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1.

Summary of Findings

Water year 2014 was dry. There was no flow in the Salinas River after cessation of reservoir
releases in late‐October 2013, and no flow into the lagoon. The lagoon did not open during the
winter of 2013‐2014 and was last open in January 2013. There was no opportunity for
immature O. mykiss to migrate down the Salinas River into the lagoon or for adult steelhead to
migrate upstream into the Salinas River. There was flow in the Arroyo Seco at the Greenfield
gage but only one short flow peak at the Reliz gage for 6 days in early March. None of the
Arroyo Seco flow reached the lagoon. Extensive growths of rooted aquatic vegetation and
algae, as noted in 2013, continued to be present in the lagoon. Dissolved oxygen was at
elevated levels, water clarity was high, and lagoon water temperature was very warm.
Fish population sampling was conducted on April 23‐24. Sampling was initiated on July 23 but
was aborted due to excessive growths of benthic and floating algae that clogged the seine and
jeopardized the health of captured fish, including tidewater goby. The excessive algal growths
persisted in early October at the time of the fall sample period. It was determined in
consultation with NOAA Fisheries and the USFWS that further sampling in 2014 would be
suspended due to concerns with fish health and overall ineffectiveness of seining.
Three species of fish were captured in the 2014 surveys including threespine stickleback, prickly
sculpin, and tidewater goby. Tidewater goby were captured in the lagoon in October 2013, not
having been seen there since 1951. In 2014, tidewater goby were the second most abundant of
the three species captured. No O. mykiss were captured in the lagoon in 2014.
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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
(Charadrius alexandrinus) also inhabit the lagoon area and since the sandbar management
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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
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.
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The SRDF was not in operation in 2014 due to low storage levels in Nacimiento and San Antonio
Reservoirs and fish bypass flows were not required. Lagoon stage was regulated by releases to
the OSR at the lagoon outlet gate (Figure 1).

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,
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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
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. 2011; Cuthbert et al. 2012).
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. 2011; Cuthbert et al. 2012). This pattern appears to have continued in 2012
(Cuthbert et al. 2013a). Due to dry conditions during 2012/13, RST monitoring was conducted
only in the Nacimiento River and only one O. mykiss was captured (Cuthbert et al. 2013b).
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.

Salinas River Lagoon Monitoring Report 2013
Hagar Environmental Science

page 5
22 June 2015

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. Abundant growth of rooted aquatic vegetation and algae limited suitability for seining in
many areas. In addition, low winter flows in the past few years have resulted in encroachment
of emergent aquatic vegetation at the edge of the lagoon where sand beaches existed formerly.
Only five stations were suitable for seining in 2014 (Figure 3). Habitat conditions at each of the
sampling locations are described in Table 2.
Fish are captured using large beach seines. A 150‐foot by 8‐foot purse seine is used most
commonly. It is set from a small boat and is used in deeper water or along obstructed banks
and hauled across the channel to the opposite bank. 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. 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 1 Salinas River Lagoon habitat characteristics at fish sampling locations.
Sampling
Location

Station 1

Station 1.5

Station 3.5

Station 5

Station 6

Habitat Characteristics
























Maximum depth 4 to 8 ft. depending on lagoon stage
Sand substrate
Some small to large driftwood pieces, no vegetation
Abundant benthic algae, especially later in summer
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
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
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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.

Figure 3: Salinas River Lagoon Fish Sampling Locations.
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6.

Fish Population Sampling Results

In 2014, fish population sampling was conducted on April 23‐24. Sampling was initiated on July
23 but was aborted due to excessive growths of benthic and floating algae that clogged the
seine and jeopardized the health of captured fish, including tidewater goby. The excessive algal
growths persisted in early October at the time of the fall sample period. It was determined in
consultation with NOAA Fisheries and the USFWS that further sampling in 2014 would be
suspended due to concerns with fish health and overall ineffectiveness of seining. Although
there was some difficulty with algal growth in April, sampling was conducted at a selection of
standard locations (see Section 5).
The lagoon was closed at the time of the April sampling and had been closed for 15 months,
since January 28, 2013. The stage read approximately 3.4 ft. at the outlet to the OSR and there
was flow through the outlet to the OSR. The source of flow through the outlet must have been
all irrigation return flow and dry weather runoff from urban areas since there were no reservoir
releases and the SRDF was not operating.
During the April sample, only 3 fish species were captured (Table 3). During previous spring
surveys in 2011, 2012, and 2013, 10, 14, and 7 species were captured, respectively (Table 4).
The three most common species in previous spring surveys (Pacific herring, Pacific staghorn
sculpin, and hitch) were not seen at all in 2014. Tidewater goby, first seen in the lagoon in
October 2013, were the second most abundant species in April 2014 and the fifth most
abundant out of 17 species captured over the four year period (Table 4). Overall abundance of
fish during the April seining survey was only slightly higher than the previous low in May 2011
but the number of species captured was less than a third. No O. mykiss were captured in the
spring 2013 survey.
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Table 2 Salinas River Lagoon fish sampling results, April 23‐24, 2014.
Common Name

Species Name

Number of Seine Hauls
Threespine stickleback
Prickly sculpin
Tidewater Goby
Total Fish

Gasterosteus aculeatus
Cottus asper
Eucyclogobius newberryi

Salinas River Lagoon Monitoring Report 2013
Hagar Environmental Science

Station 1

Station
1.5

Station 3

Station 5

Station 6

Total

3

1

1

2

1

8

3

83
10
58

3

152

3
3
1

11

7

16

4

Number Captured
5
64
4
53
5

121
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Table 3 Salinas River Lagoon spring fish sampling results, 2011‐2014.
Common Name

Species Name
Number of Seine Hauls

May 2011

April 2012

April 2013

16

17

14

April 2014

Overall

8

55

0
0
0
104
73
0
0
13
0
0
0
0
0
0
0
0
0
189
3

244
77
56
41
11
10
10
5
3.5
3.1
1.3
0.7
0.36
0.18
0.18
0.18
0.18
463
17

1

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

1

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

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

29
118
0
66
0
11
24
8
11
9
2
2
1
1
1
1
0
282
14

Catch per Unit Effort
924
65
159
19
0
2
6
0
0
0
0
0
0
0
0
0
1
1174
7

For all instances in this document a unit of effort is 10 seine hauls
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In July the OSR gate was closed with only leakage to the OSR. The lagoon was very warm
(Section 8) and algal growth was dense with both benthic and floating algal mats. The first haul,
at Station 1, was so clogged with algae that clearing it and finding fish took an excessive amount
of time (Figure 4). After an hour and a half of clearing algae from the net, remaining algae and
any fish that may have been present were dumped from the net. Tidewater goby were found in
the haul and there was concern that mortality would occur as fish were trapped in the algae in
the warm temperatures (23.7°C in the upper 2 feet of water column). In consultation with
NOAA Fisheries further sampling was suspended. Sampling for tidewater goby with a small
seine (15’ by 4’) was completed at Station 1.5. Investigation of conditions at Stations further up
the lagoon revealed even more excessive algal mats than at Station 1 (Figure 5). No further
sampling for steelhead or tidewater goby was completed.

Figure 4: First haul at Station 1 in July clogged with aquatic plants and algae.
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Figure 5: Extensive growth of rooted and floating aquatic plants and algae at Station 5 in July.
A partial count of the aborted first haul at Station 1 included 17 threespine stickleback, 13
prickly sculpin, and 2 tidewater goby. Catch in the goby seine hauls at Stations 1 and 1.5
included 2 hitch, 181 threespine stickleback, 7 tidewater goby, and 3 prickly sculpin. At least 3
of the tidewater goby were larger adult size.
In October, there was still extensive growth of aquatic vegetation throughout the lagoon.
Given the low potential for O. mykiss based on lack of river flows during the preceding year,
potential for harming fish trapped in the seine with large amounts of vegetation, and
ineffectiveness of seining with the masses of vegetation, no sampling was conducted during
October.
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 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‐
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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 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.
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
Water quality depth profiles were measured at eight locations in the Salinas River Lagoon at
close to monthly intervals from April to October. Eight lagoon monitoring stations as used in
2010, 2011, 2012, and 2013 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
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 on June 29, 2014.

Salinas River Lagoon Monitoring Report 2013
Hagar Environmental Science

page 14
22 June 2015

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 Salinas River Diversion Facility was not
operational in 2014 and no river flows reached the lagoon between May and October 2014.
Unattended Continuous Water Quality Data Collection
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. No instance of battery voltage reduction was noted during the
2014 sampling period.
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
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
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times. The depth of the deployment location was approximately 9.0 ft. during the entire
sampling period.
8.

Water Quality Sampling Results

Water Quality Measurements during Fish Population Surveys
Water quality in the lagoon is 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 6‐7). At the time of the April survey, the mouth of the
lagoon had been closed since January 2013. There had been no flow down the Salinas River
past Spreckels since October 2013 so the only inflow to the lagoon during that period was from
local storm runoff and irrigation return flows. The lagoon was completely fresh (Figure 6). The
temperature profile was un‐stratified and ranged from 15.6°C near the mouth to 19.0°C at the
most upstream station (Station 6). Dissolved oxygen concentrations were also un‐stratified and
ranged from 9 mg/l at the mouth to 19 mg/l at the upriver stations (Stations 5 and 6). Station 3
had oxygen concentrations increasing with depth. Dissolved oxygen levels were the highest of
any observed during year when sampling was conducted in spring and higher than any other
sample period since November 2004. The lagoon water was quite clear with a secchi depth of
3.4 ft. near the mouth, 6.0 feet (bottom of the water column) at Station 3, 12.5 feet at Station
5, and 9 feet at Station 6.
In July, reservoir releases to the SRDF were suspended due to the dry conditions and there was
still no flow down the Salinas River. Seining was suspended after one haul at Station 1 due to
excessive growths of algae and other aquatic plants and only Stations 1 and 1.5 were sampled
for water quality parameters (Figure 7). Temperature was very high, ranging from 23 to 25°C,
the highest recordings observed at these locations in all survey years. Dissolved oxygen was
also high, ranging from 13 mg/l to 15.5 mg/l. Water clarity as measured by secchi depth was
2.9 ft. near the mouth and 1.7 at Station 1.5.
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Figure 6: Salinas River Lagoon water quality measurements, April 23‐24, 2014 (stations as in Figure 3).
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Figure 7: Salinas River Lagoon water quality measurements, July 23, 2014 (stations as in Figure 3).
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Monthly Water Quality Profiles
May 1 (Figure 8): The lagoon was closed to Monterey Bay and USGS final mean daily flow
measured on the Salinas River near Spreckels (USGS Station 11152500) was 0 cfs. Conductivity
at all stations was greater than 2000.0 µS/cm, but was evenly mixed through the water column.
All the stations except Station 1 displayed vertical stratification with no evidence of the
formation of a halocline. Station 3 had the lowest level of conductivity (<2176.0) and was
evenly mixed. At all Stations temperatures exceeded 14.0 °C and DO was greater than 13.40
mg/l. Station 6.5 recorded the lowest level for temperature was 19.33° C and DO levels were
lowest at Station 1 (13.4mg/l). All stations, except 1, showed slight stratification in terms of DO
and temperature but a halocline did not develop. The secchi disk readings were consistently
near the bottom at all Stations.
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Figure 8: May 1, 2014. 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 5/1/14 at each of the locations (Stations 1 – 6.5) when the Salinas
River Lagoon was closed to the Monterey Bay.
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May 29 (Figure 9): The lagoon was closed to Monterey Bay and the USGS final mean daily flow
measured on the Salinas River near Spreckels (USGS 11152500) was 0.00 cfs. All stations were
evenly mixed in terms of conductivity with no clearly defined halocline. All conductivity
readings were greater than 2400.0 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 1 had the lowest
conductivity levels (<2488.4 µS/cm). Temperature was consistent throughout all stations
(19.30‐21.04 °C) with warmer temperatures as distance progressed upstream. A slight
decrease in DO was seen within 1.0 ft. of the lagoon bed at all stations. Secchi disk readings
were near the bottom at all stations.
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Figure 9: May 29, 2014. 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 5/29/14 at each of the locations except 7 (Stations 1 – 6.5) when
the Salinas River Lagoon was closed to the Monterey Bay.
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June 25 (Figure 10): The lagoon was closed to Monterey Bay and USGS final mean daily flow
measured on the Salinas River near Spreckels (USGS 11152500) was 0.00 cfs. No halocline was
observed at any of the stations. DO showed signs of stratification at all stations except Station
1 and ranged between 15.3 mg/l at Station 1 and 20.17 mg/l at Station 4. Temperatures
showed minimal variation (19.52‐21.08°C). Secchi disk readings were near the bottom at all
stations. The presence of dense algal mats prohibited access to sites 6.5 or 7.

Salinas River Lagoon Monitoring Report 2013
Hagar Environmental Science

page 23
22 June 2015

Figure 10: July 25, 2014. 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 6/25/13 at Stations 1 –6) when the Salinas River Lagoon was
closed to the Monterey Bay.
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July 29 (Figure 11): The lagoon was closed to Monterey Bay and USGS final mean daily flow
measured on the Salinas River near Spreckels (USGS 11152500) was 0.00 cfs. The profiles
collected indicate a well‐mixed system throughout the entire sampling area.
Conductivity
readings at all stations ranged between 272.1 and 2896.7 µS/cm with no halocline evident. DO
stratification occurred at Stations 1, 1.5, 2 and 6 with levels dropping to 2.11 mg/l at Station
1.5. Temperatures were between 22.14‐24.46°C) throughout the sampling area with warmer
temperatures as distance progressed upstream from the mouth. Secchi disk readings ranged
from .8 to 13.0 ft. with Station 1 having the least clarity. Station 7 had a secchi reading that was
at the lagoon bed. The presence of dense algal mats prohibited access to sites 6.5 or 7.
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Figure 11: July 29, 2014. 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 7/29/14 at Stations 1 – 6 when the Salinas River Lagoon was
closed to the Monterey Bay.
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August 27 (Figure 12): The lagoon was closed to Monterey Bay and USGS final mean daily flow
measured on the Salinas River near Spreckels (USGS 11152500) was 0.00 cfs. The lagoon was
fairly well‐mixed in terms of conductivity with minimal variation throughout the entire sample
area and no development of a halocline at any stations. DO showed signs of stratification in the
lower stations (Station 1, 1.5, 2 and 3) with the lowest reading of .42 mg/l at Station 1.5.
Temperature readings were consistent ranging between 21.06‐23.00° C throughout all
monitoring points and at all depths. Secchi depth ranged between .9 at Station 1.5 and 9.5 ft.
at Stations 5 and 6. The presence of dense algal mats prohibited access to sites 6.5 or 7.
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Figure 12: August 27, 2014. 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 8/27/14 at Stations 1 – 6 when the Salinas River Lagoon was
closed to the Monterey Bay.
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September 26 (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 0.00 cfs. On this
sampling day dense algal mats were present on the lagoon surface eliminating access to
Stations 6.5 or 7. Some vertical stratification at all stations in terms of DO was observed, with
both increases and decreases at deeper depths. DO concentrations measured between 0.15‐
15.84 mg/l). Conductivity was not measured at Site 6 due to equipment failure.
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Figure 13: September 26, 2014. 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 9/26/14 at each Stations 1 – 6 when the Salinas River Lagoon was
closed to the Monterey Bay.
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October 31 (Figure 14): The lagoon was closed to Monterey Bay and provisional mean daily
flow measured on the Salinas River near Spreckels (USGS 11152500) was 0.00 cfs. The algal
mats that were observed the month prior had diminished enough that Station 6.5 could be
accessed but Station 7 was still unavailable. DO showed some stratification at Stations 2, 3, 4
and 6. Conductivity levels through the sampling reach showed minimal variation, ranging from
2633.9 µS/cm at Station 3 to 2961.3 µS/cm at Station 6. Water clarity was between 1‐2 ft. deep
at all sites except for Station 6.5 where it reached 5.5 ft.
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Figure 14: October 31, 2014. 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 10/31/14 at Stations 1 – 6.5 when the Salinas River Lagoon was
closed to the Monterey Bay.
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Unattended Continuous Water Quality Data Collection
Methods
To adequately assess the effects of operations of the project, conductivity, dissolved oxygen
(DO), and temperature are continuously monitored at two sites within the lagoon. 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.
Other variables such as ambient conditions and site conditions were recorded.
For reporting DO and Conductivity data were averaged into 6 hour intervals. If data gaps were
present due to calibrations or meter malfunction, 6 hour interval averages were created using
the data that was available for that 6 hour interval. Temperature was reported using daily
mean, maximum, and minimum values calculated from the hourly data.
The Site 1 unattended sonde 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 meter is anchored
to the substrate using cinder blocks, and raised for calibration by a rope and float.
The Site 5 unattended sonde 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 feet below the water surface at all times.
Results
Site 1
Data were collected from April 1, 2014 through October 31, 2014 (Figure 15). No calibration
issues occurred. The lagoon closed on January 21, 2013 and did not open during 2014.
Conductivity readings were stable and displayed little fluctuation throughout the 2014 season.
DO trended with temperature and experienced diurnal fluctuations. There were increased
fluctuations in DO observed in late July and August, instances of anoxic conditions appeared in
September and October. Dense algal mats and rooted aquatic vegetation were present
throughout the entire 2014 season. Temperature followed normal seasonal patterns with an
increase during the summer months and a reduction in fall. The water quality conditions at Site
1 indicated a stable system and the ability to support steelhead.
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Site 5
Data was collected from April 1 through October 31, lapses in data collection occurred when
meter malfunctioned due to thick bicarbonate deposits on the probes (Figure 16). Conductivity
values were stable and displayed little fluctuation throughout the 2014 season. Diurnal
fluctuations of DO were less apparent at Site 5. No instances of anoxic conditions or super‐
saturation occurred. At Site 5, Temperature followed normal seasonal patterns with an
increase during the summer months and a reduction in fall. Dense algal mats and rooted
aquatic vegetation were present throughout the entire 2014 season. The water quality
conditions at Site 5 indicated a stable system and the ability to support steelhead.
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Figure 15: 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.
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Figure 16: 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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meter and are contributing to probe failures.
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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 or less) near the mouth in August and September, as recorded
in the continuous monitoring data. This data reflects conditions near the lagoon bed and
monthly profiles indicate higher dissolved oxygen levels higher in the water column.
Potential use of the lagoon by steelhead was also influenced by hydrologic conditions. The
winter of 2013‐2014 did not provide suitable conditions for migration of adult steelhead and
steelhead smolts in the Salinas River system. The weather was dry and there was no flow in the
Salinas River after cessation of reservoir releases in late‐October 2013, and no flow into the
lagoon (Figure 17). There was flow in the Arroyo Seco at the Greenfield gage but only one short
flow peak at the Reliz gage for 6 days in early March. None of the Arroyo Seco flow reached the
lagoon (Figure 18). The lagoon was closed throughout the entire period with the only
connection to the ocean through the outlet gate to the Old Salinas River channel and Moss
Landing Harbor. The lagoon had been closed to the ocean since January 28, 2013.
The monitoring program was hampered by abundant growth of aquatic vegetation and
encroachment of emergent aquatic vegetation along the lagoon border. No O. mykiss were
captured in the lagoon during the limited monitoring conducted. The most notable finding was
the continued presence, and possible increase in abundance of tidewater goby. The trend,
noted in 2013, toward reduced species diversity and abundance of fish appears to continue.
Although sampling was limited, only three fish species were captured in 2014.
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Figure 17 Salinas River flows September 2013 through August 2014
(USGS provisional data)

Figure 18 Flow in the Arroyo Seco near Soledad and below Reliz Canyon
(USGS provisional data)
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