only in-stream features (Figure 3). Canopy cover was high and
adequate depth was present, but overall habitat conditions were not conducive to juvenile
salmonids rearing (Figure 12). Temperature was higher than what was collected upstream, but
the water was well oxygenated (Table 9).

Figure 12: Arroyo Seco River Site 4 Riffle, Run and Pool complex oriented upstream.
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Arroyo Seco River Site 4
Habitat: Riffle Run Pool Complex
Wetted Width
Depth
Length
(mean)
(mean)
9.2 m
50.0 cm
32.0 m
Conductivity
Temperature
Dissolved Oxygen
(µS/cm)
(°C)
(mg/l)
348.0
17.5
9.47
Primary Substrate
Secondary Substrate
Large Cobble
Cobble
Table 9: Arroyo Seco River Site 4 sampling area parameters and water quality data.
Green sunfish (n=19) were the primary species captured during the sampling event with one
spotted bass (Micropterus punctulatus) captured during the first depletion pass. No population
estimates were available for spotted bass, but green sunfish population was estimated at 28
individuals with a low SE and confidence interval. No O. mykiss were observed or captured
during the survey and all fish captured were non-native.

Arroyo Seco Site 4
Count and Population Estimates
30
25

Count

20

15

Count (n)
Estimate (N)

10
5
0
Spotted Bass

Green Sunfish

Figure 13: Arroyo Seco River Site 4 Count (n) compared to population estimates (N) (no
estimates available for spotted bass) derived from maximum-likelihood iteration estimate
(error bars represent standard error around N; 95% CI can be seen in Table 10).
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Arroyo Seco River Population Estimates Site 4
Species
Green Sunfish (Lepomis cyanellus)
Spotted Bass (Micropterus punctulatus)

n

N

SE

95% CI

19
1

28
-

0
-

28-28
-

Table 10: Population estimate (N) calculated using maximum-likelihood iterations at Site 4 on
the Arroyo Seco River. Sample size (n) standard error (SE) and 95% CI are reported.
Discussion
Site 1 (upper most reach sampled) had the highest abundance of fish captured and the only site
where O. mykiss were encountered. This site was also the only site with no non-native fish.
Through all sites the percentage of native species encountered (69.0% total abudance) was
lower than any previous year sampled (Table 11). Thirty-one percent of total abundance was
non-native, but all of the non-native species had been encountered in previous surveys (all
Micropterus species were generalized in this reference). Though flow conditions and habitat
evaluations were similar for Sites 1, 2, and 3 the species composition varied. Site 4 had water
and flow conditions that facilitate non-native species and lack of diversity, but that was not the
case for Sites 2 and 3. The conditions present could have supported O. mykiss and other native
fish, but they were not present, even in low abundance. The distribution of native fish higher in
the watershed can be explained by the low flow conditions. Flow was registering at 0.0 cfs at
USGS gage (1115200), which is approximately 5.0 cfs below the 112 year mean daily flow
average for the time of sampling. Native fish that have adapted to the variable flow regimes in
the Salinas River Watershed seek low flow refugia by taking advantage of the thermal lapse rate
and moving higher in the watershed (NMFS, 2013). If they fail to take natural cues and remain
in the lower reaches of the river, conditions can change rapidly and become intolerable. Fish
with higher thermal tolerance and that have not adapted to sensing changing conditions remain
in the in the lower reaches and persist or perish depending on its range of tolerance. The high
abundance of green sunfish in the middle and lower reaches (n=59) can be explained by the
high range of tolerance and quick colonization rates of the species (McGinnis, 2006). The lack of
non-native predatory fish in the Upper reaches of the watershed where a majority of the
rearing is occurring is positive, and limits the impacts associated with the presence of these
fish.
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Percentage of Native Species Sampled
2010
99.1%

2011
99.8%

2012
96.3%

2013
69.0%

Table 11: Percentage of native species sampled on the Arroyo Seco River by year.
O. mykiss results in 2013 were similar in terms of spatial distribution in the watershed to all
sampling years. In order to draw a comparison between years where sample location variation
occurred, sampling sites were classified by region (Upper, Middle, and Lower). These
classifications were based upon positioning in the watershed and not based upon numbering
systems between sampling years. The Upper site has been consistently sampled over the last 4
years. In the middle reach, between one and two sites were sampled, but locations have been
consistent. The lower reach has experienced the least amount of sampling effort, and has
changed location due to flow conditions. The highest abundance of O. mykiss occurred in the
upper reach in each sampling year (Table 12). This can be contributed to habitat conditions
(cascades and deep pools) and potential of thermal refuge higher in the watershed.

O.mykiss Count by Region 2010-2013
Year
2013
2012
2011
2010

Upper
13
21
27
20

Middle
0*
0*
18*
13

Lower
0
1

*Middle region data was averaged between two sites that are in close proximity for comparison purposes.
- Indicates no sampling occurred in this region.

Table 12: Table comparing capture data of O. mykiss from the three distinct sampling areas in
2010-2013.
In years when O. mykiss distribution extended the furthest downstream, flow conditions were
above average (Table 12; (see flow data in Figure 14)). In 2010, O. mykiss were encountered at
every sampling reach and flow rate was the highest sampled (figure 14). In 2011, flow was also
above average, but the lower reach was not sampled. This year provided the greatest
abundance of O. mykiss and fish were distributed to at least the Middle reach. In 2011, the
sampling occurred in September, which is the earliest conducted in the 4 year period. This
earlier sampling period could have contributed to the increase in abundance and spatial
distribution. In years of low flow conditions (2012 and 2013) the lower abundance of O. mykiss
occurred (Figure 14) and distribution was limited to the upstream reach (Table 12).
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Total # of O. Mykiss and Flow Conditions

2010-2013
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Figure 14: Total O. mykiss count and daily average flow conditions (USGS 1115200) during the
sampling period (2011 sampling occurred in September all other sampling occurred in October)
(black lines indicated 110 year mean daily flow in September and October).
To evaluate rearing densities over the last 4 years of sampling, the maximum-likelihood
iterations population estimates were standardized in a fish per linear meter of stream sampled
(Table 13). This analysis was only performed on the upper most reach, as it has received the
most consistent sampling over the 4 year period. These numbers allowed for a comparison
without sampling reach size generating bias. In 2013, the lowest rearing density was observed
(0.51 fish/m), yet it was only less by 0.13 (2010) and 0.17 (2012) fish per meter compared to
2010 and 2012. 2011, appears to be abnormal or a result of sampling earlier in the season. The
lack of flow in the Arroyo Seco River could have contributed to low reproductive success and
poor summer rearing conditions, or fish could have been utilizing a portion of the stream even
higher in the watershed than sampled.
O. mykiss Rearing Densities in Fish/Meter for Upper Arroyo Seco River Site
2010
2011
2012
2013
0.64
1.06
0.68
0.51
Table 13: O. mykiss rearing densities based upon maximum-likelihood iterations population
estimates of the upper reach in fish per linear meter for 2010-2013.
The length frequency of O. mykiss observed during the 2013 sampling season resembled results
seen in previous sampling periods with all fish falling between 50.0-150.0 mm. The data
collected in 2013 does not show the potential distribution of age class. In 2010-2012, length
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frequency suggests that two age classes of fish were captured. O. mykiss captured in 2010
were larger than any sampling period, and the slight reduction in length frequency seen in 2011
can be contributed to the sampling occurring a month early.
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O. mykiss Length Frequency 2010-2013
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Figure 15: O. mykiss length frequency 2010-2013.
The last four years of data suggests that during low water years on the Arroyo Seco River O.
mykiss are distributed in the Upper portion of the watershed. This area supports the most
suitable and consistent habitat during low water years. Under certain conditions O. mykiss are
using all regions, but the upper watershed supports the greatest abundance of fish. Though
data is still limited, it appears O. mykiss abundance is directly related to flow conditions in the
Arroyo Seco River. As expected, abundance and spatial distribution increases in years with
increase flow in the river.
The length frequency data suggests that young of the year O. mykiss fall between the fork
lengths of 50.0-150.0 mm during September and October. If this trend continues in subsequent
years it will be valuable to compare to outmigrant data to determine growth rates and stream
residency.
Recommendations
Based on data collected over the last four years it has been determined that O. mykiss are more
prevalent in the upper portion of the watershed especially in years of low flow. It is
recommended that alternative sampling sites distributed higher in the watershed be sampled in
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years when flow is low. This would better illustrate O. mykiss densities and allow for more
information to be determined in terms of juvenile response in terms of change in stream flow.
It is also recommended that the sacrifice of all non-native species be considered in the future
surveys to help limit the spread throughout the system. The absence of non-native species in
the upper watershed is very beneficial for reproductive success and for rearing O. mykiss.

Nacimiento River
Data collection occurred on the Nacimiento River on October 23 and 24. All sampling days
were primarily sunny and clear with temperatures in the low 20°C. The morning of October 23
was slightly foggy, but burned off before sampling commenced. Flow on the Nacimiento River
ranged between 52.0 and 62.0 cfs at USGS Gage 11149400. Flows had been at approximately
60.0 cfs since October 18, 2013 (4 days of stable flow). Prior to October 18, flow was at
approximately 350 cfs. Four sampling locations were selected (Figure 16). These sites were in
the same general area as sampled the last two years. Site selection may have shifted up or
downstream in order to find a location that was suitable for electrofishing and establishing
block nets. As experienced in the past, flow of 60.0 cfs proved to be difficult for electrofishing
and creating isolated sampling reaches. Agency staff requested a variance from the 60 cfs
minimum release to 25 cfs from NMFS, but the request was denied.
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Figure 16: Nacimiento River Index Reach monitoring site map.
All sites habitat conditions were evaluated using the ocular estimate method stated in the
methods section. These results are graphed jointly to provide a visual comparison of site
conditions (Figure 17). Variations of habitat conditions are directly related to location within
the watershed and current flow conditions. Each evaluated parameter is not ranked based
upon its benefit to O. mykiss, and an overall higher value on the graph does not necessarily
indicate better habitat. The value within each stacked bar indicate the scale value defined in
Table 2.
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Figure 17: Ocular evaluation of all sites on the Nacimiento River.
Site 1
This was the furthest site upstream sampled. This area was sampled previously in 2012, but the
site selected was downstream of the previous sampling point. Flow conditions made it
impossible to establish block nets and create a closed sampling reach. It was determined that a
presence/absence survey would be conducted with no depletion. This site was longer than any
site sampled. Due to the length of the reach (Table 14), habitat complexity appeared higher
(Figure 17). This site covered a broad span of river providing opportunity for features such as
woody debris and rootwads to be more prevalent (Figure 18). The habitat is diverse and
provides summer rearing habitat and ample low flow refugia. The artificial structure presence
was in the form of riprap and a historical metal diversion. Water quality sampling yielded
results that would support O. mykiss (Table 14).
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Figure 18: Nacimiento River Site 1 riffle, run, and pool complex oriented upstream.

Nacimiento River Site 1
Habitat: Riffle Run Pool Complex
Wetted Width
Depth
Length
(mean)
(mean)
20.0 m
45.0 cm
100.0 m
Conductivity
Temperature
Dissolved Oxygen
(µS/cm)
(°C)
(mg/l)
245.0
16.22
7.56
Primary Substrate
Secondary Substrate
Cobble
Gravel
Table 14: Nacimiento River Site 1 sampling area parameters and water quality data.
Depletion electrofishing was not conducted at this site. Two backpack electrofishing units
started a defined point and moved upstream parallel with flow for 100 m. Only one pass was
completed and no population estimates were able to be determined from the effort (Figure 19
and Table 15). Five different species were encountered. Sacramento pikeminow (n=6) was the
most abundant followed by prickly sculpin (Cottus asper) (n=5), and Sacramento suckers (n=4).
Two Sacramento suckers encountered exceeded 350 mm in length. The remainder of the catch
consisted of two three-spined stickleback, and one non-native common carp. No O. mykiss
were captured or observed during the survey.
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Figure 19: Nacimiento River Site 1 Count (n). No estimates available from maximum-likelihood
iteration estimate.

Nacimiento River Population Estimates Site 1
Species

n

N

SE

95% CI

Prickly Sculpin (Cottus asper)
Three-spined Stickleback (Gasterosteus aculeatus)
Sacramento Pikeminnow (Ptychocheilus grandis)
Sacramento Sucker (Catostomus occidantalis)
Common Carp (Cyprinus carpio)

5
2
6
4
1

-

-

-

Table 15: Species and count collected on the Nacimiento River at Site 1. No estimates available
from maximum-likelihood iteration estimate.
Site 2
This site is located 1.6 km downstream of site 1 and is on the Camp Robert’s Military Base
property. The area sampled in the years prior was further downstream of this site, but this site
provided better spatial distribution from Site 3 and had areas that block nets could be
established. This sampling reach consisted of run flowing into a riffle with minimal habitat
variations (Figure 20). Anthropogenic inputs such as a large steel drum and other debris
created variability in flow in the run section. Canopy cover was low and stream features such
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as woody debris, undercut banks, and boulders were not present (Figure 17). The habitat
lacked variability and refugia, but water quality conditions could have facilitated summer
rearing of juvenile salmonids (Table 16).

Figure 20: Nacimiento River Site 2 run and riffle complex oriented downstream.

Nacimiento River Site 2
Habitat: Run Riffle Complex
Wetted Width
Depth
Length
(mean)
(mean)
11.43 m
40.0 cm
46.4 m
Conductivity
Temperature
Dissolved Oxygen
(µS/cm)
(°C)
(mg/l)
255.0
18.00
9.15
Primary Substrate
Secondary Substrate
Cobble
Gravel
Table 16: Nacimiento River Site 2 sampling area parameters and water quality data.

A total of 15 fish were captured in three rounds of depletion. Three-spined stickleback (n=8)
were the dominate catch followed by prickly sculpin (n=6) and one riffle sculpin (Cottus gulosus)
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(Figure 21). Riffle sculpin is a new species captured on the Nacimiento River that was not
accounted for in previous surveys (Figure 22). All Sculpin captured in previous surveys were
identified as prickly sculpin. No population estimates were able to be created on riffle sculpin
due to only one individual being sampled, but estimates were developed on all other species.
Prickly sculpin estimates provide the same number of fish as were captured with a low standard
error and a narrow confidence interval. Three-spined stickle back estimates provided a high
standard error and broad confidence interval due to the second depletion pass being less than
the third (Table 17). No O. mykiss were observed or captured during the sampling.

Nacimiento River Site 2
Count and Population Estimates
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Figure 21: Nacimiento River Site 2 Count (n) compared to population estimates (N) (no
estimates available for riffle sculpin) derived from maximum-likelihood iteration estimate (error
bars represent standard error around N; 95% CI can be seen in Table 17).
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Figure 22: Riffle sculpin captured at Site 2 on the Nacimiento River.

Nacimiento River Population Estimates Site 2
Species

n

N

SE

95% CI

Riffle Sculpin (Cottus gulosus)
Prickly Sculpin (Cottus asper)
Three-spined Stickleback (Gasterosteus aculeatus)

1
6
8

6
13

0.14
12.52

6-6
8-40

Table 17: Population estimate (N) calculated using maximum-likelihood iterations at Site 2 on
the Nacimiento River. Sample size (n) standard error (SE) and 95% CI are reported.
Site 3
This site is located 1.45 km downstream of Site 2 within the boundary of Camp Roberts Military
Base. This site has been sample annually since 2011, and provides a variable habitat. The reach
consisted of a riffle, run, and pool habitat (Figure 23) and had habitat features consisting of
undercut banks, boulders, and moderate canopy cover (Figure 17). The habitat sampled could
facilitate summer rearing and water quality conditions would support O. mykiss (Table 18).
Depth and velocity along the right bank made sampling difficult, but desired results were
achieved.
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Figure 23: Nacimiento River Site 3 riffle, run, and pool complex oriented downstream.

Nacimiento River Site 3
Habitat: Riffle Run Pool Complex
Wetted Width
Depth
Length
(mean)
(mean)
13.0 m
45.0 cm
55.0 m
Conductivity
Temperature
Dissolved Oxygen
(µS/cm)
(°C)
(mg/l)
273.0
16.00
9.7
Primary Substrate
Secondary Substrate
Cobble
Gravel
Table 18: Nacimiento River Site 3 sampling area parameters and water quality data.
Prickly sculpin, riffle sculpin, and three-spined stickleback were captured during the sampling
event. Results resembled what was observed at Site 2 with the exception that prickly sculpin
were the most abundant (n=12) (Figure 24). One riffle sculpin was captured limiting the ability
to make a population estimate and prickly sculpin estimate had a high standard error due to
more fish being captured on the third pass than the second. Adequate depletion was achieved
with three-spined stickleback and estimates were generated with a low standard error
(SE=0.77) and a narrow confidence interval (95% CI=8-10) (Table 19). No O. mykiss were
observed or captured during the sampling event.
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Nacimiento River Site 3
Count and Population Estimates
35
30

Count

25
20
Total

15

Estimate

10
5
0
Riffle Sculpin

Prickly Sculpin

Three-spined Stickleback

Figure 24: Nacimiento River Site 3 Count (n) compared to population estimates (N) (no
estimates available for riffle sculpin) derived from maximum-likelihood iteration estimate (error
bars represent standard error around N; 95% CI can be seen in Table 19).

Nacimiento River Population Estimates Site 3
Species

n

N

SE

95% CI

Riffle Sculpin (Cottus gulosus)
Prickly Sculpin (Cottus asper)
Three-spined Stickleback (Gasterosteus aculeatus)

1
12
8

19
8

13.53
0.77

12-47
8-10

Table 19: Population estimate (N) calculated using maximum-likelihood iterations at Site 3 on
the Nacimiento River. Sample size (n) standard error (SE) and 95% CI are reported.
Site 4
This site is located 2.25 km upstream of the confluence with the Salinas River. The area sampled
was run and riffle complex with limited channel complexities (Figure 25). The reach had limited
canopy cover, and had habitat features in the form of woody debris, rootwads, and undercut
banks (Figure 17). The area in the reach surrounding the woody debris and rootwads could
have potentially created summer rearing habitat for O. mykiss but the rest of the reach
provided limited beneficial habitat. The water quality results are adequate to support salmonids
(Table 20), but overall habitat conditions and substrate available was not ideal.
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Figure 25: Nacimiento River Site 4 run and riffle complex oriented downstream.

Nacimiento River Site 4
Habitat: Run Riffle Complex
Wetted Width
Depth
Length
(mean)
(mean)
20.0 m
45.0 cm
45.0 m
Conductivity
Temperature
Dissolved Oxygen
(µS/cm)
(°C)
(mg/l)
325.0
14.27
8.72
Primary Substrate
Secondary Substrate
Sand
Gravel
Table 20: Nacimiento River Site 4 sampling area parameters and water quality data.
This site had the highest abundance and richness of fish of any site sampled (Figure 26).
Species including Speckled dace, spotted bass (Micropterus punctulatus), mosquito fish
(Gambusia affinis), and an unidentified lamprey species (Lampetra spp.) were encountered. All
species collected had been observed during previous surveys. Adequate depletion was
achieved for all species and population estimates were developed except for spotted bass and
Sacramento sucker. The greatest abundance and diversity of fish captured occurred in the
presence of the woody debris and rootwads mid-reach. The hydraulic break and scour created
by the woody debris created habitat that supported a majority of the fish in the reach. This site
had the highest occurrence of non-native species with the presence of mosquito fish and the
spotted bass. The lamprey species collected were in the microphthalmia stage judging by the
developed eye and measured 130.0 mm and 131.0 mm total length (Figure 27). Though
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identification was not possible in the field, based upon historical data (Snyder, 1923), the
species collected was more than likely a Pacific lamprey (Lampetra tridentata). No O. mykiss
were observed or captured at this site.

Nacimiento River Site 4
Count and Population Estimates
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Figure 26: Nacimiento River Site 4 Count (n) compared to population estimates (N) (no
estimates available for spotted bass or Sacramento sucker) derived from maximum-likelihood
iteration estimate (error bars represent standard error around N; 95% CI can be seen in Table
17).

Nacimiento River Population Estimates Site 4
Species
n
N
Prickly Sculpin (Cottus asper)
Three-spined Stickleback (Gasterosteus aculeatus)
Speckled Dace (Rhinichthys osculus)
Sacramento Pikeminnow (Ptychocheilus grandis)
Spotted Bass (Micropterus punctulatus)
Mosquito Fish (Gambusia affinis)
Lamprey Species (Lampetra spp.)
Sacramento Sucker (Catostomus occidantalis)

2
22
2
2
1
4
2
1

2
36
2
2
4
2
-

SE

95% CI

0.38
19.47
0
0.38
0.0
1.88
-

2-7
22-76
2-2
2-7
4-4
2-26
-

Table 21: Population estimate (N) calculated using maximum-likelihood iterations at Site 4 on
the Nacimiento River. Sample size (n) standard error (SE) and 95% CI are reported.
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Figure 27: Lamprey species in the microphthalmia stage collected at site 4 on the Nacimiento
River.
Discussion
No O. mykiss were encountered during the survey. It has been predicted that O. mykiss are in
low abundance in the Nacimiento River (NMFS, 2007), and the results from this monitoring
confirm those assumptions; though sampling conditions could potentially be limiting successful
capture of the species. Flows of 60.0 cfs are not conducive to sampling and create habitat areas
that are unable to be sampled by backpack electrofishing techniques. The Nacimiento River is a
low gradient system with deep pools (greater than 2.0 m at 60.0 cfs) (Figure 28) that creates
summer refugia for O. mykiss. These areas cannot be sampled due to the depth constraints of
the backpack electrofishing unit. O. mykiss found in the Nacimiento River in October would be
seeking thermal refuge in deeper waters (NMFS, 2013). The predicted low abundance and
sampling conditions can lead to O.mykiss not being represented in the data. Over the three
year index reach monitoring period, one O. mykiss was captured (2012). This occurrence
coincided with the capture of one O. mykiss in the outmigrant trap in the same year. In 2013,
one O. mykiss was captured in the outmigrant trap indicting that the species was persisting in
the system. In 2011, no O. mykiss were captured in the outmigrant trapping effort or the index
reach monitoring. Observing the species during other seasons and through other sampling
methods indicates that they are present in the system, but the population is in low abundance
or using the system in inconsecutive years. The monitoring efforts on the Nacimiento River
create a comprehensive evaluation of the system and allow for small population size to be
37

assessed. The presence of O. mykiss could be better determined under lower flow conditions
at different monitoring sites.

Figure 28: Nacimiento River 5.0 km below the dam. Pool exceeding 1.5 m and surveyor is not in
the thalweg.
A total of 92 fish of 9 different species of non-salmonids were captured. No non-native species
were encountered (all Micropterus species were generalized in this reference) that had not
been collected during previous surveys. The monitoring indicated that native species
abundance and richness is maintaining at a high level (Table 22). Non-native species consisted
of only 6.5% of the abundance, which is low, but is the highest seen during the three year
monitoring period. This increase is not concerning as non-native species richness percentage
has not varied greatly in two years (36.0% 2012; 33.0% 2013). The non-native species
abundance and richness was lower in 2011, but sampling only occurred in three sites versus
four in 2012 and 2013. The increased sampling effort can contribute the potential of an
increase in abundance of non-native species.

Percentage of Native Species Sampled
2011
99.0%

2012
96.2%

2013
93.5%

Table 22: Percentage of native species sampled on the Nacimiento River by year.
The presence of a new species of sculpin (riffle sculpin) adds to the overall diversity of the index
reach monitoring program. Riffle sculpin was also first detected in the outmigrant trapping on
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the Nacimiento River during the 2013 sampling season. This species historically inhabited the
Nacimiento River in the mid-reaches (foothills) (Snyder, 1923). The occurrence of this species
indicates favorable conditions for salmonids in terms of water quality. This species requires
cool well oxygenated flows that are often associated with headwater stream (Moyle, 1976).
Riffle sculpin are often found in the same habitat and proximity as O. mykiss (McGinnis, 2006).
The flow conditions present on the Nacimiento River are creating conditions to facilitate native
species, and promote repopulations. This is a positive indicator in terms of ecosystem function.
Though population estimates were generated for the sculpin species, there body shape and
area of inhabitance make sampling with electrofishing equipment difficult. Population
estimates could be artificially lower and have a high standard error due to undetected
individual during the depletion passes. The fact sculpin were detected during the survey
indicates that the water column was successfully sampled and that the current created by the
electrofisher reached all the way to the substrate.
Recommendations
Sampling at the minimum flow requirement of 60.0 cfs has proven to be difficult in all
monitoring years. The establishment of block nets and the ability to sample a variety of habitat
is limited under these flow conditions. It is recommended that flow be reduced to a minimum
of 30 cfs for the two day sampling event to increase the potential of encountering O. mykiss. At
a lower flow level a greater variety of habitat would be available and a closed sampling reach
would be better established.

Out-Migrant Monitoring
Nacimiento River
Please refer to Salinas Basin Outmigration Monitoring 2013 (Appendix A).

Upper Salinas River
In the 2012-2013 water year, conditions on the upper portion of the Salinas River did not
facilitate operation of a rotary screw trap. The USGS gage 11147500 Salinas River near Paso
Robles, located approximately 16 km upstream of the trap site registered between 5 and 0 cfs
during the monitoring period (Figure 29). Flows at the trap location were less than 5 to 0 cfs
and no connectivity with the flow resulting from the Nacimiento River was achieved. Since no
outmigration was going to take place under the flow conditions present, outmigrant monitoring
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was suspended for the 2013 monitoring period. Under the direction of NMFS it was decided
that no alternative sampling method would be conducted, as the mainstem of the Salinas River
is a migration corridor and does not support adequate rearing habitat especially under low flow
conditions.

Figure 29: USGS 11147500 Salinas River at Paso Robles, CA Gage data during the Out-migrant
monitoring period.

Arroyo Seco River
During 2012-2013 water year, the Salinas Valley experienced less than normal amounts of
precipitation in January, February, and March. This caused a lack of connected flow between
the Arroyo Seco and the Salinas Rivers during the outmigrant period established by NMFS
(March-June). Since RST are used to sample juvenile escapement and estimate fish movement
through a fluvial system (Johnson et. al, 2007), the Agency and NMFS did not believe this
method will satisfy the requirements of the BO under the conditions. Without connectivity and
less than normal flow, outmigration of O. mykiss to the Salinas River was not going to occur and
operation of a RST would not be optimal. In order to continue with the required monitoring the
Agency used adaptive management to develop a plan to actively sample for O. mykiss that will
over summer in the Arroyo Seco River. Under the direction of NMFS, the Agency conducted
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bimonthly seine sampling in March, April, and May to determine relative abundance, presence,
and to collect biological data on juvenile O. mykiss.
Methods
Study Sites
Sampling occurred in the Arroyo Seco River mainstem and in the lower reaches of Tassajara
Creek. Site Selection was based upon available access to the river, as most of the Arroyo Seco
River is border by private land. It was recommended that sampling occur in the tributaries to
the Arroyo Seco River, but a feasibility study provided results that indicated that seine sampling
would not be a viable option on these waterways (Appendix B). Randomization of sample site
selection was limited, as it was necessary to find sites that were conducive to seine sampling.
Most of the Arroyo Seco River has large boulders and uneven substrate that did not facilitate
productive seine sampling. It was determined that a sites ability to facilitate the method of
capture was more important than habitat availability for fish. A pool and run habitat unit was
sampled at each sampling site. A total of five sampling reaches were selected, with two to
three sampling points at each site (Figure 30). Sampling occurred at 13 individual sample points
over five sampling days.
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Figure 30: Sampling reach locations.
Sampling Method
Standard beach seining techniques (as in Johnson et. al, 2007) using a 30’x 6’, ¼” and a 15’x6’,
3
/16” delta mesh seine nets in pool and run habitats with low velocity were used. Three net sets
per site were used as a standard for effort (Kahler, Roni, and Quinn, 2001).
Seining commenced from the upstream portion of the habitat unit downstream using a
perpendicular set and an arc set deployments. During a perpendicular set the seine net was
stretched perpendicular to the flow by two people. At the same time, they start walking
downstream at a rate fast enough to create an adequate “purse” in the net. After the entire
length of habitat area was covered with the seine or if habitat features limit seine success, the
individual near the bank that the seine is going to be hauled out on stopped. The other person
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in the stream swiftly brought the seine towards the bank gradually closing the “purse” and
trapping the fish. The net was then brought to the bank by both brail holders (Johnson et. al,
2007) (Figure 31).

Figure 31: Perpendicular Set Seining Diagram
A simple arc set or fast pursuit set was used in higher velocity and narrower habitat types. This
method used a stationary brail holder and a roving net setter. This method starts at the
upstream end of the habitat unit much the same as the perpendicular set deployment. The net
is stretched perpendicular to the flow with one person on the bank. After the net has been
stretched the roving brail holder swiftly swings the net towards the shore creating a “quarter
circle” of seining area and closing the purse. The net is then brought to the bank by both brail
holders (Johnson et. al, 2007) (Figure 32).

Figure 32: Arc Set Seining Diagram
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Other methods of seining such as “kick seining” and “upstream scope seining” were deployed at
an experimental level to sample areas that would not facilitate Arc or Perpendicular sets. Kick
seining used a seine net spread perpendicular across the channel at the downstream end of the
sampling reach. A “flusher” within the sampling reach would attempt to herd fish towards the
net, and as they approached the brail holders would swing the net out of the water capturing
fish. Upstream scope seining was attempted in narrow habitats that the net would span the
entire habitat unit. The net was brought upstream through the habitat unit, only covering 1.0
to 2.0 m of the habitat. Theses method had limited success.
In the rocky habitat present in the Arroyo Seco it was required to “float” and “hop” the lead line
to sample in some of the areas. This limited net efficiency and capture rates. While nets were
being brought to the bank in both set types, the lead line was brought in first, insuring that an
adequate “purse” remained. Once the lead line was on shore, the float line was held allowing
the “purse” to remain in the water. Keeping the purse in the water limited stress, and allowed
the captured fish to be in the water until they were removed from the net. If the net became
fouled with large rocks or tangled, the set was not used in the effort calculation. All information
on number of sets, length of sets, and time of first and last set per site were recorded.
Fish were removed from the net and held in live cars until after processing, then released prior
to the next seining event. A low catch rate limited the need for aeration in the live cars (Kahler,
Roni, and Quinn, 2001). All fish were identified, counted, and measured.
Each seining location was habitat typed and classified as either a run, step-run, glide, or pool
(Ode, 2007)(Table 23). Habitat typing was left to the discretion of the principle investigator.
Ode (2007), served as guidelines, but specifics in terms of depth and velocities were considered
and not used as a definitive parameter. Average wetted width and depth was estimated and
the presence of any anthropogenic influences (bridge, dam, etc.) was noted.
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Habitat Type

Description

Cascades

Short, high gradient drop in stream bed elevation often accompanied by
boulders and considerable turbulence
High gradient drop in elevation of the stream bed associated with an abrupt
change in the bedrock
Sections of stream with swiftly flowing water and considerable surface
turbulence. Rapids tend to have larger substrate sizes than riffles
Shallow sections where the water flows over coarse stream bed particles that
create mild to moderate surface turbulence
A series of runs that are separated by short riffles or flow obstructions that
cause discontinuous breaks in slope
Sections without flow obstructions. The stream bed is typically even and the
water flows faster than it does in a pool
A section of stream with little or no turbulence, but faster velocity than pools

Falls
Rapids
Riffles
Step-Run
Runs
Glides

A reach of stream that is characterized by deep, low-velocity water and a
smooth surface.

Pool

Table 23: Habitat type classifications as in Ode, 2007.
Ambient conditions as well as water chemistry (dissolved oxygen, conductivity, and
temperature) were collected at all sampling sites. Ocular estimates (based on percentage of
coverage in the sampling reach (Table 24)) were recorded on aquatic algae,
macrophytes/emergent vegetation, boulders, woody debris, undercut banks, overhanging
vegetation, rootwads, artificial structures, and primary and secondary substrate types were
determined (Ode, 2007).
Ocular Estimate Scale
Percent
Coverage
Descriptor

0%

<10%

10-40%

40-75%

>75%

Absent

Sparse

Moderate

Heavy

Very Heavy

Table 24: Ocular estimate scale with verbal descriptor defined.
Results
Site 1A
This reach is the most upstream area sampled. A pool and run habitat was sampled on April 29,
May 15, and May 30, 2013. The pool habitat that displayed characteristics that facilitated
seining was 7.0 m wide and 10.0 m in length (Figure 33). The average depth was 60.0 cm and
no anthropogenic influences were present. The primary substrate was sand with the secondary
substrate consisting of large cobbles. Boulders were present in the channel which made seining
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difficult. Filamentous algae, macrophytes, and undercut banks were sparse, and overhanging
vegetation was moderate. No rootwads or woody debris was present in the reach. The run
habitat located downstream of the pool was difficult to classify as the gradient was low and
flow was minimal (figure 34). The characteristics of the channel indicated a run habitat, but
flows did not necessarily mimic run conditions. The wetted width was 8.0 m and the length was
30.0 m. The average depth was 50.0 cm and no anthropogenic influences were present.
Filamentous algae and boulders were sparse but macrophytes presence was moderate.
Overhanging vegetation was heavy, but woody debris, undercut banks, and rootwads were
absent. The primary substrate was sand and the secondary substrate was cobble. Water
quality readings can be seen in table 25.

Figure 33: Site 1A pool habitat

Figure 34: Site 1A run habitat.
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Date
4/29/2013
5/15/2013
5/30/2013

Site 1A
Dissolved
Temperature
Oxygen (mg/l)
(°C)
9.36
18.00
9.21
19.46
9.60
18.80

Conductivity
(µS/cm)
332.0
342.0
352.0

Table 25: Water quality at Site 1A.
On May 30, three California roach (Lavinia symmetricus) were collected in the pool habitat and
three Sacramento Suckers (Catostomus occidantalis) were collected in the run. These fish were
all less than 45.0 mm. These were the only fish captured during the sampling period at this site.
On April 29, a Sacramento Sucker (greater than 400 mm) was observed in the net when
sampling the pool, but escaped when the net was snagged on a boulder. Small unidentified fish
(<20 mm) were observed in the run on April 29, and on May 15, approximately 25 speckled
dace (Rhinichthys osculus) were seen in the pool. No O. mykiss were observed or captured
during the seining.
Site 1
The habitat available at this site proved to be difficult to seine due to depth and substrate
conditions. A pool and run habitat (Figure 35) was sampled along with experimental attempts
to kick sample a step run (Figure 36) in Tassajara Creek. This reach was sampled on April 14,
April 29, and May 15. The pool habitat sampled was 10.5 m wide and 12.0 m long with and
average depth of 90.0 cm. The dominate substrate was sand and the secondary substrate was
cobble. Algae, macrophytes, and boulders were sparse and woody debris and rootwads were
absent. Overhanging vegetation was heavy, and the bridge upstream (40.0 m) is the only
anthropogenic influence. The run habitat downstream of the pool was 7.0 m wide and 15.0 m
long with an average depth of 70.0 cm. Filamentous algae, macrophytes, boulders, and
undercut banks were sparse and overhanging vegetation was moderate. Woody debris,
rootwads, and artificial structures were absent. The primary substrate was cobble with a
secondary as gravel. The step run habitat on Tassajara Creek was sampled on May 15, using a
kick seining method. The wetted width of the reach was 2.0 m with a length of 6.0 m. The
average depth was 25.0 cm. Filamentous algae, macrophytes, rootwads, and undercut banks
were moderate with very heavy overhanging vegetation. Boulders were sparse and woody
debris was absent from the reach. Primary substrate was cobble with a secondary of gravel.
The Tassajara Creek run had habitat features that would benefit salmonids, but sampling the
site using a seine net proved difficult. The water quality results can be seen in Table 26.
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Figure 35: Site 1 sampling area.

Figure 36: Tassajara Creek sampling area.
Site 1
Date
4/15/2013
4/29/2013
5/15/2013

Dissolved
Oxygen (mg/l)
10.50
9.36
9.21

Temperature
(°C)
15.40
18.00
19.46

Conductivity
(µS/cm)
332.0
342.0

Table 26: Water quality at Site 1.
No fish were captured on any of the sampling days. The conditions at the site made it very
difficult to sample with a seine net. Fish including Sacramento sucker and speckled dace were
observed on all sampling days. No O. mykiss were observed at any of the sampling sites.
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Site 2
A run and pool habitat was sampled at this site on March 21 and April 15. The pool habitat is a
large main channel pool with a wetted width of 20.0 m and a length of 24.0 m (Figure 37). The
average depth was 1.0 m within the sample area, and depths exceeded 1.3 m in the pool. The
primary substrate was cobble with a secondary of gravel. Filamentous algae were sparse and
overhanging vegetation was moderate. Macrophytes, boulders, woody debris, undercut banks,
and rootwads were absent. A bridge downstream was the only artificial anthropogenic
influence in the reach. The run habitat unit sampled had a wetted width of 17.0 m and a length
of 35.0 m (Figure 38). The average depth was 1.0 m with a primary substrate of cobble and a
secondary of sand. Filamentous algae, macrophytes, and boulders were sparse and
overhanging vegetation was moderate. Woody debris, undercut banks, and rootwads were
absent. The water quality results can be seen in Table 27.

Figure 37: Site 2 pool habitat.
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Figure 38: Site 2 run habitat.
Site 2
Date
3/21/2013
4/15/2013

Dissolved
Oxygen (mg/l)
9.81
9.40

Temperature
(°C)
13.60
14.35

Conductivity
(µS/cm)
281.0
336.5

Table 27: Water quality at Site 2.
No fish were captured in the pool habitat on either sampling date, but Sacramento Suckers
were observed in the deeper portions. Two Sacramento pikeminnow (Ptychocheilus grandis)
were captured in the run habitat on March 21. These fish were 55.0 and 59.0 mm in length. No
O. mykiss were captured or observed.
Site 3
This site is located near Miller’s Lodge day use and campground. Two pools and a run were
sampled on April 29, May 15, and May 30. The first pool sampled was a large on channel pool
with a wetted width of 25.0 m and a length of 30.0 m (figure 39). The average depth was 1.0 m
and the primary substrate was sand with a secondary of cobble. Filamentous algae and
macrophytes were sparse and overhanging vegetation and rootwads were moderate. Boulders
and woody debris were absent but the site had a heavy presence of undercut banks.
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Anthropogenic influences from a diversion downstream and an armored bank were present,
but did not fall into the sampling area. The second pool was located upstream of the first in an
area where the river narrowed. The wetted width was 6.0 m and the area sampled extended
for 5.0 m (figure 40). The average depth was 1.2 m and the primary substrate was cobble with
a secondary of sand. Filamentous algae and overhanging vegetation were heavy with moderate
occurrences macrophytes. Boulders, undercut banks, and rootwads were sparse and woody
debris was absent. The run habitat flowed into the second pool habitat. The wetted width was
5.0 m with a length of 20.0 m (figure 41). The average depth was 50.0 cm and the primary
substrate was cobble with a secondary of sand. Filamentous algae and overhanging vegetation
was heavy and rootwads and undercut banks were moderate. Macrophytes and boulders were
sparse with woody debris being absent from the reach. Water quality results can be seen in
table 28.

Figure 39: Site 3 pool habitat
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Figure 40: Site 3 pool habitat

Figure 41: Site 3 run habitat.
Site 3
Date
4/29/2013
5/15/2013
5/30/2013

Dissolved
Oxygen (mg/l)
9.56
9.82
9.23

Temperature
(°C)
21.60
22.60
22.75

Table 28: Water quality at Site 3.
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Conductivity
(µS/cm)
355.0
362.5
368.2

No fish were captured in the first pool habitat. On May 15, 4 Sacramento suckers were
captured in the run habitat. These fish ranged from 24.0-34.0 mm and appeared to be young of
the year. On May 30, in the run habitat, 30 Sacramento suckers were captured ranging in size
from 15.0-43.0 mm. In the pool habitat on the same day, 2 Sacramento suckers (22.0 and 15.0
mm) were captured. No O. mykiss were observed or captured during the seining. Other fish
were observed at Site 3, including non-native black bass (Micropterus spp).
Site 4
A pool and run habitat were sampled on March 21, April 15, and May 15. The pool habitat was
a large main channel pool with a wetted width of 24.0 m and a width of 70.0 m (figure 42). The
average depth was 75.0 cm and the primary substrate was cobble with a secondary of gravel.
Filamentous algae, macrophytes, and undercut banks were sparse and overhanging vegetation
was moderate. Boulders, woody debris, and rootwads were absent. The run habitat was
upstream of the pool and partially formed by a bedrock shelf (figure 43). The wetted width was
9.0 m and the length was 20.0 m. The average depth was 50.0 cm and the primary substrate
was cobble with a secondary of bedrock formations. Filamentous algae and macrophytes were
sparse and overhanging vegetation was moderate. Boulders, woody debris, undercut banks,
and rootwads were absent. Water quality results can be seen in Table 29.

Figure 42: Site 4 pool habitat.
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Figure 43: Site 4 run habitat.
Site 4
Date
3/21/2013
4/15/2013
5/15/2013

Dissolved
Oxygen (mg/l)
10.10
9.70
10.19

Temperature
(°C)
15.55
17.00
23.48

Conductivity
(µS/cm)
361.0
408.5
422.3

Table 29: Water quality at Site 4.
No fish were captured in either the run or pool habitat. The velocity of the run made sampling
difficult and the lack of habitat variability made the pool less than ideal for inhabitation of fish.
Very small unidentifiable fish were observed at this site on all sampling days. No O. mykiss were
observed or captured during the survey.
Conclusion
Seine sampling on the Arroyo Seco River did not provide data on relative abundance, presence,
or biological attributes of O. mykiss. Though no O. mykiss were captured it does not mean that
they did not persist in the system during the sampling. The habitat conditions present on the
Arroyo Seco River were not conducive to seine sampling. Areas with increased depth, channel
complexities, and velocity were unable to be sampled (figure 44 and 45). These areas provide
the requirements for summer rearing. The areas of low velocity and uniform substrate
conducive to seine sampling did not provide beneficial habitat for O. mykiss.
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Figure 44: Beneficial habitat with conditions not conducive to seine sampling.

Figure 45: Area of increased depth not conducive to seine sampling.
The sites that were chosen for sampling were the best available for the sampling method. Even
though these sites were selected to facilitate seining, stream conditions still limited efficiency
and overall success. Having to “float” the lead line and navigate over boulders, allowed
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opportunity for fish to escape. The clarity of the water also limited success. Turbidity was at a
level (<1.0 NTU) that allowed fish in the habitat unit to avoid the net or flush from the area
while the net was being set. The ability to escape was more prevalent with larger fish,
contributing to only capturing fish less than 59.0 mm.
Experimental seine sampling techniques were used in attempt to increase sampling efficiency
and to sample habitat more suitable for O. mykiss. These methods used kick seining and
upstream scope seining (figure 46). These methods did not prove to provide any data on O.
mykiss and were not any more productive then standard seine methods. The conditions on the
Arroyo Seco River (especially the upper reaches) were not suitable for any seine sampling
method.

Figure 46: upstream scope seining in narrow step-run habitat.
Recommendations
If future low flow evaluations are necessary on the Arroyo Seco River it is not recommended to
use seine net sampling methods. Other methods such as depletion backpack electrofishing or
multi-pass dive counts would be more suitable. These methods allow for a variety of habitats to
be sampled, including the tributaries deemed to be unfit for seine sampling.

Salinas River Basin Adult Steelhead Escapement Monitoring

Please refer to Salinas River Basin Adult Steelhead Escapement Monitoring 2013 Annual Report
(Appendix C)
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Water Quality Monitoring
Nacimiento River
Water temperature measurements were continuously collected hourly from April 1 through
October 31 2013 at two sites located 8.05 km (site 5) and 17.7 km (Site 10) below Nacimiento
Dam (figure 47). Hobo U-22 data loggers (loggers) were anchored in the thalweg at each site.

Figure 47: Nacimiento Temperature monitoring location map.
A logging error occurred at both sites due to an operational error with a mobile readout device.
This error caused the logger to discontinue logging which resulted in a loss of data between
June 13 and July 7, 2013. Both sites showed a drop in temperature when flow was increased
from Nacimiento Reservoir. The temperature stabilized after the initial increase and showed
trends of seasonal warming. The variation observed between minimum and maximum
temperature June through September was a result of flow alterations during the Emergency
Hydroelectric Repair project (see Appendix D) (figure 48 and 49).
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Figure 48: Nacimiento Site 5 daily temperature data. Daily minimum, maximum, and average
temperature was obtained from hourly readings over 24 hour periods.

Site 10
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Figure 49: Nacimiento River Site 10 daily temperature data. Daily minimum, maximum, and
average temperature was obtained from hourly readings over 24 hour periods.
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Both temperature monitoring stations showed the same trends in terms of daily temperature
fluctuations. The station located higher in the watershed (Site 5) had cooler overall
temperatures and more defined fluctuations. The station lower in the watershed (Site 10) had
warmer overall temperatures and more gradual temperature fluctuations. These results are
consistent with natural stream elevation thermal lapse rate (Tague et al., 2007).

Salinas River

Water temperature was measured at two locations in the Salinas River: three miles upstream of
the SRDF, at the Blanco Road Bridge (Blanco Bridge Site), and at the SRDF (SRDF Site) (figure
50). Water temperature measurements at the Blanco Bridge site were collected from April 10
through October 31, 2013 (Figure 51). Over the course of the monitoring period, temperatures
gradually increased from April to July, with a slight decline in August. The temperature then
increased in September and followed a cooling trend through October. Temperature showed
the greatest variation in term of high and low values in April and May, then stabilized through
the rest of the monitoring period.

Figure 50: Salinas River Temperature Monitoring Sites Map
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2013 Salinas River at Blanco Bridge
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Figure 51: Salinas River at Blanco Bridge daily temperature data. Daily minimum, maximum,
and average temperature was obtained from hourly readings over 24 hour periods.
At the SRDF, a Hydrolab MS-5 was suspended from a mid-channel buoy approximately three
feet off the bottom. Temperature, conductivity, and dissolved oxygen measurements were
collected from April 10 through October 31, 2013 at an hourly interval. Per the Central Coast
Regional Water Control Board’s 401 certification for the SVWP, mean daily water temperature
at the SRDF was not to exceed 5.0° Fahrenheit (2.78°C) above the upstream (Blanco Bridge)
site’s temperature. During the comparison period from April 10 through October 31, the SRDF
water temperature tracked closely with the Blanco Bridge site (Figure 52). SRDF water
temperature was compliant with this requirement during the entire diversion period.

60

28

Salinas River Daily Temperature Comparison
Blanco Road Bridge and SRDF Mid-Channel
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Figure 52: Salinas River water temperature comparison between Blanco Bridge and SRDF Sites.
Graph includes mean daily values for both sites and the temperature increase threshold value
derived from a 2.78°C increase of Blanco Bridge Site values.
DO and conductivity readings were collected hourly then averaged every 6 hours, per the BO
reporting criteria, to provide a representative sample (Figure 53). DO ranged from 5.15–12.71
mg/L (mean 7.05 mg/L +/- 0.94 SD), and diurnal fluctuation was not extreme. Average
conductivity values ranged from 541.66–1523.83 µS/cm (mean 744.66 µS +/- 177.87 SD). After
diversions ceased on October 11, 2013, DO and conductivity increased and temperature
decreased.
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SRDF Impoundment Water Quality

Figure 53: Conductivity, dissolved oxygen, and water temperature for SRDF Site at mid-water
column. Conductivity and dissolved oxygen data points have been averaged every six hours.
Water temperature includes daily maximum, mean and minimum trends.
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Salinas Lagoon
Dissolved Oxygen, Conductivity and Temperature Monitoring
Refer to Salinas River Lagoon Monitoring Report 2013 (Appendix E)
Chlorpyrifos and Diazinon Sampling
No sampling occurred for Chlorpyrifos and Diazinon in the 2013 monitoring season based upon
verbal recommendations with the NMFS.

Impoundment Survey
Stranding Survey Field Report
Date: November 8, 2013
Biologist(s): Clayton Leal and Tamara Voss
Prepared by: Clayton Leal
Location: Salinas River; Salinas River Diversion Facility
Survey Time: 12:00-15:40
Weather: Sunny and Clear; Temp 18°-21° C; Wind 2-8 mph
Survey Notes
To meet the requirements set by the National Marine Fisheries Service Biological Opinion
SWR/2003/2080 a stranding survey was conducted at the Salinas River Diversion Facility (SRDF)
impoundment during the final drawdown. The approximate depth of the impoundment was 5.8
feet with the regulating weir height of 5.5 feet. Water spanned the entire length of the channel
below the dam and in the impoundment (figure 54). The water appeared equalized above and
below the dam.

Figure 54: SRDF impoundment and tailwater prior to lowering the dam.
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The lowering process started at 12:30 and progressed at a gradual pace. Since the
impoundment and tailwater were essential equalized, the lowering process did not change the
wetted portion of the channel. At 14:30 the dam was still in the process of lowering (figure 55).
No areas of stranding or isolated pooling occurred.

Figure 55: Dam lowering process at 14:30.
By 15:00 the dam was nearing the water level (figure 56). Water was not flowing rapidly over
the top of the structure or around the edges. The dam was sinking into the water and not
altering flow conditions visible. The impoundment showed no sign of reduced wetted width or
depth, and no isolated pooling occurred.

Figure 56: Dam lowering process at 15:00.
At 15:30 the dam was completely submerged (figure 57). No changes in flow regime or isolated
pooling occurred.
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Figure 57: Dam completely lowered.
Conclusion
The lowering of the SRDF dam did not create conditions that facilitate stranding or isolation
and did not promote flow conditions that would contribute to fish mortality. The equalization
of both the impoundment and the tailwater levels reduced these risks, and created conditions
that did not obstruct or alter the behavior of fish. No fish were collected or handled since
conditions did not create hazardous conditions.
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Introduction
In 2002, the Monterey County Water Resources Agency (MCWRA) developed the Salinas Valley Water
Project (SVWP) in an effort to reduce the Salinas Valley’s dependence on groundwater through balancing
the rate of groundwater withdrawal and recharge. The SVWP plan is comprised of operational changes to
the Nacimiento and San Antonio Dams, modifications to the Nacimiento Dam, and the construction of the
Salinas River Diversion Facility (SRDF). During evaluation of potential environmental impacts,
MCWRA developed a Flow Prescription to minimize impacts to SCCC steelhead and their critical
habitat. This Flow Prescription relies on triggers based on a combination of reservoir conditions and
stream flow to initiate and provide fish passage flows in the spring that facilitate the downstream
migration of steelhead smolts. Releases made to provide steelhead passage flows are referred to as “block
flows.”
In 2007, the National Marine Fisheries Service (NMFS) issued a biological opinion (Opinion) regarding
the potential effects of the construction and operation of the SRDF on threatened SCCC steelhead and
their critical habitat in accordance with Section 7 of the Endangered Species Act of 1973 (NMFS 2007).
As one of several terms and conditions of this Opinion, NMFS requested that smolt outmigration
monitoring be conducted at several locations within the basin during block flows to confirm the adequacy
of block flow releases. Upon initiation of an outmigration-monitoring program, monitoring is to be
conducted for a minimum of 10 years, unless NMFS and MCWRA mutually agree to an alternative time
frame.
In 2010, FISHBIO, on behalf of MCWRA, developed and implemented a Juvenile Outmigration
Monitoring Program (Program) to meet this requirement and 2013 represents the fourth year of
monitoring at the same locations. The Program examines the abundance and life history characteristics of
downstream migrating steelhead smolts by operating rotary screw traps at three specific locations in the
Salinas basin. The objectives of this Program, developed in coordination with NMFS, are as follows:
 Determine the abundance of Salinas River Basin downstream migrating steelhead smolts.
 Determine the relative contribution of the Nacimiento River, Arroyo Seco River, and Salinas
River steelhead smolt abundances to the overall Salinas River Basin abundance.
 Characterize the migration timing of steelhead smolts in the Salinas, Nacimiento, and Arroyo
Seco rivers, and evaluate potential relationships with environmental factors.
Study Area
The Salinas River flows northwest through the Salinas Valley and drains a watershed of about 4,780
square miles. Major tributaries include the Nacimiento, San Antonio, and the Arroyo Seco rivers. Each of
these rivers flows in a northeastern direction from their headwaters to their confluence with the Salinas
River, respectively. Smaller tributaries include Huerhuero Creek, Estrella River, Big Sandy Creek,
Pancho Rico Creek, San Lorenzo Creek, Chalone Creek, Chualar Creek, and Gabilan Creek.
The Nacimiento River being the furthest upstream on the Salinas River (confluence with the mainstem at
RM 108.5) followed closely by San Antonio River (confluence with the mainstem at RM 104.5), and the
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Arroyo Seco being the furthest downstream (confluence with the mainstem at RM 50; Figure 1). These
three tributaries are considered the “principal [steelhead] spawning areas and comprised some of the best
spawning and rearing habitats in the watershed” (Snyder 1913, Titus et al. 2002, Good et al. 2005 as cited
by NMFS 2007). All three have been designated, along with the Salinas River from the mouth upstream
to 7.5 miles below Santa Margarita Lake, as Critical Habitat for SCCC Steelhead (NMFS 2007; note:
only the lower reaches of the Nacimiento and San Antonio rivers below their respective dams are
designated).
RST sampling sites were limited to locations in the Salinas River mainstem, Nacimiento River, and
Arroyo Seco River below potential steelhead spawning and rearing habitat. Additional information
regarding these rivers is provided below.
Salinas River. The Salinas River is approximately 172 miles long from its headwaters in the Santa Lucia
and La Panza Mountain Ranges to its confluence with the ocean, and the lower 154 miles below Santa
Margarita Dam (created in 1941) are potentially accessible to anadromous fish (Figure 1). The Salinas
reservoir (i.e., Santa Margarita Lake), created by Santa Margarita Dam (RM 154, Salinas River), captures
water from a 112 square mile watershed and can currently store up to 23,843 acre-feet of water. The 14
river miles immediately below the Salinas Dam consists of moderate gradient riffle/run/pool sections
flowing through a narrow canyon flanked by a canopy of large sycamore, willow, and alder trees; bedrock
and large boulder substrate dominate this reach with intermixed sand and gravel. The lower 150 miles of
the mainstem Salinas River below this reach is a low gradient sand-bedded stream not suitable for
steelhead rearing. The river meanders through the sand creating braided channels in many places and
depths that rarely exceed 2-½ ft., and is primarily viewed as a migration corridor.
Nacimiento River. The Nacimiento River originates from the eastside of the Coastal Mountain Range
and flows eastward to meet the Salinas River near RM 108. It is about 50 miles long and drains a
watershed of about 380 square miles. The Nacimiento Dam at RM 10, which forms the Nacimiento
Reservoir, blocks passage to nearly all suitable steelhead spawning and rearing habitat in the river. The
lower 10 miles of the Nacimiento River that is accessible to steelhead consists of a low gradient, gravel
bedded channel with sparse riparian vegetation. Water released from the dam is typically between 52 and
54°F, and releases are generally less than 64°F within the first 5 miles below the dam and less than 68°F
within the first 10 miles of the dam. However, temperatures can warm to as much as 73°F within 5 miles
of the dam and 75°F within 10 miles below the dam (NMFS 2007).
A rainbow trout stocking program was conducted from approximately 1963 to 2009 (CDFG 2010).
Analyses of otoliths from O. mykiss captured at Camp Roberts prior to discontinuation of the stocking
program indicated that the majority of individuals (i.e., 70% of 40 individuals) were hatchery-produced
(Donohoe 2007). Due to the presence of potential spawning areas and many deep pools, there is some
potential for the Nacimiento River to support steelhead. Although Casagrande et. al. (2003) suggests that
prior to 2003 there were no recent observations of steelhead or rainbow trout spawning, the recent
captures of juvenile O. mykiss in the Nacimiento rotary screw trap would suggest that spawning is
occurring (Cuthbert et. al. 2013).
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Arroyo Seco River. The Arroyo Seco River originates from the Santa Lucia Range and flows into the
Salinas River (RM 50) near the city of Greenfield. The mainstem of the Arroyo Seco River spans about
37 miles; however, there are numerous smaller tributaries in the headwaters and the watershed as a whole
drains approximately 303 square miles. The upper Arroyo Seco River habitat is relatively pristine with
much of the headwaters located in undeveloped national forest and wilderness area lands. As the river
flows into the Salinas Valley, it travels across very porous gravel and sand resulting in subterranean flows
during dry months (Sarna-Wojcicki 2009). The Arroyo Seco River contains the majority of remaining
steelhead spawning and half of the remaining rearing habitat. This tributary is also closer to the ocean;
therefore, it is more accessible and “is likely the primary reason the anadromous form of O. mykiss
persists in the Salinas River watershed” (NMFS 2007). In addition, the Arroyo Seco has a self-sustaining
wild rainbow trout population in its headwaters and tributaries, but it is currently unclear whether this
population is genetically similar to, or different than the steelhead population below a waterfall that is
located approximately 3.5 river miles upstream of the footbridge located near the U.S. Forest Service
Range Station.
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Figure 1. Map of the Salinas River Basin with key points of interest.

Methods
Sampling Gear and Locations
Rotary screw traps (RSTs) are commonly used to capture downstream migrating juvenile salmonids. The
traps, manufactured by E.G. Solutions in Eugene, Oregon consist of a funnel-shaped core suspended
between two pontoons. The traps are positioned in the current so that water enters the mouth of the funnel
and strikes the internal screw core, causing the funnel to rotate. As the funnel rotates, fish are trapped in
pockets of water and drawn downstream into a livebox, where they remain until they are removed,
identified, measured, and released in the river downstream of the trap (i.e., processed) by technicians.

Figure 2. An 8-ft. diameter rotary screw trap on the Nacimiento River (RM 0.5).

A single 8-ft diameter RST was installed on the Nacimiento River at approximately RM 0.5, downstream
of the Camp Roberts (United States National Guard Training Facility) river forging point. Similar to the
previous year, the RST was positioned in the thalweg of the river channel where water velocities were
greatest (Thedinga et. al. 1994). The trap was held in place by a 3/8-inch overhead cable strung between
two large trees on opposing banks. Leader cables on a pulley system were attached to the front of the
pontoons and were used to position the trap in the thalweg. A similar pulley system has been used on the
Tuolumne River (Palmer and Sonke 2010). Flow deflection structures were constructed and strategically
placed in the river during lower flow periods in order to divert more water towards the trap and increase
water velocity into the funnel for optimal functioning of the trap. Similar to previous years, the
Nacimiento RST flow deflector was constructed of a series of 4 feet x 8 feet sheets of plywood placed end
to end extending from the each pontoon to the stream bank and fastened to t-posts that were set in the
substrate at an angle to the flow (Figure 2).
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As a safety precaution, signs were strategically placed at the trap, upstream of the trap, and downstream
of the trap to warn people of drowning danger and potential damage to private property, as well as to
direct boater traffic to pass safely. Flashing lights and flagging were placed on the traps and along the
cabling to increase visibility.
Due to dry conditions during 2012/13, RST monitoring was not conducted at sites on the Arroyo Seco
and Salinas River where monitoring occurred during the 2010-2012 monitoring seasons however an
alternative method was used in an attempt to gain some information from the Arroyo Seco River.
RST Monitoring Effort
The Nacimiento River RST was installed on March 14, 2013, and sampling was initiated immediately.
The trap operated continuously until it was removed on May 31, 2013. The trap was checked at least once
per day throughout the sampling period, typically in the morning hours. Additional trap checks were
conducted as necessary; for example, during periods when heavy decries loads might obstruct the trap.
Operations were consistent with the United States Fish and Wildlife Service (USFWS) RST protocols and
safe fish handling procedures (USFWS 2008).
During each trap check, the contents of the livebox were removed and all fish were identified and
counted. All salmonids, and up to 20 of each non-salmonid species, were anesthetized for safe handling
using Tricaine-S (Western Chemical Brand, Ferndale, WA), measured for length, and salmonids were
given a smoltification rating (Appendix 1). Juvenile O. mykiss were considered young-of-the-year (YOY)
if they were under 100 mm FL and were considered one year-old or older (Age 1+) if there were between
100 and 299 mm FL. Weights (to nearest tenth of a gram) were taken from all O. mykiss and up to 20
non-salmonids each week using a scale (Navigator model, Ohaus, Pine Brook, NJ). After handling, fish
were placed in a container with freshwater and allowed to recover prior to release downstream of the
trapping location.
Catches were batched by daily (~24-hour) sampling periods in which all the catch subsequent to a
morning check one day is added to the catch from the morning check on the following day. For example,
the daily catch for O. mykiss on April 10 is the sum of all of the O. mykiss captured during the morning
check on April 10 and the O. mykiss captured during any checks that occurred after the morning check on
April 9. Based on years of conducting salmonid trapping during normal flow and turbidity conditions, the
overwhelming majority of trap catches occur during darkness or the low light immediately prior to or
following darkness (FISHBIO, unpublished data).
Monitoring Flow Measurements and Trap Speed
After all fish were measured and released, trap function was recorded and the trap was cleaned. Trap
function was determined based on three measurements: 1) the instantaneous water velocity in front of the
trap funnel measured with a Flow Probe (Global Water, Model FP101, Gold River, CA); 2) the number of
rotations the funnel made in a 24 hour period; and 3) the average time it took the funnel to make one
revolution (calculated from three timed revolutions). In particular, these measurements can provide
information regarding correct positioning of the trap and in the event that it prematurely stopped (e.g., log
jam), how long the trap sampled prior to stopping.
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Monitoring River Temperature, Relative Tubidity, and Dissolved Oxygen
Environmental variables were measured daily. Instantaneous turbidity was measured in Nephelometric
Turbidity Units (NTU) using a turbidity meter (LaMotte, Model 2020e, Chestertown, Maryland).
Instantaneous water temperature and dissolved oxygen (DO) were recorded using a DO meter (Exstick II
model DO600, Extech Instruments Corporation, Waltham, MA), and instantaneous conductivity was
recorded using a conductivity meter (ExStik II model EC500, Extech Instruments Corporation, Waltham,
MA). Daily average water temperature was calculated from data that was logged hourly using a
submersible temperature logger (Hobo Water Temp Pro V2, Onset Computer Corporation, Pocasset,
MA). Average daily flow data was downloaded from U. S. Geological Survey (USGS) gauging stations,
including Arroyo Seco near Soledad (USGS 11152000), Salinas River near Bradley (USGS 11150500),
Salinas River at Paso Robles (USGS 11147500), and Nacimiento River below Nacimiento Dam near
Bradley (USGS 11149400).
Results
Oncorhynchus mykiss catch
During March 14, 2013 through May 31, 2013, one O. mykiss was captured on April 16. The Age 1+ O.
mykiss rated as a smolt measured 255 mm fork length and weighed 184.5 grams (Figure 3). This was the
only O. mykiss captured during the sampling period.

Figure 3. O. mykiss (Fork length = 255 mm) captured at the Nacimiento River trap on April 16, 2013.

Non-salmonid catch
A total of 11,938 non-salmonids, comprised of 14 different species, were captured in the Nacimiento
River during the sampling period (Table 1), and 696 were species native to the Salinas Basin. Threadfin
shad (n=11,232), Sacramento sucker (n=284), and speckled dace (n=209), were the most abundant species
represented in the trap catch.
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Table 1. Biosampling data for non-salmonid fish captured and measured at the Nacimiento River rotary screw trap (RM
0.5), March 14-May 31, 2013. Parentheses indicate size range. Asterisk indicates that total-length, rather than fork-length,
was measured.
Native
(Y/N)

Total
Catch

Peak
Catch
Date
4/23/13

Fork-length (mm)

5

Peak
Daily
Catch
1

Bluegill sunfish (Lepomis macrochirus)

N

California roach (Lavinia symmetricus)

Y

4

1

4/22/13

79 (57-95)

Common carp (Cyprinus carpio)

N

2

1

4/20/13

294 (138-450)

Golden shiner (Notemigonus crysoleucas)

N

1

1

3/29/13

110

Hitch (Lavinia exilicauda)

Y

11

3

4/12/13

110 (42-152)

Inland silverside (Menidia beryllina)

N

2

2

5/16/13

20 (16-23)

Prickly sculpin (Cottus asper)

Y

11

2

3/30/13

106 (40-155)*

Riffle sculpin (Cottus gulosus)

Y

1

1

4/4/13

147*

Sacramento pikeminnow (Ptychocheilus grandis)

Y

50

6

5/4/13

168 (97-392)

Sacramento sucker (Catostomus occidentalis)

Y

284

88

5/3/13

169 (20-485)

Speckled dace (Rhinichthys osculus)

Y

209

18

3/17/13

62 (51-77)

Threadfin shad (Dorosoma petenense)

N

11,232

3,419

4/29/13

101 (70-129)

Threespine stickleback (Gasterosteus aculeatus)

Y

20

2

4/9/13

36 (21-51)*

Unidentified Lamprey (Petromyzontidae spp.)

Y

106

32

5/4/13

144 (136-145)*

Common Name (Species Name)

90 (85-97)

Environmental Factors
Daily average flow in the Nacimiento River near Bradley (USGS gauging station USGS 11149400)
ranged from 33 cfs to 259 cfs, peaking on May 5th, and instantaneous turbidity at the Nacimiento trap
ranged between 1.27 NTU and 9.91 NTU (Figure 4). Daily instantaneous measurements of water
temperature at the Nacmiento trap ranged between 50.3°F and 71.9°F and daily instantaneous DO ranged
between 6.91 mg/L and 13.39 mg/L, and continuous daily average water temperature at the trap ranged
between 53.4°F and 72.1°F (Figure 5).
As described in the methods, trapping was not conducted in the Salinas River or Arroyo Seco during 2013
due to flows that were too low for trap operation. Daily average flow in the Salinas River at Paso Robles
ranged between 0 cfs and 12 cfs and daily average water temperature at RM 109 where the Salinas River
trap operated in previous years ranged from 54.5°F to 72.5°F (Figure 6). Daily average flow in the Arroyo
Seco River near Soledad ranged between 7 cfs and 66 cfs, and daily average water temperature at RM 14
where the trap operated in previous years ranged from 52.9°F to 72.5°F (Figure 7).
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Figure 4. Nacimiento River daily average flow recorded near Bradley (RM 1; USGS 11149400) and instantaneous
turbidity measured at the trap, March 14 - May 31, 2013.
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Figure 5. Daily average water temperature and instantaneous water temperature and dissolved oxygen at the Nacimiento
River rotary screw trap (RM 0.5), March 14 - May 31, 2013.
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Figure 6. Salinas River daily average flow recorded near Paso Robles (RM 116; USGS 11147500) and daily average water
temperature at the trap (RM 109), March 15 - May 31, 2013.
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Figure 7. Arroyo Seco River Daily average flow near Soledad (RM 12; USGS 11152000) and daily average water
temperature at the Arroyo Seco River rotary screw trap (RM 14) during the 2013 sampling period (March 15 - May 31,
2013).
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Discussion
Below average run-off in 2013, a dry water year, resulted in low flow conditions which precluded
operation of the Salinas River and Arroyo Seco RST’s. Since the Arroyo Seco did not connect to the
Salinas River during the entire RST monitoring period, the only outmigration opportunity was during two
distinct periods (early December and between the end of December and the end of January) prior to the
installation of the RST’s. Between 2010 and 2012 the Arroyo Seco produced more smolts than the
Nacimiento or Salinas, and habitat exists to support over summering in the Arroyo Seco.
Table 2. Number of monitoring days, total catch, total estimated abundance at the Arroyo Seco RST and number of
monitoring days and total catch for the Nacimiento RST and the Salinas RST. Asterisk indicates abundance estimated by
mark-and-release methods and parenthesis indicates abundance estimated by proportion of flow sampled for 2012
(Cuthbert et. al. 2013). Note: ns = no sample.
Arroyo Seco
Monitoring
Year
2013
2012
2011
2010

No. of
Monitoring
Days
0
62
67
75

Total
Catch
ns
526
64
149

Estimated
Abundance
ns
2,876*(1,187)
332
480

Nacimiento
No. of
Monitoring
Total
Days
Catch
78
1
69
1
61
0
80
0

Salinas
No. of
Monitoring
Total
Days
Catch
0
ns
19
9
53
1
76
2

The Nacimiento River RST captured one Age 1+ O. mykiss smolt, which is consistent with low or no
catch in previous years, suggesting low juvenile production in the Nacimiento River. Catches have also
been low on the Salinas River and low catches in both streams over several years suggest that conditions
in the Nacimiento and Salinas are marginally sufficient for spawning and rearing juvenile O. mykiss. RST
catches have been higher on the Arroyo Seco where rearing densities observed by backpack electrofishing
were also higher than in the Nacimiento River during 2010-2012 (Krafft et. al. 2012).
The Nacimiento RST data suggests that non-native species had a higher abundance (94.2% of total
abundance) in the Nacimiento River than previous years. This increase is associated with the abnormally
high numbers of threadfin shad, which solely contributed to 94.0% of the total abundance captured. The
increased threadfin shad count may be explained by prolonged releases from the Nacimiento Dam high
level gates later into the season. Excluding the abnormal threadfin shad numbers, non-native species only
accounted for 1.5% of the total abundance captured, which is consistent with percentages seen in previous
years (3.0% 2012; 3.0% 2011; 1.0% 2010).
Recommendations
Based on the objectives of the Salinas River Fisheries monitoring program and results from Salinas River
juvenile outmigration monitoring we suggest the following recommendations.
•
•

Continue monitoring adult steelhead using the Weir and Riverwatcher at the same location
encompassing the monitoring period described in the biological opinion.
Sampling in future years should be conducted at an alternative timeframe based upon weather
patterns and migrational opportunities (i.e., December or January with early rain events) to
evaluate when O. mykiss smolts begin immigrating and what percentage of passage occurs during
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•

the winter versus the spring. Similar outmigrant trapping studies on tributaries in the Central
Valley have shown that migration timing and abundance estimates can be highly variable from
year to year (FISHBIO unpublished data). O. mykiss in the San Joaquin River Basin (Calaveras
and Stanislaus rivers), have been observed to migrate over a more extended period (i.e.
November to June) than when sampling was conducted in the Salinas Basin, with peak Age 1+
migration typically occurring from December through March and peak YOY migration occurring
from April through July (FISHBIO unpublished data). If a higher proportion of fish migrate
during the spring, then there will be greater benefits achieved by providing the prescribed block
flow releases. Conversely, if a higher proportion of fish are found to migrate during the winter,
then the potential benefits or drawbacks of block flow releases should be evaluated.
Design and implement a PIT tagging study to address the question, “what proportion of juvenile
outmigrants were derived from anadromous stock”? Data collected from implementing a PIT
Tagging study could also be used to identify the ability of juveniles to migrate past the SRDF.
Furthermore, a PIT tagging study could also provide information on lagoon residency, use of
Elkhorn Slough as a migrational corridor to the ocean, and confirmation of ocean entry.
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Appendix 1: Smolt Index Descriptions
Smolt Index
1
2

Life Stage
Yolk-sac Fry
Fry

3

Parr

4

Silvery Parr

5

Smolt

6

Adult

Criteria
Newly emerged with visible yolk sac
Recently emerged with sac absorbed (button up fry)
Pigmentation undeveloped
Darkly pigmented with distinct parr marks
No silvery coloration
Scales firmly set
Parr marks visible but faded
Intermediate degree of silvering
Parr marks highly faded or absent
Bright silver or nearly white coloration
Scales easily shed (deciduous)
Black trailing edge on caudal fin
More slender body
> 300 mm FL
If < 300 mm FL, must be extruding eggs or milt
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Appendix B

Low Flow Fisheries Monitoring Feasibility Evaluation
Of Tributaries of the Arroyo Seco River

Monterey County Water Resources Agency
890 Blanco Circle
Salinas, CA 93902

April 23, 2013

Introduction
Santa Lucia Creek
Santa Lucia Creek is a moderately entrenched channel with low sinuosity within 0.30 k of the
confluence. It primarily consists of step pools with large boulders and cascades as proximity to the
confluence increases. Substrate is large cobble and stretches of bedrock as gradient increases. Dense
riparian vegetation and high channel complexity observed in first 0.30 km of the creek. The gradient
decreases and the creek increases sinuosity within the 0.80 km of the confluence. Riparian vegetation
remains dense, but the shading decreases as the creek leaves the shaded canyon portion. The substrate
in lower gradient area is intermixed cobbles, boulders, and bedrock. Adequate spawning habitat is
present, but limited. Rearing habitat is present in deep plunge pools. Pools are present that exceed 1.5
m in depth. A small cement crossing is located 1.18 km upstream. This does not appear to serve as a
barrier for up or downstream migration at current flow. A waterfall exceeding 4.0 m in height serves as
a fish passage barrier at 1.83 km from the confluence. The pool below the water fall was over 2.0 m in
depth, and could serve as rearing habitat. Speckled dace (Rhinichthys osculus) were present
downstream of the waterfall. No habitat units conducive to seining were present.

Santa Lucia Creek at Confluence with Arroyo Seco River.
1

Santa Lucia 0.25 km upstream of Confluence.

Santa Lucia Creek 0.30 km upstream of Confluence.
2

Santa Lucia 0.3 km upstream of Confluence.

Santa Lucia Creek 1.18 km upstream of Confluence.

3

Santa Lucia Creek 1.18 km from the Confluence

Santa Lucia Creek Falls 1.83 km from the Confluence
4

Tassajara Creek
Tassajara Creek near its confluence with the Arroyo Seco River is moderately entrenched with low
sinuosity. Step pools and runs are the primary habitat units with large cobble and boulders. Dense
riparian vegetation and high channel complexity is present within the first 0.10 km of the confluence.
The high gradient and large substrate in the lower portions of the river do not provide adequate
spawning habitat. This survey only covered the first 0.10 km from the confluence. Deep plunge pools
and channel complexity provide summer flow refugia and potential rearing habitat. No habitat units
conducive to seining.

Tasajara Creek 0.01 km upstream of the Confluence.

5

Tassajara Creek .05 km upstream of the Confluence.

Tassajara Creek .08 km upstream of the confluence.
6
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Introduction
In 2002, the Monterey County Water Resources Agency (MCWRA) developed the Salinas Valley Water
Project (SVWP) in an effort to reduce the Salinas Valley’s dependence on groundwater through balancing
the rate of groundwater withdrawal and recharge. The SVWP plan is comprised of operational changes to
the Nacimiento and San Antonio Dams, modifications to the Nacimiento Dam, and construction and
operation of the Salinas River Diversion Facility (SRDF). During evaluation of potential environmental
impacts, MCWRA developed a Flow Prescription to minimize impacts to SCCC steelhead and their
critical habitat. This Flow Prescription relies on triggers based on a combination of reservoir conditions
and stream flow to initiate and provide fish passage flows to facilitate the upstream migration of adult
steelhead between February 1 and March 31.
In 2007, the National Marine Fisheries Service (NMFS) issued a Biological Opinion (Opinion) regarding
the potential effects of the construction and operation of the SRDF on threatened SCCC steelhead and
their critical habitat in accordance with Section 7 of the Endangered Species Act of 1973 (NMFS 2007).
As one of several terms and conditions of this Opinion, NMFS requested that adult steelhead escapement
monitoring be conducted for a minimum of 10 years, unless NMFS and MCWRA mutually agree to an
alternative timeframe, using a Dual Frequency Identification Sonar (DIDSON; Lake Forest Park,
Washington, USA).
An extensive review of the DIDSON’s capabilities was conducted during the summer of 2010 and
included information from the Scott Creek DIDSON demonstration project, numerous contacts with
DIDSON representatives, and FISHBIO’s extensive experience using the DIDSON in the
Sacramento/San Joaquin Delta and its tributaries. The review also considered alternative fish counting
technologies such as the Vaki Riverwatcher (Vaki Aquaculture Systems Ltd., Iceland), an infrared
scanning unit, usually paired with a high-resolution camera. Given the width of the river and the
resolution of both systems, the Riverwatcher was selected as the best monitoring approach for quantifying
adult steelhead escapement in the Salinas River. MCWRA consulted and received approval from NMFS
to substitute the Riverwatcher in lieu of the DIDSON to monitor adult steelhead escapement.
In 2011, the Adult Steelhead Escapement Monitoring Program (Program) was initiated. The Program
examines the abundance and characteristics of upstream migrating steelhead adults by operating a
portable resistance board weir (Weir) and Vaki Riverwatcher in the Salinas River. The objectives of the
Program, developed in coordination with NMFS, are as follows:
 Determine Salinas River Basin adult steelhead escapement.
 Characterize the migration timing of adult steelhead in the Salinas River and evaluate potential
relationships with environmental factors.
Study Area
The Salinas River is about 172 miles long from its headwaters in the Santa Lucia and La Panza Mountain
Ranges to its confluence with the ocean (Figure 1), while the lower Salinas River (below Salinas Dam,
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created in 1941) is 154 miles long. The Salinas River flows northwest through the Salinas Valley and
drains a watershed of about 4,780 square miles. Major tributaries listed in order from upstream to
downstream include the Nacimiento (confluence at RM 108.5), San Antonio (confluence at RM 104.5),
and the Arroyo Seco (confluence at RM 50) rivers (Figure 1). Each of these rivers are regulated by dams
with the exception of the Arroyo Seco River and all three rivers, generally, flow in a northeastern
direction from their headwaters to their confluence with the Salinas River. These three tributaries are
considered the “principal [steelhead] spawning areas and comprise some of the best spawning and rearing
habitats in the watershed” (Snyder 1913, Titus et al. 2002, Good et al. 2005 as cited by NMFS 2007).
Furthermore, all three have been designated, along with the Salinas River from the mouth upstream to 7.5
miles below Santa Margarita Lake, as Critical Habitat for SCCC Steelhead (NMFS 2007; note: only the
lower reaches of the Nacimiento and San Antonio rivers below their respective dams are designated). The
weir and Riverwatcher were located immediately downstream of the SRDF on the Salinas River at RM
2.75 (Figure 1).
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Figure 1. Map of the Salinas Basin displaying the location of the Salinas River Weir and other key points
of interest.
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Methods
Resistance Board Weir and Riverwatcher Fish Counting System
A combined resistance board weir and Vaki Riverwatcher fish-counting system (Riverwatcher system)
was installed in the Salinas River during November 29-30, 2012 at the same location established in 2011
(RM 2.75). Monitoring was initiated on December 1, 2012 and continued through April 1, 2013. Weir
configuration and operational procedures generally followed guidelines described in Cuthbert et al.
(2013). Once the weir was installed, components were inspected and cleaned at least once per week, and
more frequently when debris loads were heavy. For instance, the weir was inspected and cleaned at least
twice daily during a run-off event between December 25 and December 27, 2012.
A Riverwatcher system was used in conjunction with the weir to monitor fish passage without the need to
capture or handle fish. The Riverwatcher system is comprised of three main components: an infrared
scanner, a digital video camera with lights housed in a stainless steel camera tunnel, and a computer
system (Figure 2). The air-filled camera chamber that was borrowed from another entity in 2011 was not
available for use during 2012. This chamber improved video quality by reducing the amount of turbid
water between the camera and the subject.

Figure 2. Photograph of the Vaki Riverwatcher fish counting system components displayed on a custom fabricated stand.

The Riverwatcher system was attached to a fyke at an opening in the weir (Figure 3). As fish traveled
through an infrared field, the data was relayed to a computer system, which then generated infrared
silhouette images using the Winari database software (Figure 4). In order for the computer to record a fish
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passage event, two parameters were required: (1) the maximum depth of the object had to exceed 40 mm,
which reduced records of debris such as leaves and air bubbles in the water column, and (2) the fish must
completely pass both sets of diodes (i.e., if only the plane was broken, and then the fish fell backward, no
image was created and it was not interpreted by the computer as a passage event). The direction of
passage (upstream or downstream) is detected by the computer based on which set of infrared diodes was
triggered first (i.e., if the downstream diodes were triggered first, passage direction was recorded as
“upstream”; if the upstream diodes were passed first, passage direction was recorded as “downstream”); a
summary of passages was produced each day.
A standard width Riverwatcher scanner (scanner plates are spaced 35 cm apart) produces 100% detection
efficiency at turbidities up to approximately 90 NTU’s (Vaki pers. comm.). Higher turbidities can
interfere with diode connection. The Salinas Basin is known to have relatively high turbidity and during
high turbidity events the scanner plates were moved closer together until all diodes were connected
(Figure 5). The closest spacing of the scanner plates was 16 cm apart.

Fyke

Figure 3. Photograph indicating the placement of the fyke between the passing chute and the Riverwatcher fish counting
system security box.
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Figure 4. Example of good (left) and poor (right) silhouette images of steelhead produced from both sets of scanner diodes
(one image from one set of diodes is displayed in blue and the other is displayed in red).

Figure 5. Photograph of the Riverwatcher scanner width adjustment plate.

Since debris or animals other than those of interest to this study can trigger the diodes, scanned infrared
silhouettes and video images were reviewed daily to ensure that only fish passage events were included in
the overall passage counts (Figure 6). Video images were used to identify fish to species, determine
condition, gender, confirm size estimation, and check for presence/absence of the adipose fin (Figure 7).
The Riverwatcher system also recorded the time, speed, direction of passage, and the body depth of each
passing fish from which total length was estimated based on a body depth/length ratio.
After each passage record was identified to species, data was exported into an Excel spreadsheet and
additional characteristics (e.g. fish condition, total length, silhouette quality, video quality, and
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identification certainty) were recorded for all fish passages. Additional details (e.g., gender and
presence/absence of ad-clip) were recorded for each steelhead passage.
Silhouette quality and video quality were used to qualitatively describe the certainty of the passage
identification. An image was ranked as “poor” when it was difficult to identify any of the morphological
features typically used to positively identify a image as steelhead (e.g. adipose fin, body shape, fin
location relative to body shape, presence of a kipe on a male’s jaw). A “fair” ranking was assigned when
there was at least one clear morphological feature was identifiable in the image, and a “good” ranking
indicates that the majority of the morphological features were identifiable in the image.
Identification (ID) certainty was ranked according to the following criteria (Table 1):
 a “positive” ID was assigned to a passage with a “good” video coupled with any silhouette
ranking or “fair” video coupled with a “good” silhouette ranking,
 a “very likely” ID was assigned to a passage with a “fair” video coupled with a “fair” or “poor”
silhouette or a “poor” or no video coupled with a “good” silhouette,
 and a “likely ID was assigned to a passage with a “poor” or no video coupled with a “fair” or
“poor” silhouette.
See Appendix A for examples of silhouette and video rankings with the associated ID certainty using
Table 1. The daily passage counts, as well as the season total abundance, consisted of net upstream
passages (upstream passages minus downstream passages).
Table 1. ID certainty decision matrix for the ranking of Riverwatcher passage identification certainty. P = Positive, VL =
Very Likely, and L = Likely.

Video Quality

Silhoutte Quality
Good

Fair

Poor

Good

P

P

P

Fair

P

VL

VL

Poor

VL

L

L

None

VL

L

L
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Figure 6. "Screen Shot" of a waterfowl (likely a Western grebe) identified in a video clip using the Salinas River Weir
Winari database.

Figure 7. Screen shot of a Sacramento sucker identified in a video clip using the Salinas River Weir Winari database.
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The Riverwatcher system estimates total length based on the depth of the fish and a length coefficient.
Due to the lack of site-specific morphometric data for adult steelhead and other fish observed in the
Salinas River, a user-defined coefficient was derived from body depth to total length ratio from
measurements of trapped fish and carcasses taken at the Stanislaus River Weir (Table 2). The coefficient
was derived by the following equation:

where, l is the length coefficient, tl is the total length, and d is the body depth of the measured fish. The
mean of the coefficients (lm) of all the measured fish was then used to estimate total length of the fish
recorded by the Riverwatcher system using the following equation:

where, L is the estimated total length, D is the body depth measured by the Riverwatcher system, and lm
is the mean of coefficients (Table 2). The user-defined coefficient for each species was applied to body
depths estimated for each fish observed at the Salinas River Weir to estimate total length of each
individual.
Table 2. User defined length coefficient means from 2003 through 2009 Stanislaus River Weir trapping and carcass data.
Asterisk indicates the samples (n) and length coefficient were obtained from largemouth bass measurements.
Species Name
Common Name
n
Length Coefficient
Cyprinus carpio
carp
17
3.7
Carassius auratus auratus
goldfish
6
3.0
Micropterus salmoides
Largemouth bass
3
3.7
Catostomus occidentalis
Sacramento sucker
57
5.6
Oncorhynchus mykiss
steelhead
31
4.8
Morone saxatilis
striped bass
25
4.5
Micropterus spp.
Unidentified bass
3*
3.7*
Unidentified
unidentified
6.0

Monitoring Environmental Factors
Physical data collected during each weir check included water temperature (°F), dissolved oxygen
(mg/L), turbidity (Nephelometric Turbidity Units; NTU), weather conditions, and water velocity (ft/s)
measurements at the opening of the livebox. Instantaneous water temperature and dissolved oxygen were
recorded using an Exstick II model DO600 Dissolved Oxygen Meter (Extech Instruments Corporation,
Waltham, Massachusetts, USA). Instantaneous turbidity was recorded using a model 2020e Turbidimeter
(LaMotte Co., Chestertown, Maryland, USA), and instantaneous water velocity was measured using a
digital Flow Probe model FP-101 (Global Water Instrumentation, Inc., Gold River, California, USA). Due
to infrequent weir checks, instantaneous physical data was generally recorded once per week.
Daily average water temperature was calculated from data that was logged hourly using a submersible
temperature logger (Hobo Water Temp Pro V2, Onset Computer Corporation, Pocasset, MA). Daily
average Salinas River flows (cubic feet per second; cfs) were downloaded from the United States
Geological Survey (USGS, station 1152500) “Waterwatch” website (http://waterwatch.usgs.gov).
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Timing of lagoon opening was estimated by MCWRA operation and maintenance staff based on visual
observations and review of water surface levels in the lagoon recorded by pressure transducers. If the
lagoon level started to rise, the lagoon was determined to be closed, and if the lagoon level fluctuated
(resembling a tide change) the lagoon was determined to be open (pers. comm. Clayton Leal, MCWRA).
Results
Steelhead abundance, migration timing, and size
Between December 1, 2012 and April 1, 2013, 63 steelhead passage events were detected by the
Riverwatcher system at the Salinas River Weir (53 upstream passages and 10 downstream passages),
resulting in a net upstream total of 43 adult steelhead (Table 2). Daily passage ranged between zero and
eight steelhead (Figure 8).
Image quality of infrared silhouettes identified as steelhead (n=63) was variable: with 6.3% ranked as
“good”, 73.1% ranked as “fair”, and 20.6% ranked as “poor” (Table 2; Appendix A). Video quality for
upstream Riverwatcher passages identified as steelhead (n=42); videos are not recorded for downstream
passages) ranged from “fair” to “poor” with 11.9% ranked as “fair”, and 88.1% ranked as “poor “. Of the
63 passages identified as steelhead, 14.3% were classified as “very likely” identifications (VL), and
85.7% “likely” identifications (L)(Table 3).
Steelhead total lengths estimated by the Riverwatcher system ranged from 216 mm to 682 mm (mean =
531 mm; Figure 9). Estimated total lengths are influenced by fish passage direction (upstream versus
downstream) and orientation to the scanner; whereby, fish passing downstream through the scanner tend
to have a non-favorable orientation for the recording of pertinent data used in the calculation of length
estimates. Therefore, only length estimates from upstream fish passages were used in analysis (i.e.
minimum, maximum, and average lengths).
Table 3. Individual steelhead passage data between December 1, 2012 and April 1, 2013. Note: asterisk indicates that
there was no video recorded for an upstream passage.

Date

Time

Total Length
(mm)

Passage
Direction

Silhouette
Quality

Video
Quality

ID Certainty

12/7/12

23:23

494

Up

FAIR

POOR

L

12/8/12

1:35

422

Up

FAIR

POOR

L

12/8/12

15:57

576

Up

GOOD

POOR

VL

12/9/12

0:57

418

Down

FAIR

NONE

L

12/9/12

14:52

547

Down

FAIR

NONE

L

12/9/12

21:07

562

Up

FAIR

NONE

L

12/9/12

21:07

614

Down

FAIR

NONE

L

12/9/12

23:41

533

Up

FAIR

NONE

L

12/10/12

11:53

586

Up

FAIR

POOR

L

12/10/12

12:08

648

Up

FAIR

POOR

L

12/10/12

12:39

562

Up

FAIR

POOR

L
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Date

Time

Total Length
(mm)

Passage
Direction

Silhouette
Quality

Video
Quality

ID Certainty

12/10/12

12:58

547

Up

FAIR

POOR

L

12/10/12

13:20

624

Up

FAIR

POOR

L

12/10/12

13:37

682

Up

FAIR

POOR

L

12/10/12

15:42

614

Up

FAIR

POOR

L

12/10/12

19:35

518

Up

POOR

POOR

L

12/11/12

0:49

610

Up

POOR

POOR

L

12/11/12

0:50

523

Down

POOR

NONE

L

12/11/12

9:13

490

Down

FAIR

NONE

L

12/11/12

9:44

456

Up

POOR

NONE

L

12/12/12

12:58

557

Up

FAIR

POOR

L

12/13/12

13:02

528

Up

FAIR

POOR

L

12/29/12

8:44

418

Up*

FAIR

NONE

L

12/29/12

14:50

480

Up*

FAIR

NONE

L

12/29/12

21:23

619

Up*

FAIR

NONE

L

12/30/12

21:47

566

Up*

FAIR

NONE

L

1/4/13

3:43

547

Up*

POOR

NONE

L

1/4/13

17:22

528

Up*

POOR

NONE

L

1/5/13

20:55

658

Up*

FAIR

NONE

L

1/14/13

8:25

509

Up

FAIR

POOR

L

1/18/13

16:02

629

Up

FAIR

POOR

L

1/21/13

4:26

523

Up

FAIR

FAIR

VL

1/21/13

4:26

466

Down

FAIR

NONE

L

1/21/13

9:53

528

Up

FAIR

POOR

L

1/21/13

17:25

470

Up

FAIR

FAIR

VL

1/21/13

17:25

442

Down

FAIR

NONE

L

1/21/13

17:45

528

Up

FAIR

POOR

L

2/11/13

4:28

221

Up

POOR

FAIR

VL

2/11/13

7:59

216

Up

POOR

FAIR

VL

2/13/13

0:20

566

Up

FAIR

POOR

L

2/13/13

14:50

528

Up

FAIR

POOR

L

2/15/13

8:34

590

Up

FAIR

POOR

L

2/15/13

14:07

490

Up

FAIR

POOR

L

2/22/13

12:53

547

Up

GOOD

POOR

VL

2/22/13

19:53

475

Up

FAIR

POOR

L

2/22/13

19:54

542

Down

POOR

NONE

L

2/24/13

9:39

600

Up

FAIR

POOR

L

2/24/13

17:20

562

Up

FAIR

POOR

L

2/26/13

10:42

461

Up

POOR

POOR

L

2/26/13

11:21

610

Up

POOR

POOR

L
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Date

Time

Total Length
(mm)

Passage
Direction

Silhouette
Quality

Video
Quality

ID Certainty

3/1/13

6:20

514

Up

POOR

POOR

L

3/1/13

7:36

581

Up

GOOD

POOR

VL

3/2/13

10:44

590

Up

GOOD

POOR

VL

3/2/13

10:44

571

Up

FAIR

NONE

L

3/2/13

10:44

581

Down

FAIR

NONE

L

3/2/13

11:35

566

Up

FAIR

POOR

L

3/2/13

11:38

538

Up

FAIR

POOR

L

3/2/13

11:39

504

Up

FAIR

POOR

L

3/4/13

3:49

590

Up

FAIR

POOR

L

3/4/13

14:30

557

Down

POOR

NONE

L

3/4/13

19:15

442

Up

FAIR

POOR

L

3/5/13

14:07

490

Up

FAIR

FAIR

VL

3/5/13

21:08

576

Up

FAIR

POOR

L

Adult Steelhead Escapement Monitoring – 2013 Annual Report

12

Figure 8. Daily net upstream steelhead passage recorded at the Salinas River Weir in relation to daily average flows (cfs) recorded in the Salinas River at Spreckels and
in the Arroyo Seco River near Soledad from December 1, 2012 through April 1, 2013 [Data source USGS]. Note: Shaded area indicates periods when the Salinas River
Lagoon was connected to the Pacific Ocean.
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Figure 9. Individual steelhead length estimates and detection date. Note: steelhead are typically considered adults when
length is ≥300 mm.

Non-salmonids
At least five non-target fish species were identified passing the weir, including common carp (Cyprinus
carpio), goldfish (Carassius auratus auratus), largemouth bass (Micropterus salmoides), Sacramento
sucker (Catostomus occidentalis), and striped bass (Morone saxatilis) (Table 4). In addition, there were
646 unidentified fish passages (Table 4). Other types of organisms recorded passing the weir by the
Riverwatcher system included otters and waterfowl. The Riverwatcher also recorded a net upstream count
of 27 passages (320 upstream and 293 downstream) that were categorized as not fish.
Table 4. Non-salmonid fish passage summary from December 1, 2012 through April 1, 2013 including species, mean
length (length range, mm) and net upstream passage counts. Note: length estimates were used from upstream passages
only.
Common Name
Common Carp
Goldfish
Largemouth Bass

Scientific Name
Cyprinus carpio
Carassius auratus auratus
Micropterus salmoides

Mean TL (mm)
474 (414-551)
216 (126-384)
333

# Measured
17
18
2

Net Passage
15
16
0

Sacramento sucker

Catostomus occidentalis

311 (224-907)

831

377

Striped bass

Morone saxatilis

426 (248-590)

4

2

Unidentified bass
Unidentified

Micopterus spp.
Unidentified

313 (167-396)
364 (240-858)

23
432

17
218
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Environmental Factors
Between December 1, 2012 and April 1, 2013, daily average flow in the Salinas River at Spreckels (RM
11) ranged from zero (0) cfs to 787 cfs (average: 43 cfs). Daily average flow in the Arroyo Seco River
near Soledad varied between 36 cfs and 2990 cfs (average: 192 cfs; see Figure 8). The sandbar separating
the Salinas river lagoon from the ocean opened on December 4, 2012 and remained open until December
21, 2012, opened again on December 26, 2012, and remained open until January 28, 2013 (Figure 8).
Daily average water temperature at the weir ranged from 38.7˚F to 65.2˚F (season average: 53.4˚F).
Instantaneous water temperatures measured at the weir ranged from 41.3˚F to 69.4˚F (season average:
52.3˚F; Figure 10), instantaneous turbidity varied between 6.84 NTU and 1330 NTU (season average:
199.4 NTU; Figure 11), and instantaneous dissolved oxygen ranged from 6.76 mg/L to 14.8 mg/L (season
average: 10.8 mg/L; Figure 12).
On most days during the monitoring period, instantaneous turbidity was less than 50 NTU’s. However,
instantaneous turbidity was extremely high (>90 NTU’s) for 15 days between November 30, 2012 and
January 11, 2013. During these high turbidity events, the scanner plates were moved up to 14 centimeters
closer together than the standard spacing to improve detection efficiency (Figure 5).

Figure 10. Daily net upstream steelhead passage recorded at the Salinas River Weir in relation to daily average water
temperature and instantaneous water temperature (°F) at the weir, December 1, 2012 through April 1, 2013.
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Figure 11. Daily net upstream steelhead passage recorded at the Salinas River Weir in relation to instantaneous turbidity
(NTU), December 1, 2012 through April 1, 2013.

Figure 12. Daily net upstream steelhead passage recorded at the Salinas River Weir in relation to instantaneous dissolved
oxygen (mg/L), December 1, 2012 through April 1, 2013. Note: a combination of infrequent weir checks and
malfunctioning of the dissolved oxygen meter resulted in a low number of data points.
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Discussion
Steelhead abundance, migration timing, and size
The 2012/2013 monitoring season was the third season of adult steelhead migration monitoring on the
Salinas River at the SRDF site (RM 2.75), and the second season that the weir operated during the entire
monitoring period (December 1 through March 31) established by the Biological Opinion (NMFS 2007).
From December 1, 2012, through April 1, 2013, the Riverwatcher system recorded a net upstream
passage of 43 adult steelhead, which was the largest net upstream count of steelhead passages over the
three seasons of weir and Riverwatcher monitoring (Table 5). Steelhead moved upstream during three
relatively distinct periods in early December, early January, and February. Similar to the findings of
McEwan and Jackson (1996), the first two periods followed run-off events in late November and late
December and corresponded to periods when the lagoon was open providing access to the Salinas River
from the Pacific Ocean. The third period occurred during February when there was no access to the
Pacific Ocean. It is not clear how many of the fish observed during any of the three movement periods
entered from the Pacific Ocean and how many may have been estuary run fish that oversummered in the
lagoon. Based on observations in 2011/12 when there was no access to the lagoon from the Pacific Ocean,
but similar sized fish were found migrating upstream from late January through March, we suspect that
fish could be successfully over-summering in the lagoon and/or fish are migrating from the Pacific Ocean
to the lagoon via Elkhorn Slough. It is also possible that fish that entered the lagoon early the migration
period, reared in the lagoon for a period of time prior to continuing their migration up river. This echoes
recent findings from seasonal seining surveys conducted by Hagar Environmental Services for MCWRA
which captured sub-adult steelhead in the lagoon during 2011 and 2012 between April and October (HES
2013). However, no steelhead were captured in the lagoon during sampling conducted in most years
between 1990 and 2010 (HES 2013). It is unclear if recent captures may be due to improved conditions in
the lagoon resulting from operation of the SRDF beginning in 2010 or perhaps due to increased
abundance.
Although the Salinas River connected to the Pacific Ocean (via the sanbar opening) during the 2012/13
season and fish were observed migrating upstream of the weir, it is not known where these fish migrated
to after being detected at the weir. Although the run-off from storm events during the 2012/13 monitoring
period were insufficient to sustain prolonged periods of connectivity between the Arroyo Seco and
Salinas River, there were two distinct periods (early December and opportunistically between the end of
December and the end of January) that likely provided sufficient opportunities for adult steelhead to
migrate to spawning habitat in the Arroyo Seco.
Table 5. Seasonal monitoring dates and adult steelhead passage counts. Asteriock indicates a DIDSON was used between
February 17, 2011 and March 31, 2011 due to weir and Riverwatcher complications.
Monitoring
Upstream
Downstream
Net Upstream
Season
Passages
Passages
Passages
Start Date
End Date
2010/11*
1/19/2011
2/17/2011
18
5
13
2011/12
11/30/2011
4/2/2012
19
2
17
2012/13
12/1/2012
4/1/2013
53
10
43
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Factors affecting image quality
New methods were developed for ranking silhouettes, videos, and identification certainties in 2012/13
and the new methods were applied to 2010/11 and 2011/12 steelhead data for comparison. Silhouette
quality was slightly lower during 2012/13 relative to previous years and this is likely due to the extremely
turbid conditions during 2012/13 (Table 6). Video quality was low during 2012/13 relative to 2011/12
due to higher tubidities in 2012/13 relative to 2011/12 and the use of the Air Filled Chamber camera
housing in 2011/12 that was not available 2012/13. Low quality video imagery in 2012/13 resulted in a
lower percentage of “Very Likely” identifications and no “Positive” identifications.

Table 6. Proportion of silhouettes ranked as "good" and percent of passage for which identification certainty was “Very
Likely” or “Positive”. Parenthesis indicates range.
% of Videos
Steelhead % Identification Certainty
Ranked as
% of Silhouettes
“Fair” or
Ranked as “Fair”
Monitoring
Average Turbidity
“Good”
or “Good”
Season
(NTU’s)
“Positive”
“Very Likely”
“Likely”
2010/11
90.0%
0.0%
0.0%
5.0%
95.0%
84.7 (15.9-819.0)
2011/12
85.7%
76.2%
19.0%
66.7%
14.3%
33.6 (8.4-147.0)
2012/13
79.4%
11.9%
0.0%
14.3%
85.7%
199.4 (6.8-1,330.0)

Observations of non-salmonids
In addition to providing information on migrating adult steelhead, the weir also provided information on
the movement and sizes of five non-salmonid fish species observed passing the weir. Although positive
net upstream passage suggests that each of the species were moving upstream through the weir at a much
higher rate than downstream, there were many upstream (n=320) and downstream (n=293) passages that
were identified as not fish due to the poor silhouette and video quality that may have been misidentified.
Our experience suggests that downstream passages result in a higher percentage of poor silhouettes;
therefore, we suggest that many of the “not fish” downstream passages identifications were fish passages
that produced silhouettes that were so poor they did not warrant a unknown fish identification.
Recommendations
Based on the objectives of the Salinas River Fisheries monitoring program and results from Salinas River
adult steelhead escapement monitoring we suggest the following recommendations.

•
•
•

Continue monitoring adult steelhead using the Weir and Riverwatcher at the same
location encompassing the monitoring period described in the biological opinion.
Fabricate or purchase an air filled chamber, similar to the one borrowed in 2011/12, to
increase video quality and improve ID certainty.
Intermittent operation of a trap at the weir is recommended and could allow fish to be
tagged and tracked to determine where they migrate to and at what rates relative to
instream conditions. Benefits of intermittent trap operation would also include the ability
to confirm fish identification and detection efficiency during periods of extreme turbidity;
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provide basin specific fish depth to length ratios to compare to those borrowed from the
Stanislaus River; and to collect scale and tissue samples to determine growth rates and
life history expression to complement adult and juvenile abundance and migration data
collected. For example, Bond et. al. (2008) found that the scale morphology of returning
adult steelhead in Scott Creek indicates that there is a strong size-dependent mortality at
sea. Steelhead smolts that remained in the estuary post sandbar formation had growth
rates that resulted in a near doubling of forklength through the summer, which proved to
be an advantageous life history survival mechanism.
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Appendix A. Examples of silhouette and video rankings with associated ID certainties using Table
1.

Figure A-1. Example of a steelhead passage with a “Fair” silhouette ranking and “Poor” video ranking that resulted in a
“Likely” ID certainty. Note: Although there is possibility that steelhead could be adipose-fin clipped (suggesting hatchery
origin), this silhouette would have received a “Good” ranking if the adipose fin was properly recorded by the
Riverwatcher, as well as, a more defined morphology of the body shape. Also, a better video could have provided
confirmation of adipose-fin clip.

Figure A-2. Example of a steelhead passage with a “Fair” silhouette ranking and “Fair” video ranking that resulted in a
“Very Likely” ID certainty. Note: This video would have received a “Good” ranking if it would have been easier to
ascertain the sex of the fish and if visibility were improved for confirmation of steelhead vs. another salmonid species.
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Figure A-3. Example of a steelhead passage with a “Good” silhouette ranking and “Poor” video ranking that resulted in a
“Very Likely” ID certainty. Note: This silhouette received a “Good” ranking because of the clear depiction of the body
morphology and adipose-fin. This steelhead passage would have scored a “Positive” ID certainty if the video was clear
enough to confirm steelhead vs. another salmonid species.

Figure A-4. Example of a steelhead passage with a “Poor” silhouette ranking and “Poor” video ranking that resulted in a
“Likely” ID certainty. Note: Although, this steelhead passage received a “Poor” silhouette and video ranking it was
identified as a steelhead passage due to the timing of the passage coincideing within hours of another steelhead passage
and video does display an unclear silvery colored flash moving through the camera’s field of view that is consistant with
the flash of the silvery color of the body of a steelhead.
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Introduction
Hydroelectric Plant Emergency Repair Summary
The Nacimiento Hydroelectric Plant is owned and operated by the Monterey County Water Resources
Agency (MCWRA) and is located at the downstream toe of the Nacimiento Dam. The hydroelectric
plant’s primary hydropower turbine, Unit No.1, sustained damaged due to a foreign object (sea-pot
pressure equalizer from a reservoir intake valve actuator) passing through the penstock, scroll-case, and
into the turbine runner in September 2012. The damage was discovered after Unit 1 shut down due to
over-vibration. The unit was then inspected to determine the cause and extent of the damage. After
initial inspection, a repair plan was developed to bring the unit back into service. The repair plan
included equipment disassembly and damage evaluation, equipment testing and repair, reassembly,
start-up testing and commissioning. During the equipment disassembly and damage evaluation portion
of the work, it was discovered that some damaged plant components needed repair or replacement
beyond the contractor’s initial scope of work.

In addition, due to the in-depth nature of the

disassembly, it was found that some items required repair or replacement that were not related to the
damage caused by the foreign object, but were the result of old age and normal wear and tear. It was
judged more economical to repair/replace those items while a contractor was on-site and the plant was
off-line and disassembled, rather than to re-mobilize a contractor and remove the plant from service at
a later date to perform such work. Start-up testing and commissioning of Unit 1 was completed August
29, 2013. Testing of Unit 2 was completed September 5, 2013. Normal operations of the hydroelectric
plant have occurred since that time.

Dry Penstock & Bypass Pumping during Periods of Penstock Exposure
For the safety of personnel working inside the hydroelectric plant, the penstock (pipeline from the
reservoir to the hydroelectric turbine) was isolated at its upstream and downstream ends (by closing the
valves at the reservoir inlet and by closing the plant turbine shut-off valve, respectively), and draining
the pipeline between those two points. This operation became known as penstock “double-block-andbleed.” Double-block-and-bleed was performed when personnel were working inside the hydroelectric
plant when water could not be safely contained within the scroll case/downdraft tube, when performing
crane operations with heavy loads inside the plant, and to comply with State of California, Department
of Industrial Relations, Division of Occupational Safety and Health (DOSH), better known as Cal/OSHA,
confined space entry regulation Section 5157 (Appendix A). Double-block-and-bleed allowed the safest
working condition during times of open scroll case/downdraft tube by providing two barriers to water
3

entry and a means of penstock pressure relief if the upstream valves failed. Bypass pumping was
performed during times of double-block-and-bleed to maintain flow in the Nacimiento River below the
dam, as described in the Bypass Pumping section of this report.

South Central California Coast Steelhead
Steelhead are the anadromous (ocean going) form of rainbow trout (Oncorhynchus mykiss). These fish
have a complex life history including ocean maturation, freshwater spawning, and variable stages of
freshwater rearing. Steelhead throughout their native range have experienced a population decline as
a result of anthropogenic changes to the environment. Though all steelhead are the same species, their
discrete life history requirements between geographically distinct populations prompts a classification
known as distinct population segments (DPS) (NMFS, 2012). Under the Endangered Species Act of 1973
(ESA) DPS qualify for protection as a separate species. California has eight DPS for steelhead, each with
either State or Federal protection. In Monterey County the DPS of steelhead is the South Central
California Coast (SCCC) Steelhead (Moyle, Israel, and Purdy, 2008). This DPS is federally listed as a
threatened species. Under the ESA, threatened species are “a species that is likely to become in danger
of extinction within the foreseeable future throughout all or a significant portion of its range” (United
States Government, 2003).

The Nacimiento River is considered critical habitat for SCCC-Steelhead (NMFS, 2012). During the
timeframe of the work period the river is potentially serving as summer rearing habitat for juvenile
SCCC-Steelhead. During summer rearing, juvenile SCCC-Steelhead seek refuge in deeper cooler portions
of the stream, with adequate thermal refugia. The arid conditions present in the Nacimiento river
watershed, make thermal refuge an important factor for survival of SCCC-Steelhead. As mentioned
above, the Hydroelectric Emergency Repair project required various flow reductions during the work
period which could limit thermal refuge or dewater beneficial habitat. During flow reductions or
cessation, juvenile salmonids can be isolated from the main river channel and become physically
trapped in off channel pools and channels that were previously connected under high flows. Stranding
can lead to direct mortality as wetted areas drain or dry back. Mortality can occur indirectly by exposing
the stranded fish to predation and through issues associated with water quality (temperature increase)
(Revanak and Kilmalam, 2013).

Prior to commencing the Emergency Repair Project flow fluctuation the National Marine Fisheries
Service (NMFS) was consulted.

NMFS is a subsidiary of the National Oceanic and Atmospheric
4

Administration, and is responsible for the management, conservation, and protection of living marine
resources and insuring compliance to federal regulation. They expressed concerns in regards to the
Emergency Repair Project and recommended mitigation measures be put in place to minimize the
chance of take of SCCC-Steelhead. Through verbal discussions with NMFS, it was determined that an
evaluation of the river under different flow regimes would provide insight to the potential impacts
associated with flow reductions. Under NMFS recommendation a Low Flow Evaluation was performed.
After the evaluation it was determined that the impacts associated with isolation and stranding could be
mitigated by the use of bypass pumping, restoring flows after the work period, and conducting daily
stranding surveys. These precautions limited the potential impacts to population of SCCC-Steelhead and
lead to no instances of take during the work period.

A summary of all actions during the Hydroelectric Emergency Repair Project is presented below. All task
performed by the Agency were implemented to reduce the potential of take of SCCC-Steelhead. These
actions helped preserve a sensitive population and maintain compliance with federal law.

Low Flow Evaluation
In order to adequately assess potential impacts associated with habitat reduction and stranding an
evaluation of channel conditions was performed. Channel conditions were evaluated at approximate
flows of 60 and 30 cubic feet per second (cfs) and during bypass pump flow release. The 60 cfs survey
serves as a baseline for habitat conditions. The pump flow release survey occurred on the first day of
pump flow release (June 3, 2013). A follow up evaluation of stable bypass pump flow in the most
upstream reach was conducted on August 15, 2013.

To assess available habitat and stranding potential, wetted width and depth profiles were measured.
The wetted width was measured at each transect. Wetted width was measured from water’s edge to
water edge, perpendicular to stream flows in feet.

Depth profiles (in feet) were conducted

perpendicular to flow at each transects. Measurements occurred at approximately 10 equidistant
points along each transect. Optical evaluations of potential stranding sites (low gradient gravel bars,
side channels, shallow pools, etc.) were noted and evaluated.

Flow releases of 60 cfs are lower than what is historically released during May and June. Historically, the
Nacimiento River experienced flows over 400 cfs for most of the summer and has seen winter flows
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exceed 8,000 cfs. Due to the seasonal variation in flows, low gradients, and unstable geomorphology
the streambed is complex with multiple channels and braiding. At 60 cfs stream braiding is limited and
most of the flow is concentrated in a primary channel. Stream braids present at 60 cfs were limited to
small mid-channel vegetated islands and did not consist of complex side channel with high stranding
potential. Areas with channel complexities and adequate depth for summer refugia were present
throughout the length of the river, but the most beneficial habitat is located within the first 6.0 km
downstream of the dam. In most portions of the river the thalweg is clearly defined. The stream
margins mid-system are shallow and expansive. This is associated with low gradients and ability to
spread and fill the entire channel. The stream margins offer minimal beneficial rearing habitat, but were
accounted for in the width measurement.

During the survey conducted at 30 cfs, the reduction in wetted width was recognizable as flows were at
60 cfs the day prior. Defining the true wetted portion of the channel was difficult, due to water that was
retained within the substrate. Separating residual water from what was created due to flow resulted in
variation in measurements and contributed to the inability to draw comparisons between flow releases.
A visible reduction in wetted width was seen at all sites, but the actual reduction of available beneficial
habitat was negligible. Flow followed the same course at 30 cfs as it did at 60 cfs, with all braids
remaining wetted.

No isolation of side channels, and minimal pooling along the stream margin

occurred. Site 5 (8.0 km downstream of the dam) experienced the most visible reduction of wetted
width and stream margin pooling. The areas of reduced width and pooling were not beneficial summer
rearing habitat at 60 cfs, so the results were a loss of wetted streambed that does not impact fish
habitat.

Thirty cfs flow provided connectivity through the entire length of the Nacimiento River, and showed
very little variation in terms of stream course compared to 60 cfs releases (figure 1). Wetted width was
reduced, but potential areas of stranding were limited. Thirty cfs flow allowed for adequate summer
refugia.
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Figure 1: Site 1A of the low flow evaluation under 60 and 30 cfs flow regimes.

The measurements conducted during bypass pump flow releases were not representative of releases
during the entire work period. Measurements were conducted on the first day pump flows were
established. There was uncertainty about how the pump flow would react after reaching the plunge
pool. The presence of the road crossing caused water to be directed to a culvert. The culvert restricted
the volume exiting the plunge pool to the river, and caused pump flow to be used to fill the plunge pool
and not flow to the river. These issues were considered and changes were made for the next pump flow
period. The conditions seen and measured are to be considered as a worst case scenario, in terms of
pump flow release.

During pump flow releases, a reduction of wetted width was seen throughout the entire length of the
river. The wetted width reduction was muted as distance progressed downstream from the dam. This
was a result of travel time of the flow reduction and the fact that the flows did not stabilize for an
extended period of time. Under the pump flow conditions, a low flow channel established at many
reaches, but it followed the same course seen at both 30 and 60 cfs. In August, a depth profile was
collected at the site nearest to the pump flow discharge (Site 1A) during optimal pump flows (14 cfs). A
reduction in wetted width was seen, but the low flow channel did not develop and channel shape
resembled stable 30 cfs flows (figure 2).
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Figure 2: Site 1A of the Low Flow Evaluation under 30 cfs and bypass pump flow regimes.

The pump flow release did not cause the stream braids to dry back or change course. Off channel
pooling was not present, but isolation along the stream margin did occur. In reaches with less incised
channels the reduction of wetted width was more pronounced. These areas did not have adequate
rearing habitat at 30 or 60 cfs. In stream reaches with adequate depth and cover for summer refugia the
impacts associated with the flow reduction were not as visible due to the incised nature of the banks.
The pump flow release provided adequate flow to reaches downstream of the dam. Deep pools and
areas of adequate summer refugia remained wetted and had depths to support fish during the work
period. From the data collected it was determined that raising the flow back to 60 cfs after the work
period would not increase stranding potential. During the work period it was recommended to alter
flows between pump flow release and 30 cfs as a precautionary measure, but if needed flows could be
raised to 60 cfs with no adverse effects.

The Low Flow Survey provided information that showed that flow in the Nacimiento River would not be
reduced to a point that negatively impacted steelhead. Areas of deep water refugia were present at low
flow levels and connectivity remained throughout the river. The pump flow release reduction is a slow
process that limits stranding potential, and does not drain deep pools (figure 3). The habitat that is lost
due to flow reduction is along the stream margin and not beneficial habitat. The complete Low Flow
Evaluation Report can be seen in Appendix B.
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Figure 3: Approximately 4.8 km downstream during the low flow period (6/20/2013). Depth exceeded 4.5 ft.

Bypass Pumping
Initial Bypass Pumping Array
The initial pumping that started on June 3, 2013, occurred from the approach channel of the spillway
through the high level gates. Water was pumped from the spillway approach channel, using three 6 inch
Godwin CD150M diesel trailer mounted pumps (from Pacific Machine Co.), through the high-level outlet
gates down the spillway (figure 4 and 5). Water then flowed through the spillway plunge pool and to an
outlet culvert. The size of the culvert limited the flow of water to the Nacimiento River and caused flow
in the river to drop to its lowest point during the project. This issue was corrected on the next bypass
pumping day (June 10, 2013) by closing the culvert and allowing the plunge pool to fill the day prior to
shutting flows at the low-level outlet works and adding an additional 6 inch diesel pump to pump water
through the high-level gates (figure 5). This allowed water to flow over the road surface at a higher rate
to the river. This improved downstream flow conditions and eliminated lag time between establishment
of pump flows and the reduction of flow from the low level outlet works. Full pump flow began one
hour prior to scheduled shutdown from the low level outlet. Flow produced by this Initial Bypass
Pumping Array was approximately 10 cfs at the USGS gage 11149400 below Nacimiento Dam.
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Figure 4: Emergency Hydroelectric Repair Project map of referenced locations.

Figure 5: View of Nacimiento River and Nacimiento Dam spillway with flow provided from three 6-inch pumps through the
high-level gates to the spillway (June 3, 2013).
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Figure 6: Intake hoses from four pumps drawing water from the spillway approach channel (June 2013).

Final Bypass Pumping Array
As the project proceeded, the reservoir water level decreased, due to the releases from the low-level
outlet works and bypass pumping through the spillway, to a level that produced vortexes above the
bypass pump inlets, causing reduction in flow and efficiency. The Agency then rented and installed four
pumps, pump-inlets and discharge piping at the main body of the reservoir near the mouth of the
spillway approach channel. The pumps consisted of two DV200C 8 inch trailer mounted pumps rented
from Rain for Rent, one Agency owned Godwin CD200M 8 inch trailer mounted pump and one Agency
owned Godwin CD150M 6 inch trailer mounted pump (figure 6). Pumps were moved to the main body
of the reservoir where head would not be an issue. Starting on July 8, 2013 water was pumped an
estimated 250 m (800 feet) through three 12 inch diameter pipelines (rented from Rain for Rent), along
the bank of the spillway approach channel, and over the top of the spillway (figure 7 and 8). This pump
array increased flow to the Nacimiento River from the Initial Bypass Pumping Array to approximately 12
to 14 cfs at the USGS gage 11149400 below Nacimiento Dam.
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Figure 7: Final Pumping Array - Four pumps drawing from the main body of the reservoir. Two Agency owned pumps are on
the right, two rented pumps are on the left.

Figure 8: Final Pumping Array-Four pumps and pipe extending along the spillway approach channel.
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Figure 9: Final Pumping Array-Discharge into the spillway from three 12 inch diameter pipes.

Flow Releases during the Work Period
During the three month work period, forty-two days (intermittently June 3, 2013 through September 5,
2013) required bypass pumping and flow reductions (figure 9). Of the forty-two days only eight days
experienced flow less than 10 cfs at the USGS streamflow gage 11149400 below Nacimiento Dam.
Thirty-four days exceeded 10 cfs, with pumps generating 14 cfs during optimal production. Variables
outside of the Agency’s control, such as diversion of surface water from Nacimiento River below
Nacimiento Dam by Heritage Ranch, contributed to flow reductions below the 10 cfs target. Due to
water demand for the Salinas Valley Water Project and lack of surplus water in San Antonio Reservoir,
higher flow releases from Nacimiento Dam low-level outlet works were increased to approximately 400
cfs during times that work was not occurring within the hydroelectric plant. The initial increase that
occurred July 3, 2013, was performed in one step from bypass pump flow to approximately 416 cfs. All
release increases following the July 3rd event were accomplished in two steps to allow for fish to
acclimate to increasing flow velocity. Flow decreases occurred over a two day span to not exceed the
100 cfs per 4 hour period requirement established by the National Marine Fisheries Service Salinas
Valley Water Project Biological Opinion. On September 4, 2013, flows were decreased at a rate greater
than 100 cfs per 4 hour period. This reduction rate triggered a stranding survey that commenced within
30 minutes of the flow reduction.
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Figure 10: USGS Nacimiento River near Bradley flow data during the work period

To insure the USGS streamflow gage data below Nacimiento Dam was reasonably accurate, flow
measurements were conducted by an Agency Biologist and Hydrologist. Flows were measured using an
Acoustic Doppler Velocimeter (Sontek Flow Tracker) at the high level outlet channel and again at the
USGS streamflow gage site below Nacimiento Dam at stable flows on June 11, 2013. The total discharge
at the high level outlet channel was 10.99 cfs. Approximately 3.1 km downstream, near the USGS gage,
total discharge was measured at 10.68 cfs. This measurement confirmed the accuracy of the USGS gage,
which provided a reading of 11.0 cfs at the time of measurement. These measurements confirmed that
bypass pump flows were moving through the system and that limited loss occurred as flow moved
downstream.

To assess the downstream travel time of reduced bypass pumping flow, two In-Situ MiniTroll Advanced
pressure transducers were deployed within the river at locations 8.85 and 17.10 km downstream of the
dam. These units recorded river water stage fluctuations from July 1, 2013 to July 3, 2013, at 15 minute
intervals. Sites were selected with uniform banks and adequate depth to accurately depict change in
14

river water stage.

Data for one complete low flow period was collected July 2 through July 3 (figure

10). This showed the diurnal river stage fluctuation during the work period and provided insight to the
downstream travel time of the flow reduction. This period showed fluctuations that occurred during a
reduction from 30 cfs to bypass pumping flow. This data is compared to data collected from the USGS
streamgage below Nacimiento Dam. The data suggests that the flow reduction during hydro-plant work
periods takes several hours to reach its lowest flow. The gradual nature of the reduction is magnified
further downstream from the dam. The declined portion of the 17.10 km site line seen prior to the
penstock dewatering indicates that the flow was still on an inclining limb from the flow increase the
previous day. The gradual decline observed decreases the risk of stranding by allowing fish to sense the
flow reduction and move to areas of adequate depth. Aside from the gradual flow reduction, it appears
that overall changes in stage height are reduced as distances increase downstream. This is indicated by
the gradual slope of the line.

Figure 11: Nacimiento River Stage Data at the USGS Gage, 8.85 and 17.10 km downstream of the dam (July 2-3, 2013).

River Conditions during Hydroelectric Plant Commissioning Process
After completing hydroelectric plant repairs, the new equipment required a commissioning period to
ensure all operating mechanisms, including safety features, were fully functional. The commissioning
process started on August 28, 2013 and continued through August 30. Commissioning ceased for four
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days and continued September 4-5, 2013 (figure 11). All flow reductions due to hydroelectric plant
repair and commissioning work ended on September 5, 2013. The commission period required brief
increases in flow, followed by flow reductions and brief flow shutoffs necessary to test hydroelectric
plant control system emergency response. The flow augmentations and shutoffs were brief and often
did not show up on the USGS gage 3.10 km downstream of the dam. Bypass pump flow to the river
continued during the commissioning process, so flow did not drop below 10 cfs. Two fish monitoring
crews (four total monitors) were onsite during the commissioning process when flows were shutoff.
This allowed for more spatial distribution along the river and opportunity to move stranded fish if
necessary. The commission process never reduced flows below 18 cfs at the USGS stream gage below
Nacimiento Dam.

Figure 12: USGS Nacimiento River at Bradley flow data during the commissioning process.
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Stranding Surveys
Methods
All stranding surveys were conducted on foot, when the penstock was drained and bypass pumping
occurred and at any time flow reductions exceeded the 100 cfs in a 4 hour period requirement. The
surveys employed parallel transects with visual observation techniques with 1 to 2 person teams (figure
12). Between 1 and 2 teams were present on the river during a survey. The area of reduced wetted
width and any off channel pooling was systematically evaluated for the presence of stranded fish and
fish mortality. Survey timing was associated with the declining limb of the low flow period. Surveys in
the upstream reaches did not commence until flows from the penstock were reduced to a point that
created stranding potential. Fish that were isolated in areas with adequate swimming depth and low
water refugia were not relocated. Since flows were only reduced during the work window and
reinstated at the end of the day, it was determined that the added stress of relocation was not
necessary. Only fish found in pools with inadequate swimming depth and lack of refugia were moved.

Figure 13: Parallel transect survey being conducted approximately 2 km downstream of the dam.

Stranding potential was evaluated based upon channel geomorphology and observed reduction during
the low flow evaluations. Ariel images and visual assessments of the channel were used to assess
potential stream braiding and off channel pooling. This information provided insight to potential areas
of stranding and directed the efforts of the daily surveys. Any isolated pools that were inundated prior
to the work period were not evaluated under the Emergency Repair Project. Hyporheic zones and
elevated ground water contributed to pooling that was not a result of flow fluctuations. Based on data
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and observation collected during the low flow evaluation it was determined that the area most
susceptible to stranding is located within the first 2.0 km downstream of the dam, with the first 1.2 km
downstream being the most critical. This area experiences stable low flow periods during the work
window and has channel geomorphology that contributes to isolation and pooling. On every work day
surveys were conducted through this reach, but they did not occur throughout the entire system.
Surveys that exceeded 1.6 km downstream were conducted approximately every other low flow period
and after flows exceeded 400 cfs. During the surveys that exceeded 1.6 km downstream, sites were
systematically evaluated along the entire length of the river, with extra attention paid to low gradient
and expansive sections that experience reduction along the stream margin.

All areas of isolated pooling located off of the main river channel that were observed were evaluated
using methods adopted from California Department of Fish and Wildlife, Redd Dewatering and Juvenile
Stranding in the Upper Sacramento River 2012-2013 technical report. This method not only quantified
the size of the isolated pool, but created a standard for evaluating the area for survival potential. Fish
were considered likely to survive if adequate depth and refugia was present. Other variables such as
duration of isolation and current water quality conditions also contributed to survival opinion of likely.
Live fish confined in habitat isolated from main river flow were considered isolated and not stranded.
Fish both alive and dead observed above the waterline or found in areas that did not provide adequate
swimming depth were considered stranded (figure 13).

Figure 14: Live spotted bass (Micropterus punctulatus) stranded without adequate swimming depth.
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Stranding Survey Results
No SCCC-Steelhead mortality, stranding, or isolation was observed during the survey, or during any
phase of the Emergency Repair Project. No SCCC Steelhead were observed at any location along the
Nacimiento River. The native Sacramento sucker (Catostomus occidentalis), had the highest incident of
isolation and mortality during the work period. This species was also the most numerous observed in
the river with schools of adult fish exceeding 200 individuals in a pool or run (figure 14). In June, an
increase in juvenile fish (15.0-25.0 mm) (likely Sacramento suckers) was observed. These fish were in
their larval stage when the project commenced, and survived through the flow fluctuations. Other
native species such as three-spined stickleback (Gasterosteus aculeatus) and Sacramento pikeminnow
(Ptychocheilus grandis) were positively identified.

Other Cyprinids were observed but were not

identified to species, as these fish have similar physical characteristics and were not handled. Nonnative species that were observed included common carp (Cyprinus carpio), goldfish (Carassius auratus),
white bass (Morone chrysops), green sunfish (Lepomis cyanellus), channel catfish (Ictalurus punctatus),
spotted bass (Micropterus punctulatus), and potentially other Micropterus spp. (largemouth or
smallmouth bass).

Figure 15: Large school of adult Sacramento Suckers observed during the low flow period.

No instances of mass stranding were observed, but independent incidents of stranding and mortality did
occur during the work period (figure 15). Stranding and isolation in the stream margin due to a
reduction of wetted width was limited. Observed fish mortality was often seen in the main channel and
stranding was not the cause of death (figure 16). Mortality that was encountered where fish were found
above the waterline or in inadequate swimming depth was considered a result of stranding unless
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evidence suggests a possible alternative. A lack of avian wading opportunistic piscivore (herons and
egrets), indicates that no large scale stranding was occurring, and fish were not readily exposed to
predation.
Observed Fish Mortality During Emergency Repair Project
Date
6/3/2013
6/11/2013
6/12/2013
6/12/2013
6/18/2013
7/8/2013
7/8/2013
7/8/2013
7/8/2013
7/8/2013
7/8/2013
7/9/2013
7/17/2013
7/25/2013
8/14/2013
8/17/2013

Species
Green Sunfish (Lepomis cyanellus)
Sacramento Sucker (Catostomus occidentalis)
Channel Catfish (Ictalurus punctatus)
Common Carp (Cyprinus carpio)
Sacramento Sucker (Catostomus occidentalis)
Sacramento Sucker (Catostomus occidentalis)
Sacramento Sucker (Catostomus occidentalis)*
Sacramento Sucker (Catostomus occidentalis)*
Sacramento Sucker (Catostomus occidentalis)*
Sacramento Sucker (Catostomus occidentalis)*
Sacramento Sucker (Catostomus occidentalis)*
Sacramento Sucker (Catostomus occidentalis)*
Sacramento Sucker (Catostomus occidentalis)
White Bass (Morone chrysops)
Sacramento Sucker (Catostomus occidentalis)*
Channel Catfish (Ictalurus punctatus)

Number
1
2
2
1
2
1
2
10
11
4
2
1
3
4
1
1

Location
High Level Outlet Channel
Low Level Outlet Channel
Low Level Outlet Channel
Low Level Outlet Channel
0.8 km D/S Dam
High Level Outlet Channel
2.41 km D/S Dam
2.41 km D/S Dam
3.0-4.0 km D/S Dam
6.0-8.0 km D/S Dam
6.0-8.0 km D/S Dam
1.32 km D/S Dam
2.41 km D/S Dam
High Level Outlet Channel
2.41 km D/S Dam
Low Level Outlet Basin

Stranded
No
No
Yes
No
Yes
Yes***
Yes
No
No
No
Yes
No
No**
Yes***
Yes
No

*Occurred after releases that exceeded 300 cfs. ** In late stages of decomposition. Potentially fish
already accounted for on 7/8/2013. ***Fish not stranded due to flow reduction.

Figure 16: Table of observed fish mortality during the work period.

Figure 17: Sacramento Sucker mortality in the main channel during the low flow period of July 8, 2013.

Fish became isolated, but survival for these fish was likely due to available habitat and duration of
isolation (figure 17). Isolation became an issue after flow releases exceeded 300 cfs. These increases,
wetted/rewetted stream braids and channels that had not seen flow since the preliminary 60 cfs
reduction. Since the drawdowns after the flow increases were done at a slow rate, the isolation was
limited to areas of the stream braid that had scour pools or depressions. These pools and other
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depression in the streambed simulated viable habitat during the reduction, as depth often exceeded
0.60 m. Juvenile fish took residence in these isolated pools and persisted to survive. The stream braids
that isolation occurred often had dense riparian shading or refugia in the form of woody debris (figure
18). Fish that were isolated in the off channel pools were species with limited swimming ability
(Cyprinidae, Catosmidae, and Gasterosteidae) and were often juveniles of the species. Only on three
instances did isolated fish in off channel pools exceed 300 mm in length. Isolation was limited to fish
with estimated lengths of 15.0-60.0 mm. These fish lack the ability and stamina to evacuate during flow
reductions. Fish with increased swimming ability and size were not stranded in off channel pooling.
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Observed Fish Isolation During Emergency Repair Project
Date
7/8/2013
7/8/2013
7/8/2013
7/8/2013
7/8/2013
7/8/2013
7/17/2013
7/17/2013
7/17/2013
7/17/2013
7/17/2013
7/17/2013
7/17/2013
7/31/2013
8/14/2013
8/14/2013
8/14/2013
8/14/2013
8/15/2013
8/15/2013
8/15/2013
8/28/2013
8/28/2013
8/28/2013
8/28/2013
9/4/2013
9/4/2013
9/4/2013
9/4/2013
9/4/2013
9/4/2013

Species
Sacramento Sucker (Catostomus occidentalis)*
Sacramento Sucker (Catostomus occidentalis)*
Unidentified Cyprinid or Cotostomid*
Unidentified Cyprinid or Cotostomid*
Common Carp (Cyprinus carpio)*
Three-Spined Stickleback (Gasterosteus aculeatus)*
Sacramento Sucker (Catostomus occidentalis)*
Three-Spined Stickleback (Gasterosteus aculeatus)*
Three-Spined Stickleback (Gasterosteus aculeatus)*
Unidentified Cyprinid or Cotostomid*
Unidentified Cyprinid or Cotostomid*
Unidentified Cyprinid or Cotostomid*
Unidentified Cyprinid or Cotostomid*
Spotted Bass (Micropterus punctulatus)
Sacramento Sucker (Catostomus occidentalis)*
Sacramento Sucker (Catostomus occidentalis)*
Three-Spined Stickleback (Gasterosteus aculeatus)*
Unidentified Cyprinid or Cotostomid*
Sacramento Sucker (Catostomus occidentalis)*
Three-Spined Stickleback (Gasterosteus aculeatus)*
Unidentified Cyprinid or Cotostomid*
Sacramento Sucker (Catostomus occidentalis)*
Three-Spined Stickleback (Gasterosteus aculeatus)*
Unidentified Cyprinid or Cotostomid*
Three-Spined Stickleback (Gasterosteus aculeatus)*
Sacramento Sucker (Catostomus occidentalis)*
Three-Spined Stickleback (Gasterosteus aculeatus)*
Unidentified Cyprinid or Cotostomid*
Sacramento Sucker (Catostomus occidentalis)*
Three-Spined Stickleback (Gasterosteus aculeatus)*
Unidentified Cyprinid or Cotostomid*

Number
15
50
100-200
100
2
2
20
10
1
100
100
15
25
1
15
50
5
100
20
6
100
50
50
50
10
50
20
50
70
1
200-300

Size (mm)
50-60
40-600
20-40
15-30
200
45
30-50
25-50
40
15-30
15-30
25-35
25-60
375
25-60
25-60
40
15-30
25-50
30-50
15-30
40-60
20-40
15-40
15-35
40-60
20-40
20-40
30-600
40
20-40

Location
0.96 km D/S Dam
2.4 km D/S Dam
0.96 km D/S Dam
2.4 km D/S Dam
2.4 km D/S Dam
0.96 km D/S Dam
0.96 km D/S Dam
0.96 km D/S Dam
2.4 km D/S Dam
0.96 km D/S Dam
2.4 km D/S Dam
2.4 km D/S Dam
2.4 km D/S Dam
Low Level Outlet Channel
2.4 km D/S Dam
2.4 km D/S Dam
2.4 km D/S Dam
2.4 km D/S Dam
0.96 km D/S Dam
0.96 km D/S Dam
0.96 km D/S Dam
0.96 km D/S Dam
0.96 km D/S Dam
2.4 km D/S Dam
2.4 km D/S Dam
0.96 km D/S Dam
0.96 km D/S Dam
0.96 km D/S Dam
2.4 km D/S Dam
2.4 km D/S Dam
2.4 km D/S Dam

*Occurred after releases that exceeded 300 cfs.

Figure 18: Table of fish isolation occurrence during the work period.
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Off Channel
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Survival Opinion
Uncertain
Likely
Uncertain
Likely
Likely
Uncertain
Uncertain
Uncertain
Unlikely
Uncertain
Likely
Unlikely
Likely
Likely
Unlikely
Likely
Unlikely
Likely
Uncertain
Uncertain
Uncertain
Likely
Likely
Likely
Likely
Likely
Likely
Likely
Likely
Likely
Likely

Figure 19: Isolated pooling with adequate shading and depth to support fish.

Water Quality
Dissolved oxygen (DO) and temperature were the parameters of focus during the Emergency Repair
Project. These parameters have the potential to fluctuate the greatest during flow reductions and can
contribute to SCCC-Steelhead performance and survival. Initial water quality measurements were
collected during the low flow evaluation and can serve as a baseline for environmental conditions.
During the work period water quality data was collected at an undefined interval, and to answer specific
questions.

Temperature increased as distance progresses downstream of the dam during reservoir releases out of
the low level outlet. By 8.0 km downstream of the dam temperature exceeds 20.0° C at both 60 and 30
cfs releases. During low level outlet release of 30 cfs temperature 200.0 m below the dam was
measured at 11.77° C. As distance progressed to 2.4 km downstream temperature increase to 15.3° C.
By 18.5 km downstream temperature was 24.0° C.

The average temperature increase per km

downstream was 1.11° C. Since bypass pumping was drawing water off the surface of the reservoir, the
temperature of the source water increased. On the first day of bypass pump flow the temperature 200
m downstream of the dam was 24.2° C. This increase did not remain throughout the system. The warm
water inflow cooled as it mixed with residual water in the channel. By 8.0 km downstream of the dam
the temperature reach a level equivalent to what was observed during releases from the low level outlet
(figure 19).
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km D/S of
the Dam
0.2
2.4
8.0
18.5

30 cfs
°C
11.77
15.30
21.39
24.00

Bypass
°C
24.20
21.00
21.50
23.50

Figure 20: Comparison of temperature between 30 cfs low level outlet and bypass pump releases.

On July 20, 2013, temperature fluctuation of the first 1.85 km downstream of the dam was evaluated.
Temperature dropped 8.7° C between the high level outlet discharge point and the area 1.85 km
downstream of the dam (figure 20). The temperature 1.85 km downstream during the bypass pump
flow was less than what was seen 2.4 km downstream during 30 cfs flow releases.

Meters D/S of
the Dam
200
350
500
650
800
950
1100
1250
1400
1550
1700
1850

DO
(mg/l)
6.8
8
8.1
8.4
8.9
9.2
9.1
10.2
9.6
10.6
11.2
10.8

Temp
(°C)
24.4
23.3
24
23.7
23.7
23.2
22.8
21.3
20.2
17.9
15.7
15.7

Figure 21: July 20, 2013 water quality interval monitoring during bypass pump flows.

DO showed no significant difference throughout the length of the river during low level outlet flow
releases or during bypass pumping. The Nacimiento River was well mixed with adequate DO levels
during the work period.
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Appendix A

State of California
Department of Industrial Relations
Division of Occupational Safety and Health

Confined Space Entry Regulation Section 5157

Becker. Nicholas R. x8984
From:
Sent:
To:
Cc:

Subject:

Thomas Darlington <tdarli ngton@siteconstructors.net>
Tuesday, May 21, 2013 9:27 AM
Becker, Nicholas R. x8984
Richard Horn
OSHA Regu lations

Nick,
Here are the Cal OSHA regulations regarding isolation as the apply to the work we are performing at Nacimiento. Section
5157 pertains to Confined Space Entry. The reason that we need to have the double isolation is because we do not have
a means of blinding the TSV, so there is the potential for a movement of the valve leaf that would result in the loss
of the seal. Also, when performing crane operations with heavy components in proximity of iso lation points (i.e. the
TSV), it is a safety best practice to have a secondary point of isolation to prevent injury to personne l and property if
something happens with the load that could compromise the isolation point in proximity to the lift.
http://www.dir.ca.gov/title8/5157.html
Let me know if you have any questions.

Sincerely,
Thomas Darlington
Project Manager
Site Constructors, Inc.
tdarlington@siteconstructors.net
Bus: (530) 342·8545
Fax: (530) 342·9754
Cell: (530) 570·8545

NOTICE: This communication and any attachments ("this message") may contain confidential information for
the sole use of the intended recipient(s). Any unauthorized use, disclosure, viewing, copying, alteration,
dissemination or distribution of, or reliance on this message is strictly prohibited. If you have received this
message in error, or you are not an authorized recipient, please notify the sender immediately by replying to this
message, delete this message and all copies from your e-mail system and destroy any printed copies.
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Does the workplace contain
Confined Spaces as defined
by Section 5157(b)?

NO -- - -- - -- -- - -- - ----- - -I
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I
I
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Does the workplace contain
Permit - required Confined
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OSHA standards .
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required b y
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NOTE: Authority cited: Section 142.3, Labor Code. Reference: Section 142.3 , Labor Code.
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Appendix 0- 1
Confined Space Entry Permit
Date and Time Issued :

Date and Time Expires :
Job Supervisor :

Job site/Space 1 . 0 .:

Equipment to be worked on : __________ Work to be

perf-o-r-me-d~:-----------

Stand-by personnel :
1 . Atmospheric Checks :

Time

Ox ygen

--_%

Explosive ________ % L . F . L.
________ PPM
Toxic
2. Tester ' s signature :

3. Source isolation (No Entry) :

N/A

Yes

No

Pumps or lines bli n de d,
disconnected , or blocked
4 . Ventilation Modification :
Mechanical
Natural Ventilation o n ly
5 . Atmospheric check after
isolation and Ventilation :

(

)

()

()

(

)

()

()

N/A

Yes

No

(

)

()

()

(

)

()

()

Oxygen
Explosive
Toxic

%

% L. F. L

6.

PPM
Ti me
Testers signature :
Communication procedures :

7.

Rescue procedures :

>
<
<

8 . Entry , standby , and back up persons :

http://www.dir.ca.goY/title8/SIS7d.html

19 . 5
10
10

%
%

PPM H(2)S

Yes

No
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Successfully completed required
training?
Is it current?
9 . Equipment :
Direct reading gas monitor tested
Safety harnesses and lifelines
for entry and standby persons
Hoisting equipment
Powered communications
SCBA ' s for entry and standby
persons
Protective Clothing
All electric equipment listed
Class I , Division I , Group D
and Non - sparking tools
10 .

Periodic atmospheric tests :
Oxygen
% Time
Oxygen
% Time
Explosive
% Time
Explosive
% Time
Toxic
% Time
Toxic
% Time

(

)

N/A

(

)

Oxygen
Oxygen
Explosive
Explosive
Toxic
Toxic

(

)

Yes

(

%
%
%
%
%
%

)

No

(

)

Time
Time
Time
Time

Time
Time

We have reviewed the work authorized by this permit and the
information contained here-in . Written instructions and safety
procedures have been received and are understood . Entry cannot be
approved if any squares are marked in the "No " column . This permit is
not valid unless all appropriate items are completed .
Permit Prepared By :

(Supervisor) ___________________________

Approved By : (Unit Supe rv is or) ------,:-7--------------------- -------------Reviewed By (Cs Operations Personnel)
(printed name)

(signature)

This permit to be kept at job site. Return job site copy to Safety
Office following job completion.
Copies :

White Original (Safety Office)
Yellow (Unit Supervisor)
Hard(Job site)

Appendix D - 2
ENTRY PERMIT
PERMIT VALID FOR 8 HOURS ONLY . ALL COPIES OF PERMIT WILL REMAIN AT
JOB SITE UNTIL JOB IS COMPLETED
DATE : - SITE LOCATION and DESCRIPTION
PURPOSE OF ENTRY
SUPERVISOR(S) in charge of crews
Type of Crew Phone #

COMMUNICATION PROCEDURES
RESCUE PROCEDURES (PHONE NUMBERS AT BOTTOM)

http://www.dir.ca.gov/title8/5157d .html
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* BOLD DENOTES MINIMUM REQUIREMENTS TO BE COMPLETED AND REVIEWED
PRIOR TO ENTRY*
REQUIREMENTS COMPLETED
Lock Out/De - energize/Try- out
Line(s) Broken - Capped-Blanked
Purge-Flush and Vent
Ventilation
Se cure Area (Post and Flag)
Breathing Apparatus

DATE

TIME

Resuscitator - Inhalator

Standby Safety Personnel
Full Body Harness w/ "D" ring
Emergency Escape Retrieva l
Lifelines

Equip

Fire Extinguishers
Lighting (Explosive Proof)
Protective Clothing
Respirator(s) (Air Purifying)
Burning and Welding Permit
Note :
Items that do not apply enter N/A in the blank .
**RECORD CONTINUOUS MONITORING RESULTS EVERY 2 HOURS
CONTINUOUS MONITORING** Permissible
Entry Level
TEST(S) TO BE TAKEN
PERCENT OF OXYGEN
19 . 5 % to 23 . 5%
LOWER FLAMMABLE LIMIT
Under 10%
+35 PPM
CARBON MONOXIDE
+ 1 PPM * 5PPM
Aromatic Hydrocarbon
(Skin)
* 4PPM
Hydrogen Cyanide
+10 PPM *15PPM
Hydrogen Sulfide
+ 2 PPM * 5PPM
Sulfur Dioxide
Ammonia
*35PPM
--- --- -- - - * Short - term e xposure limit : Ernplo yee can work in the area up to 15
minutes.
+ 8 hr . Time Weighted Avg . : Employee can work in area 8 hrs (longer
wit h appropriate respiratory protection) .

REMARKS : ~~~~____~~~~~~~______~~~________~~~~~
GAS TESTER NAME
INSTRUMENT(S)
MODEL
SERIAL &/OR
& CHECK #
USED
&/OR TYPE
UNIT #

SAFETY STANDBY PERSON IS REQUIRED FOR AL L CONFINED SPACE WORK
SAFETY STANDBY
CHECK #
CONFINED
CONFINED
PERSON (S)
SPACE
CHECK #
SPACE
CHECK #
ENTRANT(S)
ENTRANT(S)

SU PERVISOR AUTHORIZING
AMBULANCE 2800

ALL CONDITIONS SATISFIED____________________
DEPARTMENT/PHONE
FIRE 2900
Safety
4901 --~
G~a-s~C~o-o-r-d~,~·n-a-t~o-r--74~5~2~9~/~5~3~8~7

NOTE: Authority cited: Section 142.3, Labor Code. Reference: Section 142.3 , Labor Code.
HISTORY
I . New Appendix D filed 11-24-93; operative 12-24-93 (Register 93, No. 48).
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(a) Scope and application. This section contains requirements for practices and procedures to protect
employees from the hazards of entry into permit-required confined spaces. This section applies to
employers, as specified in section 5156(b)(I).
(b) Definitions.
Acceptable entry conditions means the conditions that must exist in a permit space to allow entry and
to ensure that employees involved with a permit-required confined space entry can safely enter into
and work within the space.
Attendant means an individual stationed outside one or more permit spaces who monitors the
authorized entrants and who performs all attendant's duties assigned in the employer's permit space
program.
Authorized entrant means an employee who is authorized by the employer to enter a permit space.
Blanking or blinding means the absolute closure of a pipe, line, or duct by the fastening of a solid
plate (such as a spectacle blind or a skillet blind) that completely covers the bore and that is capable
of withstanding the maximum pressure of the pipe, line, or duct with no leakage beyond the plate.
Confined space means a space that:
(I) Is large enough and so configured that an employee can bodily enter and perform assigned work;
and
(2) Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins,
hoppers, vaults, and pits are spaces that may have limited means of entry .); and
(3) Is not designed for continuous employee occupancy.

':;: J')11'1(\ 1 '1
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Double block and bleed means the closure of a line, duct, or pipe by closing and locking or tagging
two in-line valves and by opening and locking or tagging a drain or vent valve in the line between the
two closed valves.
Emergency means any occurrence (including any failure of hazard control or monitoring eq uipment)
or event internal or external to the permit space that could endanger entrants.
Engulfment means the surrounding and effective capture of a person by a liquid or finely divided
(flowable) solid substance that can be aspirated to cause death by filling or plugging the respiratory
system or that can exert enough force on the body to cause death by strangulation, constriction, or
crushing.
Entry means the action by which a person passes through an opening into a permit-required confined
space. Entry includes ensuing work activities in that space and is considered to have occurred as soon
as any part of the entrant's body breaks the plane of an opening into the space.
Entry permit (permit) means the written or printed document that is provided by the employer to
allow and control entry into a permit space and that contains the information specified in subsection
(t).
Entry supervisor means the person (such as the employer, foreman, or crew chief) responsible for
determining if acceptable entry conditions are present at a permit space where entry is planned, for
authorizing entry and overseeing entry operations, and for terminating entry as required by this
section.
Note: An entry supervisor also may serve as an attendant or as an authorized entrant, as long as that
person is trained and equipped as required by this section for each role he or she fills. Also, the duties
of entry supervisor may be passed from one individual to another during the course of an entry
operation.
Hazardous atmosphere means an atmosphere that may expose employees to the risk of death,
incapacitation, impairment of ability to self-rescue (that is, escape unaided from a permit space),
injury, or acute illness from one or more of the following causes:
(I) Flammable gas, vapor, or mist in excess of 10 percent of its lower flammable limit (LFL);

(2) Airborne combustible dust at a concentration that meets or exceeds its LFL;
Note: This concentration may be approximated as a condition in which the dust obscures vision at a
distance of 5 feet (1.52 M) or less.
(3) Atmospheric oxygen concentration below 19.5 percent or above 23.5 percent;
(4) Atmospheric concentration of any substance for which a dose is published in Group 14 for
Radiation and Radioactivity or a permissible exposure limit is published in section 5155 for Airborne
contaminants and which could result in employee exposure in excess of its dose or permissible
exposure limit;
Note: An atmospheric concentration of any substance that is not capable of causing death,
incapacitation, impairment of ability to self-rescue, injury, or acute illness due to its health effects is

http://www. dir.ca.gov/title8/5157.html
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not covered by this provision.
(5) Any other atmospheric condition that is immediately dangerous to life or health.
Note: For air contaminants for which a dose is not published in Group 14 for Radiation and
Radioactivity or a permissible exposure limit is not published in section 5155 for Airborne
contaminants, other sources of information such as: Material Safety Data Sheets that comply with
section 5194, published information, and internal documents can provide guidance in establishing
acceptable atmospheric conditions.
Hot work permit means the employer's written authorization to perform operations (for example,
riveting, welding, cutting, burning, and heating) capable of providing a source of ignition.
Immediately dangerous to life or health (IDLH) means any condition that poses an immediate or
delayed threat to life or that would cause irreversible adverse health effects or that would interfere
with an individual's abi lity to escape unaided from a permit space.
Note: Some materials -- hydrogen fluoride gas and cadmium vapor, for example -- may produce
immediate transient effects that, even if severe, may pass without medical attention, but are followed
by sudden, possibly fatal collapse 12-72 hours after exposure. The victim "feels normal" from
recovery from transient effects until collapse. Such materials in hazardous quantities are considered to
be "immediately" dangerous to life or health.
Inerting means the displacement of the atmosphere in a permit space by a noncombustible gas (such
as nitrogen) to such an extent that the resulting atmosphere is noncombustible.
Note: This procedure produces an IDLH oxygen-deficient atmosphere.
Isolation means the process by which a permit space is removed from service and completely
protected against the release of energy and material into the space by such means as: Blanking or
blinding; misaligning or removing sections of lines, pipes, or ducts; a double block and bleed system;
lockout or tagout of all sources of energy; or blocking or disconnecting all mechanical linkages.
Line breaking means the intentional opening of a pipe, line, or duct that is or has been carrying
flammable, corrosive, or toxic material, an inert gas, or any fluid at a volume, pressure or temperature
capable of causing injury.
Non-permit confined space means a confined space that does not contain or, with respect to
atmospheric hazards, have the potential to contain any hazard capable of causing death or serious
physical harm.
Oxygen deficient atmosphere means an atmosphere containing less than 19.5 percent oxygen by
volume.
Oxygen enriched atmosphere means an atmosphere containing more than 23.5 percent oxygen by
volume.
Permit-required confined space (permit space) means a confined space that has one or more of the
following characteristics:
(1) Contains or has a potential to contain a hazardous atmosphere;
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(2) Contains a material that has the potential for engulfing an entrant;
(3) Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly
converging walls or by a floor which slopes downward and tapers to a smaller cross-section; or
(4) Contains any other recognized serious safety or health hazard.
Permit-required confined space program (permit space program) means the employer's overall
program for controlling, and, where appropriate, for protecting employees from, permit space hazards
and for regulating employee entry into permit spaces.
Permit system means the employer's written procedure for preparing and issuing permits for entry and
for returning the permit space to service following termination of entry.
Prohibited condition means any condition in a permit space that is not allowed by the permit during
the period when entry is authorized.
Rescue service means the personnel designated to rescue employees from permit spaces.
Retrieval system means the equipment (including a retrieval line, chest or full-body harness, wristlets,
if appropriate, and a lifting device or anchor) used for non-entry rescue of persons from permit spaces.
Testing means the process by which the hazards that may confront entrants of a permit space are
identified and evaluated. Testing includes specifYing the tests that are to be performed in the permit
space. If electronic or thermal equipment is used to perform such tests, and the possibility exists of an
explosive substance or a hazardous atmosphere due to flammable gases and vapors, then the testing
equipment must be approved for use in such explosive or flammable conditions as required by section
2540.2.
Note: Testing enables employers both to devise and implement adequate control measures for the
protection of authorized entrants and to determine if acceptable entry conditions are present
immediately prior to, and during, entry.
(c) General requirements.
(1) The employer shall evaluate the workplace to determine ifany spaces are permit-required
confined spaces.
Note: Proper application of the decision flow chart in Appendix A would facilitate compliance with
this requirement.
(2) If the workplace contains permit spaces, the employer shall inform exposed employees and other
employees performing work in the area, by posting danger signs or by any other equally effective
means, of the existence, location of and the danger posed by the permit spaces.
Note: A sign reading "DANGER -- PERMIT-REQUIRED CONFINED SPACE, DO NOT ENTER"
or using other similar language would satisfY the requirement for a sign.
(3) If the employer decides that its employees and other employees performing work in the area will
not enter permit spaces, the employer shall take effective measures to prevent all such employees
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from entering the permit spaces and shall comply with subsections (c)(l), (c)(2), (c)(6), and (c)(8).
(4) If the employer decides that its employees will enter permit spaces, the employer shall develop
and implement a written permit space program that complies with this section. The written program
shall be available for inspection by employees and their authorized representatives.
(5) An employer may use the alternate procedures specified in subsection (c)(S)(B) for entering a
permit space under the conditions set forth in subsection (c)(S)(A).
(A) An employer whose employees enter a permit space need not comply with subsections (d)
through (f) and (h) through (k), provided that:
I. The employer can demonstrate that the only hazard posed by the permit space is an actual or
potential hazardous atmosphere;
2. The employer can demonstrate that continuous forced air ventilation alone is sufficient to maintain
that permit space safe for entry;
3. The employer develops monitoring and inspection data that supports the demonstrations required
by subsections (c)(S)(A)I. and 2.;
4. If an initial entry of the permit space is necessary to obtain the data required by subsection (c)(5)
(A)3., the entry is performed in compliance with subsections (d) through (k);
S. The determinations and supporting data required by subsections (c)(5)(A)I., 2. and 3. are
documented by the employer and are made available to each employee who enters the permit space
under the terms of subsection (c)(5) or to that employee's authorized representative; and
6. Entry into the permit space under the terms of subsection (c)(5)(A) is performed in accordance with
the requirements of subsection (c)(5)(B).
Note: See subsection (c)(7) for reclassification ofa permit space after all hazards within the space
have been eliminated.
(8) The following requirements apply to entry into permit spaces that meet the conditions set forth in
subsection (c)(5)(A).

1. Any conditions making it unsafe to remove an entrance cover shall be eliminated before the cover
is removed.
2. When entrance covers are removed, the opening shall be promptly guarded by a railing, temporary
cover, or other temporary barrier that will prevent an accidental fall through the opening and that will
protect each employee working in the space from foreign objects entering the space.
3. Before an employee enters the space, the internal atmosphere shall be tested, with a calibrated
direct-reading instrument, for the following conditions in the order given:
a. Oxygen content,
b. Flammable gases and vapors, and
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c. Potential toxic air contaminants.
4. There may be no hazardous atmosphere within the space whenever any employee is inside the
space.
5. Continuous forced air ventilation shall be used, as follows:
a. An employee may not enter the space until the forced air ventilation has eliminated any hazardous
atmosphere;
b. The forced air ventilation shall be so directed as to ventilate the immediate areas where an
employee is or will be present within the space and shall continue until all employees have left the
space;
c. The air supply for the forced air ventilation shall be from a clean source and may not increase the
hazards in the space.
6. The atmosphere within the space shall be periodically tested as necessary to ensure that the
continuous forced air ventilation is preventing the accumulation of a hazardous atmosphere.
7. If a hazardous atmosphere is detected during entry:
a. Each employee shall leave the space immediately;
b. The space shall be evaluated to determine how the hazardous atmosphere developed; and
c. Measures shall be implemented to protect employees from the hazardous atmosphere before any
subsequent entry takes place.
8. The employer shall verify that the space is safe for entry and that the pre-entry measures required
by subsection (c)(5)(B) have been taken, through a written certification that contains the date, the
location of the space, and the signature of the person providing the certification. The certification
shall be made before entry and shall be made available to each employee entering the space or to that
employee's authorized representative.
9. Any employee who enters the space, or that employee's authorized representative, shall be provided
an opportunity to observe the pre-entry testing required by subsections (c)(5)(B)3 . and 6.
(6) When there are changes in the use or configuration of a non-permit confined space that might
increase the hazards to entrants, the employer shall reevaluate that space and, if necessary, reclassify
it as a permit-required confined space.
(7) A space classified by the employer as a permit-required confined space may be reclassified as a
non-permit confined space under the following procedures:
(A) If the permit space poses no actual or potential atmospheric hazards and if all hazards within the
space are eliminated without entry into the space, the permit space may be reclassified as a nonpermit confined space for as long as the non-atmospheric hazards remain eliminated.
(B) If it is necessary to enter the permit space to eliminate hazards, such entry shall be performed
under subsections (d) through (k). Iftesting and inspection during that entry demonstrate that the
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hazards within the permit space have been eliminated, the permit space may be reclassified as a nonpermit confined space for as long as the hazards remain eliminated.
Note: Control of atmospheric hazards through forced air ventilation does not constitute elimination of
the hazards. Subsection (c)(5) covers permit space entry where the employer can demonstrate that
forced air ventilation alone will control all hazards in the space.
(C) The employer shall document the basis for determining that all hazards in a permit space have
been eliminated through a certification that contains the date, the location of the space, and the
signature of the person making the determination. The certification shall be made available to each
employee entering the space or to that employee's authorized representative.
(D) If hazards arise within a permit space that has been declassified to a non-permit space under
subsection (c)(7), each employee in the space shall exit the space. The employer shall then reevaluate
the space and determine whether it must be reclassified as a permit space, in accordance with other
applicable provisions of this section.
(8) When an employer (host employer) arranges to have employees of another employer (contractor)
perform work that involves permit space entry or confined space entries covered by sections 5158 or
8355, the host employer shall:
(A) Inform the contractor that the workplace contains permit spaces and that permit space entry is
allowed only through compliance with a permit space program meeting the requirements of this
section, section 5158 or section 8355, depending on which section applies to the contractor;

(B) Apprise the contractor of the elements, including the hazards identified and the host employer's
experience with the space, that make the space in question a permit space;
(C) Apprise the contractor of any precautions or procedures that the host employer has implemented
for the protection of employees in or near permit spaces where contractor personnel will be working;
(D) Coordinate entry operations with the contractor, when both host employer personnel and
contractor personnel will be working in or near permit spaces, as required by subsection (d)(lI); and
(E) Debrief the contractor at the conclusion of the entry operations regarding the permit spaced
program followed and regarding any hazards confronted or created in permit spaces during entry
operations.

(9) In addition to complying with the permit space requirements that apply to all employers, each
contractor who is retained to perform permit space entry operations shall:
(A) Obtain any available information regarding permit space hazards and entry operations from the
host employer;

(B) Coordinate entry operations with the host employer, when both host employer personnel and
contractor personnel will be working in or near permit spaces, as required by subsection (d)( II); and

(C) Inform the host employer of the permit space program that the contractor will follow and of any
hazards confronted or created in permit spaces, either through a debriefing or during the entry
operation.
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(d) Permit-required confined space program (permit space program). Under the permit required
confined space program required by subsection (c)(4), the employer shall:
(1) Implement the measures necessary to prevent unauthorized entry;
(2) Identify and evaluate the hazards of permit spaces before employees enter them;
(3) Develop and implement the means, procedures, and practices necessary for safe permit space entry
operations, including, but not limited to, the following:
(A) Specifying acceptable entry conditions;
(B) Isolating the permit space;
(C) Purging, inerting, flushing, or ventilating the permit space as necessary to eliminate or control
atmospheric hazards;
(D) Providing pedestrian, vehicle, or other barriers as necessary to protect entrants from external
hazards; and
(E) Verifying that conditions in the permit space are acceptable for entry throughout the duration of
an authorized entry.
(4) Provide the following equipment (specified in subsections (A) through (I), below) at no cost to
employees, maintain that equipment properly, and ensure that employees use that equipment properly:
(A) Testing and monitoring equipment needed to comply with subsection (d)(5);
(B) Ventilating equipment needed to obtain acceptable entry conditions;
(C) Communications equipment necessary for compliance with subsections (h)(3) and (i)(5);

CD) Personal protective equipment insofar as feasible engineering and work practice controls do not
adequately protect employees;
(E) Lighting equipment needed to enable employees to see well enough to work safely and to exit the
space quickly in an emergency;
(F) Barriers and shields as required by subsection (d)(3)(D);
(G) Equipment, such as ladders, needed for safe ingress and egress by authorized entrants;
(H) Rescue and emergency equipment needed to comply with subsection (d)(9), except to the extent
that the equipment is provided by rescue services; and
(I) Any other equipment necessary for safe entry into and rescue from permit spaces.

(5) Evaluate permit space conditions as follows when entry operations are conducted:
(A) Test conditions in the permit space to determine if acceptable entry conditions exist before entry
is authorized to begin, except that, if isolation of the space is infeasible because the space is large or is
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part of a continuous system (such as a sewer), pre-entry testing shall be performed to the extent
feasible before entry is authorized and, if entry is authorized, entry conditions shall be continuously
monitored in the areas where authorized entrants are working;
(8) Test or monitor the penn it space as necessary to detennine if acceptable entry conditions are
being maintained during the course of entry operations, and

(C) When testing for atmospheric hazards, test first for oxygen, then for combustible gases and
vapors, and then for toxic gases and vapors.
(D) Provide each authorized entrant or that employee's authorized representative an opportunity to
observe the pre-entry and any subsequent testing or monitoring of permit spaces;
(E) Reevaluate the permit space in the presence of any authorized entrant or that employee's
authorized representative who requests that the employer conduct such reevaluation because the
entrant or representative has reason to believe that the evaluation of that space may not have been
adequate;
(F) Immediately provide each authorized entrant or that employee's authorized representative with the
results of any testing conducted in accord with subsection (d).
Note: Atmospheric testing conducted in accordance with Appendix 8 would be considered as
satisfYing the requirements of this subsection. For penn it space operations in sewers, atmospheric
testing conducted in accordance with Appendix 8, as supplemented by Appendix E, would be
considered as satisfYing the requirements of this subsection,
(6) Provide at least one attendant outside the penn it space into which entry is authorized for the
duration of entry operations;
Note: Attendants may be assigned to monitor more than one pernlit space provided the duties
described in subsection (i) can be effectively perfonned for each pennit space that is monitored.
Likewise, attendants may be stationed at any location outside the pennit space to be monitored as
long as the duties described in subsection (i) can be effectively perfonned for each pennit space that
is monitored.
(7) If multiple spaces are to be monitored by a single attendant, include in the permit program the
means and procedures to enable the attendant to respond to an emergency affecting one or more of the
penn it spaces being monitored without distraction from the attendant's responsibilities under
subsection (i);
(8) Designate the persons who are to have active roles (as, for example, authorized entrants,
attendants, entry supervisors, or persons who test or monitor the atmosphere in a pennit space) in
entry operations, identify the duties of each such employee, and provide each such employee with the
training required by subsection (g);
(9) Develop and implement procedures for rescuing entrants from pennit spaces, for providing
necessary emergency services to rescued employees, for summoning additional rescue and emergency
services, and for preventing unauthorized personnel from attempting a rescue;
(I 0) Develop and implement a system for the preparation, issuance, use, and cancellation of entry
permits as required by this section;
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(II) Develop and implement procedures to coordinate entry operations when employees of more than
one employer are working simultaneously as authorized entrants in a permit space, so that employees
of one employer do not endanger the employees of any other employer. If the requirements of
sections 5158 or 8355 apply to one or more of the other employers, then the procedures shall also
ensure coordination with those employers, so as not to endanger any exposed employees;
(12) Develop and implement procedures (such as closing off a permit space and canceling the permit)
necessary for concluding the entry after entry operations have been completed;
(13) Review entry operations when the employer has reason to believe that the measures taken under
the pemlit space program may not protect employees and revise the program to correct deficiencies
found to exist before subsequent entries are authorized; and
Note: Examples of circumstances requiring the review of the permit space program are: any
unauthorized entry of a permit space, the detection of a permit space hazard not covered by the
permit, the detection of a condition prohibited by the permit, the occurrence of an injury or near-miss
during entry, a change in the use or configuration of a permit space, and employee complaints about
the effectiveness of the program.
(14) Review the permit space program, using the canceled permits retained under subsection (e)(6)
within I year after each entry and revise the program as necessary, to ensure that employees
participating in entry operations are protected from permit space hazards.
Note: Employers may perform a single annual review covering all entries performed during a 12month period. If no entry is performed during a 12-month period, no review is necessary.
Appendix C presents examples of permit space programs that are considered to comply with the
requirements of subsection (d).
(e) Permit system.
(1) Before entry is authorized, the employer shall document the completion of measures required by
subsection (d)(3) by preparing an entry permit.
Note: Appendix D presents examples of permits whose elements are considered to comply with the
requirements of this section.
(2) Before entry begins, the entry supervisor identified on the permit shall sign the entry permit to
authorize entry.
(3) The completed permit shall be made available at the time of entry to all authorized entrants or
their authorized representatives, by posting it at the entry portal or by any other equally effective
means, so that the entrants can confirm that pre-entry preparations have been completed.
(4) The duration of the permit may not exceed the time required to complete the assigned task of job
identified on the permit in accordance with subsection (f)(2).
(5) The entry supervisor shall terminate entry and cancel the entry permit when:
(A) The entry operations covered by the entry permit have been completed; or
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(8) A condition that is not allowed under the entry permit arises in or near the permit space.

(6) The employer shall retain each canceled entry penn it for at least I year to facilitate the review of
the pennit space program required by subsection (d)(l4). Any problems encountered during an entry
operation shall be noted on the pertinent pennit so that appropriate revisions to the permit space
program can be made.
(f) Entry permit. The entry pennit that documents compliance with this section and authorizes entry to
a permit space shall identify:

(I) The permit space to be entered;
(2) The purpose of the entry;
(3) The date and the authorized duration of the entry permit;
(4) The authorized entrants within the permit space, by name or by such other means (for example,
through the use of rosters or tracking systems) as will enable the attendant to determine quickly and
accurately, for the duration of the permit, which authorized entrants are inside the pennit space;
Note: This requirement may be met by inserting a reference on the entry pennit as to the means used,
such as roster or tracking systems, to keep track of the authorized entrants within the pennit space.
(5) The personnel, by name, currently serving as attendants;
(6) The individual, by name, currently serving as entry supervisor, with a space for the signature or
initials of the entry supervisor who originally authorized entry;
(7) The hazards of the pennit space to be entered;
(8) The measures used to isolate the permit space and to eliminate or control penn it space hazards
before entry;
Note: Those measures can include the lockout or tagging of equipment and procedures for purging,
inerting, ventilating, and flushing pennit spaces.
(9) The acceptable entry conditions;
(10) The results of initial and periodic tests perfonned under subsection (d)(5) accompanied by the
names or initials of the testers and by an indication of when the tests were perfonned;
(ll) The rescue and emergency services that can be provided on-site and additional service that can
be summoned and the means such as the equipment to use and the numbers to call) for summoning
those services;
(12) The communication procedures used by authorized entrants and attendants to maintain contact
during the entry;
(13) Equipment, such as personal protective equipment, testing equipment, communications
equipment, alann systems, and rescue equipment, to be provided for compliance with this section;
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(14) Any other information whose inclusion is necessary, given the circumstances of the particular
confmed space, in order to ensure employee safety, and
(15) Any additional permits, such as for hot work, that have been issued to authorize work in the
permit space.
(g) Training.
(1) The employer shall provide training so that all employees whose work is regulated by this section
acquire the understanding, knowledge, and skills necessary for the safe perfornlance of the duties
assigned under this section.
(2) Training shall be provided to each affected employee:
(A) Before the employee is first assigned duties under this section;

(B) Before there is a change in assigned duties;
(C) Whenever there is a change in permit space operations that presents a hazard about which an
employee has not previously been trained;
(D) Whenever the employer has reason to believe either that there are deviations from the permit
space entry procedures required by subsection (d)(3) or that there are inadequacies in the employee's
knowledge or use of these procedures.
(3) The training shall establish employee proficiency in the duties required by this section and shall
introduce new or revised procedures, as necessary, for compliance with this section.
(4) The employer shall certify that the training required by subsections (g)(1) through (g)(3) has been
accomplished. The certification shall contain each employee's name, the signatures or initials of the
trainers, and the dates of training. The certification shall be available for inspection by employees and
their authorized representatives.
(h) Duties of authorized entrants. The employer shall ensure that all authorized entrants:
(1) Know the hazards that may be faced during entry, including information on the mode, signs or
symptoms, and consequences of the exposure;
(2) Properly use equipment as required by subsection (d)(4);
(3) Communicate with the attendant as necessary to enable the attendant to monitor entrant status and
to enable the attendant to alert entrants of the need to evacuate the space as required by subsection (i)
(6);
(4) Alert the attendant whenever:
(A) The entrant recognizes any warning sign or symptom of exposure to a dangerous situation, or

(8) The entrant detects a prohibited condition; and
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(5) Exit from the permit space as quickly as possible whenever:
(A) An order to evacuate is given by the attendant or the entry supervisor,

(8) The entrant recognizes any warning sign or symptom of exposure to a dangerous situation,

(C) The entrant detects a prohibited condition, or
(D) An evacuation alarm is activated.
(i) Duties of attendants. The employer shall ensure that each attendant:
(1) Knows the hazards that may be faced during entry, including information on the mode, signs or
symptoms, and consequences of the exposure;
(2) Is aware of possible behavioral effects of hazard exposure in authorized entrants;
(3) Continuously maintains an accurate count of authorized entrants in the permit space and ensures
that the means used to identify authorized entrants under subsection (f)(4) accurately identifies who is
in the permit space;
(4) Remains outside the permit space during entry operations until relieved by another attendant;
Note: When the employer's permit entry program allows attendant entry for rescue, attendants may
enter a permit space to attempt a rescue if they have been trained and equipped for rescue operations
as required by subsection (k)(1) and if they have been relieved as required by subsection (i)( 4).
(5) Communicates with authorized entrants as necessary to monitor entrant status and to alert entrants
of the need to evacuate the space under subsection (i)(6);
(6) Monitors activities inside and outside the space to determine if it is safe for entrants to remain in
the space and orders the authorized entrants to evacuate the permit space immediately under any of
the following conditions;
(A) If the attendant detects a prohibited condition;
(8) If the attendant detects the behavioral effects of hazards exposure in an authorized entrant;

(C) If the attendant detects a situation outside the space that could endanger the authorized entrants; or
(D) If the attendant cannot effectively and safely perform all the duties required under subsection (i);
(7) Initiate on-site rescue procedures and, if necessary, summon additional rescue and other
emergency services as soon as the attendant determines that authorized entrants may need assistance
to escape from permit space hazards;
(8) Takes the following actions when unauthorized persons approach or enter a permit space while
entry is underway:
(A) Warn the unauthorized persons that they must stay away from the permit space;
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(B) Advise the unauthorized persons that they must exit immediately if they have entered the permit
space; and
(C) Inform the authorized entrants and the entry supervisor if unauthorized persons have entered the
permit space;

(9) Performs non-entry rescues or other rescue services as part of the employer's on-site rescue
procedure; and
(10) Performs no duties that might interfere with the attendant's primary duty to monitor and protect
the authorized entrants.
(j) Duties of entry supervisors. The employer shall ensure that each entry supervisor:

(I) Knows the hazards that may be faced during entry, including information on the mode, signs or
symptoms, and consequences of the exposure;
(2) Verifies, by checking that the appropriate entries have be.en made on the permit, that all tests
specified by the perrnit have been conducted and that all procedures and equipment specified by the
permit are in place before endorsing the permit and allowing entry to begin;
(3) Terminates the entry and cancels the permit as required by subsection (e)( S);
(4) Verifies that rescue services are available and that the means for summoning additional services
are operable;
(S) Removes unauthorized individuals who enter or who attempt to enter the permit space during
entry operations; and

(6) Determines, whenever responsibility for a permit space entry operation is transferred and at
intervals dictated by the hazards and operations performed within the space, that entry operations
remain consistent with terms of the entry permit and that acceptable entry conditions are maintained.
(k) Rescue and emergency services. The employer shall ensure that at least one standby person at the
site is trained and immediately available to perform rescue and emergency services.
(I) The following requirements apply to employers who have employees enter permit spaces to
perform rescue services.

(A) The employer shall ensure that each member of the rescue service is provided with, and is trained
to use properly, the personal protective equipment and rescue equipment necessary for making
rescues from permit spaces.
(8) Each member of the rescue service shall be trained to perform the assigned rescue duties. Each
member of the rescue service shall also receive the training required of authorized entrants under
subsections (g) and (h).

(C) Each member of the rescue service shall practice making permit space rescues at least once every
12 months, by means of simulated rescue operations in which they remove dummies, manikins, or
actual persons from the actual permit spaces or from representative permit spaces. Representative
permit spaces shall, with respect to opening size, configuration, and accessibility, simulate the types
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of permit spaces from which rescue is to be performed.
(

(D) Each member of the rescue service shall be trained in basic first-aid and in cardiopulmonary
resuscitation (CPR). At least one member of the rescue service holding current certification in first aid
and in CPR shall be available.
(2) When an employer (host employer) arranges to have persons other than the host employer's
employees perform permit space rescue, the host employer shall:
(A) Inform the rescue service of the hazards they may confront when called on to perform rescue at
the host employer's facility , and
(8) Provide the rescue service with access to all permit spaces from which rescue may be necessary
so that the rescue service can develop appropriate rescue plans and practice rescue operations.

(3) To facilitate non-entry rescue, retrieval systems or methods shall be used whenever an authorized
entrant enters a permit space, unless the retrieval equipment would increase the overall risk of entry or
would not contribute to the rescue of the entrant. Retrieval systems shall meet the following
requirements.
(A) Each authorized entrant shall use a chest or full body harness, with a retrieval line attached at a
suitable point so that when rescued, the entrant presents the smallest possible profile (for example at
the center of the entrant's back near shoulder level, or above the entrant's head). Wristlets may be used
in lieu of the chest of full body harness if the employer can demonstrate that the use of a chest or full
body harness is infeasible or creates a greater hazard and that the use of wristlets is the safest and
most effective alternative.
(8) The other end of the retrieval line shall be attached to a mechanical device or fixed point outside
the permit space in such a manner that rescue can begin as soon as the rescuer becomes aware that
rescue is necessary. A mechanical device shall be available to retrieve personnel from vertical type
permit spaces more than 5 feet deep.

(4) Ifan injured entrant is exposed to a substance for which a Material Safety Data Sheet (MSDS) or
other similar written information is required to be kept at the worksite, that MSDS or written
information shall be made available to the medical facility treating the exposed entrant.
(I) Employee participation.
(I) Employers shall consult with affected employees and their authorized representatives on the
development and implementation of all aspects of the permit space program required by subsection
(c).

(2) Employers shall make available to affected employees and their authorized representatives all
information required to be developed by this section.
(m) Appendices. Appendices A through E serve to provide information and non-mandatory guidelines
to assist employers and employees in complying with the appropriate requirements of this section.
Appendix A
Appendix A (.&l.pdf, size='49kb)
Appendix 8
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Appendix C
Appendix D
Appendix E
NOTE: Authority cited: Section 142.3, Labor Code. Reference: Section 142.3, Labor Code.
HISTORY
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Nacimiento River Low Flow Survey 2013

Monterey County Water Resources Agency
893 Blanco Circle
Salinas, CA 93901

March 11, 2014
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Introduction
In order to evaluate the potential impacts of Nacimiento River flow reductions for Hydroelectric Plant
Emergency Repairs, assessments of the Nacimiento River were conducted. These assessments provided
a representative sample of impacts associated with the flow reduction in terms of habitat availability
and stranding potential of South Central California Coast Steelhead (Oncorhynchus mykiss).
Site Selection
A total of 10 river reaches were sampled. Reaches were selected based upon access availability, but
attempts were made to achieve spatial distribution along the length of the streambed (figure 1). Each
reach was 100 m in length, and sampling occurred at 50 m interval transects along the length of the
reach (figure 2). The first transect for each reach was randomly selected by using a random number
generator (1-200), which provided the number of paces to walk upstream from the starting point. The
starting point was selected based upon the first available access point on the river, at the
predetermined site.

Figure 1: Habitat assessments and stranding potential survey site locations.

Figure 2: Sampling reach transect delineation.
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Methods
In order to adequately assess potential impacts associated with habitat reduction and stranding an
evaluation of channel conditions was performed. Channel conditions were evaluated at flows of 60 and
cubic feet per second (cfs) and at a low flow release. The 60 cfs survey will serve as a baseline for
habitat conditions. The 60 cfs did not include all sampling reaches, but sampling did occur at Reaches 1,
3, 5, and 7.
The 60 cfs survey was conducted by MCWRA Biologist and a Hydrologist on May 28, 2013. Reservoir
releases were reduced on May 28, 2013 at 17:30, down to 26-28 cfs. On May 29, 2013, the low flow
survey was performed by MCWRA Biologist and Hydrologist, two fisheries technicians from FishBio LLC.,
and a wildlife biologist from the California Military Department. The low flow survey was conducted by
two teams, moving from up to downstream.
To assess available habitat and stranding potential, wetted width and depth profiles were measured.
The wetted width was measured at each transect. Wetted width was measured from water’s edge to
water edge, perpendicular to stream flows in feet. Depth profiles (in feet) were conducted
perpendicular to flow at each transects. Measurements occurred at approximately 10 equidistant
points along each transect. This measurement method provided data that created an evaluation of
channel shape at the current flow. Optical evaluations of potential stranding sites (low gradient gravel
bars, side channels, shallow pools, etc.) were noted and evaluated.
Dissolved oxygen and temperature was collected at the upstream transect of each reach.
Measurements occurred at mid-water column in the thalweg.
The habitat at each transect was classified using visual observation and discretion of the sampling team
(Figure 3). The habitat designation was based upon the primary habitat present. Due to the low
gradient nature of the Nacimiento River, multiple habitat types can be present at a given transect.
Riffles and runs with lateral pools were very common.
Habitat Type
Cascades
Falls
Rapids
Riffles
Step-Run
Runs
Glides
Pool

Description
Short, high gradient drop in stream bed elevation often accompanied by boulders and
considerable turbulence
High gradient drop in elevation of the stream bed associated with an abrupt change in
the bedrock
Sections of stream with swiftly flowing water and considerable surface turbulence.
Rapids tend to have larger substrate sizes than riffles
Shallow sections where the water flows over coarse stream bed particles that create mild
to moderate surface turbulence (< 0.5 m deep, > 0.3 m/s)
A series of runs that are separated by short riffles or flow obstructions that cause
discontinuous breaks in slope
Sections without flow obstructions. The stream bed is typically even and the water flows
faster than it does in a pool (> 0.5 m deep, > 0.3 m/s)
A section of stream with little or no turbulence, but faster velocity than pools (< 0.5 m
deep, < 0.3 m/s)
A reach of stream that is characterized by deep, low-velocity water and a smooth surface
(> 0.5 m deep, < 0.3 m/s)

Figure 3: SWAMP Protocol designation of habitat types in wadeable streams.
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Relevant habitat features such as potential low flow refugia (large woody debris, undercut banks, etc.),
seeps, hyporheic flows, and tributaries were noted. Habitat features were not be quantified, as it is not
the goal of this study.
Photo documentation occurred at each transect at 60 cfs and at low flow. Four photos were taken
looking downstream, right bank, left bank and upstream.
All reaches and transects were recorded using a GPS device. All transects were marked with flagging
indicating the reach and transect number to insure adequate duplication at 60 cfs and low flows.
Results
60 cfs Flow Evaluation
Evaluations at approximately 60 cfs flow release as recorded at the USGS 11149400 Nacimiento River
below Nacimiento Dam near Bradley, CA, stream flow gage was conducted. Flows had been at
approximately 60 cfs since May 15, 2013 (13 days). All measurements were conducted during stable
flow regimes and no alteration to flows occurred prior or during the measurements (figure 4). A
reduction of flows was commenced after 17:00 on May 28, in preparation for the low flow evaluation.
The actual stabilized flow reading was 56-58 cfs during the survey. For the remainder of the document
flow measurements conducted at this level will be referred to as 60 cfs, even though flows were slightly
below the target value.

Figure 4: USGS 11149400 Nacimiento River below Nacimiento Dam near Bradley, CA, stream flow data
May 28, 2013.
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Site 1
Site 1 is the most upstream site sampled. The sampling reach starts 0.25 km downstream of the dam and extended 100 m downstream.
Dissolved oxygen and temperature were collected at Site 1A (figure 5).
Time
Dissolved Oxygen
Temperature
11:32
11.2 mg/l
11.0°C
Figure 5: Dissolved oxygen and temperature collected at Site 1A.
Site 1A
Site 1, Transect A is located downstream of the confluence of the high level outlet and low level outlet channel. The primary habitat present is a
run with minimal habitat complexities and no canopy cover. Water in the high level outflow channel is not contributing to flow and is a result of
back filling occurring from the low level outlet channel and residual water remaining from high level outlet releases. The measured wetted
width was 48.3 ft. and the maximum depth was 1.6 ft. (figure 6).
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Figure 6: Site 1A depth profile at 60 cfs with photo oriented downstream.
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Site 1B
Site 1, Transect B is a run with minimal habitat complexities and no canopy cover. The measured wetted width was 48.2 ft. and maximum depth
was 1.9 ft. (figure 7).
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Figure 7: Site 1B depth profile at 60 cfs with photo oriented downstream.

7

Site 1C
Site 1, Transect C is a riffle measured at a channel braid. A mid-channel island is present between an area of increase gradient and reduced
water depth. The overall wetted width (including the island) was 89.0 ft. and the maximum depth was 1.0 ft. (figure 8).
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Figure 8: Site 1C depth profile at 60 cfs with photo oriented downstream. Photo shows edge of island and left bank.
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Site 3
Site 3 begins 4.1 km downstream of the dam and extends 100 m downstream. In this stream reach the channel becomes more confined and
deep water habitats are present. Dissolved oxygen and temperature measurements were conducted at Site 3A (figure 9).

Time
Dissolved Oxygen
Temperature
14:40
13.8 mg/l
17.8°C
Figure 9: Dissolved oxygen and temperature collected at Site 3A.
Site 3A
Site 3, Transect A has a primary habitat feature of a riffle, but has a left bank dominated thalweg associated with a large lateral scour pool. The
measurement was conducted at the tail of the riffle as it continues into a run. The depth of the lateral pool exceeded wadeable depth, which
forced an estimate of wetted width. This site had canopy cover on the left bank and features that provided a complex channel. The estimated
wetted width was 45.0 ft. and the maximum depth was 4.0 ft. (figure 10).
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Figure 10: Site 3A depth profile at 60 cfs with photo oriented downstream.
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Site 3B
Site 3, Transect B is a pool with left bank dominated canopy cover and channel complexity in terms of undercut banks and submerged roots.
The depth of the pool exceeded wadeable depth, which forced an estimate of wetted width. The estimated wetted width was 40 ft. and the
maximum measured depth was 4.2 ft. (figure 11).

Site 3B
60 CFS
0

19

22

25

28

31

34

37

40

0
0.5
1

Ft

1.5
2

Depth

2.5
3
3.5

4
4.5

Figure 11: Site 3B depth profile at 60 cfs with photo oriented downstream.
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Site 3C
Site 3, Transect C is a high gradient riffle stepping down from a pool. At this site the river takes an abrupt turn creating an elbow shaped bend.
This site had a small gravel bar creating a portion of dry streambed within the transect. This site had right bank dominated canopy cover and
turbulent conditions. The overall wetted width (including the gravel bar) was 103.8 ft. and the maximum depth was 0.8 ft. (figure 12). Wetted
width measurement exceeded available habitat to fish due to lack of adequate depth.
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Figure 12: Site 3C depth profile at 60 cfs with photo oriented from right to left bank.
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Site 5
Site 5 starts 8.0 km downstream of the dam and extends downstream 100 m. This portion of the river is low gradient with a high width and low
sinuosity. A right bank dominated thalweg is present. Dissolved oxygen and temperature were recorded at Site 5A (figure 13).

Time
Dissolved Oxygen
Temperature
16:19
12.6 mg/l
20.6°C
Figure 13: Dissolved oxygen and temperature collected at Site 5A.
Site 5A
Site 5, Transect A is a run with a right bank dominated thalweg. Little to no canopy cover is present and all habitat complexities are centered
around the right bank and increased depth. The measured wetted width was 109.0 ft. and maximum depth was 3.5 ft. (figure 14).
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Figure 14: Site 5A depth profile at 60 cfs with photo oriented downstream.
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Site 5B
Site 5, Transect B is a run with a defined right bank thalweg. This site is wide and lacks canopy cover. All habitat complexities are oriented with
the thalweg. The measured wetted width was 123.0 ft. and maximum depth was 2.0 ft. (figure 15).
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Figure 15: Site 5B depth profile at 60 cfs with photo oriented downstream.
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Site 5C
Site 5, Transect C is a run with a right bank thalweg and a small gravel bar along the left bank. No canopy cover is present and habitat
complexities are associated with the right bank thalweg. The measured wetted width was 124.0 ft. and maximum depth was 1.0 ft. (figure 16).
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Figure 16: Site 5C depth profile at 60 cfs with photo oriented downstream.
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Site 7
Site 7 is 12.25 km downstream of the dam and extends 100 m downstream. The channel is confined in this portion of the river and has variability
in terms of habitat complexities. The site is upstream of the bridge at Bee Rock Road that could potentially influence the geomorphology of the
channel. Dissolved oxygen and temperature were collected at Site 7A (figure 17).

Time
Dissolved Oxygen
Temperature
17:16
12.5 mg/l
21.6°C
Figure 17: Dissolved oxygen and temperature collected at Site 7A.
Site 7A
Site 7, Transect A is a run with dense canopy cover on the left bank and habitat complexities in terms of woody debris and submerged roots.
The measured wetted width was 66.0 ft. and maximum depth was 2.0 ft. (figure 18).
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Figure 18: Site 7A depth profile at 60 cfs with photo oriented downstream.
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Site 7B
Site 7, Transect B is a high gradient riffle with a defined thalweg. Slight undercut banks are present on the right bank along with submerged
roots. The measured wetted width was 40.0 ft. and maximum depth was 1.1 ft. (figure 19).
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Figure 19: Site 7B depth profile at 60 cfs with photo oriented downstream.
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Site 7C
Site 7, Transect C is a run upstream from the bridge crossing at Bee Rock Road. At this point the river flows through three large culverts. This
site had minimal canopy cover and habitat complexities are in the form of anthropogenic inputs, such as riprap banks. The measured wetted
width was 50.0 ft. and maximum depth was 1.6 ft. (figure 20).
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Figure 20: Site 7C depth profile at 60 cfs with photo oriented downstream.
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Low Flow Evaluation
Evaluations of low flow conditions occurred at flow between 26 and 28 cfs, as recorded at the USGS
11149400 Nacimiento River below Nacimiento Dam near Bradley, CA, stream flow gage. Flows were
reduced to 26-28 cfs on May 28, 2013 at approximately 17:00 at the dam. All measurements were
conducted during stable flow regimes and no alteration to flows occurred during the measurements
(figure 21). The flow reduction became visible at 18:00 at the USGS gage, but did not stabilize until
approximately 21:30. For the remainder of the document measurements conducted at the 26-28 cfs
level will be referred to as Low Flow.

Figure 21: USGS 11149400 Nacimiento River below Nacimiento Dam near Bradley, CA, stream flow data
May 29-28, 2013.
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Site 1
Site 1 showed a reduction in wetted width at reduced flow, but habitat types remained consistent with 60 cfs flows. No instances of stranding or
isolation occurred, and connectivity through the reach remained. Dissolved oxygen and temperature were collected at Site 1A (figure 22).
Time
Dissolved Oxygen
Temperature
10:06
9.96 mg/l
11.77°C
Figure 22: Dissolved oxygen and temperature collected at Site 1A.
Site 1A
Site 1, Transect A showed a visible reduction in wetted width and depth while maintaining a run classification. No areas of potential fish
isolation occurred in terms of off channel pooling, but stranding could potentially occur along the stream margin. The areas along the stream
margin that were dewatered were areas of minimal depth and lacked refugia for fish. The measured wetted width was 44.2 ft. and maximum
depth was 1.1 ft. (figure 23).
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Figure 23: Site 1A depth profile at low flow with photo oriented downstream.
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Site 1B
Site 1, Transect B showed a reduction in wetted width and depth. The reduction of width appeared to be evenly distributed on both banks and
channel shape remained consistent with 60 cfs flows. No areas of potential fish isolation occurred in terms of off channel pooling, and minimal
stranding could occur along the stream margin. The areas along the stream margin that were dewatered were visibly estimated at less than 1.0
ft. The measured wetted width was 40.0 ft. and maximum depth was 1.7 ft. (figure 24).
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Figure 24: Site 1B depth profile at low flow with photo oriented downstream.
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Site 1C
Site 1, Transect C showed a reduction in wetted width and depth. The stream continued to braid and flow remained on both sides of the midchannel island. No areas of potential fish isolation occurred in terms of off channel pooling, and minimal stranding could occur along the stream
margin. The overall wetted width (including the island) was 88.8 ft. and the maximum depth was 0.8 ft. (figure 25).
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Figure 25: Site 1C depth profile at low flow with photo oriented downstream. Photo displays edge of island and left bank.
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Site 2
Site 2 begins 2.25 km downstream of the dam and extends 100 m downstream. In this stream reach the channel conditions are diverse and
meanders are present. Three different habitat types were sampled. Dissolved oxygen and temperature measurements were conducted at Site
2A (figure 9).
Time
Dissolved Oxygen
Temperature
11:43
13.9 mg/l
15.3°C
Figure 26: Dissolved oxygen and temperature collected at Site 2A.
Site 2A
Site 2, Transect A is a pool located upstream of a meander. The measurement was conducted at the tail of the pool, where canopy cover was
minimal. Habitat complexities were present in terms of submerged roots and debris, along with depth exceeding 2.0 ft. Visible reduction of
wetted width was present primarily on the right bank. No areas of potential fish isolation occurred in terms of off channel pooling, and minimal
stranding could occur along the stream margin. The measured wetted width was 44.0 ft. and maximum depth was 2.1 ft. (figure 27).
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Figure 27: Site 2A depth profile at Low Flow with photo oriented downstream.
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Site 2B
Site 2, Transect B is a rifle on the downstream end of a meander. Canopy cover and habitat complexities were present on the left bank. Visible
reduction of wetted width was present primarily on the right bank on the inside edge of the meander. No areas of potential fish isolation
occurred in terms of off channel pooling, and minimal stranding could occur along the stream margin. The measured wetted width was 31.1 ft.
and maximum depth was 0.9 ft. (figure 28).
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Figure 28: Site 2B depth profile at low flow with photo oriented downstream.
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Site 2C
Site 2, Transect C is a glide habitat upstream of an area of a confined channel and deep pools. Canopy cover was minimal and habitat
complexities such as submerged roots and undercut banks were present. Visible reduction of wetted width was present on both banks, but was
minimal due to the channel shape. No areas of potential fish isolation occurred in terms of off channel pooling, and reduced wetted width along
the stream margin would not contribute to fish stranding. The measured wetted width was 44.0 ft. and maximum depth was 3.0 ft. (figure 29).
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Figure 29: Site 2C depth profile at Low Flow with photo oriented downstream.
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Site 3
Site 3 showed a reduction in wetted width at reduced flow, but habitat types remained consistent with 60 cfs flows. No instances of stranding or
isolation occurred, and connectivity through the reach remained. Portions of the channel in this reach were unwadeable even at the low flow
level. Dissolved oxygen and temperature were collected at Site 3A (figure 30).
Time
Dissolved Oxygen
Temperature
11:49
13.9 mg/l
15.3°C
Figure 30: Dissolved oxygen and temperature collected at Site 3A.
Site 3A
Site 3, Transect A showed a visible reduction in wetted width and maintained the riffle along the right bank and lateral pool on the left bank. No
areas of potential fish isolation occurred in terms of off channel pooling, but stranding could occur along the stream margin of the right bank.
The areas along the stream margin that were dewatered (primarily right bank) were areas of minimal depth and lacked refugia for fish even at
60 cfs. The estimated wetted width was 45.0 ft. and maximum depth was greater than 4.0 ft. (figure 31).
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Figure 31: Site 3A depth profile at Low Flow with photo oriented downstream.
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Site 3B
Site 3, Transect B showed a minimal reduction in wetted width due to a more confined channel. The reduction of width appeared to be evenly
distributed on both banks and channel shape remained consistent with 60 cfs flows. No areas of potential fish isolation occurred in terms of off
channel pooling, and minimal stranding could occur along the stream margin. The estimated wetted width was 45.0 ft. and maximum measured
depth was 4.2 ft. (figure 32).
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Figure 32: Site 3B depth profile at Low Flow with photo oriented downstream.
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Site 3C
Site 3, Transect C showed a reduction in wetted width and depth. The wetted width was difficult to determine due to the shallow nature of this
transect. Large cobble held water along the stream margin. This area experienced a reduction in depth that could potentially strand fish. This
area prior to the flow reduction was not adequate rearing habitat due to high gradient and low water levels. Downstream passage is still
available through portions of the riffle. The measured wetted width was 91.0 ft. and maximum depth was 0.8 ft. (figure 33).
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Figure 33: Site 3C depth profile at Low Flow with photo oriented from right to left bank.
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Site 4
Site 4 begins 6.5 km downstream of the dam and extends 100 m downstream. This stream reach has a large backwater area separated from the
main channel by a vegetated bar. This backwater area was present during 60 cfs flows. No instances of stranding or isolation occurred, and
connectivity through the reach remained. Dissolved oxygen and temperature measurements were conducted at Site 4A (figure 34).
Time

Dissolved Oxygen
Temperature
12:56
12.5 mg/l
18.8°C
Figure 34: Dissolved oxygen and temperature collected at Site 4A.

Site 4A
Site 4, Transect A is a riffle habitat with a vegetated bar along the left bank creating a backwater area. No canopy cover was present and habitat
complexities were minimal. Visible reduction of wetted width was present on both banks, and in the backwater habitat. The confluence with
the main channel and backwater provides adequate depth for fish to retreat from the area. The measured wetted width was 105.9 ft. and
maximum depth was 0.8 ft. (figure 35).
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Figure 35: Site 4A depth profile at Low Flow with photo oriented downstream.
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Site 4B
Site 4, Transect B is a glide habitat on the downstream end of a riffle and the outflow of the backwater area. The dual thalweg in this transect is
caused by the presence of a vegetated bar upstream. This site had visible signs of reduced wetted width, but no areas of potentially isolation
were present. The steepness of the bank limits potential stranding along the stream margin. The measured wetted width was 95.9 ft. and
maximum depth was 1.7 ft. (figure 36).
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Figure 36: Site 4B depth profile at Low Flow with photo oriented downstream.
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Site 4C
Site 4, Transect C is a pool habitat with minimal canopy cover and limited habitat complexities. This site had visible signs of reduced wetted
width, but no areas of potentially isolation were present. The steepness of the bank limits potential stranding along the stream margin. The
measured wetted width was 66.0 ft. with a maximum depth 2.2 ft. (figure 37).
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Figure 37: Site 4C depth profile at Low Flow with photo oriented downstream.
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Site 5
Site 5 showed a reduction in wetted width at low flow, but habitat types remained consistent with 60 cfs flows. No instances of stranding or
isolation occurred, and connectivity through the reach remained. Most of the reduction of wetted width occurred along the left bank. Areas of
potential stranding did occur as a result of the flow reduction. Dissolved oxygen and temperature measurements were collected at Site 5A
(figure 38).
Time
Dissolved Oxygen
Temperature
12:57
11.11 mg/l
21.39°C
Figure 38: Dissolved oxygen and temperature collected at Site 5A.
Site 5A
Site 5, Transect A showed a visible reduction in wetted width. The wetted width was difficult to determine due to the shallow nature of this
reach. Areas of insignificant depth not conducive to steelhead rearing were present along the left bank stream margin even at 60 cfs and this is
magnified at Low Flows. The area along the left bank, at 60 cfs was not adequate rearing habitat due to low water levels. Downstream passage
is still available through the right bank thalweg. The measured wetted width was 108.7 ft. and maximum depth was 3.2 ft. (figure 39).
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Figure 39: Site 5A depth profile at Low Flow with photo oriented downstream.
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Site 5B
Site 5, Transect B showed a visible reduction in wetted width. The wetted width was difficult to determine due to the shallow nature of this
reach. Areas of insignificant depth not conducive to steelhead rearing were present along the left bank stream margin even at 60 cfs. The area
along the left bank, at 60 cfs was not adequate rearing habitat due to low water levels and this is magnified at Low Flow. Minimal visible change
is present on the right bank in terms of stream margin and depth. Downstream passage is still available through the right bank thalweg. The
measured wetted width was 120.9 ft. and maximum depth was 1.6 ft. (figure 40).
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Figure 40: Site 5B depth profile at Low Flow with photo oriented downstream.
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Site 5C
Site 5, Transect C showed a visible reduction in wetted width. The wetted width was difficult to determine due to the shallow nature of this
reach. The gravel bar on the left bank is still present with flow on each side. The area along the left bank, at 60 cfs was not adequate rearing
habitat due to low water levels and this is magnified at Low Flow. The left bank showed visible reduction of wetted width, but the steep nature
of the bank limited stranding potential. Downstream passage is still available through the right bank thalweg. The measured wetted width was
120.9 ft. and maximum depth was 1.6 ft. (figure 41).
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Figure 41: Site 5C depth profile at Low Flow with photo oriented downstream.
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Site 6
Site 6 begins 9.9 km downstream of the dam and extends 100 m downstream. This stream reach has a more confined channel with a uniform
shape. No instances of stranding or isolation occurred, and connectivity through the reach remained. Dissolved oxygen and temperature
measurements were conducted at Site 6A (figure 42).
Time
Dissolved Oxygen
Temperature
13:26
11.04 mg/l
22.67°C
Figure 42: Dissolved oxygen and temperature collected at Site 6A.
Site 6A
Site 6, Transect A is a run habitat downstream of a small riffle. This site had visible signs of reduced wetted width, but no areas of potential
isolation were present. All stranding would be limited to the stream margin and primarily on the right bank. The steepness of the left bank
limits the stranding potential. The measured wetted width was 63.8 ft. with a maximum depth 1.3 ft. (figure 43).
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Figure 43: Site 6A depth profile at Low Flow with photo oriented downstream.
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Site 6B
Site 6, Transect B is a pool habitat, with left bank dominate canopy cover and habitat complexities in terms of woody debris. This site had visible
signs of reduced wetted width, but no areas of potentially isolation were present. The steepness of the banks limits the stranding potential at
the stream margins. The measured wetted width was 58.4 ft. with a maximum depth 2.1 ft. (figure 44).
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Figure 44: Site 6B depth profile at Low Flow with photo oriented downstream.
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Site 6C
Site 6, Transect C is a pool habitat, with minimal canopy cover and limited habitat complexities. This site had visible signs of reduced wetted
width, but no areas of potentially isolation were present. The steepness of the banks limits the stranding potential at the stream margins. The
measured wetted width was 53.7 ft. with a maximum depth 2.4 ft. (figure 45).
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Figure 45: Site 6C depth profile at Low Flow with photo oriented downstream.
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Site 7
Site 7 showed a reduction in wetted width at reduced flow, but habitat types remained consistent with 60 cfs flows. No instances of stranding or
isolation occurred, and connectivity through the reach remained. An area of potential stranding was limited to the stream margin. Dissolved
oxygen and temperature were collected at Site 7A (figure 46).
Time
Dissolved Oxygen
Temperature
13:38
12.5 mg/l
21.6°C
Figure 46: Dissolved oxygen and temperature collected at Site 7A.
Site 7A
Site 7, Transect A showed a visible reduction in wetted width. No area of potential isolation or stranding occurred. All stranding would be
limited to the stream margins. The measured wetted width was 61.0 ft. and maximum depth was 1.7 ft. (figure 47).
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Figure 47: Site 7A depth profile at Low Flow with photo oriented downstream.
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Site 7B
Site 7, Transect B showed a visible reduction in wetted width primarily on the left bank. The area along the left bank, at 60 cfs was not adequate
habitat due to low water levels and this is magnified at Low Flow. The depth at the thalweg is maintained to provide adequate passage
downstream. The measured wetted width was 35.0 ft. and maximum depth was 1.0 ft. (figure 48).
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Figure 48: Site 7B depth profile at Low Flow with photo oriented downstream
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Site 7C
Site 7, Transect C showed a visible reduction in wetted width. All potential areas of stranding are limited to the stream margins. The dry back
area along the stream bank is in the presence of an algal mat. The measured wetted width was 47.0 ft. and maximum depth was 1.4 ft. (figure
49).
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Figure 49: Site 7C depth profile at Low Flow with photo oriented downstream
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Site 8
Site 8 begins 14.7 km downstream of the dam and extends 100 m downstream. This stream reach has a confined channel that is slightly
entrenched. No instances of stranding or isolation occurred, and connectivity through the reach remained. Dissolved oxygen and temperature
measurements were conducted at Site 8A (figure 50).
Time
Dissolved Oxygen
Temperature
14:09
15.8 mg/l
23.4°C
Figure 50: Dissolved oxygen and temperature collected at Site 8A.
Site 8A
Site 8, Transect A is a riffle within a slightly entrenched portion of the river. This site has no canopy cover and lacks habitat complexities. Algal
growth is covering the streambed and is very thick along the stream margins. A visible reduction in wetted width was present, but connectivity
is maintained through the reach. All potential stranding would be limited to the stream margins. The measured wetted width was 39.6 ft. with a
maximum depth 0.8 ft. (figure 51).
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Figure 51: Site 8A depth profile at Low Flow with photo oriented downstream
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Site 8B
Site 8, Transect B is a glide habitat based upon flow velocity. Channel shape and substrate indicate a pool, but gradient in the channel makes the
habitat features more consistent with a glide. Canopy cover and habitat complexities are concentrated on the left bank. The steep bank along
the left bank reduces stranding potential. The right bank showed a reduction of wetted width, with the only potential of stranding occurring
along the stream margin. Algal mats are persistent through the reach, especially in shallow areas. The measured wetted width was 53.0 ft. with
a maximum depth 3.3 ft. (figure 52).
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Figure 52: Site 8B depth profile at Low Flow with photo oriented downstream.
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Site 8C
Site 8, Transect C is a pool habitat within an entrenched portion of the channel. The left bank has canopy cover and habitat complexities in
terms of undercut banks and woody debris. The steepness of the banks limits stranding potential along the stream margin. A visible reduction in
wetted width was observed but was minimal. No potential of stranding or isolation was observed. Algal mats were present along the stream
margin and the substrate was covered with filamentous algae. The measured wetted width was 57.6 ft. with a maximum depth 2.9 ft. (figure 53).
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Figure 53: Site 8C depth profile at Low Flow with photo oriented downstream.
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Site 9
Site 9 begins 17.3 km downstream of the dam and extends 100 m downstream. This stream reach has a more entrenched channel. At this point
in the river more anthropogenic inputs are present such as riprap, pilings, and rubble. No instances of stranding or isolation occurred, and
connectivity through the reach remained. Dissolved oxygen and temperature measurements were conducted at Site 9A (figure 54).
Time
Dissolved Oxygen
Temperature
15:12
12.9 mg/l
24.1°C
Figure 54: Dissolved oxygen and temperature collected at Site 9A.
Site 9A
Site 9, Transect A is a run habitat with lateral scour along each bank. The left bank has canopy cover and habitat complexities in terms of
undercut banks and woody debris. The right bank is riprap and other rubble. Algal mats were present along the stream margin and the substrate
was covered in filamentous algae. Reduction of wetted width was difficult to see due to the steepness of the banks. The measured wetted width
was 90 ft. with a maximum depth 2.9 ft. (figure 55).
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Figure 55: Site 9A depth profile at Low Flow with photo oriented downstream.
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Site 9B
Site 9, Transect B is a run habitat with lateral scour along each bank. This site is on the downstream end of the riprap bank. The channel is
entrenched and banks have dense shrub vegetation. Algal mats were present along the stream margin and the substrate was covered in
filamentous algae. The reduction of wetted width was difficult to see due to the steepness of the banks and the presence of algal mats. The
measured wetted width was 87 ft. with a maximum depth 3.7 ft. (figure 56).
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Figure 56: Site 9B depth profile at Low Flow with photo oriented downstream.
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Site 9C
Site 9, Transect C is a pool habitat within an entrenched portion of the channel. This portion of the channel lacked canopy cover and habitat
complexities. Algal mats were present along the stream margin and the substrate was covered in filamentous algae. The steep banks prevent
the risk of stranding on the stream margin and no isolation or other stranding potential exists. The measured wetted width was 57.0 ft. with a
maximum depth 3.6 ft. (figure 57).
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Figure 57: Site 9C depth profile at Low Flow with photo oriented downstream.
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Site 10
Site 10 begins 18.1 km downstream of the dam and extends 100 m downstream. This stream reach has a more entrenched channel than
upstream reaches but is not as confined. This reach has natural meanders, an increase in canopy cover, and habitat complexities in terms of
woody debris. No instances of stranding or isolation occurred, and connectivity through the reach remained. Dissolved oxygen and temperature
measurements were conducted at Site 10A (figure 58).
Time
Dissolved Oxygen
Temperature
15:18
11.46 mg/l
24.0°C
Figure 58: Dissolved oxygen and temperature collected at Site 10A.
Site 10A
Site 10, Transect A is a run habitat with dense vegetation along the stream bank but lacks canopy cover and habitat complexities. Filamentous
alga covered the substrate and algal mats were present along the stream margin. A reduction in wetted width was present along both banks,
but stranding potential was limited and no isolation or off channel pooling occurred. The measured wetted width was 60.2 ft. with a maximum
depth 1.0 ft. (figure 59).
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Figure 59: Site 10A depth profile at Low Flow with photo oriented downstream.
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Site 10B
Site 10, Transect B is a run habitat upstream of a meander. This portion of the channel has left bank dominate canopy cover but lacks habitat
complexities. Algal mats were present along the stream margin and the substrate was covered in filamentous algae. A reduction in wetted
width was present along the stream margin but no isolation or other stranding potential occurred. The measured wetted width was 52.4 ft. with
a maximum depth 1.1 ft. (figure 60).
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Figure 60: Site 10B depth profile at Low Flow with photo oriented downstream.
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Site 10C
Site 10, Transect C is a pool habitat downstream of a meander. This site has channel complexities in forms of large woody debris and undercut
banks. The channel complexities and canopy cover are right bank dominate. Algal mats were present along the stream margin and the substrate
was covered in filamentous algae. A reduction in wetted width was present, but was more apparent on the left bank. The right banks steepness
limits stranding potential and all other stranding would potentially occur on the left bank stream margin. The measured wetted width was 52.4
ft. with a maximum depth 1.1 ft. (figure 61).
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Figure 61: Site 10C depth profile at Low Flow with photo oriented downstream.
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Discussion
The data collected provides a representative look at the conditions of the Nacimiento River under
different flow regimes. Data collected at 60 cfs and Low Flow represents the river under stable flow
conditions. After reviewing the data, it was determined that comparisons of parameters such as wetted
width and depth cannot be made at the different flow conditions. The methods used, allowed for depth
measurements to be made at intervals across the channel and not at set repeatable points. Field
conditions, such as wind, made it difficult to achieve accurate distance measurements over large spans.
Comparisons can be made of channel shape but only anecdotal comparisons of depth and wetted width
should be made. It is most beneficial to look at the data as separate entries and draw conclusions based
upon flow level.
Flow releases of 60 cfs are lower than what is historically released during May and June. The
Nacimiento River experiences flows over 400 cfs for most of the summer and in the past has seen winter
flows exceed 8,000 cfs. Due to the seasonal variation in flows, low gradients, and unstable
geomorphology the streambed is complex with multiple channels and braiding. At 60 cfs, stream flow
braiding is limited and most of the flow is concentrated in a primary channel. Stream braids present at
60 cfs were limited to small mid-channel vegetated islands and did not consist of complex side channel
with high stranding potential. Areas with channel complexities and adequate depth for summer refugia
were present throughout the length of the river, but the most beneficial habitat is located within the
first 6.0 km downstream of the dam. In most portions of the river the thalweg is clearly defined. The
stream margins mid-system are shallow and expansive. This is associated with low gradients and ability
to spread and fill the entire channel. The stream margins offer minimal beneficial rearing habitat, but
were accounted for in the width measurement.
During the survey conducted at Low Flow, the reduction in wetted width was recognizable as flows were
at 60 cfs the day prior. Defining the true wetted portion of the channel was difficult, due to water that
was retained within the substrate. Separating residual water from what was created due to flow
resulted in variation in measurements and contributed to the inability to draw comparisons between
profile measurements. A visible reduction in wetted width was seen at all sites, but the actual reduction
of available beneficial habitat was negligible. Flow followed the same course at Low Flow as it did at 60
cfs, with all braids remaining wetted. No isolation of side channels, and minimal pooling along the
stream margin occurred. Site 5 experienced the most visible reduction of wetted width and stream
margin pooling. The areas of reduced width and pooling were not beneficial summer rearing habitat at
60 cfs, so the results were a loss of wetted streambed that did not impact fish habitat.
Low Flow conditions provided connectivity through the entire length of the Nacimiento River, and
showed very little variation in terms of stream course compared to 60 cfs releases. Wetted width was
reduced, but potential areas of stranding were limited. Low Flow allowed for adequate summer refugia.
The Low Flow Survey provided information that showed that flow in the Nacimiento River would not be
reduced to a point that negatively impacted steelhead. Areas of deep water refugia were present at
Low Flow and connectivity remained throughout the river. The habitat that is loss due to flow reduction
is along the stream margin and not beneficial habitat.
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1.

Summary of Findings

The natural hydrologic conditions for water year 2013 were dry and resulted in low flows for
migration of adult steelhead (Oncorhynchus mykiss) and smolts in the Salinas River system.
There were two brief periods in late‐November and late‐December when flow in the Salinas
River at Chualar exceeded the adult migration threshold (260 cfs). This occurred for two days in
November and six days in December. A similar pattern occurred in the Arroyo Seco with five
days above the migration threshold (173 cfs) in late‐November and eight days in late‐
December. Flow at the Reliz gage in the lower Arroyo Seco fell to zero in mid‐January and
remained there through the smolt migration period (March and April) and for the rest of the
year. The only period when smolts could have migrated out of the Arroyo Seco to the
mainstem Salinas was between November 30 and January 13. In the mainstem Salinas, releases
from the reservoirs beginning in late‐March resulted in flow increases to 40‐90 cfs at Chualar
and 10‐40 cfs at Spreckels. This could have benefited any smolts that may have been moving
downstream from the upper Salinas watershed.
The lagoon opened on December 4, 2012 and closed December 21. It opened again on
December 26 and remained open until January 28, 2013. Lagoon elevation during periods
when the lagoon was closed was managed by releasing flows to the Old Salinas River (OSR).
In 2013, fish population sampling was conducted on April 24‐25, July 15‐16, and October 14‐15.
Sampling near the mouth was limited in April and July due to the presence of snowy plovers.
The lagoon was closed on all sample dates and the lagoon elevation was between 3.3 and 3.5
ft.. There was flow through the lagoon with bypass at the Salinas River Diversion Facility (SRDF)
and outflow to the OSR through the outlet gate near Mulligan Hill. Large amounts of rooted
aquatic plants and macro‐algae interfered with sampling at some Stations (Station 1.5, 5, and
6.5) during July and October.
A steelhead was captured this season. It was 333 mm (13 inches) in length (fork length or FL),
in good condition, and was captured near the OSR outlet in October.
Pacific herring (Clupea pallasii) and Pacific staghorn sculpin (Leptocottus armatus) were
abundant in the lagoon in April but abundance of other species was low. One new species,
yellowfin goby (Acanthogobius flavimanus) appeared in the catch for the first time in the April
survey, represented by a single individual. In July, catch of Pacific herring and staghorn sculpin
declined while yellowfin goby increased to a significant component of the catch. Yellowfin goby
have not been taken in surveys completed by HES in the Salinas River lagoon previously. In
October, the catch was dominated by threespine stickleback (Gasterosteus aculeatus) and
threadfin shad (Dorosoma patenense). Although a total of 14 species were captured,
abundance of other species was low. Two tidewater goby (Eucyclogobius newberryi) were also
captured. They were captured at Station 1.5. Tidewater goby are listed as an endangered
species and have not been reported from the Salinas Lagoon since 1951. They were not
present in the lagoon during surveys for them in 1991, 1992, and 2004 (USWFS 2013).
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Other notable observations during the 2013 season included high levels of water clarity and
extensive growths of rooted aquatic vegetation and algae that made it difficult or impossible to
sample at some locations.
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2.

Background

The Lagoon Monitoring Program, has been conducted by MCWRA since 2002, and was altered
in 2010 to be consistent with the NOAA biological opinion (BO) for sandbar management at the
mouth of the Salinas River (NMFS 2009). The BO addresses effects on the South Central
California Coast steelhead (Oncorhynchus mykiss) inhabiting the Salinas River and Salinas River
Lagoon (referred to as steelhead throughout the text). The BO calls for sampling for fish and
habitat conditions in the spring and summer in addition to the fall samples that have been
conducted previously.
The Salinas River is typical of many streams draining the California Central Coast in that, during
summer when flow in the river is low, a sandbar typically builds at the river mouth and a closed
lagoon is formed. During late fall or winter, storms increase stream flow and there is a
potential for impoundment of these flows within the closed lagoon, rapidly rising water levels
in the lagoon, and flooding of agricultural areas bordering the lagoon. Under natural
conditions, the beach is eroded in the winter by increasing wave action and increased river flow
raises the lagoon level to the point where it overtops the sandbar at the mouth, naturally
opening the lagoon. However, flooding of agricultural lands bordering the lagoon can precede
natural breaching. Central California lagoons vary widely in seasonal cycles of filling, breaching,
inflow, and in water quality conditions.
The Monterey County Water Resources Agency (MCWRA) conducts sandbar management at
the mouth of the Salinas River as required as part of its flood control activity. This activity is
subject to a permit from the U.S. Army Corps of Engineers (Corps) and issuance of the permit is
subject to interagency consultation under Section 7 of the Federal Endangered Species Act. In
December 2009, NOAA's National Marine Fisheries Service (NMFS) completed its consultation
and issued a BO for the Corps’ proposal to permit sandbar breaching at the mouth of the
Salinas River. The BO analyzes the effects of the proposed action on threatened steelhead and
their critical habitat in accordance with section 7 of the Endangered Species Act of 1973, as
amended (16 U.S.C. 1531 et seq.). In the BO, NMFS concludes the Corps' proposed action is not
likely to jeopardize the continued existence of threatened steelhead and is not likely to result in
the destruction or adverse modification of designated critical habitat for this species. However,
NMFS anticipates the incidental take of steelhead will occur as a result of the proposed action
and has provided an incidental take statement with non‐discretionary terms and conditions and
Conservation Recommendations with the BO.
Under the terms and conditions of the BO, the MCWRA is required to monitor changes in the
estuary environment associated with the sandbar management activities and to operate the
slide gate at the outlet to the OSR in a manner that facilitates filling of the lagoon between
December 1 and March 31.
To meet these terms and conditions NMFS has determined that a Lagoon Monitoring Plan shall
be implemented and include sampling of water quality and fish species composition during the
spring, summer, and fall months. The goal of the monitoring will be to document the
abundance, distribution, and condition of steelhead, their residence time in the lagoon, and to
assess the habitat parameters that affect steelhead use of the lagoon. Since snowy plover
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(Charadrius alexandrinus) also inhabit the lagoon area and since the sandbar management
project, including implementation of the monitoring plan, may affect the snowy plovers,
monitoring also involves this protected species.

3.

Lagoon Management

Water levels in the Salinas River Lagoon are managed by MCWRA by releasing flows through an
outlet gate to the OSR channel and by managing the sandbar elevation to allow direct outflow
to the ocean. Flow through the outlet gate is limited by the capacity of the outlet structure,
located at the base of Mulligan Hill, and by capacity in the OSR channel. The OSR channel is
tidally influenced and high inflows from other sources during winter storms (primarily through
Tembladero Slough) severely restrict the amount of water that will drain through the lagoon
outlet gate. Sandbar management activities are undertaken by MCWRA when flow in the
Salinas River is predicted to be sufficiently high to cause an increase in lagoon stage that
threatens to flood adjacent agricultural lands and homes.
Sandbar management involves grading or excavating a drainage channel across the sandbar to
drain the lagoon at the critical elevation. The current practice is to prepare a drainage channel
through the sandbar when runoff from the Salinas River is expected to raise lagoon levels to 6
ft.. At a stage of about 6 ft., the lagoon begins to crest the south bank behind the beach and
floods an extensive area of low marsh vegetation in the Salinas National Wildlife Refuge to the
south of the lagoon. There are low‐lying agricultural fields on the north side of the lagoon that
also begin to be inundated. The initial breach usually occurs in conjunction with winter storms
in November, December, or January but mechanical opening can occur anytime between
October and June. River flow may recede to low levels between storms and, depending on tide
and wave conditions, the mouth may close again for periods of time with subsequent natural or
mechanical opening.
In April 2010, the MCWRA began operation of the Salinas River Diversion Facility (SRDF) as part
of the Salinas Valley Water Project (SVWP). Operation of the SRDF involves release of water
from Nacimiento Reservoir or San Antonio Reservoir to the Salinas River throughout the
irrigation season with impoundment and diversion at the SRDF located at about river mile 4.8
near the upper part of the Salinas River Lagoon. The SRDF operates seasonally between April 1
and October 31. Beginning April 1, MCWRA provides bypass flows to the lagoon under the
following circumstances: For dry year‐types, MCWRA is required to provide 2 cfs to the lagoon
when the SRDF is operating or during aquifer conservation releases. For non‐dry year‐types,
and if the combined reservoir storage is 220,000 acre‐ft. (AF) or more, MCWRA provides
additional supplemental bypass flows. If the lagoon is open to the ocean, then MCWRA
provides 45 cfs to the lagoon for 10 days or until the lagoon closes to the ocean (whichever
occurs first), then 15 cfs to the lagoon through June 30th, and then 2 cfs as long as the SRDF is
operating or during aquifer conservation releases. If the lagoon is not open to the ocean, then
MCWRA will provide 15 cfs to the lagoon through June 30th, then 2 cfs as long as the SRDF is
operating or during aquifer conservation releases (NMFS 2007). These bypass flows influence
water quality conditions in the lagoon during the dry season. Previous to implementation of
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the SVWP there was no requirement for provision of flow to the lagoon and there was generally
no flow to the lagoon after storm flows ceased in the spring. This was likely consistent with
natural river flow patterns before development of the Salinas Valley for agriculture.
The SRDF inflatable dam was raised on April 8, 2013, and the impoundment filled slowly over
the 9th and into the 10th. Fish bypass was maintained during gate inflation. Pumping of river
water for irrigation delivery began at approximately 1:30 pm April 10, 2013. October11, 2013
marked the end of the 2013 Diversion Season at the Salinas River Diversion Facility (SRDF).
With a full impoundment behind the inflatable dam, a minimum of 2 cfs was bypassed to the
Salinas River Lagoon for 28 days (October 11 thru November 8). Impoundment of water at the
SRDF ended on November 8, 2013 and the gates were completely lowered. During the
irrigation season flows were bypassed through the fish ladder and the regulating weir at the
SRDF. Bypass flows averaged 10‐17 cfs throughout the season (Table 1). Lagoon stage was
regulated by releases to the OSR at the lagoon outlet gate (Figure 1).

Table 1 Salinas River Diversion Facility Bypass Flows During 2013 Operations
(Source: MCWRA).

April
May
June
July
August
September
October

Average of Mean
Daily Gaged Fish
Ladder Flow
(cfs)
13.0
15.0
15.0
10.0
9.0
9.0
7.0

Average of Mean
Daily Gaged
Regulating Weir Flow
(cfs)
2.0
2.0
1.0
2.0
2.0
5.0
3.0

Average of Mean
Daily Gaged Total
Bypass Flow*
(cfs)
15.0
17.0
16.0
12.0
11.0
14.0
10.0

* Gaged Total Bypass flow = Fish Ladder flow + Regulating Weir flow. This does not
include spill over the main "Obermeyer" gates.
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Figure 1: Salinas River Lagoon Stage at Monte Road, April 9, 2013 through
November 30, 2013. (Source: MCWRA)

4.

Steelhead in Lagoons

Steelhead adults enter the Salinas River through the lagoon on their way to spawning habitat
upstream. In most Central California coastal streams, adults enter the rivers from December
through April, usually during high flow periods associated with winter storms. In cases where a
closed lagoon forms at the mouth of the stream during the dry season, adults cannot enter the
river unless the sandbar has been breached, either through natural flow increases or
mechanical opening. The Salinas River is somewhat unusual among these streams in that there
is an alternate migration pathway connecting the lagoon to Moss Landing Harbor and the
mouth of Elkhorn Slough via the OSR channel (Figure 2). This channel has been highly modified
to accommodate bordering agricultural activities and is partially blocked by the Potrero Road
Tide Gates; however, there is the potential that migrating steelhead use it under some
circumstances. The mouth of Elkhorn Slough at Moss Landing harbor is kept open all year.
During the winter and spring juvenile steelhead may move down coastal streams from rearing
habitat into a lagoon, either as rearing juveniles (parr) or smolts migrating to the sea. Recently
emerged fry may be displaced from upstream areas and enter lagoons through the spring and
summer, as long as flow reaches the lagoon. In a study conducted in Waddell Creek, trout of
various ages migrated downstream in all months of the year but the majority migrated in April,
May, and June (Shapovalov and Taft 1954). Downstream migration of young‐of‐year fish (less
than a year old) extended from late‐April through the following spring; however this movement
may have been just dispersal to downstream rearing areas and not a true seaward migration.
Downstream migration of 1‐year old steelhead was from April through late June and 2‐year old
fish from March through late May. Recent studies of juvenile steelhead migration in the Arroyo
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Seco tributary of the Salinas River are in accord with this pattern though smolts may migrate
somewhat earlier than in the Waddell Creek study (Cuthbert et al. 2010; Cuthbert et al. 2011).
In 2010 and 2011, smolts were captured as soon as traps were installed in early March and the
majority of smolt migration was completed before May (88% in 2010 and 99% in 2011)
(Cuthbert et al. 2010; Cuthbert et al. 2011).
Smolts emigrating in the Carmel River appear to spend very little time in the lagoon if it is open
(Dettman 1984). If the bar closes before the smolt migration is complete smolts may become
trapped in the lagoon and revert back to the parr stage. Rearing juveniles may inhabit lagoons
throughout the summer. Although habitat conditions may not be optimal due to shallow
water, lack of cover, high rates of predation by birds, little or no freshwater inflow, high
temperature, low dissolved oxygen, and high salinity (Dettman 1984), growth of juvenile
steelhead in lagoons can be excellent under the right conditions and these fish may contribute
significantly to adult returns in some streams (Smith 1990).
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Figure 2: Salinas River Lagoon and Old Salinas River Channel.
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In surveys of the Salinas River Lagoon in 1990‐1991, 2000, and 2002‐2010, there was no
documented rearing of juvenile steelhead (J. Gilchrist and Associates 1997; HES 2001; HES
2003; HES 2004; HES 2005; HES 2006; HES 2007; HES 2008; HES 2009; HES 2010; HES 2011). In
2011, three juvenile steelhead were captured in the lagoon, one on each of the three sampling
dates (HES 2012). In 2012 a single steelhead smolt was captured in the open lagoon in April
(HES 2013). In 2013 a single steelhead was captured in the lagoon in October.
In most Central California coastal streams where steelhead are known to rear in lagoons (e.g.
Carmel River, San Lorenzo River, Soquel Creek, Laguna Creek, Waddell Creek, Pescadero Creek,
etc.), steelhead spawning and/or rearing habitat generally occurs within a relatively short
distance upstream of the lagoon, generally no more than a few miles (Shapovalov and Taft
1954; Dettman 1984; Smith 1990; HES 2002; HES 2005b). The Salinas River Lagoon is an
exception in that the closest steelhead spawning and rearing habitat, which is located in the
Arroyo Seco, is at least 60 miles upstream of the lagoon and flow from the Arroyo Seco may not
reach the main Salinas River channel except during high runoff periods in winter. The great
distance and intermittent flow conditions between the spawning/rearing areas and lagoon may
severely limit the importance of the lagoon as a steelhead rearing habitat in the Salinas River
Basin.

5.

Fish Population Sampling Methods

The BO (NMFS 2009) calls for fish population sampling in the Salinas River Lagoon during spring
(April/May), summer (June‐August), and fall (October or early November). Sampling is focused
on capturing rearing juvenile steelhead that may be present in the lagoon. The objective of the
sampling is to determine whether steelhead are present, and evaluate steelhead distribution,
relative abundance (catch per unit effort), and condition. Sampling is conducted at accessible
and appropriate stations from the mouth upstream past Highway 1 to approximately river mile
3. Eight stations were suitable for seining in 2013 (Figure 3). Habitat conditions at each of the
sampling locations are described in Table 2.
Fish are captured using large beach seines. A 100‐foot by 6‐foot bag seine is used where the
water is shallow enough to maneuver the seine, where there are few underwater obstructions,
and where the seine haul can be completed by bringing it fully onto the open sand borders of
the lagoon. A 150‐foot by 8‐foot purse seine that is set from a small boat is used in deeper
water or along obstructed banks and hauled across the channel to the opposite bank. This
method is effective for capturing multiple size classes of bottom‐oriented, mid‐water, and near‐
shore species (HES 2004). Sampling is conducted, where capture gear is effective, throughout
the lagoon in an attempt to fully document steelhead presence in different areas. Captured
fish are identified by species; length is measured or estimated (fork length or FL); and external
condition is noted. Any juvenile steelhead that are captured are measured and condition is
described relative to advancement of smoltification (parr marks, scales, coloration) and
incidence of external parasites or abnormalities. Fish are released at the site of capture
following each seine haul (replacement method).
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Table 2 Salinas River Lagoon habitat characteristics at fish sampling locations.
Sampling
Location
Station 1

Station 1.5

Station 3.5

Station 4

Station 5

Station 6

Station 6.5

Habitat Characteristics































Maximum depth 4 to 8 ft. depending on lagoon stage
Sand substrate
Some small to large driftwood pieces, no vegetation
Along edge of south marsh just behind beach
Channel along south side of lagoon to about 6 ft. maximum depth
Mud and soft sand substrate
Lagoon bordered by pickleweed marsh, overhanging water edge
Abundant macro‐algae and aquatic plants later in summer
North side of lagoon between beach and Highway 1, narrow channel between
island and shore
Depth to about 5 to 6 ft. maximum
Mud and soft sand substrate
Lagoon bordered by emergent aquatic vegetation, rooted and floating aquatic
vegetation relatively dense throughout sample area
North side of lagoon between beach and Highway 1
Depth to about 5 to 6 ft. maximum, 2 to 3 ft. deep along north bank
Mud and soft sand substrate
Lagoon bordered by emergent aquatic vegetation, rooted and floating aquatic
vegetation relatively dense throughout sample area
Under and around Highway 1 bridge and railroad bridge
Maximum depth 10 to 14 ft.
Mud to hard sand substrate with silt layer
Lagoon bordered by emergent aquatic vegetation on north bank, overhanging
willows and rock rip‐rap on south bank. Structure includes old pilings cut off
near water surface and large calcium‐carbonate “heads” formed by
aquatic/marine worm casings. Rooted and floating aquatic vegetation in
shallower water, extensive in late summer
East of Highway 1 around River Mile 2.5
Maximum depth 8 to 10 ft., deeper channel close to north bank
Mud/silt and soft sand substrate
Lagoon bordered by overhanging willow and emergent vegetation with areas
of rock rip‐rap on north bank, emergent vegetation with rooted and floating
aquatic vegetation along south bank and in shallower water in main channel
East of Highway 1 about ¼ mile upstream from Station 6
Maximum depth 6 to 8 ft., deeper close to north bank
Mud/silt and soft sand substrate
Lagoon bordered by overhanging willow and emergent vegetation on north
bank, emergent vegetation with rooted and floating aquatic vegetation along
south bank and in shallower water in main channel
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Seine hauls are conducted at each station to cover the maximum amount of area that can be
sampled. For example, a large number of hauls are completed at Station 1 which has expansive
areas of sand beach ideal for seining and deeper, cooler water appropriate for use by
steelhead. Other Stations, Stations 3 and 4 for example, have very little beach and are not as
conducive to sampling by seine. They also have shallower, warmer water that is less suitable
for steelhead and fewer hauls are completed there. Sampling effort is not meant to be
consistent between stations but is as consistent as possible between the different sampling
events and from one year to the next for the lagoon as a whole. While some idea of the
distribution of steelhead within the lagoon is possible with this sampling plan, rigorous
comparison of catch between stations is not an objective of the study.
The lagoon is a fluctuating natural environment. Sampling conditions can change from year to
year depending on lagoon stage, bathymetry, water clarity, and shoreline characteristics
rendering the sampling gear more or less effective during discreet sampling events, even at the
same stations. Adjustments are made to account for these changes and keep sampling effort as
consistent as possible over time; however, this is more of a qualitative survey to elucidate
general trends than a rigorous experimental design where variables can be precisely controlled.
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Figure 3: Salinas River Lagoon Fish Sampling Locations.

6.

Fish Population Sampling Results

In 2013, fish population sampling was conducted on April 24‐25, July 15‐16, and October 14‐15.
Sampling was conducted at a selection of standard locations (see Section 5). The winter of
2012‐2013 started with significant rainfall and runoff in December but was very dry after
January 1. Flow peaks occurred in the mainstem Salinas and Arroyo Seco for a few days in early
December and for a few days at the end of December. The lagoon opened naturally during two
distinct periods occurring December 4 through 21, and again December 26 through January 28.
The lagoon was closed at the time of the April sampling and had been closed for 100 days. The
stage read 3.5 ft. at the outlet to the OSR and there was flow through the outlet to the OSR. A
combined flow of approximately 15.0 cfs (mean daily flow) was bypassing the SRDF via the
regulating weir and through the fish ladder and flowing into the lagoon.
During the April sample, a total of 7 fish species were captured (Table 3). During previous
spring surveys in 2011 and 2012, 10 and 14 species were captured, respectively (Table 4). The
four most common species (Pacific herring, Pacific staghorn sculpin, hitch, and threespine
stickleback) were also the most common in previous spring surveys. Sacramento sucker,
Sacramento blackfish, starry flounder, and prickly sculpin have been common in previous spring
surveys but were rare or absent in 2013. One new species, yellowfin goby appeared in the
catch for the first time in the April survey, represented by a single individual (Figure 4).
Overall abundance of fish during the April 24‐25 seining survey was higher than in May 2011 or
April 2012, due largely to abundant catches of Pacific herring and Pacific staghorn sculpin. A
total of 1608 fish were captured in 14 seine hauls (115 fish per haul or fph) compared to 17 fph
in 2011 and 28 fph in 2012. No O. mykiss were captured in the spring 2013 survey.
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Table 3 Salinas River Lagoon fish sampling results, April 24‐25, 2013.
Common Name

Species Name

Number of Seine Hauls
Pacific herring
Hitch
Sacramento sucker
Threespine stickleback
Pacific staghorn sculpin
Striped bass
Yellowfin goby
Total Fish

Clupea pallasii
Lavinia exilicauda
Catostomus occidentalis
Gasterosteus aculeatus
Leptocottus armatus
Morone saxatilis
Acanthogobius flavimanus
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Station
1

Station
1.5

Station
4

Station
5

Station
6

Station
6.5

Total

3

3

2

3

2

1

14

68
14
0
1
15
0
0
98

54
61
3
3
16
2
0
139

1257
91
3
26
222
8
1
1608

581
0
0
0
36
6
0
623

163
0
0
0
9
0
0
172

Number Captured
51
340
6
10
0
0
5
17
47
99
0
0
1
0
110
466
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Table 4 Salinas River Lagoon spring fish sampling results, 2011‐2013.
Common Name

Species Name
Number of Seine Hauls

Pacific herring
Hitch
Pacific staghorn sculpin
Threespine stickleback
Sacramento sucker
Striped bass
Starry flounder
Sacramento blackfish
Prickly sculpin
Shiner surfperch
Carp
Steelhead
Pacific lamprey
Threadfin shad
Sacramento pikeminnow
Yellowfin goby
Total Fish
Number of Species

1

Clupea pallasii
Lavinia exilicauda
Leptocottus armatus
Gasterosteus aculeatus
Catostomus occidentalis
Morone saxatilis
Platichthys stellatus
Orthodon microlepidotus
Cottus asper
Cymatogaster aggregata
Cyprinus carpio
Oncorhynchus mykiss
Petromyzon tridentata
Dorosoma patenense
Ptychocheilus grandis
Acanthogobius flavimanus

May 2011

April 2012

April 2013

16

17

14

0
83
53
4
23
3
1
1
2
2
0
1
0
0
0
0
170
10

Catch per Unit Effort1
29
898
118
65
0
159
66
19
11
2
24
6
11
0
9
0
8
0
2
0
2
0
1
0
1
0
1
0
1
0
0
1
282
1149
14
7

Overall

278
90
65
31
12
11
4
4
3
1
1
0
0
0
0
0
502
16

For all instances in this document a unit of effort is 10 seine hauls
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Figure 4: Yellowfin goby (Acanthogobius flavimanus) captured in July.
In July the lagoon stage was still approximately 3.5 ft.. The gate to the OSR was partially open
with flow to the OSR. The combined average bypass at the SRDF was 12.5 cfs. Sampling near
the mouth was limited due to the presence of nesting snowy plovers. Only Station 1.5 along
the pickleweed marsh and the small beach at the OSR outlet gate were sampled. No seine
hauls were completed along the back of the beach at the mouth. There was a large amount of
algae collected in the seine at Station 1.5 that made retrieval of the seine difficult and
interfered with finding fish in the seine. Large numbers of amphipods were present in the
algae. Rooted aquatic plants were also abundant in parts of Station 1.5.
The number of fish caught was lower in July than April, with 555 fish captured in 13 hauls (43
fish per haul). Catch of the two most abundant species in April, Pacific herring and Pacific
staghorn sculpin were greatly reduced (Table 5). On the other hand, yellowfin goby increased
to a significant component of the catch in July, having been represented by a single individual
caught in April. . A total of 14 fish species were captured (Table 5). Total catch, catch per haul,
and number of species captured were the highest for mid‐summer surveys since 2010 (Table 6).
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Table 5 Salinas River Lagoon fish sampling results, July 15‐16, 2013.
Common Name

Species Name
Number of Seine Hauls

Pacific herring
Common carp
Hitch
Sacramento blackfish
Sacramento pikeminnow
Sacramento sucker
Mosquitofish
Threespine stickleback
Prickly sculpin
Pacific staghorn sculpin
Striped bass
Largemouth bass
Yellowfin goby
Starry flounder
Total Fish

Clupea pallasii
Cyprinus carpio
Lavinia exilicauda
Orthodon microlepidotus
Ptychocheilus grandis
Catostomus occidentalis
Gambusia affinis
Gasterosteus aculeatus
Cottus asper
Leptocottus armatus
Morone saxatilis
Micropterus salmoides
Acanthogobius flavimanus
Platichthys stellatus
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Station
1

Station
1.5

Station
4

Station
5

Station
6

Station
6.5

Total

3

3

1

1

3

2

13

0
2
47
1
0
4
0
6
0
0
17
0
0
0
77

0
6
0
0
0
0
0
8
2
0
0
0
0
0
16

10
8
58
1
1
14
2
275
66
10
47
1
60
1
554

0
0
0
0
0
0
0
0
0
0
22
0
0
0
22

1
0
1
0
0
0
0
0
10
6
1
0
28
1
48

Number Captured
0
9
0
0
1
9
0
0
1
0
0
10
0
2
140
121
0
54
0
4
7
0
0
1
0
32
0
0
149
242
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Table 6 Salinas River Lagoon summer fish sampling results, 2010‐2013.
Common Name

Species Name
Number of Seine Hauls

Threespine stickleback
Hitch
Sacramento sucker
Pacific herring
Pacific staghorn sculpin
Sacramento blackfish
Prickly sculpin
Topsmelt
Shiner surfperch
Striped bass
Yellowfin goby
Mosquitofish
Common carp
Starry flounder
Sculpin sp. (Irish lord?)
Goby sp.
Pacific sardine
Sacramento pikeminnow
Steelhead
Rockfish sp.
Rockfish sp. (calico?)
Goby sp. (arrow?)
Goby sp. (chameleon?)
Largemouth bass
Total Fish
Number of Species

Gasterosteus aculeatus
Lavinia exilicauda
Catostomus occidentalis
Clupea pallasii
Leptocottus armatus
Orthodon microlepidotus
Cottus asper
Atherinops affinis
Cymatogaster aggregata
Morone saxatilis
Acanthogobius flavimanus
Gambusia affinis
Cyprinus carpio
Platichthys stellatus
Hemilepidotus sp.
#N/A
Sardinops sagax
Ptychocheilus grandis
Oncorhynchus mykiss
Sebastes sp.
Sebastes sp.
Clevelandia ios
Tridentiger trigonocephalus
Micropterus salmoides
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August
2010

August
2011

July 2012

July 2013

7

9

13

13

34
41
0
0
6
0
4
0
0
0
0
4
0
1
0
0
0
0
1
0
0
0
0
0
92
7

Catch per Unit Effort
51
162
26
0
9
1
20
0
0
24
0
15
0
1
0
0
0
0
0
0
0
0
0
0
309
9

212
45
11
8
8
1
51
0
0
36
46
2
6
1
0
0
0
1
0
0
0
0
0
1
426
14

3476
1341
459
357
333
336
54
151
134
4
0
0
1
9
3
3
1
0
0
1
1
1
1
0
6669
19

Overall

668
296
88
62
62
56
32
25
22
19
14
6
2
2
0
0
0
0
0
0
0
0
0
0
1359
24
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During the October sample period the mouth of the lagoon was closed and the stage was
approximately 3.3 ft. The outlet gate to the OSR was open and there was flow to the OSR. The
SRDF diversion period ended on October 11, and the impoundment was in the process of being
drawn down. The mean daily bypass flow from the SRDF draw down was 8.0 cfs. Sampling was
completed at a range of standard locations from the mouth to upstream of Highway 1 See
Section 5). Thick growths of algae were encountered along the backside of the beach near the
southern marsh and interfered with sampling at Station 1.5. Sampling at Station 1.5 was
limited to one haul due to concerns with the amount of time needed to separate the fish from
the masses of algae. Thick growths of rooted aquatic plants and floating algae made it
impossible to sample at Station 5 (Figure 5). Rooted aquatic plants and floating algae also
prevented sampling at Station 6.5 so an additional two hauls were completed at Station 6
instead. A haul was completed at Station 7 since Station 5 was not sampled. A large amount of
floating algae drifted into the area as the first haul was completed, preventing further sampling.
The presence of algal growth in the lagoon could have limited sample effectiveness and led to
variations in abundance collected during this sampling event.

Figure 5: Extensive growth of floating aquatic plants and algae at Station 5 in October.
In October, 14 species of fish were captured in the lagoon, the highest number of species in any
of the fall samples since 2002 (Table 7). However, the catch was dominated by only two
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species: threespine stickleback and threadfin shad. Threadfin shad are infrequently found in
the lagoon but relatively abundant when they are found. They may have come down the
Salinas River from Nacimiento Reservoir. Fish abundance (catch per unit effort or cpue) was
low compared to other years (Table 8). A single steelhead was captured. It was 333 mm (13
inches) in length, in good condition, and was captured near the OSR outlet (Figure 6).

Figure 6: O. mykiss captured in October.
Two tidewater goby (Eucyclogobius newberryi) were also captured (Figure 7). They were
captured at Station 1.5.

Figure 7: Tidewater goby captured in October.
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Table 7 Salinas River Lagoon fish sampling results, October 14‐15, 2013.
Common Name

Species Name
Number of Seine Hauls

Pacific herring
Threadfin shad
Common carp
Hitch
Sacramento blackfish
Sacramento sucker
Steelhead
Mosquitofish
Threespine stickleback
Prickly sculpin
Pacific staghorn sculpin
Striped bass
Yellowfin goby
Tidewater goby
Total Fish

Clupea pallasii
Dorosoma patenense
Cyprinus carpio
Lavinia exilicauda
Orthodon microlepidotus
Catostomus occidentalis
Oncorhynchus mykiss
Gambusia affinis
Gasterosteus aculeatus
Cottus asper
Leptocottus armatus
Morone saxatilis
Acanthogobius flavimanus
Eucyclogobius newberryi
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Station
1

Station
1.5

Station
4

Station
6

Station
7

Total

5

1

1

4

1

12

0
0
1
0
0
1
0
0
11
1
0
8
1
0

2
61
2
7
1
1
1
1
450
6
3
8
3
2

23

548

0
12
0
0
0
0
1
0
4
1
1
0
0
0

0
45
1
1
1
0
0
0
421
1
2
0
2
2

19

476

Number Captured
0
2
1
3
0
0
0
6
0
0
0
0
0
0
0
1
2
12
0
3
0
0
0
0
0
0
0
0
3

27

page 18
1 February 2014

Table 8 Catch per Unit of Effort in Salinas River Lagoon fall seine sampling results, 2002‐2013.

Common Name

Pacific herring
Threadfin shad
Carp
Unidentified Cyprinid
Hitch
Sacramento blackfish
Sacramento pikeminnow
Sacramento sucker
Steelhead
Chinook Salmon
Topsmelt
Mosquitofish
Threespine stickleback
Unidentified Sculpin
Prickly sculpin
Pacific staghorn sculpin
Striped bass
Shiner surfperch
Yellowfin goby
Arrow goby
Tidewater goby
Starry flounder
All Fish
Number of Species

Fall
2002
Total
7
2
1
0
304
0
0
38
0
1
0
0
543
0
1
6
0
0
0
0
0
1
904
10

Fall
2003
Total
0
48
3
0
676
32
1
138
0
0
0
1
470
0
4
4
0
0
0
0
0
0
1377
10
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Fall
2004
Total
66
278
126
0
180
14
0
90
0
0
70
640
598
0
54
10
0
0
0
0
0
0
2126
11

Fall
2005
Total

Fall
2006
Total

Fall
2008
Total

Fall
2009
Total

Fall
2010
Total

Fall
2011
Total

Fall
2012
Total

Fall
2013
Total

629
0
36
0
367
181
0
181
0
0
0
61
169
0
1
8
4
0
0
0
0
9
1646
11

Catch per Unit Effort
3
1941
44
0
129
0
0
0
1
0
0
1
1
203
85
1
6
0
0
0
0
0
1
1
0
0
0
0
0
0
446
104
112
0
0
0
0
85
68
0
0
0
0
3
2
0
15
9
0
0
1
0
45
6
0
0
0
0
0
0
0
0
0
0
5
7
451
2537
337
4
11
12

416
0
0
0
61
303
0
31
0
0
127
9
317
0
19
5
0
0
0
1
0
1
1290
11

564
0
0
0
8
0
0
0
1
0
213
0
1
17
4
2
7
7
0
0
0
2
826
11

0
0
0
0
0
0
0
0
0
0
0
4
35
0
4
1
2
0
0
0
0
0
46
5

2
51
2
0
6
1
0
1
1
0
0
1
375
0
5
3
7
0
3
0
2
0
460
14
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7.

Water Quality Sampling Methods

Water Quality Measurements during Fish Population Surveys
Water quality parameters are measured at fish sampling Stations immediately prior to
sampling. A YSI 85 multimeter was used to measure temperature in °C, dissolved oxygen (DO)
in mg/L, dissolved oxygen saturation (%), conductivity in micro‐Siemens per centimeter
(µS/cm), and salinity in parts per thousand (ppt). The meter was checked for conductivity and
DO calibration prior to each sampling event and recalibrated if necessary. The YSI 85 is factory
calibrated for conductivity and re‐calibration is rarely required. Calibration was checked against
a known standard of 10 mS/cm. The DO calibration used a one‐point method with 100% water
saturated air. The meter was turned on at least 15 minutes before sampling so that there was
sufficient time for the DO probe to stabilize. Measurements were taken at one foot depth
intervals, starting at the surface (0 ft.) and ending at the lagoon bed in the deepest area that
can be found. During DO measurements the probe was moved through the sample at a rate of
1 foot per second to provide adequate stirring. A Secchi disc, which is frequently used as a
proxy for suspended solids, is used to measure water clarity at each station.
The fish population survey work is conducted during daylight hours and water quality
conditions are thus representative of daytime conditions. This is particularly relevant for
interpreting DO conditions which can undergo marked diurnal fluctuations in the Salinas
Lagoon. During daylight, photosynthesis by aquatic plants results in production of oxygen. The
lagoon is productive enough that this can lead to super‐saturation (greater than 100%
saturation) of oxygen in the water column, especially the upper water column where light levels
(and photosynthesis) are high. During the night, photosynthesis is replaced by respiration
which consumes oxygen and can lead to depression of DO levels. This is observed in the
continuous water quality data (see below). From the perspective of steelhead rearing in the
lagoon, nighttime depression of DO may result in unfavorable conditions even if daytime levels
(as measured during the fish monitoring and monthly profiles) proved favorable.
Monthly Water Quality Profiles
In order to identify how the SVWP effectively enhances opportunity for Steelhead in the lower
Salinas River system, and to adequately assess the effects of operations of the project, water
quality depth profiles were measured at eight locations in the Salinas River Lagoon at a
monthly interval from April to October. Eight lagoon monitoring stations as used in 2010, 2011,
and 2012 were distributed between river mile 0.0 (the river mouth) and river mile 3.0. Depth
varied between Stations and at individual Stations during different months.
A Hydrolab MS‐5 water quality meter was used to measure temperature in degrees Celsius (°C),
dissolved oxygen (DO) in mg/L, and specific conductivity (conductivity) in µS/cm. Prior to each
sampling event the meter was calibrated using a two point calibration method with known
standard solutions and verified using another known standard solution of a mid‐range value for
conductivity and a one point DO calibrations using 100% water saturated air. Temperature was
recorded using a thermistor on the data sonde, which has no calibration capability outside of
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the factory. Measurements were taken at one foot depth intervals from a boat, starting at the
surface (0.0 ft.) and ending at the lagoon bed. The boat was anchored, and measurements did
not commence until the vessel stabilized. All data were recorded on a datasheet along with
ambient conditions for the sampling day.
A Secchi disc was used as a proxy for suspended solids, to measure water clarity (turbidity) at
each station. A 20.0 cm black and white secchi disk was lowered on the shady side of the boat
until it was no longer visible. The disk was then raised to a level that it became visible. The
depth of the disk was recorded at that point to the nearest 1/10 foot. Secchi disk readings were
not collected during the month of June.
The last day the lagoon was open to Monterey Bay was on January 28, 2013. The lagoon was
not open to the ocean during any of the sample events. No tidal oscillation occurred during the
sampling period but changes to the lagoon hydrology occurred through river flow and
management of the OSR channel slide gate. The lagoon achieved connectivity with the Salinas
River late March. The Salinas River Diversion Facility was raised on April 8, 2013 and filled by
April 10, 2013. Bypass flow was maintained through the fish ladder during the entire sampling
period.
Unattended Continuous Water Quality Data Collection
In order to identify how the SVWP effectively enhances opportunity for Steelhead in the lower
Salinas River system, and to adequately assess the effects of operations of the project,
conductivity, dissolved oxygen (DO), and temperature were continuously monitored at two
stations during the SRDF diversion period. Using two, Hydrolab MS5 Multiparameter Sondes
measurements were logged at an hourly interval. The Sondes were calibrated in the field then
redeployed after calibration to reduce gaps in the data collection. Data were downloaded and
batteries were replaced prior to each calibration event. Calibration was conducted monthly
using a two point calibration method with known standard solutions and verified using another
known standard solution of a mid‐range value for conductivity and a one point DO calibration
using 100% water saturated air. Temperature was recorded using a thermistor on the data
sonde, which has no in field calibration capability. Reference data were collected at each
unattended sampling point with a separate calibrated instrument to check for variation
amongst instruments and to serve as a quality control for temperature. Other variables such as
ambient conditions and site conditions were recorded.
All data were stored with measured parameters and time of sampling event. Battery voltage
was logged along with water quality parameters in attempt to explain any lapse in data
collection or out of range readings. It was determined that the Luminescent Dissolved Oxygen
(LDO) probe used on the Hydrolab MS5 requires more battery voltage than the conductivity
and temperature sensors. In instances of a battery voltage reduction the DO probe provides
readings that are inaccurate. The voltage readings allowed for inaccurate data to be omitted
from the dataset.
For reporting, DO and Conductivity data were averaged into 6 hour interval blocks (0:00‐05:00,
06:00‐11:00, 13:00‐18:00, and 19:00‐23:00) as required by the BO. If data gaps were present
due to calibrations or meter malfunction, 6 hour interval averages were created using the data
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that was available for that specific block (i.e., if data was lost for 1 hour in the block the average
was calculated off the remaining 5 hours). Temperature was reported using daily mean,
maximum, and minimum values calculated from the hourly data.
The Station 1 unattended monitor location is near the mouth of the lagoon and is deployed in a
PVC housing that positions the instrument within 1.0 foot of the lagoon bed. The water depth
at Station 1 was approximately 6.0 ft. throughout the entire sampling period. The meter is
anchored to the substrate using cinder blocks, and raised for calibration by a rope and float.
This proves to be the most secure method of deploying the instrument and keeps the
instrument in a position that allows continuous data collection even if the lagoon level
fluctuates. This station can experience extreme water level fluctuations if the lagoon is open to
the ocean.
The Station 5 unattended monitoring location is near the Highway 1 and Monte Road bridge
crossing. This meter is deployed using a float system that allows data to be collected mid water
column. The float system keeps the meter approximately 3.0 ft. below the water surface at all
times. The depth of the deployment location was approximately 9.0 ft. during the entire
sampling period.
The lagoon closed on January 21, 2013 providing 69 days of a closed system prior to
commencing water quality monitoring. Freshwater inflow to the lagoon from the Salinas River
occurred approximately late March (estimation based upon Salinas River Lagoon pressure
transducer data).

8.

Water Quality Sampling Results

Water Quality Measurements during Fish Population Surveys
Water quality in the lagoon during the 2013 monitoring season was influenced by the history of
opening and closing of the lagoon, freshwater inflow, biological processes (photosynthesis and
respiration), and meteorological conditions. Vertical profiles of water quality parameters were
recorded at each of the sampling locations on each sampling date (Figures 7‐9). At the time of
the April survey, the mouth of the river was closed. A flow of 15.0 cfs was being released past
the SRDF and through the lagoon to the OSR through the outlet gate. The lagoon had been
closed since January 28 with dry conditions and salinity was near zero throughout (Figure 7).
Temperature was un‐stratified and ranged from 17.0°C near the mouth to 19.5°C at the most
upstream station. Dissolved oxygen concentrations were only weakly stratified and were
generally at least 6.5 mg/l at all sample stations. The lagoon water was relatively turbid with a
secchi depth of 1.1 ft. near the mouth and 1.2 ft. at Stations 4 and 6. The water was least
turbid at Station 5 where the secchi depth was 1.4 ft..
In July, the lagoon stage was about 3.5 ft. at the OSR outlet gate and the gate was partially open
with flow to the OSR channel. There was a SRDF bypass of 12.5 cfs entering the lagoon. Water
quality conditions in the lagoon showed minimal variation from April (Figure 8). Temperatures
were slightly warmer at all stations and the lagoon was still fresh except for small salinity
increases near the bottom at deeper stations. Dissolved oxygen was near 8.0 mg/l or above in
all but the deepest water and at the substrate. Both temperature and dissolved oxygen
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concentration increased with distance from the ocean. Water clarity as measured by secchi
depth was 3.1 ft. near the mouth, decreased to 2.5 ft. at Stations 1.5 and 4, was back to 3.1 ft.
at Station 5 and increased to 4.7 ft. at Station 6. Clarity was increased moderately from April
but not nearly as high as July 2012.
The lagoon remained closed through the October sampling period. Lagoon stage was 3.3 ft.
with flow to the OSR channel. The SRDF diversion period ended on October 11, and the
impoundment was in the process of being drawn down. The mean daily bypass flow from the
SRDF draw down was 8.0 cfs. Water quality profiles were homogenous in the lagoon during the
October sampling period (Figure 9). The lagoon was fresh throughout with temperature
measurements between 14.8°C and 17.4°C. Dissolved oxygen was at super‐saturation in most
of the water column with concentration measured between 9.5 mg/l and 17.5 mg/l. Dissolved
oxygen measurements were higher in the afternoon samples, consistent with peak
photosynthetic activity. The water was clear throughout the lagoon with the secchi disk visible
on the substrate at all stations, even in depths up to 11.2 ft.. Water clarity exceeded the 2012
level and was greater than at any time since sampling began in 2002 (Table 9).
Table 9 Maximum Secchi Disk depth recorded during fall surveys (late‐October or early‐
November) between 2003 and 2013.

Year

Maximum Secchi
Depth (ft.)

2003

2.2

2004

NA

2005

2.0

2006

3.4

2007

7.4

2008

2.9

2009

1.3

2010

4.5

2011

5.9

2012

10.4

2013

>11.2
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Figure 8: Salinas River Lagoon water quality measurements, April 24‐25, 2013 (stations as in Figure 3).
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Figure 9: Salinas River Lagoon water quality measurements, July 15‐16, 2013 (stations as in Figure 3).
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Figure 10: Salinas River Lagoon water quality, October 14 and 15, 2013 (stations as in Figure 3).
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Monthly Water Quality Profiles
April 18 (Figure 11): The lagoon was closed to Monterey Bay and USGS final mean daily flow
measured on the Salinas River near Spreckels (USGS Station 11152500) was 23.20 cfs. The
mean daily bypass flow from the SRDF was 15.1 cfs. At the time of sampling the lagoon had
been closed to the Bay for 94 days. Stations 1, 1.5, 2, and 3 measurements indicated a well‐
mixed system without vertical stratification. Conductivity at these stations was greater than
2000.0 µS/cm, but was evenly mixed through the water column. Stations 4, 5, and 6 displayed
vertical stratification with Stations 5 and 6 showing the formation of a halocline at
approximately 5.0 ft. deep. Station 7 had the lowest level of conductivity (<1125.0) and was
evenly mixed. Temperature and DO were inversely associated with conductivity but
maintained a level that did not create anoxic conditions. At Stations 1, 1.5, 2, and 3
temperatures exceeded 14.0 °C and DO was greater than 14.75 mg/l. At both Station 5 and 6,
the lowest level for temperature was 15.50° C and DO levels did not fall below 7.19 mg/l.
Station 4 showed slight stratification in terms of DO and temperature but a halocline did not
develop. Station 7 temperatures were slightly stratified (1.21°C decline from surface to lagoon
bed). The secchi disk readings were consistent through all stations (1.0‐1.2 ft.) except for
Station 7, which had a reading of 2.0 ft.
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Figure 11: Water quality monitoring station locations are shown in the upper image. Temperature,
dissolved oxygen (upper X‐axis), and conductivity (lower X‐axis), profiles were measured on 4/18/13
at each of the locations (Stations 1 – 7) when the Salinas River Lagoon was closed to the Monterey
Bay.
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May 17 (Figure 12): The lagoon was closed to Monterey Bay and the USGS final mean daily
flow measured on the Salinas River near Spreckels (USGS 11152500) was 24.97 cfs. The mean
daily bypass flow from the SRDF was 14.8 cfs. All stations were evenly mixed in terms of
conductivity with no clearly defined halocline. All conductivity readings were less than 1500.0
µS/cm. DO readings at all stations indicated minimal vertical stratification with a decrease in
DO within 1.0 ft. of the lagoon bed. Station 7 had the lowest conductivity levels (<848.8 µS/
cm) while all other stations exceeded 936.0 µS/cm. Temperature was consistent throughout
all stations
(17.89‐19.89 °C) with warmer temperatures as distance progressed upstream. A slight
decrease in temperature was seen within 1.0 ft. of the lagoon bed at all stations, but it was less
defined than what was observed with the DO dataset. Secchi disk readings were 0.5 ft. at all
stations except Station 7 which had a reading of 2.0 ft.
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Figure 12: Water quality monitoring station locations are shown in the upper image. Temperature,
dissolved oxygen (upper X‐axis), and conductivity (lower X‐axis), profiles were measured on 5/17/13
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at each of the locations (Stations 1 – 7) when the Salinas River Lagoon was closed to the Monterey
Bay.

June 27 (Figure 13): The lagoon was closed to Monterey Bay and USGS final mean daily flow
measured on the Salinas River near Spreckels (USGS 11152500) was 46.36 cfs. Mean daily
bypass flows from the SRDF was 16.3 cfs. Significant vertical stratification was observed at
stations 5 and 6. A halocline was observed at stations with depths greater than 6.0 ft. and it
developed at approximately 10.0 ft. At Station 6 in the presence of the halocline, DO dropped
to 2.14 mg/l at the lagoon bed. At Station 5 a less defined halocline was present and DO only
reduced from 10.47 to 7.09 mg/l. DO showed signs of potential stratification at all stations
except Station 2. Small reductions at Stations 1, 1.5, 3, and 4 were present but the lowest value
remained above 8.85 mg/l. Temperatures showed minimal variation (less than 1.02°C at all
stations). The presence of the halocline did not influence temperature to the same degree as
DO. At Station 7 an anomaly of a slight inverse relationship between DO and temperature
occurred. No secchi disk reading occurred during this sampling event.
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Figure 13: Water quality monitoring station locations are shown in the upper image.
Temperature, dissolved oxygen (upper X‐axis), and conductivity (lower X‐axis), profiles were
measured on 6/27/13 at each of the locations (Stations 1 – 7) when the Salinas River Lagoon
was closed to the Monterey Bay.
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July 26 (Figure 14): The lagoon was closed to Monterey Bay and USGS final mean daily flow
measured on the Salinas River near Spreckels (USGS 11152500) was 22.64 cfs. Mean daily
bypass flow from the SRDF was 9.3 cfs. The profiles collected indicate a well‐mixed system
throughout the entire sampling area. No vertical stratification was present and the entire study
area showed minimal variation between parameters. Conductivity readings at all stations
ranged between 766.3 and 999.8 µS/cm and DO levels were greater than 8.5 mg/l.
Temperatures varied by 2.17°C (19.25‐21.42°C) throughout the sampling area with warmer
temperatures as distance progressed upstream from the mouth. Secchi disk readings ranged
from 2.5 to 4.0 ft. with Stations 3, 4, and 5 having the least clarity (2.5 ft.). Station 7 had a
secchi reading that was at the lagoon bed.
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Figure 14: Water quality monitoring station locations are shown in the upper image. Temperature,
dissolved oxygen (upper X‐axis), and conductivity (lower X‐axis), profiles were measured on 7/26/13
at each of the locations (Stations 1 – 7) when the Salinas River Lagoon was closed to the Monterey
Bay.
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August 19 (Figure 15): The lagoon was closed to Monterey Bay and USGS final mean daily flow
measured on the Salinas River near Spreckels (USGS 11152500) was 35.0 cfs. The mean daily
bypass flow from the SRDF was 13.7 cfs. The lagoon was well‐mixed in terms of conductivity
with minimal variation throughout the entire sample area (1173.9‐760.6 µS/cm) and no
development of a halocline at any stations. DO showed signs of minor stratification in the
lower stations (Station 1, 1.5, and 2). At Station 4, DO increased slightly near the substrate,
possibly the result of production by rooted aquatic vegetation which is abundant at this site. At
Station 7, DO levels were lower overall and decreased slightly near the substrate. At the time
of the sampling event algal mats and rooted aquatic vegetation were establishing in the
upstream portion of the lagoon. The algal mats may have been shading the rest of the water
column and causing a reduction in photosynthetic activity in some locations, causing abnormal
fluctuations of DO. The temperature profile at Station 7 showed declining temperatures below
the surface and cooler temperature than at the other sites which would be consistent with
shading from a surface algae layer. The minor stratification seen in DO levels at Stations 1, 1.5,
and 2 could be contributed to biological oxygen demand at the lagoon bed and lack of mixing at
the particular station. All DO levels exceeded 8.0 mg/l, which indicates a well oxygenated
system even at the lagoon bed. Temperature readings were consistent ranging between 23.88‐
19.73° C throughout all monitoring points and at all depths. Secchi depth ranged between 3.5
and 5.0 ft. with the most clarity occurring in the upstream reaches.
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Figure 15: Water quality monitoring station locations are shown in the upper image.
Temperature, dissolved oxygen (upper X‐axis), and conductivity (lower X‐axis), profiles were
measured on 8/19/13 at each of the locations (Stations 1 – 7) when the Salinas River Lagoon
was closed to the Monterey Bay.
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September 24 (Figure 16): The lagoon was closed to Monterey Bay and USGS final mean daily
flow measured on the Salinas River near Spreckels (USGS 11152500) was 31.79 cfs. Mean daily
bypass flow from the SRDF was 13.0 cfs. On this sampling day dense algal mats were present
on the lagoon surface eliminating access to Station 7. A monitoring station downstream of
Station 7 was established and labeled 6.5. No vertical stratification of conductivity or
temperature was observed during this monitoring period. Little variation occurred in
conductivity (927.4‐742.4 μS/cm) and temperature (19.80‐20.90°C) at all monitoring stations.
Slight vertical stratification at all stations in terms of DO was observed, with both increases and
decreases at deeper depths. DO concentrations measured at all sampling points were high
(17.71‐9.97 mg/l). The water clarity allowed visibility to the lagoon bed at Stations 2, 3, 4, 6,
and 6.5, which could have led to an increase in photosynthetic activity explaining the high DO
concentrations measured in the profile data. At the stations that showed the greatest reduction
in DO (Stations 1 and 2) the Secchi disk reading was 4.0 ft. (mid‐water column).
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Figure 16: Water quality monitoring station locations are shown in the upper image.
Temperature, dissolved oxygen (upper X‐axis), and conductivity (lower X‐axis), profiles were
measured on 9/24/13 at each of the locations (Stations 1 – 6.5) when the Salinas River
Lagoon was closed to the Monterey Bay. Station 7 was omitted due to conditions that did
facilitate sampling.
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October 31 (Figure 17): The lagoon was closed to Monterey Bay and provisional mean daily
flow measured on the Salinas River near Spreckels (USGS 11152500) was 0.03 cfs. The SRDF
diversion period ended on October 11, and the impoundment was in the process of being
drawn down. The mean daily bypass flow from the SRDF draw down was 8.8 cfs. The algal mats
that were observed the month prior had diminished and access to all stations was achieved.
Station 7 was the only station that showed signs of vertical stratification. A reduction of DO
was seen at the 3.0 ft. depth, but all values still exceeded 13.5 mg/l. DO levels at all stations
indicated a well oxygenated system throughout the sampling area (9.94‐16.56 mg/l).
Conductivity levels through the sampling reach showed minimal variation (986.7‐1309.2
µS/cm). Temperature was lower than the previous month and the range was minimal (15.23‐
13.84°C). Water clarity allowed for the lagoon bed to be visible at all stations except Stations 1
and 1.5.
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Figure 17: Water quality monitoring station locations are shown in the upper image.
Temperature, dissolved oxygen (upper X‐axis), and conductivity (lower X‐axis), profiles were
measured on 10/31/13 at each of the locations (Stations 1 – 7) when the Salinas River Lagoon
was closed to the Monterey Bay.
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Unattended Continuous Water Quality Data Collection
Station 1
Data were collected from April 1, 2013 through October 31, 2013 (Figure 17). No calibration
issues or variation between reference data occurred. Battery failure occurred between October
10 and October 31, which caused a loss of DO data. The battery failure caused a loss of
intermittent conductivity and temperature readings between October 28 and October 31, but 6
hour averages were still created using the remaining data available for the time block.
Higher conductivity readings early in the monitoring period were a result of the lagoon
previously being open to tidal oscillation and lack of freshwater inflow from the Salinas River in
the months prior. The reduction of conductivity coincides with Salinas River flow connecting to
the lagoon. The freshwater inflows from SRDF bypass gradually lower conductivity to a point of
stability. By June little to no fluctuation of conductivity was observed. DO trended with
temperature and experienced diurnal fluctuations. No instances of anoxic conditions or super‐
saturation occurred. The increase in fluctuations observed in August and September can be
contributed to the presence of dense algal mats and rooted aquatic vegetation and the natural
diurnal changes associated with plant respiration. Temperature followed normal seasonal
patterns with an increase during the summer months and a reduction in fall. The water quality
conditions at Station 1 indicated a stable system and the ability to support steelhead.
Station 5
Data were collected from April 1 through October 31, with no lapse in data collection aside
from calibration periods (Figure 18). No calibration issues or variation between reference data
occurred. Much like Station 1, higher conductivity readings early in the monitoring period were
a result of the lagoon previously being open to tidal oscillation and lack of freshwater inflow
from the Salinas River in the months prior. Conductivity levels were lower than what was
observed at Station 1, but the same trends were observed. Diurnal fluctuations of DO were less
apparent at Station 5 from April to August. The development of the algal mats and rooted
aquatic vegetation increased the diurnal fluctuations and caused increase levels. No instances
of anoxic conditions or super‐saturation occurred. Station 5 temperature followed normal
seasonal patterns with an increase during the summer months and a reduction in fall. The
water quality conditions at Station 5 indicated a stable system and the ability to support
steelhead.
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Figure 18: Conductivity, dissolved oxygen, and water temperature for Lower Salinas River
Lagoon (Station 1). Conductivity and dissolved oxygen data points have been averaged every
six hours. Water temperature includes daily maximum, mean, and minimum trends. Grey
shaded region indicates a battery failure of the Dissolved Oxygen probe.
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Figure 19: Conductivity, dissolved oxygen, and water temperature for Middle Salinas River
Lagoon (Station 5). Conductivity and dissolved oxygen data points have been averaged every
six hours. Water temperature includes daily maximum, mean, and minimum trends.
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9.

Discussion

The Salinas River lagoon provided adequate conditions for rearing juvenile steelhead during
2013. There were a few relatively brief periods when temperature approached reported
stressful or lethal limits (>=25.0°C) (Myrick and Cech 2000) but remained well below critical
thermal maxima for stream rearing fish acclimated to warm temperatures (30.0‐32.0°C) (Myrick
and Cech 2000, Sloat and Osterback 2013). Dissolved oxygen (6‐hour average) declined to
relatively low levels (4.0‐5.0 mg/l) on a few occasions, likely only at night.
Potential use of the lagoon by steelhead was also influenced by hydrologic conditions. The
winter of 2012‐2013 provided difficult conditions for migration of adult steelhead and
steelhead smolts in the Salinas River system and limited conditions for smolts migrating out of
the Arroyo Seco. There were two brief periods in late November and late December when flow
in the Salinas River at Chualar exceeded the adult migration threshold (260 cfs) (Figures 19 and
20). This occurred for two days in November and six days in December. A similar pattern
occurred in the Arroyo Seco with five days above the migration threshold (173 cfs) in late
November and eight days in late December. Flow at the Reliz gage in the lower Arroyo Seco fell
to zero in mid‐January and remained there through the smolt migration period (March and
April). The only period when smolts could have migrated out of the Arroyo Seco to the
mainstem Salinas was between November 30 and January 13. In the mainstem Salinas, releases
from the reservoirs beginning in late March resulted in flow increases to 40‐90 cfs at Chualar
and 10‐40 cfs at Spreckels. This could have benefited any smolts that may have been moving
downstream from the upper Salinas watershed. The lagoon was open for two periods in the
beginning of December and again late December through January 28. The lagoon was open for
a total of 50 days. Access to the Salinas River for migrating steelhead would have been through
the OSR and the outlet gate at Mulligan Hill for much of the migration season.
A single O. mykiss was captured in the lagoon during the monitoring season. It was 333 mm (13
inches) in length, in good condition, and was captured near the OSR outlet on October 14. It
had the appearance of an ocean fish but was small for a returning adult spawner, and a couple
of months early. Although opportunities for steelhead smolts to migrate downstream to the
lagoon from the Arroyo Seco and Salinas River were very limited in the 2013 water year, this
fish could have migrated out of the Arroyo Seco or upper Salinas during higher flows in
November or December of 2012. Older O. mykiss are known to migrate downstream
somewhat earlier than the main smolt migration in March, April, and May (Shapovalov and Taft
1954). It could also have migrated out of the upper Salinas later in the spring after releases
from Nacimiento or San Antonio Reservoir began. Another possibility is that it entered the
lagoon from the ocean during the period when the lagoon was open before January 28 or
through the OSR closer to the time it was captured. In monitoring of the San Lorenzo River
lagoon conducted by HES, a number of O. mykiss in this size range appeared in the lagoon
during the mid‐September 2013 sampling. These fish were not present in the lagoon in June or
July. A number of them had marine ectoparasites (sea lice) indicating recent entry from the
ocean. The San Lorenzo River lagoon was open to the ocean during this period.
Some notable observations of the lagoon environment and fish populations were made during
the 2013 sampling period. Water clarity was high and in October reached the highest levels
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observed in surveys to date. Growths of rooted aquatic plants and macro‐algae were high in
the 2013 sampling season, and created issues with seine sampling that were not experienced in
previous years. Growths of algae and macrophytes made it difficult to sample at Stations 1.5, 4,
6, and 7, particularly during October, and precluded sampling at Stations 5 and 6.5 in October.
In the fish community variations in abundance and species composition have been observed
over the last three years2. O. mykiss have appeared, albeit in very low abundance, after being
absent from the catch for preceding years. At the same time, striped bass (Morone saxatilis)
have increased in the catch while some of the native freshwater species, including Sacramento
sucker (Catostomus occidentalis), blackfish (Orthodon microlepidotus), and hitch (Lavinia
exilicauda) have been present at reduced abundance. Two new species have appeared in the
catch for the first time: yellowfin goby and tidewater goby. Tidewater goby have not been
reported from the Salinas Lagoon since 1951, and were not present during surveys for them in
1991, 1992, and 2004 (USWFS 2013). They were presumed lost from the lagoon due to levee
construction and channelization (USFWS 2013). The Salinas River Lagoon is identified in the
tidewater goby Recovery Plan as a potential reintroduction site. It is likely that the gobies
captured have dispersed from nearby Bennett Slough or Moro Cojo Slough.

2

These observations are based on the fall surveys which go back to 2002 (see Table 8). Spring and summer surveys
have been conducted regularly only since 2011.
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Figure 20 Salinas River flows November 2012 through October 2013
(USGS provisional data)

Figure 21 Flow in the Arroyo Seco near Soledad and below Reliz Canyon
(USGS provisional data)
Salinas River Lagoon Monitoring Report 2013
Hagar Environmental Science

page 46
7 February 2014

References
Cuthbert, Ryan, M. Palmer, D. Demko, and S. Ainsley. 2010. Salinas Basin Rotary Screw Trap
Monitoring, 2010 Final Report. Prepared for Monterey County Water Resources
Agency. FISHBIO Environmental, LLC, Oakdale, California. June 2010. 26 p.
Cuthbert, Ryan, S. Ainsley, and D. Demko. 2011. Salinas Basin Juvenile O. mykiss Outmigration
Monitoring, 2011 Final Report. Prepared for Monterey County Water Resources
Agency. FISHBIO Environmental, LLC, Oakdale, California. June 2010. 32 p.
Dettman, D.H. 1984. The Carmel River Lagoon and its use by Steelhead, Appendix A to
Assessment of the Carmel River Steelhead Resource: its relationship to streamflow and
to water supply alternatives. D.W. Kelley and Associates. Prepared for the Monterey
Peninsula Water Management District. 1984.
J. Gilchrist & Associates, Habitat Restoration Group, Philip Williams and Associates, Wetlands
Research Associates, and MCWRA Staff. 1997. Salinas River Lagoon Management and
Enhancement Plan. Volume 1: Plan Test, Volume 2: Technical Appendices. Prepared for
The Salinas River Lagoon Task Force and Monterey County Water Resources Agency.
Hagar Environmental Science (HES). 2001. Salinas River Lagoon Water Quality and Fish
Populations: Appendix C‐3 to the Draft EIR/EIS for the Salinas Valley Water Project
(SCH# 2000034007). Prepared by EDAW Inc. for Monterey County Water Resources
Agency and U.S. Army Corps of Engineers.
HES. 2002. Carmel River Lagoon Breach Monitoring Report 2001‐2002. Prepared for Monterey
County Water Resources Agency. May 31, 2002.
HES. 2003. Carmel River Lagoon and Salinas River Lagoon Breach Monitoring Report 2002‐
2003. Prepared for Monterey County Water Resources Agency. July 2, 2003, 88 p.
HES. 2004. Salinas River Lagoon 2003‐2004 Breach Monitoring Report. Prepared for Monterey
County Water Resources Agency. July 21, 2004, 48 p. plus Appendix.
HES. 2005. Salinas River Lagoon 2004‐2005 Breach Monitoring Report. Prepared for Monterey
County Water Resources Agency. December 18, 2005, 36 p.
HES. 2005b. DRAFT CLEAP Fish Sampling in San Lorenzo and Laguna Creek Lagoons 2004.
Prepared for: California Coastal Conservancy and Santa Cruz County. February 9, 2005.
HES. 2006. Salinas River Lagoon Breach Monitoring Report 2005‐2006. Prepared for Monterey
County Water Resources Agency. September 15, 2006, 38 p.
HES. 2007. Salinas River Lagoon Breach Monitoring Report 2006‐2007. Prepared for Monterey
County Water Resources Agency. November 30, 2007, 42 p.
HES. 2008. Monterey County Water Resources Agency, Salinas River Diversion Facility Project,
Fish Translocation Activities May 2008. Technical Memorandum prepared for Denise
Duffy and Associates. October 2, 2008.

Salinas River Lagoon Monitoring Report 2012
Hagar Environmental Science

page 47
7 February 2014

HES. 2009. Monterey County Water Resources Agency, Salinas River Diversion Facility Project,
Fish Translocation Activities 2009. Technical Memorandum prepared for Monterey
County Water Resources Agency. August 7, 2009.
HES. 2010. Salinas River Lagoon Breach Monitoring Report 2008‐2009. Prepared for Monterey
County Water Resources Agency. July 14, 2010, 38 p.
HES. 2011. Salinas River Lagoon Breach Monitoring Report 2010. Prepared for Monterey
County Water Resources Agency. July 19, 2011. 17 p. plus Appendices.
HES. 2012. Salinas River Lagoon Monitoring Report 2011. Prepared for Monterey County
Water Resources Agency. February 14, 2012. 44 p.
HES. 2013. Salinas River Lagoon Monitoring Report 2012. Prepared for Monterey County
Water Resources Agency. February 28, 2013. 46 p.
Myrick, C.A., and J.J. Cech, Jr. 2000. Temperature influences on California rainbow trout
physiological performance. Fish Physiol. Biochem. 22: 245–254.
doi:10.1023/A:1007805322097.
National Marine Fisheries Service (NMFS). 2007. Biological Opinion for the Salinas River
Diversion Facility. NOAA, National Marine Fisheries Service's (NMFS), Southwest Region,
Long Beach, California, June 21, 2007.
NMFS. 2009. Biological Opinion for Sandbar Breaching at the Mouth of the Salinas River.
NOAA, National Marine Fisheries Service's (NMFS), Southwest Region, Long Beach,
California, December 21, 2009.
Shapovalov, L. and A.C. Taft. 1954. The Life Histories of the Steelhead Rainbow Trout and Silver
Salmon. State of California, Department of Fish and Game. Fish Bulletin No. 98.
Sloat, M. R., & A.K. Osterback, A. K. 2013. Maximum stream temperature and the occurrence,
abundance, and behavior of steelhead trout (Oncorhynchus mykiss) in a southern California
stream. Can. J. Fish. Aquat. Sci. 70: 64‐73 (20I3) dx.doi.org/10.1139/cjfas‐20I2‐0228.
Smith, J.J. 1990. The Effects of Sandbar Formation and Inflows on Aquatic Habitat and Fish
Utilization in Pescadero, San Gregorio, Waddell and Pomponio Creek Estuary/Lagoon
Systems, 1985‐1989. Report Prepared under Interagency Agreement 84‐04‐324,
between Trustees for California State University and the California Department of Parks
and Recreation. Department of Biological Sciences, San Jose State University, San Jose,
California.
USFWS, 2013. 50 CFR Part 17 Endangered and Threatened Wildlife and Plants; Designation of
Critical Habitat for Tidewater Goby; Final Rule. Federal Register, Vol. 78, No. 25
February 6, 2013.

Salinas River Lagoon Monitoring Report 2012
Hagar Environmental Science

page 48
7 February 2014

