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INTRODUCTION
The Salinas River Lagoon area is a valuable natural resource supporting a diversity of habitats
and a great variety of aquatic and terrestrial biological resources, with significant opportunities
for low intensity recreational and educational uses (Figure 1). Habitats of the lagoon area include
freshwater aquatic, salt marsh, freshwater marsh, riparian, coastal dune scrub, beach, littoral, and
upland terrestrial habitats. Numerous species of fish and wildlife occur in the vicinity of the
lagoon, including threatened, endangered, and sensitive species.
Agricultural land surrounds the lagoon area (Figure 2). Agriculture has contributed to the economic
growth of Monterey County for over a century and is an integral part of the local economy. High
water levels in the lagoon during spring and summer may cause flooding of adjacent cropland.
As a result, the Monterey County Water Resources Agency Las historically breached the sandbar
between the ocean and the Salinas River Lagoon to prevent flooding of surrounding land.
The Salinas River Lagoon Task Force was formed to address issues and concerns relating to the
lagoon. These include high water levels that threaten adjacent agricultural land and residential
areas with flooding, and the associated breaching of the sandbar, which causes adverse impacts to
water quality and habitat for biological resources. Regulatory agencies are concerned about impacts
to natural resources of the lagoon due to breaching.
The MCWRA assembled the Task Force which is composed of federal, state, and local agencies,
along with a local agricultural representative. Active members on the Task Force are listed on the
second cover page. Some Task Force members are also property owners in the Lagoon study
area. Approximate property boundaries are shown in Figure 3. The Task Force has resolved to
work together to direct and coordinate the development of this Management and Enhancement
Plan for the Salinas River Lagoon and associated wetlands.
The original literature research and field work for this Plan was accomplished in 1990-1992. A
number of Salinas River Lagoon Plan drafts were prepared by the consultant team, and discussed
and revised by the Task Force during the period between 1992 and 1996. The Plan was also
reviewed by the MCWRA Board of Directors, the Monterey County Planning Commission and
the Monterey County Board of Supervisors during this period. Much of the review and comment
focused on Plan recommendations. On March 19, 1996, the Monterey County Board of Supervisors
adopted the present draft of the Plan, as well as a Negative Declaration for the Plan.
This Plan has been printed as two documents: Plan Text (Volume I) and Technical Appendices
(Volume II).
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EXECUTIVE SUMMARY
HISTORICAL CHANGES
Historical changes in habitat value of the Salinas River Lagoon have been generally categorized
into three periods: 1) 1854-circa 1877; 2) Circa 1877-1957; and 3) 1957 -present. Historical
accounts of the study region between 1854 and 1877 describe the Salinas Valley as supporting
shallow lakes, sloughs, marsh vegetation, and willow thickets (Figure 4). A series of north-south
oriented lakes occurred east of the Salinas Lagoon area. This freshwater marsh ecosystem, including
the lower Salinas River, was an integral component of a larger wetland complex that included
Elkhorn Slough and the Pajaro River mouth. The study region was highly productive as wildlife
habitat, especially as wintering habitat for numerous species of waterbirds. Tule elk, California
grizzly, coyote, and California condor were reported as being numerous along the coastal valleys
of the Monterey Bay.
Major changes in the habitat value of the study region occurred between approximately 1877 and
1957. A program for drainage operations and reclamation was established as early as 1877. By
1910 extensive areas of habitat, especially wetlands had been eliminated throughout the region.
During the period from 1877-1957 the region's wildlife and freshwater fish habitat was severely
impacted due to reduction and fragmentation of wetlands. As a result, wildlife and aquatic species
abundance was severely reduced, and although not apparent during this period, the widespread
use of toxic pesticides was beginning to impact the biological resources of the region.
Relative to the previous period, minor changes in the habitat value of the study area have occurred
since 1957. These changes have been primarily due to flood control measures, wastewater
management practices, widespread use of toxic pesticides, and the acquisition ofland by the U.S.
Fish and Wildlife Service (USFWS). Flood control measures and wastewater management practices
have reduced freshwater inflow into the lagoon, which has tended to increase the salinity in the
lagoon and lower its water levels, especially during the dry season. The USFWS acquired land in
1973 and designated the area as the Salinas River National Wildlife Refuge. This acquisition
somewhat improved the value of the remaining wildlife habitat in the study area. Although the
study area has been adversely affected by adjacent land use and flood control practices, the Salinas
River Lagoon study area continues to support significant botanical, wildlife, and aquatic resources.
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HYDROLOGY
The hydrology of the lagoon is complex having changed significantly over geologic and historic
time, and subject to extreme variation on a seasonal and interannual basis. Fluvial processes,
coastal processes, groundwater, and the climatic regime affect the aquatic conditions in the lagoon.
The Salinas River watershed is approximately 150 miles long and averages 20-40 miles in width.
It is one of the larger California river systems. The hydrologic regime has been modified by the
construction of two major and one minor reservoirs. The important hydrologic components include
the main river channel, the saline pond on the south end of the main lagoon, the 48 inch culvert
and flapgate which separates the lagoon from the Old Salinas River channel, and a smaller saline
pond northwest of the lagoon.
The hydrology of the lagoon system varies drastically an a seasonal and interannual basis. At any
given time, different hydrologic parameters may be dominant, producing the current hydrologic
regime. Dry season conditions are the most common regime for the lagoon which occurs from
May through October or November. During this time no rainfall-induced flow reaches the lagoon
although some irrigation return flow enters the lagoon via the Blanco Drain. The other annual
source of dry season inflow came from point source discharges by two sewage treatment plants.
These flows have now been diverted from the system to the new Treatment Plant.
Based on the literature review and field survey for this report (June-December 1990), low-flow
conditions are considerably different. The current dry season inflow and outflow is dramatically
less than in the early 1970's due to diversion of treatment plant discharge, water conservation and
the current drought. The loss of this inflow affects the flushing rate, salinity, and mass balance of
water quality constituents. The salinity of the lagoon also varies during the dry season. Following
closure of the breach in winter or spring, the lagoon may contain a significant portion of seawater.
Over the summer period, this is gradually replaced with the slightly brackish irrigation return
water. Seepage of water from the Bay, along with ongoing evaporation of freshwater, represents
processes that maintain the lagoon as slightly brackish.
Breaching of the sandbar between the Salinas River and Monterey Bay changes the hydrology of
the lagoon dramatically. The lagoon is subject to tidal inflow and wave action from the Bay.
Salinity, and water surface elevation in the lagoon will vary, depending on the magnitudes of river
flows, wave action, and tide levels. The length oftime the breached channel remains open varies.
In general, the closure of early season breaches can be noted, but the duration of any breach
opening is highly variable. Once the breach is closed, the system will begin reverting to a relatively
fresher water system over a period of weeks or months depending on the initial salinity and
amount of freshwater inflow.
The groundwater hydrology of the Salinas River area is complex, with a number of different
aquifers separated by relatively impermeable layers of clay. During periods of drought the
groundwater contribution may be somewhat more important in determining minimum water levels
in the lagoon. The groundwater table appears to playa greater role in the hydrology of the Salinas
River National Wildlife Refuge pond. The water level in the pond shifts over a range of one to
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two feet, in response to the balance between groundwater elevations, agricultural return flow,
evaporation, and seepage.

FLOOD PROTECTION
The sandbar between the Salinas River Lagoon and Monterey Bay is artificially breached by the
MCWRA when high Salinas River flows or water levels would result in flood damage to the
surrounding area. This breaching protects farmland, buildings, and several houses from severe
erosion and flooding, and prevents heavy silt loads from entering the Old Salinas River Channel
and Moss Landing Harbor. Usually this activity occurs once or twice a year in the winter, but
some years require many openings and some years require none.
When the Salinas River Lagoon is not open to the ocean, a 4' diameter slidegate/culvert was used
to discharge small flows from the lagoon to the Old Salinas River Channel. This existing slidegate/
culvert had deteriorated and was replaced with a larger structure that allows more flexibility in
managing the lagoon. The larger slidegate/cu!vert can enhance the freshwater conditions at the
lagoon by reducing the frequency of breaching in accordance with the Breaching Criteria contained
in Appendix C. The hydraulic structure is designed with a double weir that will improve water
quality and provide flexibility in managing water levels at the lagoon.
A flood control levee on the northwest side of the lagoon is maintained by the Water Resources
Agency to protect adjacent agricultural land from high water levels in the lagoon and from ocean
waves and erosion damage when the river mouth is open. In 1983, winter storms washed away
approximately 60% of the original earthen levee and the MCWRA made emergency repairs to
prevent further damage. Additional slope protection on the levee face is needed to adequately
protect the surrounding area and to finish the levee repair work performed in 1983. The levee face
should be reconstructed and revegetated to provide the necessary erosion protection and prevent
the potential loss of agricultural land.

VEGETATION
The vegetation within the Salinas River Lagoon Enhancement Plan study area is comprised of
several plant communities: central coast arroyo willow riparian forest, central coast riparian
scrub, ruderal, northern foredunes, central dune scrub, northern coastal salt marsh, and coastal
brackish marsh.
The riparian vegetation along the Salinas River between the eastern border of the study area to
just below Highway 1 forms an almost continuous corridor along both banks. The vegetation
does show evidence of impacts and alteration such as dumping of debris, the introduction of nonnative vegetation, and localized bank stabilization/ erosion control measures. The ruderal
vegetation grows along the levee and bank slopes and other disturbed areas. The foredunes and
dune scrub communities inhabit the westernmost portion of the study area north and south of the
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river mouth. The marsh habitats occur adjacent to the river mouth and along the islands and
margins of the river.
In 1990, the records of the California Natural Diversity Data Base, the California Native Plant
Society, and other reports for the region indicated the following rare, endangered, and/ or locally
unique plant species have the potential to occur or have been reported within the dune communities
of the region: Monterey slender-flowered gilia, branching beach aster, Menzies wallflower,
Monterey paintbrush, coast wallflower, and Monterey spineflower. No known rare, endangered,
or locally unique species occur in the other vegetation communities.

WILDLIFE
The Salinas River Lagoon study area is a valuable resource to a great variety of wildlife species.
The lagoon and its associated habitats, along with the Elkhorn Slough system and the Pajaro
River mouth area, are of regional importance for wildlife. In the Monterey Bay region, the lagoon
is a focal point for wildlife activity (especially waterbirds). In the local context, the study area's
significant amount of natural habitat serves as a vital refuge for wildlife within the lower Salinas
Valley's strongly agricultural environment.
The value of the study area for wildlife is underscored by the great diversity of vertebrate species
known or expected to occur (276 species), and the high number of sensitive wildlife species
known or expected to occur (40 species). The study area's overall high wildlife value results
from its diversity of habitats and close proximity to the highly productive Elkhorn Slough system
and Monterey Bay.
Wildlife habitats of the Salinas River Lagoon study area are comprised of the plant communities
mentioned above as well as brackish-water/ freshwater lagoon, hyper-saline pond, mudflat and
sandflat, non-native annual grassland, and beach. Wildlife species diversity and abundance in the
study area varies depending on the season and the water levels present in the Salinas River. While
some wildlife species may be restricted to certain plant communities due to specific habitat
requirements, many of them utilize several of the habitats present in the study area.
Several significant wildlife use areas that provide valuable resources have been identified in the
study area. These include: (1) the lagoon sand bar; (2) in-channel islands; (3) lagoon and island
shoreline; (4) dunes and beach; (5) open and shallow water habitat; (6) the seasonal saline ponds;
(7) freshwater and brackish-water marsh habitats; and (8) willow riparian habitat. The sand bar
functions as an important roost site for pelicans, terns, gulls, and shorebirds. The islands provide
nesting habitat for avocets, stilts, and ducks, and escape cover for a variety of waterbirds. Numerous
shorebirds forage along the lagoon shoreline, which also provides nesting habitat for stilts, avocets,
and waterfowl. The seasonal saline ponds south and north of the river mouth (Figure 2) provide
wildlife resources similar to the lagoon, supporting significant use by waterbirds. The northern
foredunes and central dune scrub provide suitable habitat for four sensitive wildlife species: the
snowy plover, black legless lizard, globose dune beetle and Smith's blue butterfly. The willow
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riparian community of the upper study area provides important foraging habitat for many
insectivorous birds, which feed on insects that feed on the deciduous leaves or forage on the
numerous catkins. The wildlife value of the study area has been and is affected by the intensive
agricultural land use which surrounds it.
The study area supports use by an impressive array of sensitive wildlife species. Thirty six species
classified as federally or state endangered or threatened, candidates for endangered or threatened
status, or state species of special concern have been recorded or are expected to occur in the study
area. Ten of these have only occurred occasionally, but twenty three are known to make significant
use of the study area.

FISH AND AQUATIC RESOURCES
Estuary/ lagoon systems can provide valuable habitat for saltwater, freshwater, and resident brackish
water fishes. The number of species and the relative importance of the three types varies with
water quality features (temperature, salinity, dissolved oxygen, toxics), physical habitat features
(depth, substrate, cover), and productivity (nutrients, algal and higher plant growth, invertebrate
populations). Despite substantial past impacts, the estuary/ lagoon of the Salinas River has
regionally significant fish populations, and opportunities for restoration and enhancement also
appear to be significant.
Little systematic sampling of fish populations of the Salinas River lagoon and adjacent channels
has been undertaken. In August of 1990, one day of intensive sampling in the downstream portion
of the lagoon collected over 320 fish of nine species. These species included: starry flounder,
threes pine stickleback, prickly sculpin, Sacramento blackfish, hitch, Sacramento sucker,
Sacramento squawfish, carp, and white bass. All of the collected fishes, except the starry flounders
appeared to be growing well and in good health, the condition factor or "plumpness" was very
good. However, lesions were present on most of the larger fish, especially the suckers and hitch.
These lesions are indications of stress and although the cause is unknown they may reflect bacterial
infections or may be a response to contamination of the lagoon.
Resident rainbow trout persist in headwaters and tributaries of the Salinas River, and steelhead
(anadromous rainbow trout) utilize Arroyo Seco, Nacimiento, and San Antonio rivers when access
is possible. Steelhead success is limited by various factors. Carp, hitch, Sacramento blackfish,
Sacramento squawfish, and Sacramento sucker typically occur in habitats like those of the lower
Salinas River. They can tolerate brief exposures to moderately brackish (10-15 ppt) water and
probably more prolonged exposure to mildly brackish (5 ppt) water. The single white bass collected
in 1990 probably represents a wet year stray from upstream reservoirs. Other reservoir species,
such as bluegill, green sunfish and threadfin shad are likely to occasionally occur in the lagoon.
Mosquitofish were not observed in the lower lagoon in 1990, but should be expected in the lagoon.
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Habitat in the lagoon appears to be suitable for the restoration of tule perch and Sacramento perch
if freshwater conditions can regularly be assured.
Threespine stickleback were abundant in the lagoon in 1990 and probably occur as two forms,
resident and anadromous. The sticklebacks collected in the downstream portion of the lagoon in
1990 may reflect a population adapted to regular brackish conditions. Three young-of-the-year
prickly sculpins were collected in the lagoon in 1990. Prickly sculpins require slow water conditions
for reproduction, as their larvae are pelagic. Tidewater goby (Eucyclogobius newberryi) originally
occupied the lagoon, but have not been collected since 1946. However, the lagoon presently
appears suitable for their restoration.
Marine fishes can utilize the lower Salinas River channel when the sandbar is open, and some can
also use the summer lagoon. Juvenile staghorn sculpins and starry flounders often enter estuaries
and can rear in the lagoon. Green sturgeon were reported from the Salinas River in 1975. They
probably only rarely enter the Salinas River. Shiner perch, Pacific herring, and tops melt have
occasionally been reported from the Salinas River Lagoon.

WATER QUALITY
The water quality of the Salinas River has been altered by a variety of human activities. These
include diversion of the river, diking and draining of wetlands, agricultural practices, point source
discharges by industry, urban runoff, and reduction of groundwater supply. Primary threats to
biological resources of the Salinas River are due to increased nutrient input, industrial discharges
and persistent pesticide residue. Nutrients enter the Salinas River primarily from agricultural
runoff. This nutrient enrichment causes eutrophication which is increased plant growth or what is
commonly called algal blooms. Eutrophication tends to clog waterways, decrease flow rates,
produce unpleasant odors, and reduce oxygen availability for aquatic animals. Eutrophication
has been a major periodic problem in the Salinas River. DDT, toxaphene, dieldrin, endrin, aldrin,
and endosulfan are major persistent pesticides which have been used throughout the Salinas Valley,
although the use of all except endosulfan has been banned in California. These pesticides enter
the Salinas River by runoff, percolation, and wind transport, then are trapped in the lagoon during
low flow periods. As halogenated hydrocarbons, these pesticides are insoluble in water, but are
highly soluble in lipids or animal fatty tissue where they tend to concentrate. Impacts to living
organisms that have been documented in other areas vary from widespread kills to more subtle
forms of destruction such as reproductive failure due to bioaccumulation, behavioral and
physiological problems, decreased food consumption, and increased susceptibility to predation
and extreme weather conditions. There has been no evidence of this occurring in the Salinas
River system; however, there have been no investigations either.
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PUBLIC USE OF THE STUDY AREA
The study area provides valuable opportunities for a variety of public recreational use. However,
human activities significantly affect the study area's fishery, wildlife and botanical resources, as
well as agricultural operations. Salinas River State Beach and the Salinas River National Wildlife
Refuge attract many visitors to the study area. Presently, a number of different public uses occur
within the study area, primarily focused along the beach and river mouth. These include fishing
(in the surf and river), bird-watching and other nature observation, hunting, hiking, sunbathing,
swimming, surfing, horseback riding, off-road vehicle use, and scientific research. These uses
include both permitted and prohibited activities.

In general, the level of public use of the study area is limited by available access, and thus the
number of users is often relatively low when compared to other coastal access points in the Monterey
Bay area. Public use in portions of the lagoon and dunes is officially limited by the establishment
of natural reserves, and certain uses in other areas are limited to certain seasons (e.g., hunting).
Surf fishing is a popular recreational sport along the beach, where people may be observed fishing
year round. Fishing in the lagoon is prohibited by both the Department of Parks and Recreation
and the U.S. Fish and Wildlife Service, but it has been observed to occur regularly at low levels in
spite of this limitation. Excellent opportunities for nature observation, especially bird watching
and botanical enjoyment, occur throughout the study area. The area is visited year round by bird
watchers, and has been acknowledged as one of the premier birding locations in the Monterey
Bay area. The valuable and diverse biotic resources of the study area offer important opportunities
for scientific research. Current continuing studies include breeding and wintering population
studies of the snowy plover conducted by the Point Reyes Bird Observatory, a study of waterfowl
nesting success conducted by the U.S. Fish and Wildlife Service, and documentation of the
Monterey slender-flowered gilia population near Mulligan Hill by the State Department of Parks
and Recreation and others.
Hunting is allowed only on the wildlife refuge, and only during hunting season. While most
hunting has been observed to be confined to the refuge lands, out of season shooting, and taking
of non-game wildlife has been frequently observed. The USFWS has developed a new sport
hunting plan for the refuge which will limit hunting to waterfowl only during the appropriate
season.
Hiking occurs primarily along the beach, dunes, and established volunteer trails leading to the
beach. Its effect on the biotic resources of the study area are probably limited to degradation of
botanical and wildlife resources through the use of volunteer trails. Horseback riding is limited to
the beach and established equestrian trails in the dunes, and is permitted on the State Beach, but
not on the Wildlife Refuge (however, it also occurs on the beach south of the river mouth).
Horseback riding on the beach has resulted in trampling of snowy plover nests. Illegal horseback
riding off of established dune trails significantly degrades the botanical and wildlife resources of
this sensitive habitat. Off-road vehicle use ("all terrain vehicles") is prohibited, but has been
observed to occur on the beach and dunes. Extensive dirt bike trails (apparently not used recently)
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occur in the riparian habitat along the north side of the river, downstream of Highway 1. Use of
off-road vehicles significantly degrades botanical and wildlife resource values by destruction of
vegetation, promotion of dune erosion, and disturbance. Off-road vehicles have destroyed nests
of snowy plovers, and have the potential to destroy habitat for the Monterey slender-flowered
gilia, a state threatened species. However, ORV trails in the coastal dune scrub on the refuge have
improved with natural revegetation occurring in some places.
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MANAGEMENTANDENHANCEMENTRECO~NDATIONS

i

L

The following list contains a one-sentence summary of each recommendation. For more detailed
descriptions of each recommendation, please refer to the Management and Enhancement section
at the end of this report.

Hydrology/Breaching
1.
Accommodate higher winter lagoon water elevations, with breaching to occur based on
maximum winter lagoon elevations between 4 and 5 feet.
2.
Replace existing outflow structure to the Old Salinas River with a new culvert/gate system
and operate in accordance with the Salinas River Mouth Breaching.
3.

Install a water level monitoring gage.

4.
Lagoon water management: minimize number of short duration breaches by maximizing
flow to Old Salinas River Channel when dredged to a capacity of250 cfs, summer target elevation
of 2.0 ft. NGVD, winter maximum elevation of 4 ft. or 5 ft. NGVD, reduce Salinas River flow at
Spreckels that triggers breaching to 800 cfs instead of 1200 cfs, Task Force to reevaluate in
Spring of 1998.

Vegetation and Wildlife
5.
Encourage the concept of voluntary riparian enhancement measures downstream and
upstream of the Highway 1 bridge.
6.
Encourage the concept of implementing a long-term program to voluntarily enhance riparian
habitat within the study area.
7.
Implement immediate enhancement/management measures within northern fore-dunes
and dune scrub.
8.
Engineer, reconstruct, re-vegetate, or maintain, where necessary, on the rip-rap/concreted
north bank slopes, considering resource values, flood protection, and bank erosion concerns as
feasible and as permitted.
9.
Monitor the Monterey slender-flowered gilia population on public property without
restricting access to the preferred and alternate breaching locations. Any monitoring on private
property must be by voluntary written agreements by private property owners.
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10.

Implement habitat enhancement on a portion of the USFWS refuge.

11.

Reduce hunting activity within sensitive areas on USFWS property.

12.
Maintain or improve the quality of Smith's Blue Butterfly habitat on public property in
, the study area without restricting access to the area designated as the preferred and alternate
breaching location. Any maintenance or improvement on private property must be by voluntary
written agreements by private property owners.
13.
Control public recreational use to avoid impacting wildlife use patterns and degradation
of sensitive species habitat in the vicinity of the river mouth.
14.
Manage the pond of the USFWS refuge to maintain existing high wildlife values, while
allowing natural processes of succession to proceed.
15.

Encourage management of boating activities to protect sensitive species in the lagoon.

16.
Control red fox popUlations in the study area and vicinity, and/or control fox predation of
nesting water birds.
Protect snowy plover habitat on public property in the study area without restricting access
17.
to the area designated as the preferred and alternate breaching location. Protection on private
property must be by voluntary written agreements by private property owners.
18.
Install and maintain bird nest boxes and bat roost boxes in the riparian habitat of the study
area, on public lands and on private property only with voluntary written agreements by private
property owners.

Fish and Aquatic Resources
19.
Monitor and establish baseline salinity levels in the Old Salinas River, (a 1-2 year monitoring
program should be sufficient, given normal precipitation) in order to operate the proposed double
weir at the Old Salinas River culvert to siphon salt water from the bottom to enhance the freshwater
fisheries habitat in the lagoon, without increasing salinity levels in the Old Salinas River Channel,
and have Task Force review monitoring and operation.
20.
Evaluate the potential to reintroduce native freshwater species to the lagoon system, and
enhance conditions for the maintenance of a Sacramento blackfishiSacramento perch community.
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21.
Evaluate the potential to reintroduce tidewater goby (endangered status) into the Salinas
River Lagoon.

Water Quality
22.

Establish a sediment and water quality monitoring program for the lagoon.

23.
Encourage the Task Force participation in the Water Quality Protection Plan planning
process currently underway by the Monterey Bay National Marine Sanctuary.

Additional Recommendations by Task Force
24.
Develop a public use, interpretive program and public access plan for the public properties within the study area, and access private lands only with voluntary written agreements with
private property owners.
25.

Recognize the ability of property owners to make necessary and permitted improvements.

26.
Operation of the double weir/slide gate culverts shall not increase flooding or water salinity levels along the Old Salinas River Channel. Monitoring of water salinity levels in the Old
Salinas River Channel will be initiated immediately after construction.
27.
An InteragencylProperty Owners' Management Committee will be formed and meet on a
regular basis to implement recommendations in the Management Plan.

The following abbreviations are used in Table 1:

MCWRA - Monterey County Water Resources Agency
USFWS - United States Fish and Wildlife Service
DPR - Department of Parks and Recreation
CCC - California Coastal Conservancy
AMBAG - Association of Monterey Bay Area Governments
MBNMS - Monterey Bay National Marine Sanctuary
RWQCB - Regional Water Quality Control Board
ReD - Resource Conservation District
DFG - Department of Fish and Game
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TABLE 1

Salinas River Lagoon Management and Enhancement Plan
Recommendations Summary, Schedule, and Implementation
*The Recommendations are abbreviated and summarized. For the full text, see the list above.
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HYDROWGY 1 BREACHING
1. Accommodate higher Winter elevations, between 4 and 5 feet
2. Operate new culvert/gate system and operate
in accordance with the Breaching Plan
c,

\1-10 Years

I

Upon approval of the
resources agencIes

MCWRA, Landowners, Coastal Conservancy
MCWRA

3. Install a water level monitoring gage

Completed

I MCWRA

4. Minimize short duration breaches by using
OSR Channel when dredged

Winter '96/'97

I MCWRA

VEGETA TION 1 WILDLIFE
5. Encourage riparian enhancement measures by
Hwy. 1 Bridge

I 1-5 years

I CCC, RCD, Task Force

6. Encourage program to enhance riparian habitat within study area

Continue Indefinitely

\ CCC, Task Force, Landowners

7. Implement enhancement/mgmt. measures
within fore-dunes and dune scrub.

1-5 years

I CCC, DPR, USFWS

8. Maintain permitted facilities where necessary, I Continuous
on north bank slopes

I MCWRA

9. Monitor the Monterey slender-flowered gilia
population on public property

Continued monitoring

IDPR

O. Implement habitat enhancement on a portion
of the USFWS refuge

Continue for 5
years

I USFWS

Continuous

I USFWS

11. Reduce hunting activity within sensitive areas
on USFWS property
12. Maintain the quality of Smith's Blue Butterfly habitat on public property
3. Control public recreational use to avoid impacting wildlife

I 5 years

I USFWS

I Continuous

I USFWS

4/29/94 (rev. 3/97)

14

14. Manage the pond on the USFWS refuge to
maintain wildlife values
15. Encourage mgmt. of boating activities to
protect sensitive species
Control red fox populations
;17. Protect snowy plover habitat on public property in the study area
'18. Install bird nest boxes and bat roost boxes on
public properties

I Continuous

I USFWS

I Continuous

I USFWS

Indefinitely

I USFWS

Indefinitely

I USFWS

11

year

I USFWS

FISHERIES / AQUATIC RESOURCES
1 year

MCWRA

Evaluate the potential to reintroduce freshwater species, enhance for Sacto. Blackfish /
Perch

6 months

DFG, USFWS

Evaluate the potential to reintroduce tidewater goby

I 6 months

I DFG, USFWS

19. Establish salinity levels in the OSR to operate
double weir

WATER QUALITY
Establish sediment and water quality monitoring program

6 months to 10
years

Encourage Participation in the Water Quality
Protection Plan by the MBNMS

12 years

AMBAG, RWQCB, Task
Force

I MCWRA, RWQCB, Task
Force, MBNMS

OTHER RECOMMENDA TJONS
Develop a public use and access plan on public properties

1-10 years

Task Force

Recognize the ability of property owners to
make necessary and permitted improvements.

Continuous

DFG

Operation of culvert shall not increase flooding or excess salinity

6 months

MCWRA

Form InteragencylProperty Owner's ManCommittee

1 year

MCWRA, CCC, DPR, Task
F orce: .. ~~t1.~?v.;n.ers.:y"SFWS
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HISTORICAL INFLUENCES
HYDROLOGIC AND BIOTIC RESOURCES
The following general description of the recent (1850's to the present) historical changes in habitat
value that have occurred along the lower Salinas River, including the river mouth, is based upon
a literature review of sources such as Gordon (1977), Verardo and Verardo (1989), Johnston
(1988), personal communication with local agencies, and evaluation of the following historic
maps: Department of Commerce and Labor Coast and Geodetic Survey Maps #T-478a and #T473, dated 1854 and 1910; U.S. Department of Agriculture Bureau of Soils 1901; Lou G. Hare
Map of the Survey for the Improvement of Gabilan Creek dated 1906; and aerial photographs of
the Salinas River taken on October 25, 1937. The historic evaluation of the study area dates back
only to 1854, since accurate detailed information prior to this date is lacking. Historical changes
in habitat value of the study area have been generally categorized into three periods: (1) 1854 circa 1877; (2) 1857 - 1957; and (3) 1957 - Present.
1854 - Circa 1877

The 1854 Coast and Geodetic Survey map indicates the floodplain adjacent to the Salinas River
in the study area appeared to support extensive areas of wetland-type vegetation, with riparian
woodland vegetation bordering the channel at the vicinity of the present river mouth. Although
not depicted on the 1854 Coast and Geodetic Survey map, the middle and upper portions of the
Salinas River probably supported riparian woodland vegetation that was much broader than it is
today. The Salinas River turned to the north adjacent to Mulligan Hill, joined with the mouth of
Elkhorn Slough, and emptied into the Monterey Bay north of Moss Landing. On rare occasions,
the river emptied into Monterey Bay at its present location (Gordon ibid.). Historical accounts of
the study region (Johnston ibid.; Gordon ibid.) describe the lower Salinas Valley as supporting
shallow lakes, sloughs, marsh vegetation, and willow thickets. A series of north - south oriented
lakes, as shown on Figure 4, occurred east of the study area. This fresh-water marsh ecosystem,
including with the lower Salinas River was, no doubt, an integral component of a larger wetland
complex that included Elkhorn Slough and the Pajaro River mouth (ABA 1988).
While descriptions of wildlife in the study region during this period are limited to anecdotal
accounts (Gordon ibid.), it appears that the study region was highly productive as wildlife habitat,
and especially important to a variety of water birds, particularly as wintering habitat. The Castroville
Argus, December 4, 1869 reported: "The air is sometimes positively alive with them [water birds]
for miles, and their clangor is almost deafening" (Gordon ibid.). In addition to water birds,
wildlife species such as tule elk (Cervus elaphus nannoides) , California grizzly bear (U rsus arctos) ,
coyote (Canis latrans), and California condor (Gymnogyps californianus) were reported as being
numerous along the coastal valleys of the Monterey Bay (Gordon ibid.).
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Circa 1877 - 1957
Major changes in the habitat value of the study region occurred during this period. A program for
drainage operations and reclamation was established as early as 1877 (Gordon ibid.). By 1910,
extensive areas of habitat, especially wetlands, had been reclaimed throughout the study region,
as depicted on the 1910 Coast and Geodetic Survey map. By 1901 vast areas of land north and
south of the study area were already under cultivation (Cull 1991). Much of the habitats within
the lower Salinas Valley were converted to agricultural land, with only relatively minor areas of
riparian vegetation remaining along the channel within the lower study area (U.S. Coast and
Geodetic Survey 1910). The chain of lakes east of the study area were still present until 1916
(Gordon ibid.), but eventually, these were drained for agriculture as well. Another critically
important change which accompanied the expansion of agriculture in the study region during the
1950's was the introduction of toxic pesticides into the Salinas River system (ABA 1989).
Following a series of storms in 1909-1910 the river changed course, creating a river mouth at its
present location. Local farmers may have assisted this process by cutting a channel through the
sandbar to Monterey Bay (Cull 1991). North of Mulligan Hill, the river was subsequently diked
by farmers seeking to utilize the old riverbed (Verardo and Verardo ibid.). The area currently
referred to as the "South Pond" on the U.S. Fish and Wildlife Service (USFWS) refuge was
formed about this time, as the river channel shifted north, abandoning the old meander bend and
isolating it as a pond.
During this reclamation period, the region's wildlife habitat value was severely impacted. The
highly productive wetland complex (Salinas RiverlElkhorn Slough/Pajaro River system) was
fragmented and greatly reduced in size by the channelization of the Salinas River and reclamation
of wetlands. Wildlife species abundance in the study region was severely reduced as a result.
Hunting practices by the American settlers during this period also took their toll. Tule Elk were
extirpated from the region as a result of wetland habitat losses. Grizzly Bears were eliminated
from the local fauna, primarily as a result of hunting. Coyotes, while still present, are not nearly
as numerous as during the pre-settlement days. Waterbird use ofthe study region was significantly
reduced, and most likely did not match the descriptions of the mid - late 1800's; they almost
certainly did not "blacken the skies" (Margolin 1978) any longer. Although not apparent during
this period, the widespread use of toxic pesticides in the Salinas Valley was also beginning to
impact the wildlife resources of the region.
The diversion of the river mouth and wetlands reclamation also dramatically altered the freshwater
fish community of the Salinas RiverlElkhorn Sough complex. Indian middens at Elkhorn Slough
(Gobalet 1990) indicate heavy use of freshwater fishes, including thicktail chub (Gila crassicauda),
tule perch (Hysterocarpus traski), and Sacramento perch (Archoplites interruptus). These three
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species, which were associated with freshwater sloughs and marshlands, are now gone from the
Salinas River system (Moyle 1976). Similar habitat alterations have taken place statewide.
Thicktail chub is now extinct, Sacramento perch are rare in California, and a lowlandfish community
dominated by most of the original fishes is no longer present at any site in California (Moyle
1976; Moyle, pers. comm.).
The portion of the study area which is now the USFWS refuge was under the jurisdiction of Fort
Ord from the late 1930's to the early 1950's. During this time the property was used as an officer's
hunting club and for amphibious vehicle training (Cull 1991). A large portion ofthe salt marsh in
the western portion of the reserv~ was destroyed, and military activities no doubt severely disturbed
wildlife use (ibid.). During this period and through 1966 the southeastern portion of the current
refuge was under cultivation.
1957 - Present
Relatively speaking, minor changes in the habitat value of the study area have occurred from
1957 to the present. Those changes have resulted from flood control measures, wastewater
management practices, widespread use of pesticides, and the acquisition of agricultural land by
the U.S. Fish and Wildlife Service.
Flood control measures and wastewater management practices h~ve probably influenced the
distribution and abundances of the flora and fauna of the study area. The establishment of
Nacimiento and San Antonio Dams in 1957 and 1965, respectively, coupled with the diversion of
effluent from the Alisal and Salinas Wastewater Treatment Plants in 1983 and 1989, respectively,
undoubtedly have reduced freshwater inflow into the lagoon. Probable environmental changes
resulting from these combined events were: (1) the increase of salinity in the lagoon; and (2) lower
water levels in the lagoon, especially during the dry season. These changes combined are probably
creating less suitable conditions for freshwater emergent plant, aquatic invertebrate, fish, and
wildlife species, while increasing the habitat suitability for brackishwater flora and fauna in the
lagoon. Jones and Snyder (1981) indicated that lower water levels resulting from the diversion of
wastewater may result in adverse impacts to the riparian woodland vegetation, and thus the riparian
dependent wildlife species, in the upper portion of the study area. The lack of freshwater inflow
into the lower Salinas River may also contribute to increased pesticide concentrations in the
lagoon by reducing dilution. However, long-term pesticide trends are primarily affected by amounts
and types of pesticides used on surrounding farm lands (See Water Quality Section).
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In 1968, excess military land was turned over to the Department of the Interior, and then to the
USFWS in 1972. The USFWS designated this area as the Salinas National Wildlife Refuge. As
per an agreement with the USFWS, the California Department ofFish and Game (CDFG) assumed
management of the refuge from 1975 to January 1991. During a portion this period, the CDFG
contracted with local farmers to grow barley in the upland portion of the refuge to provide food
for wintering waterfowl (Cull 1991). Following cessation of this practice, the land was allowed
to lie fallow, and the process of succession to a scrub landscape is occurring at present. The
cessation of cultivation has increased the wildlife habitat value of the study area. With the
increase of open, uncultivated habitat adjacent to the wetland habitats of the lagoon, the suitability
of the river mouth area has increased somewhat for species which use such areas, such as raptors.
Although the study area has been seriously affected by adjacent land use and flood control practices,
the Salinas River Lagoon study area continues to support significant botanical, wildlife, and fishery
resources.
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EXISTING CONDITIONS
HYDROLOGY
Introduction
The Salinas River Lagoon project area includes a 3.3 mile reach at the lower end of the Salinas
River. The hydrology of the lagoon is complex, having changed significantly over geologic and
historic time, and subject to extreme variation on a seasonal and inter-annual basis. A variety of
different hydrologic parameters affect the aquatic conditions in the lagoon, including: fluvial
processes (rainfall-induced stream flow, subject to reservoir operation; irrigation return flow);
coastal processes (wave climate, littoral transport, seepage between the lagoon and the ocean,
tidal variation); groundwater (elevation, salinity); and the climatic regime (evapotranspiration,
rainfall).
The relative significance of these parameters changes both on a seasonal basis and on an episodic
basis during floods and droughts. Even the topography and bathymetry of the area are subject to
change as a result of fluvial erosion and sedimentation, coastal wave erosion, and wind-induced
dune migration.

In response to human land-use patterns, a variety of control structures and management schemes
have been developed to allow desired uses and minimize damage during extreme hydrologic
events. These include: reservoir construction in the upper watershed areas, early wetland
reclamation and drainage programs, irrigation practices in the Salinas Valley, bankside levees and
bank erosion protection schemes, artificial sand-dune breaching, culverts and tidegates at the
head of the Old Salinas River Channel and Potrero Road, and modification of the historic river
mouth north of Moss Landing Harbor.
The variability of the natural parameters, combined with human-induced changes, produces an
extremely variable hydrologic regime to which vegetation, fish, and wildlife species must adapt.
In the following sections, the major system components are described, and the different elements
of the hydrologic systems are presented.
Regional Setting
The Salinas River watershed is approximately 150 miles long and averages 20 to 40 miles in
width. Situated between the Santa Lucia and Diablo mountain ranges, it drains 4,231 square
miles (above the Spreckels gage), making it one of the larger California river systems. Precipitation
varies markedly throughout the watershed, with a maximum average annual rainfall of about 60
inches.
The hydrologic regime has been modified by the construction of two major and one minor
reservoirs. Nacimiento Reservoir (constructed on the Nacimiento River, a major tributary) was
completed in 1956; San Antonio Reservoir, damming a second major tributary, was completed in
1965. A third smaller dam (Salinas Dam and Reservoir) was built in 1941.
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Beginning with Figure 6, Appendix A (cross-section 11), a narrower, single-channel system is
evident, with benches of varying width and elevation. At the upstream end of the project (Figure
9 in Appendix A, cross-section 17), the channel invert is -2.5 ft. NGVD with water depths of 44.5 ft. Thus, channel reaches upstream of the project area are hydraulically connected, even
during low-flow conditions. Figure 9 in Appendix A represents an approximate cross-section at
Blanco Road, about 7 miles upstream of the ocean. (Invert elevations are based on a profile
shown in the flood insurance study (FEMA 1985) for this area.) While normal summer lagoon
water depths are below this invert elevation (4.1 ft. NGVD), ponding can extend to Blanco Road
prior to breaching of the lagoon, when water levels in the lagoon are allowed to reach 5.0 ft.
elevation.
North-south and east-west cross-sections through the south saline pond are shown in Figure 10
(Appendix A). The pond is broad and shallow, with a gently sloping bottom. This configuration
produces a large "edge perimeter" which expands and contracts based on the seasonal groundwater
elevation. This "pond" actually represents the southernmost extent of the main river channel as it
existed in 1910. The channel subsequently migrated north, leaving the abandoned meander as a
pond, which is gradually filling in.
Data on the project area's topography and bathymetry were synthesized to produce stage-area and
stage-volume relationships. This information is summarized in Tables 2 and 3 and shown in
Figures 1-3 in Appendix B. The hypsometric curve is obtained by planimetering successive
elevation contours to obtain the surface area and storage volume between different elevation
bands. Three sets of stage-area and stage-volume curves were developed: one for the project
area, one for the channel reach between the upstream project boundary and Blanco Road, and one
cumulative curve. Based on Table 3, it can be seen that of the 1376 acre-feet oftotal storage at an
elevation of 5.0 ft., 248 cu. ft. (18%) would be contained in the upstream channel length and 1127
(82 %) ac-ft in the project area. Stage-area data are useful in determining the inundated area and
water depth at different water surface elevations. (In Table 2, for example, with a water surface
elevation of 2.0 ft., a total of 169.8 acres within the project area would be covered with water. Of
these, 32.3 acres would have water depths of 0-1 ft., 29.3 acres at depths of 1-2 ft., etc.)
The stage-volume data (Table 3) is useful in determining the storage capacity of the lagoon at a
given water surface elevation. This is important when quantifying the storage volume prior to
breaching. (For example, in Table 2, it can be seen that at an elevation of 5.0 ft. [the current
breaching criteria], the cumulative system contains 1376 ac-ft. If the breaching criteria were
raised to 7.0 ft., the system would contain 2325 ac-ft, a 69% increase.)
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Table 2.

Stage-Area for Project Area, Upstream Reach (Mile 3.3 to 7.7) and Combined
Areas
-

----------_._-

~

~

----

AREA (Acres)
Project Reach
Stage (ft.
NGVD)

Combined
Reach

Upstream Reach

Cumulative
Area

Incremental
Area

Cumulative
Area

Incremental
Area

Cumulative
Area

-5

0.60

0.60

0.00

0.00

0.60

-4

2.30

1.70

0.00

0.00

2.30

-3

10.30

8.00

0.00

0.00

10.30

-2

34.90

24.60

0.58

0.58

35.48

-1

75.70

40.80

5.33

4.75

81.03

0

108.20

32.50

18.00

12.67

126.20

1

137.50

29.30

26.47

8.47

163.97

2

169.80

32.30

36.65

10.18

206.45

3

205.10

35.30

42.00

5.35

247.10

4

225.00

19.90

53.30

11.30

278.30

5

326.30

101.30

61.30

8.00

387.60

6

412.00

85.70

73.60

12.30

485.60

7

467.60

55.60

83.20

9.60

550.80
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Table 3.

Stage-Volume for Project Area, Upstream Reach (Mile 3.3 to 7.7) and the
Combined Reach from the Mouth of the Salinas River to Mile 7.7
--------

VOLUME (Acre-Feet)
Project Reach

Upstream Reach

Cumulative
Volume

Incremental Volume

-5

1.47

1.47

0

-4

2.83

1.36

-3

8.65

5.82

-2

30.13

-1

Stage (Ft.
NGVD)

Cumulative
Volume

Incremental Volume

Combined Reach
Cumulative
Volume

Incremental Volume

0

1.47

1.47

0

0

2.83

1.36

0

0

8.65

5.82

21.39

0.24

0.24

30.37

21.63

84.03

54.00

5.09

4.85

89.12

58.85

0

175.50

91.47

19.64

14.55

195.14

106.02

1

298.06

122.56

46.11

26.47

344.l7

149.03

2

451.43

153.37

82.76

36.65

534.19

236.38

3

638.60

187.17

131. 98

49.21

770.58

236.38

4

853.57

214.97

194.10

62.12

1047.67

277.09

5

1127.66

274.09

248.57

54.47

1376.23

328.56

6

1495.98

368.32

314.24

65.67

1810.22

433.99

7

1935.48

439.51

389.98

75.73

2325.46

515.24

Old Salinas RiverlMoss Landing Harbor. As discussed in the section on Historical Changes,
the river channel historically turned north after reaching the dune field and flowed several miles
before entering Monterey Bay (about 0.5 miles north of the current harbor entrance). Since 1908,
artificial breaching of the dunes has been used to discharge the majority of river flow directly to
the Bay. The entrance to the Old Salinas River (OSR) is currently blocked by a levee. In 1990,
water could enter the OSR Channel only via a 48-inch diameter corrugated metal culvert (CMP),
which was equipped with a slide gate on the lagoon side. Debris and damage to the culvert
maintained the dry-season lagoon level at 1.5 ft. NGVD when the slide gate was open; however,
the culvert invert elevation was approximately -2.0 ft. NGVD, which would result in a much
shallower lagoon if the culvert were not partially blocked. Both the culvert and gate have
deteriorated; replacement with a larger hydraulic control system was recommended by the plan,
and was accomplished in January 1996. In recent decades, the culvert and gate have been used to
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control dry-season and pre-breach water elevations. When the first major flows of the wet season
occur, and a lagoon breach is imminent, the MCWRA closes the gate to raise water levels in the
lagoon to about 5.0 ft. When the breach is cut, the additional "hydraulic head" assists in producing
a deeper, more effective breach, which is less likely to be immediately closed by ocean waves.
The OSR connects the lagoon with the south end of Moss Landing Harbor. Since 1908 (when
major river flows began discharging directly to the ocean), the OSR has been modified by
agricultural activity, maintenance dredging, and hydraulic structures. At present, outflow to Moss
Landing Harbor from the OSR occurs through a series of 13 culverts at Potrero Road, equipped
with flap gates on the harbor side to restrict tidal flows into the OSR. The major inflow to the
OSR occurs via Tembladero Slough (also referred to as the "Reclamation Ditch"). This system
has a drainage area of 157 sq. miles, with an estimated 100-year flood flow of 1560 cubic feet per
second (cfs) (Monterey County Surveyors, Inc. and Konetsky & King Associates, 1979). The
present system of tide gates was designed and constructed in the early 1980's (Anderson-Nichols,
1981).
In addition to the major inflows from Tembladero Slough and periodic flows from the Salinas
River lagoon, subdrains from the adjacent artichoke fields discharge into the OSR. These
agricultural fields are at relatively low elevations (+5-+7 ft. NGVD) and consequently, the sub drain
inverts are also low (+2-+3 ft. NGVD). The lowest agricultural fields are periodically flooded
when high runoff in the OSR coincides with high tides in Moss Landing Harbor and water backs
up behind the Potrero Road tidegates. Water also backs up the subdrains, saturating the soils and
raising the water table.
North of the Potrero Road tidegates, the OSR passes through a relatively natural reach about 0.75
miles in length, and enters the south end of Moss Landing Harbor. It then joins the main harbor
entrance channel (dredged) and enters Monterey Bay. The tidal regime in Moss Landing Harbor
and the tidal portion of the OSR is similar to that in Monterey Bay. Tidal characteristics are
shown in Table 4.
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Table 4.

Tide Data Inside Moss Landing Harbor (Datum is NGVD or MSL of 19292)
Approximately 6.00 ft.

Highest Estimated Water
Mean Higher High Water (MHHW)

2.63 ft.

Mean High Water (MHW)

1.94 ft.

Mean Tide Level (MTL)

0.16 ft.

NGVD

0.00 ft.

Mean Low Water (MLW)

-1.62 ft.

Mean Lower Low Water (MLL W)

- 2.68 ft.

Estimated Lowest Water

-5.20 ft.

Erosion, Sedimentation and Historical Geomorphic Changes
An overview of the historical hydrologic and biotic changes to the lagoon and surrounding areas
was presented in the Historical Influences section. A more detailed look at geomorphic landform
changes since 1857 is presented here. The changes were quantified using historical U.S. Coast
and Geodetic Survey Maps (1857, 1910, 1911, and 1933), historical and current aerial
photographs (1937, 1977, 1987, 1990) and the detailed topographic map prepared for this study
(1990). These historical and current documents were digitized into an AutoCAD program to
establish a common scale and orientation. Once this was accomplished, historical maps and
photos could be overlain with existing maps to identify changes. During this process, some
problems with distortion and historical map accuracy were identified, and it was difficult to get
all areas of the maps and photos to accurately overlay. However, the overall trends are clear and
consistent and the distortions were relatively small in comparison with the changes noted.
Figures 6 and 13 depict the morphological changes between 1857 and the present. In Figure 6
(1857 conditions), it can be seen that the river followed a significantly different course, entering
the lagoon area in a separate channel from the northeast, then turning sharply north into the
present OSR. The saline pond to the south already existed, a remnant of an abandoned river
meander from an earlier period. By 1910 (Figure 7) the river had occupied the present channel,
entering the lagoon from the southeast. The main river channel was mapped to include the saline
pond to the south, and shows the first evidence of lagoon breach directly to ocean. This was
apparently accomplished by locals to improve farming conditions and prevent flooding. The
Highway 1 bridge crossing is also in place at this time. This and subsequent bridges at this

2Source: Based on NOAA data collected at the General Fish Pier.
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By 1933 (Figure 8), the river had become established in a channel location and configuration
similar to that at present. A peninsula of deposited sediment had formed on the north side of the
channel just downstream of the Highway 1 bridge. This results from the high velocity of flow
under the bridge, which decreases in the wider channel downstream, allowing sediment to drop
out. In addition, the south river bank downstream of the bridge was about 200-500 feet further
north of its current location. This suggests that over the past 50 years, significant erosion of the
south bank has occurred.
The first available aerial photograph (Figure 9) available was taken in 1937. It shows the peninsula
of deposited sediment extending much further downstream of the Highway 1 bridge; the position
of the south riverbank also indicates that the channel downstream of the Highway 1 bridge has
eroded southward 100-500 feet. Interestingly, upstream of the Highway 1 bridge, the channel
location has been generally constant for the past 50 years. Based on channel bank conditions,
however, the outside of the meander bend has been subject to erosion in this vicinity. Lateral
erosion of about 10 feet was noted between 1974 and 1984.
A comparison of 1978 and 1990 conditions is shown in Figure 10. Some erosion along the
outside of the meander bends is apparent. During this period, the peninsula of land downstream
of the Highway 1 bridge became contiguous with the adjacent upland farms, and two new islands
were formed south of the peninsula. This reflects the on-going tendency of the river west of
Highway 1 to migrate further south by eroding the outside (south) of the meander bend and to
deposit sediment on the inside (north) ofthe bend. Local landowners attribute the rapid growth of
the more recent islands to debris and sediment deposited by the river following the Marble Cone
Fire in the Arroyo Seco drainage in the mid-1970's. A summary of the topographic changes on
habitat areas is shown in Table 5 and Figure 11. It can be seen that downstream on Highway 1, the
area of open water has decreased dramatically, with sediment deposition converting these areas to
higher elevation islands and wetlands.
While sedimentation has produced the most dramatic topographic changes, channel bank erosion
is active at several locations. Upstream of Highway 1, the north bank on the outside of the
meander (Bud property) has experienced erosion for many years. In 1984, an erosion control
project consisting of several hundred feet of steel piles, cables and galvanized mesh fencing was
installed. This project was unsuccessful as a result of undercutting and washout, and was removed
in 1988-89 after only five years of operation. At present, this bank remains subject to erosion.
At the Highway 1 bridge, and extending downstream nearly to the ocean, the entire south bank of
the river experiences erosion. This also represents erosion typically seen on the outside of the
meander bend, with the angle of the river entering from the northeast impinging directly on the
south bank. Bank protection, earlier in the form of wooden dikes and later as rip-rap has been
required to protect the Highway 1 bridge since the turn of the century. Further west, broken
concrete has been dumped along the south bank to protect the adjacent farmland from erosion.
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This has apparently been successful in reducing the rate of erosion and preventing southward
migration of the channel bank. However, as sediment deposition has continued along the inside
(north) bank, the net result has been a significant narrowing of the channel from about 600 feet in
1933 to 100-150 feet today. On the USFWS Refuge land further west, the south bank is unprotected
and active erosion is evident. The narrowing of the channel downstream of the bridge results in
some increased erosion force on the south bank during low and moderate river flows, with less
effect during the major floods. During high flows all of the wetland and islands are submerged,
the river flows bank to bank and in a much straighter path. These events create the most severe
forces on the channel banks. Erosion also occurs from ocean and local wind waves when ponding
raises the elevation of the lagoon. Ocean waves propagating through the breach have been
responsible for local erosion along the north bank.
The natural tendency for river meanders is to continue expanding on the outside of the bends
while depositing sediment on the inside. This produces increasingly larger meander bends until
at some point they become unstable and the river cuts a straight path across the meander, leaving
the meander bend as a remnant channel. This process of meander expansion will continue to
create erosive conditions on the outside of the meander bends upstream and downstream of Highway
1. Past efforts at bank erosion control have been moderately successful. Additional erosion is
likely to occur at both locations during future large floods.
Considering that migration of river channels, and that erosion and .aggradation of river channels
are natural processes, the Plan does not recommend implementation of a structural erosion control
or channel dredging project on the Salinas River NWR. These would be incompatible with the
mission of the U.S. Fish and Wildlife Service in managing the Lagoon. Where private landowners
wish to implement bank protection and complete the required permit process, the Plan recommends
implementation of a biotechnical stabilization plan. A description of this approach and
representative cross-sections are shown in Appendix L. The Bud property on the north bank east
of Highway 1 and the privately owned reach of the south bank of the River downstream of the
bridge are appropriate locations for these types of projects.
The shoreline and dune fields south of the lagoon represent another area of rapid geomorphic
change. An enlargement of the south pond area is presented in Figures 12 and 13, which show
changes between 1937 (aerial photo), 1987 (aerial photo), and 1990 (topographic map). While it
was difficult to overlay the shorelines exactly, a dramatic landward (east) migration of the beach
and dune fields is evident. During the past 50 years, the east side of the dunes has moved 300-400
feet inland, covering large areas of pond and wetland at an average rate of 6-10 linear feet per
year. Approximately 13 acres of the pickleweed marsh and south and have been covered by
dunes, as summarized in Table 5. The migration of the dune fields results from a combination of
the sea level rise (0.5 feet during the past 100 years) and aeolian (wind) transport of sand. The
wind blown sand has filled the small channel through the pickleweed marsh that previously
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Table 5.

Historical Changes in Salinas River Lagoon Morphometry
------_._------

Date
1910

Category
Open Water

341.38

IslandlW etlands
1933

1937

1990

Area (acre)

Open Water

0.00
235.18

IslandslW etlands

16.04

Open Water

184.01

IslandslW etlands

41.61

Open Water

132. 11

Islands/Wetlands

94.97

Erosion along South Bank of the Salina." River Lagoon
Date

Acres

Distance (feet)

1933-90

29.40

198.52

1937-90

22.40

162.65

Date

Acres

Distance (feet)

1937-90

13.02

384.10

Dune Migration Inland
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connected the lagoon and south pond, reducing the frequency of the hydraulic connection. The
shoreline erosion has been monitored along the beaches further south in Marina, Seaside and
Monterey, and appears to be a regional phenomenon.

Hydrologic Regime
The hydrology ofthe Salinas River Lagoon System varies drastically on a seasonal and interannual
basis. At any given time, different hydrologic parameters may be dominant, producing the current
hydrologic regime. In the following sections, the hydrologic regime is described on a seasonal
basis with a discussion of interannual variability.

Dry-Season Conditions: River Channel and Lagoon. Dry-season conditions are the most
common regime for the lagoon, occurring from about May through October or November. During
this period, no rainfall-induced flow reaches the lagoon from the Salinas River. While some
releases are made from the upstream reservoirs, the water is used for irrigation in the Salinas
Valley, and no water reaches the lagoon. Some irrigation return flow enters the lagoon via the
Blanco Drain, which drains about 6,000 acres of farmland, and enters the river 1.2 miles below
Blanco Road. Other nonpoint source inflows of irrigation return flow likely enter the river along
these lower reaches. Over most of the recent decades the other annual source of dry-season
inflow came from point source discharges from two sewage treatment plants: (1) the Alisal T.P.
Salinas and (2) the Salinas Main T.P. As of 1980, (Engineering Science, 1980) the average daily
summer and fall discharges were about 1.1 millions of gallons per day (mgd) for the Alisal Plant,
5.5 mgd for the Main Plant and 1.8 mgd for the Blanco Drain. The 1980 study referenced above
represents a detailed analysis of the potential effects of cessation of the sewage treatment plant
discharges to the river. These sewage flows would be conveyed to the new Regional Treatment
Plant and either discharged directly to the Bay or used for groundwater injection. The study also
included detailed analysis of the various dry season water budget components during 1979. These
are shown in Figure 14, which is taken directly from that report. It can be seen that the average
inflow to the lagoon was about 24-25 cfs, with most of this (23.5 cfs) exiting the system via the
culvert to the OSR. In the analysis, it was estimated that the sewage treatment plant flow represented
about 40 percent of the dry season inflow. These flows have now been diverted from the river/
lagoon system to the new Treatment Plant.
Based on the current study (June-December, 1990), low-flow conditions are now considerably
different. While detailed inflow analyses have not been made, the dry-season culvert outflow has
been approximately 0.5 cfs. In late summer, culvert outflow area was stopped by welding a plate
over the pipe, since the slide gate was not functional. After reconstruction of the culvert early in
1996, the slide gate is functional and easily raised or lowered. In 1990, the water level in the
lagoon rose 0.67 ft. and then stabilized at about 2.3 ft. At this point, outflow via evaporation and
seepage through the dunes accounted for the 0.5 cfs inflow. Based on this, the 1990 dry season
inflow and outflow was dramatically less that in 1979. The loss of treatment plant discharge is
likely the main factor. The ongoing four-year drought (1987-1990) may also have been responsible
for reduced inflows from the Blanco Drain and other non-point sources (it is unclear
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if irrigation amount or efficiency has been affected by the drought). Alternatively, the relative
importance of the agricultural non-point source inflows may have been overestimated in the 1980
study, and the loss oftreatment plant inflow may be even more significant to the dry-season water
budget than estimated previously. The loss of this treatment plant inflow has likely dewatered the
river channel below Blanco Road. It has probably not affected the current lagoon water levels,
, since they are controlled by the invert of the outflow culvert. Rather, the loss of water affects the
flushing rate, salinity, and mass balance of water quality constitl..:ents.
The salinity of the lagoon also varies during this period. Following closure of the breach in
winter or spring, the lagoon may contain a significant portion of sea water. Over the summer
period, this is gradually replaced with the slightly brackish irrigation return water. Over the
current study period (1990-91), dry-season salinity in the main lagoon (near Mulligan Hill) has
consistently been between 2 and 3 parts per thousand (ppt). Since the lagoon was closed for
several years, this is likely to be as fresh as it will get with the present limited inflow. The seepage
of water from the Bay, combined with ongoing evaporation of fresh water, represents processes
that maintain the lagoon as slightly brackish. Salinity measurements made between 1977 and
1979 (Engineering Science 1980) indicate a similar salinity range (1-3 ppt). The main lagoon is
sufficiently shallow and apparently well-mixed by wind that salinity stratification has not been
evident except in the scour hole near the Highway 1 bridge. At higher lagoon salinity levels, this
would likely be more pronounced. Following the March 1991 breach, the lagoon became saline.
Water levels and salinity in the lagoon during the study period are shown in Table 6 and Figures
15 through 26.

Dry-Season Inflow to the Lagoon. Historically, the lagoon received higher levels of freshwater
inflow throughout the year, The construction of the upstream reservoirs and management of river
, flows exclusively for agricultural use greatly altered the national hydrologic regime. This was
further modified in the early 1980's, when treated sewage effluent (which had previously been
discharged to the lagoon) was routed to the new regional treatment plant. While this latter source
of water was of relatively poor quality (high ammonia levels), it was the major source of freshwater
inflow. This was recognized in the EIR for the treatment plant project and a subsequent flow
reduction study (Engineering Science, 1980) required by the EIR. The flow reduction study
estimated that under average low-flow conditions, about 23 cfs of fresh water flowed through the
lagoon. At present condition, only about 0.5-1.0 cfs flows into the lagoon during the summer
months. This inflow is derived entirely from agricultural drainage. The study recognized that
significant adverse impacts would occur in the Salinas RiverlLagoon system as a result of flow
reductions from diversion of the treatment plant effluent (pp. 5-36):
"The greatest potential for significant adverse aquatic impacts exists with this (lagoon
and river downstream of Blanco Road) ecosystem. The very essence of this system is
flowing and standing water. The proposed project would remove a major source of
summertime streamflow and initiate a set of environmental changes ranging from complete
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dewatering in the upper stream reaches to little or no effect at the extreme lower end of the
lagoon. The magnitude of this change at any point varies according to supplemental sources
of stream inflows from agricultural activities. The range of associated fish and wildlife
impacts would vary accordingly. The most significant impacts would naturally occur where
dewatering is the most severe. Aquatic productivity would be completely eliminated in
dewatered stretches. Available stream habitats for freshwater fishes would be significantly
reduced and the quality of the remaining fishery would be degraded by reduced flows and
somewhat poorer water quality. Reduced stream flows might lead to higher concentrations
of total dissolved solids and agricultural pesticides entering the lagoon system ....
"Instream flow is fundamental to the success of all forms of project mitigation. Based on
a study of 46 cases of stream flow alterations in California, the U.S. Fish and Wildlife
Service has concluded that average monthly post-project flow reductions of70 percent or
more severely damage or lead to the extinction of the principal stream fishery ....
"Introduction of at least 0.042 m3/s(1.5 cfs) at or upstream of the Alisal outfall would
mitigate the impacts on the riparian ecosystem. Some effect, downstream of the main
treatment outfall may still occur; the magnitude of this effect cannot be determined. Even
with this quantity of water, the aquatic ecosystem upstream of Blanco Drain would suffer
substantial reduction due to reduction in stream flow. If a greater quantity of suitable
quality water is introduced (up to 0.28 m3/s (10 cfs) no adverse impacts on any ecosystems
within the Study Area would occur."
Although there was a major adverse project impact, none of the recommended flow enhancement
mitigation measures were ever required by the permitting groups, and dry-season inflow has been
nearly eliminated.
The only promising approach to obtaining additional fresh water inflow at this time would be
through the salinity intrusion control project. If upstream reservoir water is used to replace pumped
well water (which is causing the salinity intrusion), an amount of 1-5 cfs could be bypassed at the
Blanco Road diversion structures and allowed to flow into the lagoon.
Saline (South) Pond. The Saline Pond is isolated from the main lagoon by a pickleweed-covered
terrace (coastal salt marsh) with elevations of about 5.0 ft. Thus, until the lagoon water level
exceeds this, the Salinas NWR Pond receives direct rainfall and runoff from a localized area
which includes agricultural runofffrom fields to the east. Some wave overwash also periodically
occurs. Water depth is controlled by the balance between the local inflow, groundwater table and
evaporation rate, and has varied by about 0.5-2.0 ft. during the period 1989-1991. The pond was
virtually dry in November of 1990. Salt is concentrated by the evaporation loss of fresh water;
salinity ranged from about 50 ppt in December 1989 to 150 ppt in October 1990, then decreased
to less than 1 ppt when inundated during the March 1991 breaching event. Similarly wide ranges
(25-100 ppt) were measured in 1979 (Engineering Science 1980). The pond is gradually silting
in, likely having lost 3-4 feet of depth in the past century, since the river abandoned this course.
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Hydrology During the Breaching Process. The MCWRA currently has a two-stage breaching
criterion and methodology for opening the Salinas River mouth. Mobilization starts when river
flow exceeding 1200 cfs, or a combination of high flows and high tides is forecast. At this time,
the breach is partially completed, with a sand plug left in place. If the predicted flows do occur,
the breach is completed. In conjunction with this, the slide gate on the 5' box culvert may be
closed to raise the lagoon water level, providing additional head to scour the channel. (Appendix
C describes the breaching procedure in greater detail.)
The exact configuration of the breach channel is complex, resulting from a combination of the
lagoon elevation, river flow rate, coastal wave conditions, and tidal regime. The breach is made
as far south as feasible, to minimize the risk that a channel will be cut to the north and affect the
Monterey Dunes Colony. If a breach is not completed, the water level in the lagoon will continue
to respond to the river inflow and culvert outflow to the OSR. Conditions during the March 21,
1991 breach are also shown in the Tables and Figures. A peak flow of about 4,000 cfs in the
Salinas River caused the lagoon to rise quickly from 4-7.1 ft. before the breach was completed,
and the lagoon drained and became tidal. Some flooding of agricultural land on the north side of
the lagoon occurred. For about a week after the breach, the lagoon remained fresh, as river flow
was sufficient to keep ocean water outside the breach. Following this, lagoon salinity rose to
approximately that of sea water (30-35 ppt). Salinity stratification became pronounced, with
fresher water overlying more saline water.

Post-Breach Conditions. Once a breach is made, the hydrology of the lagoon dramatically
changes. The lagoon is subject to tidal inflow and wave action from Monterey Bay. As occurred
in the early 1980's, direct wave action may erode the interior levees and bank slopes of the Lagoon.
Salinity and water surface elevation in the Lagoon will vary, depending on the magnitudes of
river flows, wave action and tide levels. During large flow events (greater than 10,000 cfs), much
of the lagoon may remain fresh. Moderately high velocity flows (5-8 fps) will scour the channel
(by up to several feet) and vegetation on the islands and banks may be scoured.
The islands themselves may be eliminated and new ones formed. The channel may move laterally,
as has occurred over the past 140 years (since mapping is available) or more dramatically, over
geologic history. Enormous quantities of sediment (hundreds of thousands of cubic yards per
day) are conveyed through the system (McGrath 1986).
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Table 6.

Groundwater Monitoring Data (Water Elevation in ft., NGVD, Salinity in
ppt, Temperature in °e)
LOCATION
LAGOON

DATE
Elev.

WELL #1
Temp.

Sal.

Elev.

Sal.

Temp.

December 26, 1990

2.30

3.0

5.0

2.49

4.9

9.0

February 7, 1991

2.59

4.5

13.6

2.99

4.6

10.1

March 8, 1991

3.63

4.0

17.0

3.74

4.4

13.0

March 21, 1991

4.60

4.60

March 21, 1991

7.10

7.10

March 22, 1991

2.15

0.5

March 29, 1991

0.30

5.0

April 18, 1991

1.06

28.0

15.6

13.0

I

4.07

3.0

7.5

3.53

3.0

12.0

3.11

5.0

12.0

LOCATION
WELL #4

WELL #3

WELL #2

DATE
Elev

Sal

Tmp

Elev

Sal

Tmp

Sal

Tmp

December 26, 1990

2.10

3.0

14.0

1.97

2.5
0

14.0

2.56

2.0

15.0

February 7, 1991

2.68

2.8

12.5

2.47

2.9
0

13.0

3.14

2.0

18.4

March 8, 1991

3.50

2.7

12.5

3.38

1.5

14.0

3.98

1.1

13.5

Elev

March 21, 1991
4.70

March 21, 1991

5.7

March 22, 1991

5.1

2.7

12.5

4.38

1.0

12.5

5.19

1.0

12.0

March 29, 1991

4.14

1.9

13.0

4.47

1.1

12.5

5.94

1.0

12.0

April 18, 1991
2.73
• Evidence of recent irrigation

2.8

13.0

3.3

1.5

14.0

3.94

1.1

13.5

3.8
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Although there is some uncertainty about the exact frequency of flood events, the FEMA flood
study predicts the following recurrence intervals for various magnitude flows:

Recurrence Interval

Flood Peak (cfs)

10-Year

25,000

25-Year

40,000

50-Year

64,000

100-Year

85,000

500-Year

121,000

Actual peak flows (measured and estimated) are shown in Table 7.

The length of time the breached channel remains open varies. Early season (OctoberlNovember)
breaches which are not followed by major river flows may close within days, resulting in the
impounding of saline water with little circulation. During wet years, the breach may remain open
all year. Date and the effectiveness of breaches is shown in Tables 12 and 13. In general, the
closure of early season breaches can be noted, but the duration of any breach opening is highly
variable . For example, the March 1991 breach has remained open until early June 1991 without
freshwater flow. This is likely due to mild wave conditions. In contrast, the second February
1992 breach remained open for two weeks before closing (see Table 12).
Once the breach is closed, the system will begin reverting to the relatively fresher water system
described earlier. This may occur, over a period of weeks or months, depending on the initial
salinity and the amount of freshwater inflow. This transition period is likely the most damaging
to the system's fishery.

Groundwater. The groundwater hydrology of the Salinas River area is complex, with a number
of different aquifers separated by relatively impermeable layers of clay. The deeper aquifers that
serve as an important source of irrigation water in the Salinas Valley, do not appear to be directly
tied to the Salinas River Lagoon system. Previous studies (Engineering Science 1980) indicate
that the shallow groundwater table plays a relatively small role in the lagoon water budget, even
during the dry season. This was certainly correct at that time, when the sewage treatment plant
inflow was high, and is still likely true most of the time. During periods of drought (as was
occurring during the field investigation for this study), the groundwater contribution may be
somewhat more important in determining minimum water levels in the lagoon. While a minor
part of the lagoon water budget, the groundwater table appears to playa greater role in the hydrology
of the Saline (south) Pond. The water level in the pond shifts over a range of about one-two feet,
in response to the balance between groundwater elevations, agricultural return flow evaporation
and seepage.
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The 1980 study also indicated a lack of direct groundwater connection between the lagoon and
the agriculture directly north (Sea Mist Farms). This was based on monitoring well data which
showed a reverse in the normal groundwater table slope (water levels were higher in the lagoon
than the fields).
As part of the present study, four monitoring wells were established along a north-south transect
between the lagoon and agricultural fields. The wells were located about halfway between Mulligan
Hill and Highway 1, and spaced about 200 feet apart. One was located in the pickleweed marsh
near the lagoon, while the other 3 were established in the artichoke fields. In addition, a staff gage
was installed in the lagoon to measure water surface elevations. Figure 18 shows the crosssection through the wells, while Table 6 contains data on water depths between July and November,
1990. Figure 18 does show a slight drop in the water table north of the levee/road, similar to that
reported in 1980. This could be caused by a lack of aquifer continuity or also by the subsurface
drainage system in the field. In Table 6, the effect of closing the lagoon outflow culvert on
August 16, 1990, is evident. The lagoon level rose steadily 8 inches, stabilizing at about 2.3 ft.
NGVD. Over this time, the salinity remained constant (2.5 ppt) while the temperature dropped
seasonally. The well data is more erratic, with water levels rising and falling over this time frame,
often in direct response to irrigation. Overall, however, the groundwater levels rose 4-6 inches
during the dry season, suggesting that they may be affected by lagoon water level. The response
to a shift in lagoon level is likely slow, however, and there is no evidence of salt transport between
the lagoon and adjacent groundwater table. The high salinity reading in Well #1 (in the coastal
salt marsh) is particularly interesting. It may be that this area receives periodic inundation with
ocean water (when the lagoon is open), and that the residual salts are not flushed by freshwater
flows.
During the rainy season, both lagoon and groundwater data rose significantly (Figures 19-22).
Groundwater in the agricultural fields was raised by direct precipitation. Between January and
March 1991, lagoon levels rose in response to direct rainfall, some groundwater drainage, and as
a result of pumped inflow from the Sea Mist Farm drainage pumping. This pump was inputting
50-100 gpm into the lagoon on a frequent basis. When actual flows in the Salinas River occurred
on February 21, 1991, the lagoon level rose very rapidly to 7.1 ft. NGVD before the sandbar was
breached and the lagoon drained.
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Table 7. Peak Flows in the Salinas River at the Spreckels Gage (from McGrath, 1980)

J

2
3

DATE

FLOW RATE (cfs)!

January 1862

(116,000)2

February 26, 1969

83,000

March 1911

(80,000)3

January 1914

(100,000)2

January 1914

(84,000)2

February 12, 1938

75,000

January 27,1969

73,200

March 3, 1983

63,200

January 18, 1916

(60,000)

February 11, 1978

57,400

February 3, 1945

53,100

February 22, 1917

(49,400)

February 17, 1927

(48.500)

February 14, 1926

(46,800)

March 4, 1941

45,400

January 22, 1943

42,800

December 29,1931

42,100

Estimated.flow shown in ()
Estimated by U.S. Army Corps of Engineers
Estimated by A1lderson-Nichols
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VEGETATION RESOURCES

Introduction
A botanical survey of the riparian and upland plant communities of the Salinas River Enhancement
Plan study area was performed between May and August, 1990. Field observations and literature
review formed the basis of the study.

Methods
The plant communities for the riparian and upland plant communities were delineated on the
project maps (1 "=100'), aerial photographs prepared by Aerial Photometrics April 9, 1990. The
vegetated habitat acreages in the study area are presented in Table 8. The plant communities were
delineated as per the plant community descriptions outlined in the Preliminary Descriptions of
the Terrestrial Natural Communities of California (Holland, 1986). A checklist of observed vascular
plants was prepared and is included in Appendix D (Volume 2).
The presence of rare, threatened, endangered and locally unique plant species was researched for
the riparian and upland communities. The California Natural Diversity Data Base (CNDDB) was
accessed for information on the location of existing populations of sensitive plant species (CNDDB,
1990). The California Native Plant Society'S Inventory of Rare and Endangered Vascular Plants
of California (Smith and Berg, 1988) was referenced for information on the status of the sensitive
plants of the area. Plant species were identified with A California Flora and Supplement (Munz
and Keck, 1973), Flora of the Santa Cruz Mountains (Thomas, 1961), and The Vascular Plants of
Monterey County, California (Howitt and Howell, 1964).
Many annual plant species that would occur under normal conditions may not germinate or bloom
during adverse drought conditions. Since California was experiencing the fourth year of a drought
at the time of this survey, it is possible that plant species of concern occur within the communities
of the project site but were not observed during the 1990 field investigations.

Plant Community Descriptions
The vegetation within the Salinas River Lagoon Enhancement Plan study area is comprised of
several plant communities: central coast arroyo willow riparian forest, central coast riparian scrub,
ruderal, northern foredunes, central dune scrub, northern coastal salt marsh, and coastal brackish
marsh. These are delineated on Figure 27, with estimated acreages shown on Table 8.
The riparian vegetation along the Salinas River between the eastern border of the study area to
just below Highway 1 forms an almost continuous corridor along both banks. The vegetation
does show evidence of impacts and alteration such as dumping of debris, the introduction of nonnative vegetation, and localized bank stabilization/erosion control measures. The ruderal vegetation
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Table 8.

Vegetated Habitat Acreages in the Salinas River
Lagoon Study Area
------

Habitat Type

I

I Est. Area
(acres)

Northern Salt Marsh

194.9

Coastal Brackish Marsh

15.6

Central Coast Arroyo Willow Riparian Forest

48.1

Central Coast Riparian Scrub

21.9

Ruderal

105.3

Northern Foredunes

57.8

Central Dune Scrub

29.8

I

i

,

grows along the levee slopes and other disturbed areas. The foredunes and dune scrub communities
inhabit the westernmost portion of the study area north and south of the river mouth. The marsh
habitats occur adjacent to the river mouth and along the islands and margins of the river.

Central Coast Arroyo Willow Riparian Forest. The streamside vegetation along the Salinas
River is representative of a central coast arroyo willow riparian forest type (Holland, 1986),
encompassing approximately 48.1 acres. The overstory canopy is comprised of broadleaf deciduous
trees and an understory dense with young trees, shrubs, and herbaceous plants. The composition
of the riparian vegetation is a function of several factors: the availability of water during different
times ofthe year, the proximity to groundwater, and the intensity of winter flooding and scouring.
Plants growing in these locations often experience inundation during severe winter flood events.
Willow (Salix spp.) is the dominant tree species. Arroyo willow (s. lasiolepis) is the most prevalent,
however Coulter's willow (S. coulteri), sandbar willow (S. hindsiana), and red willow (S. laevigata)
are also found. Heights range from 10-15' with trees being relatively young, ranging from 1-8" in
diameter. Many of the trees are wind-pruned. Immediately downstream and upstream of Highway
1, associated species include black cottonwood (Populus tricocarpha), box elder (Acer negundo
ssp. cal{fornicum), blue elderberry (Sambucus mexicana) and coast live oak (Quercus agrifolia).
Understory vegetation is dominated by young trees, shrubs of poison oak (Toxicodendron
diversilobum), blackberry (Rubus ursinus), flowering current (Ribes sanguineum), tree tobacco
(Nicotiana glauca), mulefat (Baccharis douglasii) and a variety of herbs and grasses (Appendix
D). Upstream of Highway 1 there are scattered occurrences of non-native species, such as
acacia(Acacia decurrens) , myoporum (Myoporum sp.), castor bean (Rincinus sp.), tree-of-heaven
(Ailanthus altissima) and pampas grass (Cortederia selloana).
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Central Coast Riparian Scrub. The riparian scrub inhabits scattered areas along the river's
edge, encompassing approximately 21.9 acres. The vegetation, dominated by coyote brush
(Baccharis pilularis ssp. consanguinea) and young willows, forms a scrubby thicket. The
vegetation varies from relatively open to impenetrable and represents an early successional
community that may succeed to arroyo willow riparian forest with the absence of major flooding.
Herbaceous plant species include fleshy jaumea (Jaumea carnosa), salt grass (Distichlis spicata),
and mugwort (Artemisia californica). There are scattered occurrences of coastas gumplant
(Grindelia latifolia), giant reed (Arundo donax), and California rose (Rosa californica).
Northern Coastal Salt Marsh. Coastal salt marsh vegetation is the dominant cover type near
the river mouth between approximately +2.5 feet and +7.0 feet NGVD encompassing approximately
194.9 acres (Figure 27). In this area plant species composition is a function of water related
factors including salinity, saturation, and elevation. In the area south of the river channel,
pickleweed (Salicornia virginica) is the dominant plant between approximately +2.5 and +5.0
feet covering broad areas of marsh plain. Alkali heath (Frankenia grandifolia) and fleshy jaumea
(Jaumea carnosa) are subdominants and generally occur in the upper half of this zone. Canopy
heights range to 18 inches and plant cover is dense. In the transition zone, between approximately
the +5.0 and +6.0-feet contours, coastal gumplant (Grindelia latifolia) and pickleweed become
dominant with salt grass (Distichlis spicata) and alkali heath as subdominants. Above the +6.0feet and to approximately the +7 .O-feet contour grasses are prevalent and include salt grass and
beardless wild rye (Elymus triticoides) with scattered patches of Baltic rush (Juncus balticus).
Upland plants such as ripgut grass (Bromus diandrus) and wild radish (Raphanus sativus) become
prevalent above approximately the 7-foot contour.
The upper limit of salt marsh vegetation is lower in the area north ofthe river channel. Pickleweed
is generally the dominant plant between the +2.5 and +4.0-feet contours. Patches of salt grass,
fleshy jaumea, and alkali heath also present. Between the +4.0 to +5.0-feet contours, fleshy
jaumea and salt grass are prevalent with some alkali heath, pickleweed, and coastal gumplant.
Above the +S.O-feet contour coyote brush and willow form dense thickets.
Due to freshwater influence, salt marsh habitat is replaced by brackish marsh habitat along the
river bank near the river mouth and upstream by brackish marsh and riparian habitat near the
Highway 1 bridge.
Between the river mouth and the Monterey Dunes Colony, pickleweed and salt grass are dominant
in several depressions and along the shoreline of a small pond. Coastal gumplant, alkali heath,
and fleshy jaumea are also common. The elevational range for salt marsh vegetation in this area
is between approximately the +3.0 and +6.0-feet contours. Above this zone dune plants become
prevalent.
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Soil (sediment) water salt concentration is a primary factor controlling distribution of salt marsh
vegetation. At the Salinas River marsh site there are a number of probable factors controlling soil
salt concentration. While the primary salt source is the ocean, agricultural runoff is also a contributor
(Harvey and Stanley Associates 1988). Ocean derived salts may enter the marsh during periodic
tidal inundation when the ocean outlet is breached. The salt contribution of this flooding is
dependant on the volume and salinity of water retained when the breach closes and the volume
, lost through diversions into the Old Salinas River Channel. During most of the year rates of
evapotranspiration together with fluctuation in ground water depth and salinity, are the primary
factors controlling soil salinity. The relative contributions to ground water salinity and depth of
tidal and storm flooding (winter) and lateral infiltration from the ocean and river channel (winter
and summer) are not well understood. Shallow monitoring wells have been installed in the salt
marsh to gather data on near surface groundwater depth and salinity (conductivity) fluctuations.
During the late spring and summer groundwater levels drop below the ground surface and
evapotranspiration processes concentrate soil water salts and may draw salts to the ground surface.
Areas of the marsh surface at the lowest elevations relative to the water table are likely to be
subject to the highest summer soil salinities. An example is the salt panne or seasonal saline pond
located in the southwestern corner of the project site. This seasonal saline pond supports no
vascular plants, presumably due to the combined effects of hypersaline conditions and extended
periods of inundation.

Coastal Brackish Marsh. Brackish marsh habitat (15.6 acres) is found along the river bank and
on islands in the downstream river channel. Dominant plant species include rabbitfoot grass
(Polypogon mOl1.speliensis) , three square (Scirpus pungens), alkali bulrush (Scirpus robustus),
California bulrush (Scirpus califomicus), and cattail (Typha spp.). Near the river mouth the
upper limit of brackish marsh plants is at approximately the +2.5-feet contour. Above this salt
marsh plants such as pickleweed and fleshy jaumea become dominant. The lower limit of the
brackish marsh plants is determined in part by water depth, a light limiting factor. Alkali bulrush
and three square are dominant in water approximately 1 foot deep. California bulrush and cattail
are taller plants and are dominant in water depths between approximately 1 and 3 feet. Alkali
bulrush is able to tolerate elevated salinities and is therefore an important species in shallow
waters downstream. As the freshwater influence becomes greater upstream, alkali bulrush is
replaced by California bulrush and cattail, even in shallow water.
Upstream from the river mouth, the upper limit of brackish marsh habitat gradually moves higher
in elevation. Brackish marsh gradually replaces salt marsh habitat upstream and completely replaces
it near the Highway 1 bridge. In the vicinity of the bridge and further upstream, brackish marsh
habitat extends to approximately the +4.0-feet contour. Central coast riparian scrub becomes the
dominant habitat above this elevation.

Ruderal. Ruderal vegetation consists of native and introduced plant species that occur in disturbed
habitats and waste places (Frenkel, 1970). Continuous area of ruderal vegetation were observed
along the river, often along the levee and bank slopes and agricultural roadways. The dominant
plant species are iceplant (Carpobrotus edulis), poison hemlock (Conium maculatum), bristly ox-
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tongue (Picris echioides), field mustard (Brassica campestris), white sweet clover (Melilotus
alba), and giant reed.
Approximately 105.3 acres of ruderal plant community were recorded within the study area.

Northern Foredunes. The foredunes occupy the beach area just behind the active dunes Gust
above the high tide line) both north and south of the river mouth, encompassing approximately
57.8 acres. The dunes are somewhat protected from the winds which allow for the establishment
of plants. The plants further reduce the amount of blowing sand and partially stabilize the dunes.
The foredunes intergrade with the active dunes to the west and the dune scrub to the east. The
foredune plant community inhabits dunes formed from recent alluvial depositions of the Salinas
River; the community is also referred to as the strand by others (T. Reid, 1990).
Plant species diversity is relatively low. The most common plants are yellow and pink sand
verbena (Abronia latifolia andA. umbellata), silky beach pea (Lathyrus Utoralis), beach primrose
(Camissonia cheiranthifolia), sea rocket (Cakile maritima), beach morning glory (Calystegia
sordanella), and beach bur (Franseria chamissonis ssp. bipinnatisecta and F chamissonis ssp.
chamissonis). The foredunes north of Mulligan Hill and the dune pond have individuals of coast
buckwheat. There are stands of sea lyme-grass (Elymus moWs), a native beach grass within the
southernmost foredunes. The non-native plant, European beach grass (Ammophila arenaria) is
also present in scattered locations along these southern dunes.

Central Dune Scrub. The central dune scrub inhabits the stabilized coastal bluff face and top
northwest of Mulligan Hill and the bluff top at the southernmost border of the study area,
encompassing approximately 29.8 acres. The vegetation forms a dense low-growing thicket of
shrubs, subshrubs, and herbs, averaging about 3 feet in height. Dominant plant species include
yellow bush lupine (Lupinus arboreus ssp. arboreus), lizard tail (Eriophyllum staechadifolium
and E. staechad~folium var. artemisiaJolium), sea lettuce (Dudleya Jarinosa), beach bur, mock
heather (Ericameria ericoides ssp. ericoides), coast buckwheat (Eriogonum latifolium) and dune
buckwheat (E. parvifolium). Also present are Monterey paintbrush (Castilleja latifolia var.
lat~folia), branching phacelia (Phacelia ramisissima), blue beach lupine (Lupinus chamisonis),
and branching beach aster (Corethrogne leucophylla).
Separating the foredune and the dune scrub communities northwest of Mulligan Hill is a dune
pond. Formed by the shifting flows from the Salinas River, the pond occupies an area between
the rivermouth and the Monterey Dunes Colony. The rare plant, Monterey slender-flowered gilia
(Gilia tenuiflora ssp. arenaria) has been reported from the dune scrub of the project site, "just
north of Potrero Road leading to the Monterey Dunes Colony" (T. Reid and Assoc, 1990).

Rare, Endangered, and Locally Unique Plant Species
The records of the California Natural Diversity Data Base, the California Native Plant Society,
and other reports for the region indicate the following plant species of concern have the potential
to occur or have been reported within the dune communities of the region: Monterey slender-
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flowered gilia (Gilia tenuiflora ssp. arenaria), branching beach aster (Corethrogyne leucophyUa),
Menzies wallflower (Erysimum menziesii), Monterey paintbrush (Castilleja lat(folia var.latifolia),
coast wallflower (Erysimum ammophilum) , and Monterey spineflower (Chorizanthe pungens var.
pungens). Table 9 displays the status of these species.
Menzies Wallflower (Erysimum menziesii). This wallflower grows within active dune areas
close to the high tide line and in dune scrub communities (T. Reid, 1990). Populations have been
reported to fluctuate from year to year depending upon winter storm activity and the movement of
the active dunes. The active dune, foredunes, and dune scrub of the project site was searched for
the wallflower but no individuals were observed. This species is known from Marina State Beach,
the closest population to the project site.
Monterey Slender-flowered Gilia (Gilia tenuiflora ssp. arenaria). The Monterey slenderflowered gilia has been reported from the dune scrub of the project site (ibid, CNDDB, 1990, and
Ferreira, 1985). The species inhabits open patches of ground amid the dune scrub vegetation
where there is some litter accumulation, soil development, less exposure to salt spray and high
winds, and little or no waves and storm surges activity. A population within the City of Marina
inhabits a sandy south-facing slope well outside ocean wave activity (east of Highway 1). The
1990 Marina Dunes Plan reports population estimates for the Salinas River State Beach population
of 10,000 for 1986 and 1,165 for 1987 (T. Reid, 1990). Due to the timing of the 1990 survey, no
plants of the gilia were observed within the dune scrub community; it is expected that the plants
finished flowering and became senescent prior to our work in May, 1990. The drought conditions
may have caused many of the seeds to lay dormant due to low rainfall levels. In April 1992, a
second field survey was conducted. A small population of 26 individuals was identified
approximately 900' south of Monterey Dunes Colony, 40' west of the farm road.
Monterey Spineflower (Chorizanthe pungens var. pungens). The spineflower is known to
inhabit dune habitats from the active dunes inland to the dune scrub. The species has a wide
habitat range, but prefers open sandy areas with little plant cover. Spineflower plants were observed
within the dune habitats of the study area during this survey, however, due to the senescent
condition of the specimens, positive identification could not be made. There are also taxonomic
problems between C. difussa, C. cuspidata, and C. pungens var. pungens, such that identification
can be difficult and uncertain.
Coastal and Seaside Buckwheat (Eriogonum latifolium and E. parvifolium). These two species
of buckwheat are host to the federally endangered Smith's Blue Butterfly. Although the plants
themselves are not rare or endangered, their link to the butterfly make their occurrence along the
coastline a botanical concern. Both species inhabit the dune scrub and portions of the northern
foredunes of the project site, often forming dense thickets with the adjacent vegetation.
Monterey Paintbrush (Castilleja latifolia var.latifolia). This plant is endemic to the California
coast within Monterey and Santa Cruz Counties. A CNPS List 4 species, the paintbrush was
observed within the coastal dune scrub community of the project site and is a relatively common
component of the scrub vegetation.
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Branching Beach Aster (Corethogyne leucophylla). The beach aster was observed within the
coastal dune scrub of the project site.
Coast Wallflower (Erysimum ammophilum). The wallflower is known from Marina State Beach.
The plant was not observed on the Salinas River project site during 1990 field surveys; however,
according to USFWS personnel, it does occur on the Salinas River National Wildlife Refuge in
the central dune scrub eM. Parker, USFWS, pefs. comm., 1992).
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Table 9.

The Status of Rare, Endangered, Locally Unique Plant Species within the
Salinas River Enhancement Plan Study Area

Species

CNPS* RE-V-D

Federal

State

Status within Project Site and
Vicinity

Menzies Wallflower

2-2-2-3

Endangered

Endangered

Known from Marina State
Beach in active dunes and dune
scrub

Slender-Flowered
Gilia

3-3-3-3

Threatened

Endangered

Recorded within dune scrub of
project site

Monterey
Spineflower

2-2-2-3

----

Proposed Endangered

Potential to occur within active
dunes and dune scrub

Monterey Paintbrush

1-1---3

----

----

Recorded within dune scrub of
project site

Branching Beach
Aster

1-1---3

----

----

Recorded within dune scrub of
project site

Coast Wallflower

1-2-2-3

----

C2 - Considered for listing

Recorded by USFWS within
dune scrub of project site

----

Host for endangered
Smith's Blue
Butterfly

Recorded from dune scrub
foredunes of project site

Coastal and Seaside
Buckwheat

*CNPS Listing System:
Rarity (R): I-Rare, 2-Several populations, 3-0ne population
Endangerment (E): I-Not endangered, 2-Endangered in portion ofrange,
3-Rare throughout range
Vigor (V): I-Increasing, 2-Declining, 3-Near extinction
Distribution (D): I-Widespread, 2-Rare outside CA, 3-Endemic to CA
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WILDLIFE RESOURCES
Introduction
The Salinas River Lagoon study area is a valuable resource to a great variety of wildlife species.
The lagoon and its associated habitats, along with the Elkhorn Slough system, and the Pajaro
River mouth area, are of regional importance for wildlife. Within the context of the Monterey
Bay area, the lagoon is a focal point for wildlife activity (especially waterbirds). In the local
context, the study area's significant amount of natural habitat serves as a vital refuge for wildlife
within the lower Salinas Valley's strongly agricultural environment.
The value of the study area for wildlife is underscored by the great diversity of vertebrate species
known or expected to occur (279 species), and the high number of sensitive wildlife species
known or expected to occur (40 species). In recognition of the importance of the study area to
wildlife, the U.S. Fish and Wildlife Service acquired the area south of the Salinas Lagoon as a
National Wildlife Refuge.
The study area's overall high wildlife value results from its (1) diversity of habitats, and (2) close
proximity to the highly productive Elkhorn Slough system and Monterey Bay. The 276 species of
vertebrate wildlife known or expected to occur in the study area include five species of amphibians,
12 reptiles, 228 birds, and 34 mammals. The habitats present in the study area are especially
important for migratory waterbirds and shorebirds. One hundred and sixteen species of waterbirds
have been recorded, and two others are expected to occur. This represents over 75% of all the
waterbird species recorded in California (excluding oceanic species).
The Salinas River Lagoon study area is comprised of the following habitat types: Central Coast
arroyo willow riparian forest, brackish-water/freshwater lagoon, hyper-saline pond, mudflat and
sandflat, coastal brackish-water marsh, freshwater marsh, northern foredunes, Central Coast riparian
scrub, central dune scrub, non-native annual grassland, ruderal, and beach. (Note: names for
vegetated habitats follow the nomenclature used in the vegetation section). The plant composition
of these habitats is described in the vegetation section of this report.
Wildlife species diversity and abundance in the study area varies depending on the season and the
water levels present in the Salinas River. While some wildlife species may be restricted to certain
plant communities due to specific habitat requirements, many of them utilize several of the habitats
present in the study area. A description of the wildlife values for each of these habitats is presented
below. Scientific names for vertebrate wildlife species cited in this text are presented in Appendix
E (Volume 2).

Methods
Reconnaissance-level field surveys to assess existing wildlife habitat conditions were made during
May, June, July, and October 1990, and January 1991. Previous surveys of the area were performed
by members of The Habitat Restoration Group from 1986 through 1989. A literature review and
consultation with knowledgeable people augmented the information base for wildlife resources
in the study area.
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A survey of Smith's Blue Butterfly habit2.t was performed in the study area in July 1990 (Thomas
Reid and Associates 1990). Information from the ongoing PointRe,t'!;s Bird Observatory snowy
plover research was provided by John and Ricky Warriner. The U.S. Fish and Wildlife Service
provided information on recent studies of waterbird nesting in the study area.

Wildlife Habitat Types and Significant Wildlife Resources
Several significant wildlife use areas that provide valuable resources have been identified in the
study area. These include: (1) the lagoon sand bar, (2) in-channel islands, (3) lagoon and island
shoreline, (4) dunes and beach, (5) open and shallow water habitat, (6) the seasonal saline ponds,
(7) freshwater and brackish-water marsh habitats, and (8) willow riparian habitat. Some of the
significant wildlife use' areas and resources of the Salinas River Lagoon are shown in
Figures 28-30.
The sand bar functions as an important roost site for pelicans, terns, gulls, and shorebirds. The
islands provide nesting habitat for avocets, stilts, and ducks, and escape cover for a variety of
waterbirds. Historically, these islands supported nesting snowy plovers. Numerous shorebirds
forage along the lagoon shoreline, which also provides nesting habitat for stilts, avocets, and
waterfowl. During the late summer and fall water levels in the lagoon may be low, exposing
highly productive mud and sand substrates along the lagoon and island margins. These substrates
support benthic invertebrates, and like the lagoon shoreline, provide an important food resource
for a variety of shorebirds. The deeper portions of the lagoon offer foraging habitat for grebes,
cormorants, diving ducks, terns, and osprey while the shallow near-shore waters are used for
foraging by large shorebirds, dabbling ducks, herons, and egrets.
The seasonal saline ponds south and north of the river mouth (Figures 2 and 28) provide wildlife
resources similar to the lagoon, thus supporting use by waterbirds. The high salinity and
comparatively shallow depths of the ponds attracts fewer waterbird species than the lagoon.
However, some species utilizing the ponds (particularly the southern pond) occur in greater numbers
than elsewhere in the study area. The ponds offer nesting sites and foraging areas for snowy
plovers, as well as foraging and roosting sites for a variety of other waterbirds and shorebirds.
-..
.
The northern foredunes and central dune scrub provide suitable habitat for four sensitive wildlife
species: the snowy plover, black legless lizard, globose dune beetle (Coelus globosus), and Smith's
Blue Butterfly (Euphilotes enoptes smithi). The snowy plover uses the sand dunes for nesting and
roosting, while the black legless lizard, globose dune beetle, and Smith's blue butterfly use portions
of these habitats exclusively throughout their life cycles (Appendix F). Appendix G provides
results of a 1990 field survey for Smith's Blue Butterfly.
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The willow riparian community of the upper study area provides important foraging habitat for
many insectivorous birds, which feed on insects that feed on the deciduous leaves or forage on the
numerous catkins. The willow clumps and the poles which occur in the ruderal and non-native
grassland habitats are valuable as perch and roost sites for rap tors such as northern harrier, blackshouldered kite, osprey, and barn owl.
The wildlife value of the study area is affected by the intensive agricultural land use which surrounds
it. Natural habitat, primarily wetlands, was drained, diverted, and diked for use as agricultural
purposes (Gordon 1977). This loss of natural habitat resulted in severe collateral damage to
wildlife, fish, and aquatic resources dependent on wetlands for survival. Toxic pesticides used
for the control of agricultural pests have found their way into the Salinas River system (Mischke
ef al. 1985, Agee 1986, Grue, et al. 1988, Oakden and Oliver 1988). For most species of wildlife,
the agricultural lands adjacent to the study area provide no resources (e.g., food, cover, nest sites,
etc.). Agricultural practices limit the wildlife value of some of the study area's habitats, particularly
near the interface between natural habitat and agricultural fields (this is especially true for the
riparian habitat). The existing high wildlife values and species diversity of the study area reflects
the buffering effect of its relatively large size. Other human activities in the study area which are
clearly detrimental to wildlife use include hunting and off-road vehicle use.

Lagoon and In-Channel Islands. The aquatic habitat of the lagoon offers a wide variety of
wildlife species an important resource for feeding, cover, bathing, reproduction, and resting. Thus,
it is a focal point for wildlife activity in the study area, and in the general region. The lagoon is
especially important to migrating and wintering waterbirds and shorebirds.
The value of this habitat is enhanced by the occurrence of adjacent sand dune, wetland, and
riparian habitats. In addition, the close proximity of the lagoon to the Monterey Bay, which is a
hemispherically important resource for a diverse and abundant biota, contributes significantly to
wildlife use of the lagoon. Many birds that forage on the bay and along its shoreline congregate
in the lagoon to bathe and rest. The lagoon's wildlife use patterns vary from the river mouth to the
upstream portion of the study area. Waterbirds are most abundant and diverse in the lower lagoon,
with relatively few waterbirds occurring upstream of Highway 1.
Invertebrates. Little is known of the invertebrate faunal composition of the lagoon (Harvey &
Stanley 1988), although numerous studies have focused on the benthic invertebrate fauna of portions
the Elkhorn Slough system (e.g., Madrone 1976; Harvey and Stanley 1985; Kinnetics Laboratories
Inc. 1986). Benthic invertebrate abundance and distribution varies according to substrate type,
salinity, and frequency of lagoon breaching. Polychaete worms, bivalve mollusks, and crustaceans
are probably among the commonly occurring invertebrate groups in the lagoon. The California
brackishwater snail (Tyronia imatator), a U.S. Fish and Wildlife Service Candidate for federal
endangered status, may occur in this habitat.
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Amphibians. Amphibian use of the lagoon varies depending upon their proximity to the mouth of
the lagoon and the availability of shoreline vegetation. The aquatic environment in close proximity
to the mouth of the lagoon would not support amphibians due to the brackish water conditions.
Further upstream, salinity may not limit use by amphibians. In addition, the shoreline riparian
and emergent marsh vegetation provides suitable cover, resting, and breeding substrates. Fish
populations in the lagoon may limit amphibian use of the aquatic habitat. Pesticides and habitat
loss associated with the intensive agricultural land use adjacent to the study area has probably
significantly affected amphibian use of the lagoon.
Some of the amphibian species expected to occur in the aquatic habitat of the lagoon include
Pacific treefrog, bullfrog, and western toad.
Reptiles. The aquatic habitat of the lagoon is suitable for several semi-aquatic reptile species.
Western aquatic garter snake, common garter snake, and western terrestrial garter snake may
enter the water in search of prey such as fish, amphibians, and aquatic invertebrates. The western
pond turtle is a highly aquatic species that may be found basking on logs, cat-tail mats, or along
the banks of the lagoon.
Birds. A wide variety of waterbirds use the lagoon habitat for feeding, roosting, nesting, and
bathing. Various species of waterbirds occur in the study area including grebes, cormorants,
herons, egrets, waterfowl, gulls, terns, shorebirds, and the kingfisher. The shoreline and seasonallyexposed mud along the margin of the lagoon provide valuable foraging habitat for a variety of
shorebirds during fall migration (July-November). The islands are important as nesting sites for
ducks, offering refuge from land predators. However, red fox have been observed on the islands,
thus decreasing the island value for nesting waterbirds. The lower lagoon sand bar including the
spit is used as a roost site by pelicans, terns, gulls, and shorebirds. Bird species diversity and
abundance in this habitat is greatest during spring and fall migration, and winter. Important
foraging resources of the lagoon include fish, invertebrates of the water column, and benthic
epifauna and infauna.
Some of the common representative waterbirds and shorebirds occurring in this habitat include
brown pelican, elegant tern, Forster's tern, California gull, western gull, marbled godwit, willet,
sanderling, western sandpiper, least sandpiper, pied-billed grebe, American coot, great blue heron,
green-backed heron, snowy egret, mallard, ruddy duck, American avocet, and black-necked stilt.
Mammals. Mammal species richness and abundance is low in the aquatic habitat of the lagoon.
Use by mammals is limited to those which make extensive use of aquatic environment for feeding,
reproduction, mode of travel, and escape cover. Muskrat are expected to be common where
earthen banks offer terrestrial denning sites and emergent vegetation provides forage. Beaver
have been recorded in the upper and lower portions of the study area (Engineering Science 1980a,
USFWS personal communication.).
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Central Coast Arroyo Willow Riparian Forest. This habitat type includes the willow riparian
forest which occurs along the banks of the Salinas River channel from just downstream of Highway
1 to the upper limits of the study area. The riparian habitat of the study area supports a high
diversity of terrestrial wildlife species, due to the availability of numerous cover, roosting, nesting,
and foraging sites provided by the abundant plant growth and the stratified nature of the vegetation.
The riparian woodland is especially valuable as a wildlife refuge from the largely unsuitable
habitat conditions of the adjacent agricultural fields. In addition, the riparian habitat functions as
a movement corridor for wildlife species between different habitats. Relative to other areas of
riparian habitat along the central coast, the value of this habitat in the study area tends to be
limited for some wildlife due to the wind-pruned tree canopy. This natural phenomenon tends to
reduce the complexity of the vegetative layering.
Amphibians. Amphibians are an important ecological component of riparian systems (Brode and
Bury 1985). The presence of water, abundant dead and fallen woody material, and the high
productivity of insects associated with deciduous vegetation makes this habitat highly suitable
for several amphibian species. The adjacent aquatic environment offers an important resource to
many frogs, toads, and salamanders that require standing water to complete their life cycles.
Dead and downed woody material provides cover which moderates temperatures during the dry
season, and creates suitable microclimates for amphibians. The high productivity of insects
provides amphibians with an abundant food source.
Some of the amphibian species expected to use this habitat in the study area include California
slender salamander, arboreal salamander, Pacific treefrog, bullfrog, and western toad.
Reptiles. The mesic environment of this habitat is suitable for a variety of moisture depend
ent/tolerant reptile species, as well as those species which occur in more xeric situations. The
abundance of dead and downed woody material offers suitable cover and rest sites, while the
abundance of insects provide an important food source. Small mammals and amphibians occurring
in this habitat are important food resources for snakes.
Reptiles known or expected to occur in this habitat include western fence lizard, northern alligator
lizard, southern alligator lizard, sharp-tailed snake, ring-necked snake, western terrestrial garter
snake, common garter snake, and common king snake.
Birds. Birds are the most numerous and diverse faunal group within the riparian habitat. The
dense and diversified vegetation provides cover, forage, and nesting and roosting sites. The
adjacent riverine habitat provides various bird species opportunities for foraging, drinking, and
bathing. Riparian habitat is an essential resource for migratory birds, offering a resting area
where fat reserves can be replenished before continuing long distance flights between wintering
and breeding grounds. As a result of migratory and local movements, reproduction, and seasonally
changing habitat requirements, bird species richness and diversity in this habitat varies from
season to season.
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Some of the common representative birds occurring in this habitat include green-backed Heron,
belted kingfisher, Anna's hummingbird, downy woodpecker, black phoebe, Pacific-slope flycatcher,
Swainson's thrush, Wilson's warbler, warbling vireo, black-headed grosbeak, chestnut-backed
chickadee, Bewick's wren, bushtit, California towhee, ruby-crowned kinglet, yellow-rumped
warbler, yellow warbler, and song sparrow.
Mammals. Most of the mammalian species using this habitat in the study area are largely yearround residents. While some of these are abundant in non-riparian areas, many are dependent on
riparian habitat for food, water, dispersal corridors, and escape and thermal cover (Mayer and
Laudenslayer 1988). The moist ground conditions and the large population of invertebrates within
the soil and woodland litter are especially suitable for insectivorous mammals such as shrews and
moles. The vegetated corridor functions as an important passage for the movement of predatory
mammals such as gray fox, weasel, and skunk. The shade and presence of water throughout the
year make this habitat suitable as refuge for many species occurring in the surrounding xeric
habitats.
Some of the mammal species of known or potential occurrence in this habitat include Virginia
opossum, ornate shrew, vagrant shrew, broad-footed mole, brush rabbit, raccoon, striped skunk,
red fox, gray fox, long-tailed weasel, muskrat, beaver, dusky-footed woodrat, and deer mouse.
The red bat may roost in this habitat.

Central Coast Riparian Scrub. The riparian scrub habitat is primarily llsed by those wildlife
species that utilize brushy habitats for cover, nesting, and foraging. The interspersion of open
grassy patches within this habitat creates a varied habitat structure, that provides a diversity of
niches for wildlife. In addition, the wildlife value of this habitat is enhanced by adjacent wetland
and riparian vegetation.
Amphihians. The arid conditions of the riparian scrub habitat tend to be unsuitable for many
amphibian species. However, some amphibians, such as western toad, may disperse into this
habitat during periods of wet weather to forage, or to utilize rodent burrows as refuge during the
dry season.
Reptiles. Due to the relatively open nature of this habitat, use by reptiles is expected to be similar
to that described for the ruderal and grassland habitats.
Birds. The brushy nature of this habitat is especially suitable for species such as California
thrasher, Bewick's wren, white-crowned sparrow, and wrentit. California quail frequent the riparian
scrub, because it offers dense cover and open areas for foraging. The abundance of seed producing
plants supports a variety of sparrows and finches, including house finch, Lesser's goldfinch, and
song sparrow.
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Mammals. Common small mammals that occur in scrub habitat include ornate shrew, brush
rabbit, deer mouse, brush mouse, and house mouse. Coyote, red fox, striped skunk, raccoon, and
long-tailed weasel utilize this habitat for hunting.

Coastal Brackish Marsh. Brackish water marsh habitat tends to be relatively uniform and simple,
thus fewer niches for wildlife are available. Therefore, wildlife species richness (number of
species) in this habitat is low. However, the brackish-water marsh habitat plays an important role
in the cycling of nutrients in the lagoon ecosystem, and marshes are noted for their high primary
production of biomass. Thus the brackish-water is integral to the ecology of the lagoon area.
Wildlife use of the large marsh south of the river is limited due to the lack of channels. The value
of this habitat for wildlife varies depending upon local variation of the hydrologic regime and
plant species composition. Low lying areas adjacent to the lagoon become seasonally inundated,
causing terrestrial wildlife to disperse to drier upland areas. Inundation, however, creates suitable
conditions for waterbirds.
Amphibians. Amphibian use of this habitat tends to be limited due to the relatively high salinity.
Amphibians do not breed in areas high in salinity (Stebbins 1985).
Reptiles. Reptile use of the coastal brackish marsh is limited by the saline conditions. Reptiles
from adjacent ruderal, grassland and riparian habitats may forage in the marsh. These species
include common garter snake, western terrestrial garter snake, western aquatic garter snake, and
gopher snake.
Birds. The vegetative structure of this habitat provides suitable cover and nest sites for a variety
of birds. including shorebirds, raptors, waterbirds, and passerines. Northern harrier, short-eared
owl, mallard, cinnamon teal, gadwall, American avocet, black-necked stilt, song sparrow, and
savannah sparrow are expected to breed in this habitat. American pipit and white-crowned sparrows
are expected to occur in the brackish water marsh during the non-breeding season. Barn owl,
short-eared owl,apd northern harrier forage in this habitat for small mammals and birds. During
periods of inundation this habitat provides foraging sites for black-necked stilt, greater yellow legs,
marbled godwit. willet, long-billed curlew, whimbrel, herons, and egrets.
Mammals. The coastal brackish water marsh supports state species of special concern mammals
such as Monterey vagrant shrew, Monterey ornate shrew, and Salinas harvest mouse. These
species are known to occur in wetland habitats in the Salinas River Delta region (Williams 1986).
The vegetation of this habitat provides these species with seeds and vegetation for forage. Species
which occur in the upland transition areas adjacent to marsh habitat include California vole,
house mouse, and Norway rat. Gray fox, red fox, striped skunk, and raccoon forage in this habitat
during low water periods.
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BrackishIFreshwater Marsh. During times of normal rainfall this area is primarily coastal
brackish marsh habitat. This is due to breaching of the sand bar at the mouth of the Salinas River
which allows salt water into the lagoon. However, due to the past four years of drought there has
been no threat of flooding to surrounding agricultural land, so the sandbar has not been breached.
Thus, the marsh in the upper portion of the lagoon has become relatively a freshwater marsh.
This freshwater emergent marsh habitat is one of the most productive wildlife habitats in California
(Mayer and Laudenslayer 1988). These habitats provide food, cover, and water for various
mammals, birds, reptiles, amphibians, and invertebrates. Wildlife species richness and abundance
in wetland habitats are linked to the availability of water, thus the value of this habitat varies as
hydrologic conditions change. The presence of water is vital for those species of amphibians and
waterbirds that require an interspersion of aquatic and terrestrial substrates for breeding, foraging,
cover, and rest areas. While many of the wildlife species frequenting wetland habitats are dependent
upon their moisture regime and associated vegetation for survival, some species exploit the
resources of these habitats without being intimately associated. For example, bats and swallows
forage over wetland areas, but do not directly use the vegetation or aquatic habitat.
Amphibians. The aquatic environment of the lagoon, together with submergent and emergent
vegetation provides escape cover for frogs and toads. Submerged vegetation is especially important
as breeding substrates for these amphibians. The abundant invertebrate populations associated
with wetland areas provide a valuable food source for amphibians.
Species of amphibians associated with the riparian and lagoon aquatic habitats may use the
freshwater marsh areas as well.
Rep! iles. The occurrence of an abundant prey source makes the freshwater marsh habitat suitable
for several reptile species. This habitat may support similar assemblages of reptile species as
described for the riparian forest and lagoon aquatic habitats. The western terrestrial garter snake,
western aquatic garter snake, and common garter snake are common in areas adjacent to the
lagoon. The western pond turtle may forage and bask along the interface between this habitat and
the aquatic environment of the lagoon. In the drier upland transitional zones of this habitat,
species associated with the ruderal and non-native grassland habitats are expected to be common.
Birds. The freshwater marsh provides food, nesting, roosting, and cover for many species of
waterbirds. Emergent vegetation provides excellent cover for ducks, grebes, coots, and herons.
The upland freshwater marsh vegetation produces an abundance of seeds for ducks and passerines.
Depending on the hydrologic conditions present in the freshwater emergent marsh habitats, the
following waterbirds are expected to occur: American bittern, great egret, great blue heron, Virginia
rail, sora rail, green-backed heron, mallard, gadwall, cinnamon teal, pied-billed grebe, common
snipe, and American coot. Common land birds of this habitat include song sparrow, red-winged
marsh wren, and common yellowthroat.
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Mammals. The mesic condition of upland transitional portions of freshwater marsh habitat is
suitable for shrews and rodents that were previously described for the coastal brackish water
marsh habitat. Muskrats feed on emergent vegetation, and use the margins adjacent to aquatic
habitat for building nest sites. Predatory mammals such as gray fox, red fox, raccoon, and striped
skunk forage in this habitat.

Ruderal. Ruderal habitat in the study area, including the vegetation on the levees, support varying
levels of wildlife use depending on the amount of vegetative cover available. In general, wildlife
use of the ruderal and non-native grassland habitats are highest adjacent to other upland habitats
(such as riparian). Habitat structural diversity in these ruderal areas is greatest where scattered
shrubs occur. The large area of ruderal habitat south of the river has high wildlife value (due to its
large size, the presence of scattered shrubs, raptor perches, raptor prey populations). This area is
one of the largest areas of open (non-agricultural) upland habitat in the vicinity of the study area,
and probably serves as an important buffer from the adjacent agricultural land use. In contrast,
the narrow strip of ruderal vegetation growing on the bank slope along the north side of the river
has limited wildlife value (due to its narrow width and the close proximity of agricultural land
use) .
The grasses and forbs typical of this community produce seeds that attract numerous insects, thus
providing food for granivorous and insectivorous wildlife. Ruderal habitat, primarily south of the
river, provides foraging sites for mammalian predators, and raptors forage in this habitat. Aeriallyforaging species that occur over ruderal habitat include bats and swallows.
Amphibians. Amphibian use of this habitat is limited due to its arid nature. A few species, such
as Pacific treefrog and western toad may disperse into these habitats from nearby mesic
environments and breeding sites to forage, and use rodent burrows for shelter during the dry
season.
Reptiles. Reptiles are common throughout the ruderal and grassland habitats. The tall grasses
and occasional scattered shrubs, provide excellent cover and support prey populations of insects
and rodents. Rodent burrows provide additional refuge for snakes and lizards.
The western fence lizard is the most common reptile in this habitat. Other species most likely to
occur in ruderal habitat include western skink, racer, gopher snake, common king snake, and
western terrestrial garter snake (Stebbins 1985).
Birds. Ruderal habitat in the study area is used extensively by raptors, and granivorous and
insectivorous birds. Commonly occurring raptors include northern harrier, red-tailed hawk, barn
owl, black-shouldered kite, and turkey vulture. Common passerine birds typical of this habitat
include black phoebe, Say's phoebe, loggerhead shrike, savannah sparrow, house finch, lesser
goldfinch, white-crowned sparrow, golden-crowned sparrow, and barn swallow.
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Mammals. The ruderal and grassland habitats provide food for herbivorous and granivorous
mammals such as small rodents and rabbits. In turn, these mammals provide a prey base for
larger predatory species. Common mammals of this habitat include gray fox, red fox, long-tailed
weasel, California ground squirrel, black-tailed jackrabbit, Botta's pocket gopher, deer mouse,
and western harvest mouse. Bats such as little brown myotis, and pallid bat are expected to
forage in this habitat.

Northern Foredunes and Central Dune Scrub. Wildlife species diversity and abundance in the
dune habitats are generally low. Factors that contribute to this include the arid nature of the
habitat, relative lack of vegetative cover, and shifting sandy soils. However, wildlife values differ
between the northern foredunes and central dune scrub habitats. The northern foredunes are more
active and support fewer plant species than the central dune scrub, thus is less suitable as habitat
for many wildlife species. Wildlife use of the northern foredunes is apt to be similar to the beach
habitat (see Beach, below). In contrast, the central dune scrub supports a wider variety of wildlife
species due to the more extensive development of vegetation. This is the primary habitat for
invertebrates such as the federally listed threatened Smith's blue butterfly and the Globose dune
beetle, a federal Candidate 2 species. Amphibians as a group are excluded from the dune habitats
due to the arid conditions.
Reptiles. The black legless lizard, a state species of special concern, occurs in the central dune
scrub habitat in the study area (Bury 1985). This species' distribution is specific to dune scrub
habitats along the Monterey Bay (see Threatened, Endangered, and Species of Special Concern).
The western fence lizard and gopher snake have been observed in this habitat.
Birds. A variety of waterbirds use the dune habitats primarily for roosting. These include
sanderling, willet, marbled godwit, and several gull species such as western gull, California gull,
and ring-billed gull. The snowy plover, a state species of special concern, nests primarily in the
northern foredunes. Raptors, such as northern harrier, and, occasionally, short-eared owl and
burrowing owL hunt in dune habitats. Passerines such as house finch, American pipit, and barn
swallow occur in the dune habitats while foraging.
Mammals. Mammal species diversity and abundance in this habitat is low. The deer mouse may
make use of this habitat where vegetation provides suitable cover and forage. Larger predatory
species such as gray fox, red fox, and long-tailed weasel use the sand dunes searching for prey,
such as nesting or roosting waterbirds and rodents.

Beach. Wildlife use of the beach habitat is limited primarily to bird species. The lack of cover
and vegetation and the periodic inundation of the beach by high tides make it unsuitable for other
wildlife species groups. The beach habitat harbors abundant invertebrate populations. The
invertebrates in turn attract numerous foraging shorebirds, as well as some passerines. The beach
also is extensively used as a roosting site for a variety of waterbirds, as weli as a nesting site for
the snowy plover.
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Waterbirds that commonly use this habitat include sanderling, willet, marbled godwit, whimbrel,
black-bellied plover, western gull, California gull, and ring-billed gull. Passerines that commonly
prey upon the numerous terrestrial invertebrates in this habitat include barn swallow, American
pipit and Brewer's blackbird.

Seasonal Saline Ponds. There are two seasonal saline ponds located in the study area. One is in
the Salinas National Wildlife Refuge, and the other is in the Salinas State Beach Nature Preserve.
Salinas River National Wildlife Refuge Pond. During the summer and fall this approximately
15.3 acre salt panne attracts large numbers of certain waterbirds, such as western sandpiper, least
sandpiper, semipalmated plover, snowy plover, elegant tern, red-necked phalarope, and Wilson's
phalarope. Shorebirds find abundant invertebrate prey in the shallow water and muddy margins
of the pond. During August and September, when fall migration is at its peak, over 3000 shorebirds
have been counted at this pond (D. Suddjian pers. obs.). Several rare species, such as semipalmated
sandpiper, ruff, and buff-breasted sandpiper have been seen. Terns use the pond as a day roost.
Snowy plover, American avocet, and black-necked stilt nest along the margins of the pond and in
the pond bottom when it dries. The only known nesting attempt by caspian terns in the study area
occurred at this pond in 1983, but failed due to unauthorized egg collecting practices (J. & R.
Warriner, pers. comm.).
Salinas State Beach Nature Preserve. This pond appears to be a temporary feature created by
scour during high river flows or high tides. Waterbird use of this pond is limited due to its small
size, and the abundance of woody debris. Surface water was, in most part, absent from this pond
during the summer 1990 surveys. Where present, water occurred in shallow pockets. A pair of
snowy plovers were observed performing distraction displays, suggesting that the pond may be
used as a breeding site during drawdown stages. Killdeer may also use this pond as a breeding
site. Unlike the pond on the wildlife refuge, this pond is not an important roosting area for
waterbirds, and it does not attract large numbers of birds. Black-necked Stilts, killdeer, and least
sandpipers were observed foraging in the exposed mudflats.

Threatened, Endangered, and State Species of Special Concern
The study area supports use by an impressive array of sensitive wildlife species. Thirty-six species
classified as federally or state endangered or threatened, candidates for endangered or threatened
status, or state species of special concern have been recorded or are expected to occur in the study
area. Ten of these have only occurred occasionally, but twenty three are known to make significant
use of the study area (Table 10). Four additional species which make significant use of the study
area do not have listed, candidate, of special concern status, but are still considered "sensitive" by
the California Department of Fish and Game (denoted by "*,, in Table 10). Of the species listed
in Table I 0, the study area has regional importance for: globose dune beetle, Smith's blue butterfly,
black legless lizard, California brown pelican, osprey, northern harrier, peregrine falcon, snowy
plover, elegant tern, caspian tern, short-eared owl, Salinas ornate shrew, and Salinas harvest mouse.
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The 14 sensitive species known to occur in the study area, but not listed on Table 10 are: (1)
occasional, uncommon or rare migrants and winter visitors (e.g., ferruginous hawk, white-faced
Ibis); (2) species that utilize aerial habitat (e.g., black swift); or (3) have been recorded only 1-3
times (e.g., California clapper rail). These species do not utilize the study area significantly, and,
as for the clapper rail, suitable habitat may not be present. Sensitive species in this category
include common loon, white-faced ibis, southern bald eagle, golden eagle, prairie falcon, clapper
rail, sandhill crane, mountain plover, California least tern, black skimmer, burrowing owl, black
swift, purple martin, and tricolored blackbird.
A description of the status and pattern of occurrence for every sensitive wildlife species known
or expected to occur in the study area is presented in Appendix F.
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Table 10:

I

Sensitive Wildlife Species That Make Significant Use of the Salinas River
Lagoon Study Area
SPECIES

OCCURRENCE

I

HABITAT

K

D

California Brackishwater Snail

2

P

L

FE

K

D

2, CSC

K

L

PE, CSC

K

D

American White Pelican

CSC

K

L,B

California Brown Pelican

FE, ST

K

L,B

Double-crested Cormorant

CSC

K

L

Bufflehead

CSC

K

L

Osprey

CSC

K

L

*

K

M,R, WR

Northern Harrier

CSC

K

M,R, WR

Sharp-shinned Hawk

CSC

K

WR,R

Cooper's Hawk

CSC

K

WR,R

Merlin

CSC

K

L, M,B, R

FE, SE

K

L, M,B

Fr, CSC

K,b

D, B, L, SP

Lon!!-billed Curlew

CSC

K

L, M,B

California Gull

CSC

K

L, B, SP

Ele!!ant Tern

2, CSC

K

L, B,SP

Caspian Tern

*
*

K,b~

L, SP,B

K

L, SP,B

Black Legless Lizard

Black-shouldered Kite

Pere!!rine Falcon
Snowy Plover

Forster's Tern

3

CSC

K,b

FSS, SCE

K

WR

CSC

K,b(?)

WR

Monterey Ornate Shrew

2, CSC

P

M,R

Salinas Harvest Mouse

*

P

M,R

Short-eared Owl
Willow Flvcatcher
Yellow Warbler

3

I

2

Southwestern Pond Turtle

1

STATUS 1

Globose Dune Beetle
Smith's Blue Butterfly

2

I

I

M,R

Status as of 1990-91
Attempted to nest at the Wildlife Refuge pond in 1983.
Last confirmed breeding record in 1981.
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STATUS KEY:
SE
Listed as Endangered by the State of California
ST
Listed as Threatened by the State of California
SCE
Candidate for listing as Endangered by the State
PE - Proposed Endangered by Federal government
FT - Listed as Threatened by Federal government
FE
Listed as Endangered by the Federal government
2
Category 2 candidate for Federal listing as per the U.S. Fish and Wildlife
Service
FSS
Federal Sensitive Species (U.S. Forest Service or Bureau of Land Management)
CSC
California Department of Fish and Game Species of Special Concern
"Sensitive" species as per CDFG Special Animals 1990
*

OCCURRENCE KEY:

K
P
b

Species of known occurrence
Species of potential occurrence
Breeding bird species

HABITAT KEY:
B

D
L
SP
R
M
WR

Beach
Central Dune Scrub and/or Northern Foredunes
Lagoon (open water and shoreline)
Saline Pond (open water and shoreline)
Ruderal
Marsh (brackish or freshwater)
Willow Riparian
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FISH AND AQUATIC RESOURCES

Introduction
Estuary/lagoon systems can provide valuable habitat for saltwater, freshwater, and resident brackish
water fishes. The number of species and the relative importance of the three types varies with
water quality features (temperature, salinity, dissolved oxygen, toxics), physical habitat features
(depth, substrate, cover), and productivity (nutrients, algal and higher plant growth, invertebrate
populations). The freshwater fish component can also be critically dependent upon habitat and
fish populations elsewhere in the watershed. Despite substantial past impacts, the estuary/lagoon
of the Salinas River has regionally significant fish populations, and opportunities for restoration
and enhancement also appear to be significant.

Methods
The study years (1990-92) provided a broad mix of possible weather conditions in which to
assess aquatic habitat conditions in the Salinas estuary/lagoon system. The sandbar at the mouth
of the Salinas River was closed from spring of 1987 to March 1991, due to drought. The sandbar
was artificially opened in March 1991 during a heavy, but brief, storm. It remained open through
early June, despite the lack of sustained freshwater inflow to the estuary after the storm. This
---------------res-ulte-d-in<IVery--g:tty;-"wofsrcase"--lagoon conail1oh--aftet-sana['-3rformatr6h:---InT9~1-;-rne ~m
sandbar was opened three times from mid-February to early March, but closed by March 20, after
storm flows subsided.
The effect of drought, with prolonged sandbar closure, on water quality (salinity, dissolved oxygen
and temperature) was determined by sampling once in December of 1987 (as part of an earlier
study) and five times in summer and fall of 1990. The effect of a long delay in sandbar closure
was assessed in 1991 by sampling of the entire estuary once (April) prior to sandbar closure. The
lagoon was extensively sampled three times and spot sampled five times after sandbar closure to
follow the gradual "freshening" of the very salty lagoon, due to discharge of agricultural return
flows. Water quality sampling in 1992, with its more "normal", rapid sandbar closure after winter
storms, was limited to once in August. Previous water quality records (Engineering Science
1980a) included only surface water samples, and did not fully represent temperature, salinity, and
dissolved oxygen conditions in the lagoon; they are not used in these analyses.
Fish populations in the lagoon have only rarely been sampled in the past (Table 11). During this
investigation, fish populations were sampled by seine and gill net at the downstream end of the
lagoon in August 1990. In 1991, fish popUlations were sampled by gillnet and small seine in
April, when the sandbar was open, and in June, August and September, after sandbar closure.
The gillnet arrays used in August and September not only gave a good general idea of relative
species abundance in the lagoon, but also an indication of species' response to the upstream to
downstream salinity gradient within the lagoon.
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Table 11.

Numbers of Fish of Different Species Collected in 1990 and 1991 from the
Salinas River Lagoon and Historical Records from the Lagoon and Adjacent
Channels
Salinas River
La [!oon

Species

1990

1991

Historical Records
(vears of their collection indicated)
Salinas River Lagoon

Green Sturgeon

Old Salinas River

Tembladero
Slough

75

Pacific Herring

945+

Northern Anchovy

6

Steelhead

I

Surf Smelt

13

46,84, 87-2

X

63

83,84

Goldfish
Carp

5

7

63, 75

Sacramento Blackfish

15

159

46, 63, 75

82, 83, 84

Hitch

180

567

63,75,87-2

84-2

Sacramento Squawfish

3

3

46,87-2

Speckled Dace

46
5

46,63, 83, 87-2

83, 84-2

Mosquitofish

1+

82

82, X

Topsmelt

92

84

Jacksmelt

I

Sacramento Sucker

36

Threespine Stickleback

72+

610+

Pricklv Sculpin

3

I

Pacific Staghorn Sculpin

216

46,84,
87

White Bass

I

Striped Bass

20

Shiner Surfperch

22

Silver Surfperch

".)

46,63, 87

83

82,83

46
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Table 11.

Numbers of Fish of Different Species Collected in 1990 and 1991 from the
Salinas River Lagoon and Historical Records from the Lagoon and
Adjacent Channels (Cont'd.)

Salinas River
La!!oon

Species

1990

Spotfin Suriperch
Walleve

Historical Records
(years of their collection indicated)
Salinas River
Lagoon

1991

Old
Salinas
River

Tembladero
Slough

1

Su~rch

23

White Su_rfperch

3

Sacramento Perch

46

Tidewater Gobv

46

I

, Em!lish Sale

8

Starry Flounder
Sources:

6

4

46, 63, 75, 87

1946 (Hubbs, 1947)
1963 (Hassur, SJSU, unpub, list)
1975 (CDFG)
1982 (CDFG, Water Poll. Control Lab.)
1983-84 (CDFG, Water Poll. Control Lab.; RWQCB)
1984 (CDPR)
1985 (RWQCB)
1987 (CDFG; USFWS)
X (MCFCWCD)
1990, 1991 (present study)

Aquatic Habitat
The Salinas River system includes numerous small tributaries, two large tributaries with very
large water storage reservoirs, and an extensive, highly modified, low gradient main river.
Nacimiento and San Antonio reservoirs capture winter runoff from the coast range, greatly reducing
the extent and duration of winter flood peaks in the Salinas River. Their releases provide summer
flow for agriculture in the Salinas Valley. However, water from reservoir releases is not allowed
to reach the mouth of the river. Winter and spring stream flow may reach the mouth during
periods of high watershed runoff, but summer inflow to the lagoon is usually dependent upon
agricultural irrigation return flows from the Blanco Drain and numerous small tile and surface
drains. Prior to diversion to the Regional Treatment Plant, discharges from the Alisal and Main
Salinas Sewage Treatment Plants provided a majority of summer inflow to the lagoon (Engineering
Science 1980a); water quality problems, especially from ammonia probably occurred occasionally.
Recent and present summer flows to the mouth are nutrient rich, often turbid and warm, and may
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contain high quantities of dissolved salts and agricultural chemicals. The lack of dependable
summer river flow, high sediment influx and transport, and a broad channel have resulted in the
near elimination of deeper pool habitat in the lower portion of the Salinas River, except for that
impounded in the summer lagoon.
In summer, long-shore drift and tidal beach development produce an extensive sandbar at the
of the Salinas River, damming the channel and creating a lagoon, which can extend upstream
for more than 6 miles. Temperature, depth, and salinities in the summer lagoon vary with the
timing of sandbar closure, the amount of freshwater inflow, and the operation of the OSR culvert.
Prior to 1991, operation of this culvert maintained artificially low lagoon water levels. In wet
years, with significant spring and early summer stream flow, the lagoon may convert substantially
to freshwater, if the sandbar forms early. However, a more likely situation in years of high spring
stream flow is that winter erosion of the beach and bar will be substantial and the sandbar will
close substantially after the stream flow declines. Our data from 1991 show that even with late
sandbar closures, resulting in very salty conditions immediately after closure, inflows of agricultural
return water are sufficient to bring salinities in the downstream portion of the lagoon down to 89 ppt (parts per thousand) (114 as salty as sea water) by late summer. In years of more rapid
sandbar cl osures, such as 1992, salinities in the downstream portion of the lagoon will decrease to
less than 6 ppt by late summer. In drier years the lagoon probably remains very brackish for the
summer, but successive dry years, with a persistent sandbar, may allow the lagoon to substantially
convert to freshwater. This condition occurred during the 1987 to 1990 drought; the brackish (7
ppt salinity) lagoon present after the first year of drought (1987) had converted to nearly freshwater
conditions (2 ppt salinity) by late summer of 1990, due to continuous input of "fresh" agricultural
return water. Lagoon water chemistry for the periods 1990-1992 and 1987 are presented in
Appendices H and I, respectively.
Even without sandbar breaching, salinity in the lagoon can increase significantly in winter due to
wave overwash from high tides and storm surges. In 1991 salinity at Monte Road increased from
6.1-7.3 ppt in mid November to 8.1-13.4 ppt in mid December, due to tidal overwash.
In addition to the seasonal trends and year-to-year variation in salinity within the lagoon, the
salinity pattern varies substantially from upstream to downstream within the lagoon. Inputs of
agricul tural return flows occur primarily upstream of Highway 1, and average salinity decreases
urstream. For example, in early August 1991, water column salinities near the sandbar were
13.0-13.4 ppt, but decreased to 3.6-5.3 ppt one-half mile upstream of Monte Road. The relative
reduction in salinities upstream is even greater when the sandbar is open; in April 1991, salinities
ncar the mouth were 26.5-30.8 ppt, but decreased to 3.6-14.1 ppt one-half mile upstream of Monte
Road. The stream channel narrows and becomes substantially shallower upstream of Monte
Road. reducing the influence of salty tidal flows.
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Salinity layering in lagoons after sandbar closure has the potential to result in poor dissolved
oxygen levels near the bottom of the water column and can also result in significant solar collector
heating effect. These effects can adversely affect conditions for fish and other aquatic life in
small lagoons (Smith 1987, 1990). In the Salinas River lagoon the layer effects and poor water
quality conditions are most pronounced near and upstream of Monte Road, in the narrower, sheltered
channel. Wind mixing in the downstream portion of the lagoon (lower 1-2 nules) in 1990 and
1991 was able to reduce salinity, temperature and dissolved oxygen stratification, maintaining
generally good water quality conditions in the downstream portion of the lagoon. In summer
1990 the downstream portion of the Salinas River lagoon was not stratified for salinity, and
maximum water temperatures were probably less than 22°e (72°F), except in shallow habitats.
Dissolved oxygen levels recorded in the unstratified lagoon in summer 1990 were generally good,
even in the morning. In August and September 1991 dissolved oxygen levels were generally
good (>4 ppm) and water temperatures lower downstream of Monte Road, with best conditions in
the windiest areas nearest the sandbar. In the narrow, sheltered channel near and upstream of
Monte Road, salinity stratification was more pronounced, and afternoon water temperatures were
higher, while morning dissolved oxygen levels in the bottom half of the water column substantially
lower. For example, on the morning of September 1, 1991, dissolved oxygen at 1 meter deep at
Monte Road was less than 3 ppm; water column oxygen levels near the downstream island were
6.5 ppm or higher, except at the bottom which still had a reading of 4.6 ppm. Salinity and dissolved
oxygen stratification in the lower lagoon (downstream of Monte Road) are also affected by the
usual onshore direction of daytime winds. Fresh, oxygenated, surface waters tend to flow
downstream on the surface at night, and then are blown back upstream as winds increase in late
mornmg.
Agricultural inflows to the Salinas River lagoon contain very high levels of plant nutrients,
especially nitrogen. In 1991 limited spot sampling found tile drain flows with nitrogen levels of
44-99 ppm nitrate and lagoon levels of 13.2-88 ppm nitrate. The high nutrient inputs result in
dense phytoplankton blooms, with secchi depth visibilities of 112 meter or less. In wind-mixed
areas and during sunny periods dissolved oxygen conditions are generally suitable, despite the
dense phytoplankton blooms. However, early morning dissolved oxygen levels can also be expected
to be low during periods of prolonged fog, which prevent daytime photosynthetic increases in
dissolved oxygen. High nutrient levels in agricultural return flows are an unavoidable result of
irrigation of intensive agriculture, and even if nutrient inflows were reduced by 3i4 or more, a
similar phytoplankton bloom would still occur; at the present time nutrient levels far exceed
phytoplankton needs, and the bloom is limited by light penetration.
In the six wettest years of the last 29, high winter waves and heavy late spring runoff resulted in
failure or the sandbar to close off the lagoon (Table 12). In those years the lagoon was undoubtedly
extremely saline, and freshwater fish would have been confined to the extreme upstream portion
of the lagoon. Based upon 1991 results, dissolved oxygen would normally be high and water
temperatures low in both the downstream portion of open lagoon (where tidal mixing is good)
and the sheltered upstream portion of the lagoon (where shallow water slowly moves up and
downstream with tidal flow).
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Table 12.

Dates When the Mouth of the Salinas River Was Open to the Ocean

Water Year
(begins Oct. 1)

Closing Date

Opening Date

1964-65

14 Apr 65

After 5 May 65

1965-66

26 Nov 65
14 Jan 66
7 Feb 66

13 Dec 65
28 Jan 66
28 Feb 66

1966-67

7 Dec 66

Did not close

1967-68

Open all summer 12 Dec 67

23 Oct 67
22 Dec 67

1968-69

19 Jan 69

After 18 Mar 69

1969-70

12 Jan 70

After 17 Apr 70

1970-71

30 Nov 70

After 17Jan71

1971-72

29 Dec 71

1972-73

11 Jan 72

16-17 Nov 72
18 Jan 73

1

J 1 Jan 73

After June 73

1973-74

20 Nov 73

Did not close

1974-75

Open all summer
5 Dec 74

3 Dec 74
9 Jul 75

1975-76

9 Oct 75

7 New 75

1976-77

Closed all year

1977-78

19 Dec 77

Did not close

1978-79

Open all winter/summer

Closed sometime between
I Jul 79 and 24 Dec 79'2

1979-80

26 Dec 79

16 Jun 80

1980-81

28 Jan 81

After 20 Mar 81

1981-82

15 Nov 81
6 Jan 82

10 Dec 81
Did not close

1982-83

Open all year

Did not close

1983-84

Open all summer
12-14 Nov 83 1
25-26 Nov 83 1

31 Oct 83
12-14 Nov 83
After 10 Feb 84

1984-85

10-11 Feb 85

12 Feb 85

1985-86

5-7 Dec 85
14 Feh 86

1986-87

14 Feh 87

5-7 Dec 85 1
After 13 Feb 84

1

After 20 Mar 87
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Water Year
(begins Oct. 1)

Opening Date

Closing Date

1987-88

Closed all year

1988-89

Closed all year

1989-90

Closed all year

1990-91

21 Mar 91

1991-92

14-15 Feb 92
9 Mar 92

2 June 91
1

2 Mar 92
20 Mar 92

J More than a single breaching attempt was made over a two-day period. Multiple breaches over a
two-day period were considered a single attempt.
2 Records indeterminate.

Present Lagoon Habitat Management
Levees and bank protection along the lower river channel prevent flooding of adjacent farm land
and also restrict the amount of potential brackish marshlands. However, the present regulated
summer lagoon water levels do not inundate most of the potential marshlands. A 4-foot diameter
culvert (now 5' box culvert) with a slide gate allows discharge of lagoon water into the Old
Salinas River channel, which flows north from the lagoon and empties into Moss Landing Harbor.
Prior to 1991 the culvert was usually left open, but was occasionally closed to raise the lagoon
level prior to artificial breaching of the sandbar and was also usually closed when the sandbar was
open. Since 1991, the culvert has been closed after sandbar closure to maintain lagoon water
levels of approximately 2 feet MSL. Tidegates at Potrero Road on the lower part of the Old
Salinas River are open at low tide and also are occasionally blocked open by debris and allow
occasional tidal action into the lower channel. Salinities and depths in the Old Salinas River
probably fluctuate considerably, depending upon culvert and tidegate operation. The previous
open culvert in summer maintained flow through the Old Salinas River, probably increasing the
amount and quality of habitat in the channel and reducing its salinity. When the present practice
of closing the culvert after sandbar closure, water levels and habitat quality are increased in the
lagoon, but flows to the Old Salinas River channel are reduced. At times when the sandbar was
closed, the open culvert allowed fish passage through the Old Salinas River channel upstream to
the lagoon or downstream to the ocean (Moss Landing Harbor). Opening of the culvert to provide
fish passage is still possible, but is desirable for only a limited set of conditions of adult or juvenile
steelhead passage when the sandbar is closed.
The sandbar is usually artificially breached by the Monterey County Water Resources Agency (see
Tables 12 and 13) in fall or winter, and the mouth becomes an open estuary in winter and early
spring of most years. The artificial breaches by the MCWRA all occur in fall and winter, and are
usually timed to coincide with high river flows which might cause flooding and also might result
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in a natural breach. Often because of short duration of storm runoff, especially early in the rainy
season, the sandbar rapidly recloses (Table 13), producing a highly saline and strongly salinity
stratified lagoon. During these periods of strong salinity stratification dissolved oxygen conditions
in the bottom pdrtion of the water column can become very poor, eliminating or sharply reducing
benthic invertebrates (Smith 1987, 1990). In addition, if the freshwater inflow associated with
the sandbar breach is of very brief duration, the very saline conditions present after the bar
reforms would be unsuitable for freshwater fish populations. Freshwater fish would be restricted
to the extreme upstream portion of the lagoon, and their numbers would probably be substantially
reduced.

Table 13.

Dates of Winter Sandbar Breaching by MCWRA and Duration of Sandbar
Openings for the Years 1965 - 1987
Duration of Opening

Dntp,

< 1 Week

< 1 Month

<2 Months

<4 Months

>4 Months

1

1

1

1 - 31 Oct
1 - 15 Nov

1

1

16 - 30 Nov

2

1

2

1 - 15 Dec

2

1

1

1

16 - 31 Dec

2

1 - 15 Jan

2

16-31Jan
1 - 14 Feb

1

1

1

15 - 29 Feb
Totals

6

4

4

2

6

Aquatic Vegetation
The present summer lagoon water levels of around 2 feet MSL restrict the summer lagoon to the
sandy main river channel, which is subjected to winter scour by storm runoff and tidal action.
Little of the summer lagoon is flooded marsh or silt-bottomed backwater where filamentous algae
or rooted aquatic plants can easily grow. In 1990 and 1991 pondweed (Potumcgetol1 foliosus)
was restricted to shallow water near the mouth of the lagoon and between the islands and the
north shore.
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Phytoplankton was abundant in the lagoon, with secchi depths (water visibilities) in August and
October 1990 ranging from 0.55 m near the sandbar to 0.35-0.4 m immediately upstream of
Highway 1. In 1991 secchi depths were 0.75-0.5 m in June, with the highest plankton densities
upstream; secchi depths were only about 0.25 m throughout the lagoon by September. These
readings suggest light penetration is less than 1 m. The high plankton density and the upstream
increase in phytoplankton abundance reflect high nutrient inputs to the lagoon from irrigation
runoff. The abundant phytoplankton block light to most of the lagoon bottom, and are probably a
factor in the low abundance of pondweeds and filamentous algae.

Invertebrates
In August 1990 and June-September 1991 invertebrates were very abundant near the downstream
island. Tube-dwelling amphipods (Corophiul11 spp.), which can feed on phytoplankton and
suspended organic particulates, were extremely abundant in the sandy substrate. These amphipods
provide an important food source for probing shorebirds in shallow water, but are relatively
unavailable to fish. The amphipods of the algal mats and pond weed (eoJ.!,ammarus) were also
very abundant, and are probably important in the diets oflagoon fishes. Water boatmen (Corixidae)
were also abundant, and are an important potential food item for fish and some birds (i.e.,
phalaropes).
The shrimp, Neomysis sp., was uncommon in the lower lagoon in August 1990 or December
1987, although it is usually abundant when its phytoplankton food (or tidally circulated organic
particulates) is abundant. The low shrimp abundance may have been due to heavy predation by
lagoon fishes or to water quality conditions during the prolonged closure of the lagoon. Neomysis
was abundant, especially near Monte Road, in spring and summer of 1991.

Fish
systematic sampling of fish populations of the Salinas River lagoon and adjacent channels
has been undertaken. Hubbs (1947) studied the relationship of fish species to salinity distribution
of the lagoon prior to many of the habitat alterations in the lower river and also prior to the flow
changes produced by the large tributary dams. The Department of Fish and Game (CDFG) (1975
and 1987), Dr. Robert Hassur, San Jose State University (1963), and the Department of Parks and
Recreation (CDPR) (1984) have undertaken limited recent sampling. Most of the recent sampling
of the lagoon and the adjacent channels has been undertaken by the Regional Water Quality
Control Board (RWQCB) (1983, 1984, 1985, 1986), the Department of Fish and Game Water
Pollution Control Lab (WPCL) (1982, 1983, 1984), and the Fish and Wildlife Service CFWS)
(1987-9) to gather fish specimens for contamination studies. Monterey County Flood Control
and Water Conservation District (now MCWRA) personnel have also made some observations
during routine maintenance operations. Species observed in the above collections are summarized
Table 11.
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In August of 1990, one day of intensive sampling in the downstream portion of the lagoon collected
over 320 fish of 9 species (Table 11). Because the lagoon has been closed since 1986, only one
euryhaline saltwater species, the starry flounder (Platichthyes stellatus) was collected. Two of
the collected species, threespine stickleback (Gasterosteus aculeatus) and prickly sculpin (Cottus
asper) have very broad salinity tolerances. The remaining six species are freshwater fish typical
oflowland streams: Sacramento blackfish (Orthodon microlepidotus), hitch (Lavinia symmetricus),
Sacramento sucker (Catostomus occidentalis), Sacramento squawfish (Ptychocheilus grandis),
carp (Cyprinus carpio), and white bass (Morone chrysops). Over 80 percent of the collected fish
were hitch. threespine stickleback, and Sacramento suckers (Table 11), while only a single white
bass was captured. Further information on fish sampling in the lagoon is present in Appendix H.
All of the collected fishes appeared to be growing well and in good health, except the starry
flounders; the condition factor or "plumpness" was very good. However, lesions were present on
most of the larger fish, especially the suckers and hitch. These lesions may reflect bacterial
infections or may be a response to agricultural contamination in the lagoon. Low lagoon salinities
were probably responsible for the poor condition of the starry flounders, as large individuals are
usually not found in low salinity habitats (Moyle 1976).
In April 1991 limited gillnet sampling in the very saline open lagoon collected only a single
"freshwater" fish -- a large carp one half mile upstream of Highway 1 (salinities probably ranged
from 6-20 ppt). Other freshwater fish, such as hitch and Sacramento suckers, which were abundant
in the summer of 1990, had probably retreated far upstream in response to the very saline conditions
in the lagoon. The only fish species collected in abundance was Pacific herring (Clupea harengus),
which had entered the estuary to spawn. Other juvenile saltwater fish, including staghorn sculpin
(Leplocottlls armatus) and starry flounder were probably already present, but were still too small
to be captured by the gill net. By June herring were still present, and eight additional saltwater
fish species were collected. By September the cumulative list of saltwater fish species collected
reached 14.

Freshwater Fishes. Resident rainbow trout (Oncorhynchus ll1ykiss) persist in headwaters and
tributaries, and steelhead (anadromous rainbow trout) utilize Arroyo Seco, Nacimiento, and San
Antonio rivers when access is possible. Steelhead success in the Salinas River system is limited
by extreme year-to-year flow variations in the lower river and by the long migrations required by
adult and juvenile steelhead between the spawning and rearing tributaries and the ocean. The
Arroyo Seco joins the Salinas River over 40 miles from the mouth, while the San Antonio and
Nacimiento rivers join the Salinas over 80 miles from the mouth. Smolt outmigration in spring is
especially likely to be hampered by low stream flows and resultant shallow and warm water in the
lower river. In addition, in dry years the sandbar may not be breached or may remain open for
only a few weeks (Tables 12 and 13); fish access to and from the ocean is then restricted to
movement through the Old Salinas River Channel and the tidegates and levee culvert at the Salinas
River Lagoon and at Potrero Road. In 1991 a single adult steelhead was collected in the lagoon in
June. The fish apparently entered in spring, when the sandbar was open. but was unable to
migrate up the Salinas River during the very brief period of surface flow in March.
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The lagoon potentially provides rearing habitat for juvenile steelhead, but the long distance between
the lagoon and spawning tributaries almost eliminates possible summer steelhead rearing. Water
quality results from 1991 indicate that in the downstream portion of a closed lagoon or in years
when the lagoon remained open, potential rearing conditions for steelhead could possibly be
good.
Carp, hitch, Sacramento blackfish, Sacramento squawfish, and Sacramento sucker typically occur
in habitats like those of the lower Salinas River. Although not tolerant of sea water, they can
tolerate brief exposures to moderately brackish (10-15 ppt) water. August and September 1991
results indicate that adult Sacramento suckers and Sacramento squawfish can probably tolerate
prolonged exposure to salinities of 4-5 ppt; Sacramento blackfish and carp can probably tolerate
prolonged exposure to salinities of7-9 ppt; and hitch can probably tolerate prolonged exposure to
8-10 ppt. Juvenile fish are less tolerant of high salinities. These species should occur throughout
the lagoon in years when the lagoon converts substantially to freshwater. In years when the
lagoon remains open or remains very saline after sandbar closure they are probably much less
abundant and occur in the fresher upstream (above Highway 1) or shallow portions of the lagoon
(the bottom of the lagoon can be much saltier than surface waters). Suckers and carp utilize the
more variable bottom waters, and their numbers in the lagoon probably vary more dramatically
with year to year conditions. Squawfish feed on invertebrates and upon other fish, but the other
four species are omnivorous, feeding upon algae and detritus, as well as upon invertebrates (Moyle
1976). All five species have been collected at least twice before in the lagoon (Table 11), but only.
three of them, hitch, blackfish, and suckers, have also been collected in Tembladero Slough, a
tributary to the Old Salinas River. None have been collected in the Old Salinas River, which has
been sampled only once. None of the species can reproduce in brackish water (Moyle 1976).
Carp and blackfish can reproduce in standing water, such as the freshwater portions of the
impounded lagoon. However, hitch normally require running water, and squawfish and suckers
require running water over clean substrate (coarse sand, gravel) for reproduction. Juvenile carp,
blackfish, and hitch were collected in 1990 and 1991, reflecting their ability to reproduce within
the lagoon (or in drainage ditches for hitch?) during the present drought. All captured squawfish
and suckers were large; successful reproduction in those species is limited to the river upstream
of the lagoon/estuary and to years of high late spring runoff.
The single white bass collected in 1990 probably represents a wet year stray from upstream
reservoirs. Other reservoir species, such as bluegill (Lepomis macrochirus), green sunfish (L.
cyollelllls), and threadfin shad (Dorosoma pretense) are likely to occasionally occur in the lagoon.
Mosquitofish (Gambusia qfJzl1is) were not observed in the lower lagoon in 1990, but were collected
in 1991. These small fish are restricted to slow waters and are unlikely to persist through wet
winters in the lagoon or the adjacent channels. They are, however, constantly introduced to
drainage ditches and other standing water for mosquito abatement, and are likely to occur in
slimmer at all sites.
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California roach (Lavinia symmetricus) and speckled dace (Rhinichthyes osculus) are probably
still present in headwaters and tributaries, but are now apparently absent from the lower river.
Tule perch, Sacramento perch, and coast range sculpin (Cottus aleuticus) are no longer present in
the Salinas River system. However, habitat in the lagoon may be suitable for the restoration of
tule perch and Sacramento perch if freshwater conditions can regularly be assured.

Estuarine Fishes. Threespine stickleback (Gasterosteus aculeatus) were abundant in the lagoon
in 1990 and 1991 and probably occur as two forms, resident and anadromous. Both forms are
tolerant of a wide range of salinities, and sticklebacks are probably persistent residents in the
Salinas River Lagoon and the Old Salinas River channel. They require filamentous algae for
construction of spawning nests and are most abundant in shallow, weedy areas. Anadromous
sticklebacks are normally fully plated (with armor plates along the entire flank), while freshwater
sticklebacks can be fully plated or partially plated with 4-7 anterior plates ("low plate") or with
anterior plates and a caudal keel ("partial plate"). The sticklebacks collected in the downstream
portion of the lagoon in 1990 were mostly partial plate forms, which may reflect a population
adapted to regular brackish conditions.
Three young-of-the-year prickly sculpins were collected in the lagoon in 1990, and one was
collected in 1991. Prickly sculpins require slow water conditions for reproduction, as their larvae
are pelagic (Moyle 1976). They are common in slow-moving lowland rivers, and also in steeper
coastal streams. In steeper streams they usually migrate to the calm waters of the lagoon to
spawn. They are tolerant of a wide range of salinities.
Tidewater goby (E1wvclogobius newberr.Vi) originally occupied the lagoon, but have not been
collected since 1946. Although small and difficult to collect, their absence in recent collections
appears to indicate that they were eliminated by occasional pollution of the lagoon, possibly by
high ammonia during the period of sewage discharge to the lower river. However, the lagoon
presently appears suitable for their restoration. Gobies are tolerant of a very wide range of salinities
and dissolved oxygen levels. They can reproduce in freshwater or seawater and should be able to
easily handle the present lagoon conditions and any altered conditions from possible lagoon
management changes. Tidewater gobies were recently (1991) collected in the Pajaro River lagoon,
which has conditions similar to those of the Salinas River lagoon; sewage spills have occurred in
the past and most summer inflows are agricultural return flows. The Pajaro River population is a
logical potential source for reintroduction.

Saltwater Fishes. Marine fishes can utilize the lower Salinas River channel when the sandbar is
open, and some can also use the summer lagoon. Staghorn sculpins (Leptocottus armatus) and
starry flounders spawn in the ocean, but juvenile fish often enter estuaries and can rear in the
estuary or lagoon. Their numbers in the lagoon depend upon the timing and duration of the
sandbar opening (Smith 1987). Juvenile stag horn sculpins enter the estuary in late December
through May, and usually only remain in the lagoon for one year. Juvenile starry flounders enter
in April through July, and can remain in the lagoon for two or more years. Both species were
collected in 1987 (by the USFWS and CDFG), but staghorn sculpins were rare and starry flounders
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were yearlings or older. Only large starry flounders (probably 1986 year class) were collected in
1990. Numerous dead flounders were found in August, and those fish collected by seining or
gill netting were thin, had empty stomachs, and had lateral line lesions. Older flounders have
difficulty coping with fresh water (Moyle 1976), so the poor condition and die-off were probably
due to osmotic stress in fish trapped for 4 years in a gradually freshening lagoon. Staghorn
sculpins can tolerate a wide range of salinities for at least their first year; in Pescadero Creek
lagoon they often occurred in essentially fresh water (Smith 1987). In 1991 in the Salinas River
lagoon, however, they were rarely collected in gillnets upstream of the wind-mixed portion of the
lagoon, apparently due to low bottom dissolved oxygen levels in the sheltered portion of the
lagoon.
Shiner surfperch (Cymatogaster aggregata) are live-bearers which often enter larger estuaries for
feeding and to give birth. They are tolerant of a wide range of salinities and can utilize summer
lagoons, as long as temperatures do not become too warm (26 C) and salinities too low (3 ppt)
(Smith 1987, 1990). They have been reported only once previously from the Salinas River lagoon,
but a small number of both adults and young-of-the-year were collected in August and September
1991. Their relatively low numbers in 1991 were surprising, as they are common, and usually the
dominant surf perch, in most similar lagoons. Four other species of surfperch, walleye surfperch
(Hyperprosopol1 argenteum), silver surfperch (H. ellipticum), spotfin surfperch (H. anale), and
white surfperch (Phanerodon furcatus) , were also collected in 1991. At least the walleye and
white surfperches were able to tolerate salinities of 9 ppt or less in September.
Pacific herring (Clupea harengus) often enter and can spawn in large coastal estuaries and lagoons.
Adults and young-of-the-year were collected in 1987 by the FWS and CDFG. Large numbers of
pre-spawning adults were collected in the estuary in April 1991, and juveniles were apparently
abundant throughout the lagoon, including at salinities below 4 ppt in August and September.
Topsmelt (Atlzerinops affinis) often enter larger estuaries and can spawn in summer lagoons. A
single specimen was caught by the Department of Parks and Recreation in 1984, but juveniles
and adults were common in 1991.
Surf smelt (Hypomcsus prctiosus), northern anchovy (Engralis 11 10 rdax) , jacksmelt (Atherinopsis
ca/(lornicllsis), striped bass (Morone saxatilis), and English sole (Paroph.vrs vctulus) were first
reported from out 1991 collections. All five species are commonly found inshore and in bays,
and were able to tolerate the September salinities of 9 ppt or less. Striped bass, up to 435 mm
long, were apparently common in both the Salinas and Pajaro River lagoons in 1991.
Green sturgeon (Acipenser mcdirostris) were reported by the California Department of Fish and
Game from the Salinas River in 1975. Green sturgeon enter the lower reaches of large rivers for
spawning, but are usually found further north (Moyle 1976). They probably only rarely enter the
Salinas River.
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WATER QUALITY
Introduction
The water quality of the Salinas River has been altered negatively by a variety of human activities.
These include diversion of the river, diking and draining of wetlands, agricultural practices, point
source discharges by industry, contaminated urban runoff and reduction of groundwater supply.
Primary threats to biological resources of the Salinas River are due to increased nutrient input and
persistent pesticide residue. It is unknown to what extent pesticides and eutrophication have
impacted the biological resources of the Salinas River and/or the terrestrial organisms that rely on
the aquatic system for survival. However, documented impacts that have occurred to living
organisms in other areas from the same pesticides that are or were used in the Salinas Valley
include: widespread kills due to accidental or intentional spills, reproductive failure due to
bioaccumulation, behavioral and physiological problems, decreased food consumption, and
increased susceptibility to predation and cold (Orue et al. 1988, Moyle and Cech 1988, Robinson
1990). Local populations of peregrine falcons only have a 25% breeding success possibly due to
DDT -induced eggshell thinning (ABA Consultants 1988), and it is highly likely that given the
widespread use of pesticides throughout the Salinas River watershed, other biological resources
within the Salinas River study area have suffered at least some of the above mentioned impacts
from extensive pesticide use.

Existing Conditions
Nutrients in Surface Water. Nutrients enter the Salinas River primarily from agricultural runoff
(ABA Consultants 1988). Treated wastewater was an additional source prior to outfall relocation.
This nutrient enrichment causes eutrophication which is increased plant growth or what is
commonly called algal blooms. Eutrophication tends to clog waterways, decrease flow rates,
produce unpleasant odors, and reduce oxygen availability for aquatic animals. Eutrophication
has been a major periodic problem in the Salinas River (Engineering Science 1980), but based on
HRO field observation, eutrophication did not occur in 1990.
Pesticides. DDT, toxaphene, dieldrin, endrin, aldrin, and endosulfan are major persistent pesticides
which have been used throughout the Salinas Valley. With the exception of endosulfan these
chemicals have been banned for use in California. These pesticides enter the Salinas River by
runoff, percolation, and wind transport. As halogenated hydrocarbons, these pesticides are insoluble
in water, but are highly soluble in lipids or animal fatty tissue where they tend to concentrate.
DDT. Allhough DDT was banned in California in 1972, high concentrations have been found in
fish and shellfish from the Salinas River (Watkins et al. 1985). Agricultural soils within the
Salinas Valley contain a reservoir of DDT that is being released into the aquatic environments of
the valley (Mischke c{ al. 1985), and will probably be released into the Salinas River well into the
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21st century (Agee 1986). Research in areas with similar concentrations of DDT has found that
residues in the eggs of many birds, including red-necked and western grebes, great blue heron,
merlin, and loggerhead shrike are still high enough to inhibit reproduction (DeSmet and Shoesmith,
1990).
Toxaphene. The usage of toxaphene was suspended in California by the Department of Food and
Agriculture in 1983 because of its toxicity and environmental persistence (ABA Consultants
1988). The half-life of toxaphene in soil is from several months to 11 years, and its half-life in
water is from several months to 9 years (Cohen et. al 1982). Therefore, toxaphene could remain
in the soil and water of the Salinas Valley until well into the 21 st century. Toxaphene is extremely
toxic to aquatic life and has chronic toxicity to fish in the parts per trillion range (Eisler and
Jacknow 1985). Toxaphene levels in fish and freshwater clams from the Salinas River exceed all
safe levels established by government regulatory agencies (Watkins et. al 1984, ABA Consultants
1988).
Endosulfan. This pesticide is highly toxic to aquatic life, and has caused the greatest number of
pesticide-related fish kills in California (Ali et. al 1984). This is because endosulfan is more
water soluble than other chlorinated hydrocarbons which makes it more readily dissolvable in
runoff water. Mussels and freshwater clams collected from the Salinas River in 1984-85 contained
endosulfan concentrations higher than the National Academy of Sciences tissue level guidelines
that were set to protect predators against bioaccumulation of this pesticide (Watkins et. af 1985,
ABA Consultants 1988). Endosulfan will remain a problem in t~e Salinas River for years to
come (ABA Consultants 1988). Although endosulfan is still legally available, in recent years the
County Agricultural Commissioner has been issuing very few permits for farm application (M.
Puckett, pers. comm., 1992). However, due to its persistence in the environment, endosulfan will
remain a problem in the Salinas River system for years to come (ABA Consultants 1988).
Other Pesticides. The persistent chlorinated hydrocarbons dieldrin, endrin, aldrin, and chlordane
have been detected in the freshwater clam C()rbiC/~/a from the Salinas River (Watkins et. a/1985).
Although their use has been discontinued in California, these pesticides persist and move through
the environment in the same manner as DDT. Therefore, they will remain in the Salinas River
drainage far into the future (ABA Consultants 1988).

PresentIFuture Research
Chlorinated hydrocarbons persist in the soil for years and ultimately end up in the aquatic
environment of the Salinas River due to runoff, where they are passed through the food chain via
bioaccumulation. Nutrient input from agriculture runoff and sewage discharge causes
eutrophication. In addition, fisheries research conducted as part of this study found that, although
appearing healthy and plump, many of the fish collected in the lagoon had numerous lesions on
their body (Smith 1990). These findings indicate bacterial infections that were a result of stress
(J. Takekawa pel's. comm.). Stress in fish can be caused by exposure to pesticides and overall
poor water quality. Further details of this research are discussed in the Fish and Aquatic Resources
section of this report.
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A study by AMBAG was recently completed on the potential for pesticides from agricultural
fields to migrate to ground and surface waters (AMBAG, 1992). Water samples from subsurface
drains, surface soil and surface runoff were collected in two 30-acre fields located approximately
7 miles from the Salinas River Lagoon, but hydrologically connected to the Salinas River via
agricultural sump ponds and pumping stations to the Blanco Reclamation Canal (M. Puckett,
pers. comm.). Concentrations of pesticides currently used in production agriculture were not
detected; however, some surface water samples (from farm sump ponds) indicated presence of
Dieldrin, DDT, DDD and DDE in the parts-per-billion range. The study suggests that, though
banned over 20 years ago, these persistent organochlorine pesticides are still present in agricultural
fields and are absorbed to suspended sediment in the fields with the potential to find their way
into surface water bodies .. The study also documented that best management practices (BMP's)
were being used in these two fields to effectively control surface water runoff CKleinfelder, 1992).
The California Regional Water Quality Control Board is presently (1993) conducting the final
phase of the agricultural runoff monitoring study. The first phase of the study documented elevated
levels of endosulfan and toxaphene on fields and in sloughs in the greater Moss Landing area
(Oakden & Oliver, 1988). The second phase was the AMBAG study referenced above. The
present study will determine ecological impacts of pesticides by analyzing water, sediment and
animal tissue samples from various stations in the lower Salinas River-Moss Landing area.
Sampling stations will be located within the lagoon, in Monterey Bay offshore from the lagoon, in
the Old Salinas River, Tembladero and Moro Cojo Sloughs. Results of this study will provide
further information on lagoon water quality, as well as critical information on direct impacts to
plants and animals in the estuarine/marine environment. Results of this study should be reviewed
by the Task Force when available, and appropriate management actions undertaken if necessary.
Additional research on pesticide accumulation in waterfowl is being conducted on the Salinas
River National Wildlife Refuge by the USFWS CD. Rosten, pers. comm.). This research project
is currently in progress; as with the aforementioned study, results should be reviewed by the Task
Force when available.
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PUBLIC USE OF THE STUDY AREA
Introduction
The following information has been summarized from Salinas River State Beach General Plan
(1987), and personal communications with Ken Gray, California Department of Parks and
Recreation, Jean Takekawa, U.S. Fish and Wildlife Service, and Bruce Elliott, California
Department ofFish and Game. Personal observations made on visits to the study area from 19861991 are also included.
The study area provides valuable opportunities for a variety of public recreational use. However,
human activities significantly affect the study area's fishery, wildlife and botanical resources.
Salinas River State Beach and the Salinas National Wildlife Refuge attract many visitors to the
study area. Presently, a number of different public uses occur within the study area, primarily
focused along the beach and river mouth. These include fishing (in the surf and river), birdwatching and other nature observation, hunting, hiking, sunbathing, swimming, surfing, horseback
riding, off-road vehicle use, and scientific research. These uses include both permitted and
prohibited activities.
In general, the level of public use of the study area is limited by available access, and thus the
number of users is often relatively low when compared to other coastal access points in the Monterey
Bay area. Public access points, trails, and patterns of public use are shown in Figure 31. Public
access points include a parking lot in the Salinas National Wildlife Refuge, off of Del Monte
Boulevard, and parking lots for the Salinas River State Beach at Potrero Road and Molera Road
near the Dunes Colony (both north of the study area). Another access point occurs near Mulligan
Hill, and although it is on private land and public access is prohibited, it is at times used illegally
by the public. A dirt road (closed to public vehicles) extends from the refuge parking lot to the
beach. Another dirt road occurs between the agricultural land and the study area north of the
river, and on the south levee and upstream of Highway 1. Additional access is at the Highway I
overpass over the Salinas River. No formal trails have been created, but a number of volunteer
trails have been established by repeated foot traffic. These include trails through the refuge,
along the south riverbank, through the riparian habitat, and through the dunes.
Public use in portions of the lagoon and dunes is officially limited by the proximity of private
agricultural land, the establishment of natural reserves, and certain uses in other areas are limited
to certain seasons (e.g., hunting). However, because the agencies responsible for managing different
portions of the study area (U.S. Fish and Wildlife Service, California Department of Fish and
Game, and the Department of Parks and Recreation) have limited funds available for this task,
many public uses (including prohibited and restricted activities) are not carefully monitored or
effectively regulated. In addition, public trespass onto neighboring agricultural land is a recurring
problem for farm operators.
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Summary of Existing Public Use Patterns and Their Effects on Biotic Resources
Fishing. Surf fishing is a popular recreational sport along the beach, where people may be observed
fishing year round. Fishing in the lagoon is prohibited by both the Department of Parks and
Recreation and the U.S. Fish and Wildlife Service, but it has been observed to occur regularly at
low levels in spite of this limitation. The effects of fishing on the study areas fishery resources are
probably insignificant. However, volunteer foot trails along the lagoon and through the dunes
have degraded botanical and wildlife resources. Discarded or tide washed fishing tackle and
hooks may result in injuries and death of wildlife, particularly birds.

Nature Observation and Scientific Research. Excellent opportunities for nature observation,
especially bird watching and botanical enjoyment, occur throughout the study area. The area is
visited year round by bird watchers, and has been acknowledged as one of the premier birding
locations in the Monterey Bay area (Roberson 1985). Local bird clubs and Audubon chapters
have regular field trips to the study area, with the greatest visitation occurring during late summer,
when shorebird migration is at its peak. Rare birds are found regularly in the study area, sometimes
attracting large numbers of observers for several days. Visitors to the area for bird watching and
other nature observation adversely affect biotic resource values in two ways; volunteer foot trails
through the dunes and along the river degrade botanical and wildlife resources, and human activity
may significantly disturb or affect wildlife use. The latter is especially evident along the south
edge of the river and the lagoon shoreline, where human traffic disrupts waterbird foraging and
roosting patterns.
The valuable and diverse biotic resources of the study area offer important opportunities for
scientific research. Current continuing studies include breeding and wintering population studies
of the snowy plover conducted by the Point Reyes Bird Observatory, a study of waterfowl nesting
success conducted by the U.S. Fish and Wildlife Service, and documentation of the Monterey
slender-flowered gilla population near Mulligan Hill by the State Department of Parks and
Recreation and others. A three-year study of the ornate shrew, a State Species of Special Concern,
is being conducted on the Salinas River National Wildlife Refuge. Additional research has been
conducted in the area on Smith's blue butterfly (Thomas Reid and Associates 1990). Scientific
research is typically designed to be sensitive to biotic resources, and usually does not result in
adverse effects to those resources. All studies on the refuge are monitored through a permit
process with the USFWS.

Hunting. Hunting is allowed only on the wildlife refuge, and only during hunting season. While
most hunting has been observed to be confined to the refuge lands, out of season shooting, and
taking of non-game wildlife has been frequently observed. Practice shooting commonly occurs
around the refuge parking lot, and the area is littered with spent shells. The USFWS has developed
a new sport hunting plan for the refuge (USFWS Draft Report 1990). This plan will limit hunting
to waterfowl only during the appropriate season. The hunting area will be located along the river
in the eastern portion of the refuge. There will be no upland game hunting allowed.
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EXISTING PATIERNS OF PUBLIC USE
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Hunting significantly impacts wildlife resource values of the study area through direct loss of
individuals, disturbance, and the potential for lead poisoning. The use of steel shot will reduce
the potential for lead poisoning in the future. While the lagoon provides excellent habitat for
migrant and wintering waterfowl, their numbers are often unexpectedly low, probably due to
disturbance from hunting. Hunters also contribute to adverse affects on botanical and wildlife
resources resulting from the establishment of volunteer trails. Hunting is also an area of concern
relative to safety for agricultural workers in nearby fields, and people who live in the area.

Hiking, Horseback Riding, and Off Road Vehicle Use. Hiking occurs primarily along the
beach, dunes, and established volunteer trails leading to the beach. Its effect on the biotic resources
of the study area are probably limited to degradation of botanical and wildlife resources through
the use of volunteer trails. Horseback riding is limited to the beach and established equestrian
trails in the dunes, and is permitted on the State Beach, but not on the Wildlife Refuge (however,
it also occurs on the beach south of the river mouth). Horseback riding on the beach has resulted
in trampling of snowy plover nests. Illegal horseback riding off of established dune trails
significantly degrades the botanical and wildlife resources of this sensitive habitat. Off road
vehicle use ("all terrain vehicles") is prohibited, but has been observed to occur on the beach and
dunes. Extensive dirt bike trails (apparently not used recently) occur in the riparian habitat along
the north side of the river, downstream of Highway 1. Use of off road vehicles significantly
degrades botanical and wildlife resource values by destruction of vegetation, promotion of dune
erosion, and disturbance. Off road vehicles have destroyed nests of snowy plovers, and have the
potential to destroy habitat for the Monterey slender-flowered gilia, a federal endangered and
state threatened species. However, ORV trails in the coastal dune scrub on the refuge have improved
with natural revegetation occurring in some places.
Salinas River State Beach
The southern portion of Salinas River State Beach is encompassed within the northern boundary
of the study area north of, and adjacent to the river mouth. Access to this State Beach is limited
to its northern half, north of the study area. No public access points are available at the southern
portion of the State Beach near the river mouth (in the study area).
Existing facilities are limited at each access point, consisting of parking lots, boardwalks for easy
access over the dunes to the beach, portable toilets, and trash barrels. Vehicle barriers are present
to prevent vehicle access to the dunes and adjacent wetland habitats. Public motorized vehicles
are not permitted on Salinas River State Beach, but the use of all terrain vehicles occurs regularly.
Currently, no administrative or maintenance facilities have been developed at Salinas River State
Beach.
In recognition of the high wildlife and botanical value of the dunes and adjacent lagoon habitat at
the south end of the State Beach, the Department of Parks and Recreation has designated this
area, along with dunes habitat of the northern portion of the State Beach, as Natural Preserves.
Recreational activities in these areas are limited to the beach and along designated dunes trails.
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Equestrian use is permitted on a designated trail. Periodic closure of these areas may occur in
order to ensure that the wildlife and their habitats are protected.

Salinas River National Wildlife Refuge
The Salinas River National Wildlife Refuge is managed by the U.S. Fish and Wildlife Service.
The entire Wildlife Refuge is encompassed within the southwest portion of the study area, and
extends into the ocean to the west, dune habitat to the southwest, agricultural fields to the southeast,
and the southern half of the lagoon along its northeast boundary. There is only one formal public
access point to the Wildlife Refuge at the westerly end of Del Monte Boulevard, although access
to the Wildlife Refuge is available from the beaches to the north and south. Existing facilities are
limited to the Wildlife Refuge entrance and consist of an unpaved parking lot. The unpaved
access road to the parking lot often becomes too muddy for two-wheel drive vehicles during the
ramy season.
Hunting for waterfowl is permitted only during the appropriate hunting season. Fishing is limited
to the beach and not permitted along the south half of the lagoon or the seasonal pond to the south.
The dunes habitat south of the seasonal pond is closed to all human activities due to its significance
as prime Smith's Blue Butterfly habitat. Off-road vehicles and equestrian use are not permitted
on the refuge. Additional closures of some public use areas within the refuge are being planned.
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MANAGEMENT AND ENHANCEMENT RECOMMENDATIONS
The following management and enhancement recommendations result from a review of existing
resource conditions at the lagoon (see previous sections). They were developed with members of
the Task Force, and further refined at a number of Task Force meetings between February 1991
and February 1996. Due to the number, complexity and long-term time line for implementation
of various management and enhancement options listed below, an Interagency Management
Committee (IMC) of various landowners and public agencies will be formed to carry out
implementation of the plan (see Recommendation #27).
With this complex structure of agencies and private landowners responsible for plan implementa
tion, cooperative agreements and memorandums of understanding will be developed to facilitate
the implementation of these recommendations over time. These agreements are important for
carrying out an integrated program of this nature between agencies having overlapping jurisdiction
over management issues. This will facilitate the implementation of approved enhancement
recommendations. Task Force members, particularly those agencies having management
jurisdiction over lagoon-area properties, should decide on the content and timing of cooperative
agreements and/or MOU's.

HYDROLOGY!BREACHING
1. Accommodate higher winter lagoon water elevations, with breaching to occur based on

maximum winter lagoon elevations between 4 and 5 feet.
Although the Task Force previously recommended breaching when the lagoon reached winter
water elevations between 6 and 7 feet NGVD, at the last Task Force meeting (2/9/96)
participants agreed on a compromise winter lagoon elevation of 4 to 5 feet NGVD. The effects
of maintaining water levels at 4 to 5 feet elevation will be monitored each year. Based on
monitoring results, winter water levels higher or lower than 5 feet may be established by the
Task Force sometime in the future. If levels higher than 5 feet are established, one of the
following options is recommended to handle farmland flooding:
a. One alternative would allow a portion of the farmland along the north shoreline to
temporarily flood during those periods where changes in sandbar breaching policy results in
higher lagoon elevations for brief periods. If the adjacent agricultural crops were damaged as
a result of flooding, the landowner could be compensated for the crop losses. The lowest
elevation of any part of a producing field is presently 5.5 feet.
b. A second alternative to provide additional flood protection would involve raising the
elevation of a strip of the Leonardini farmland along the north shoreline by 1 to 2
vertical feet. At present, this land is located at elevations of +5 to +7 feet NVGD and subject
to intermittent flooding.
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Raising the fields to an elevation of +7 NGVD or above would prevent the more frequent
flooding when lagoon levels are allowed to rise to 7.0 feet before breaching during moderate
flow events. If a width of 200 feet were raised an average of one vertical foot a length of
3,000 feet, approximately 20,000 cubic yards of fill would be required. A swale at existing
elevations would be retained to convey infrequent regional flows to the lagoon.
c. A third alternative would reduce flood potential by constructing approximately 3,000
feet of levee from the existing three foot high north shore levee to the east to Highway 1 (see
Figure J -1; Appendix J, Volume 2 provides further discussion of this alternative).
The above recommendations are all directly related to Recommendation 4b below, lagoon
management. Based on input from the landowners, option 1a is recommended initially.
Depending on the results of several years of operation and the recommendations of the
landowner and MCWRA, options 1b or 1c could be constructed if necessary.

Implementation: Landowners, MCWRA, Coastal Conservancy.
Schedule: Lagoon winter water levels of 4 to 5 feet now being attempted with MCWRA
breaching criteria; higher water levels not currently recommended.
2. Replace existing outflow structure to the Old Salinas River with a new culvert/gate system
and operate in accordance with the Salinas River Mouth breaching criteria.
A square 5 x 5 foot reinforced concrete box culvert at the south end of the Old Salinas River
was completed in January 1996 with a gate at the inlet end. The box culvert is located exactly
where a previous 48-inch culvert was (Figure 32). The invert elevation (flowline) of the culvert
is set at -2.0 foot NVGD. Rock slope protection was placed at each end of the culvert to
prevent erosion. The top of the flood-control bank slope at this point is 10.5 feet NGVD (2.0
feet lower than other sections of the north shore bank slope). This will ensure that in the event
the lagoon floods, overtopping will occur at this location, with excess flow conveyed to the
OSR channel.
Initially, the lagoon summer water elevation would be set at 2.0' NGVD elevation. The
management goal of 2.0 feet NVGD would allow availability of significant wildlife resources,
such as shallow water foraging habitat, while providing water of sufficient depth for the lagoon's
fisheries. This could be altered as experience is gained with the operation of the system.
Water levels could also be varied seasonally, depending on the particular wildlife habitat
requirements desired. The culvert will have a slidegate (weir) at each end. Weir #1 would be
set to allow a 0.5-1.0 feet opening at the weir (channel) bottom, and to prevent flow over the
top. Weir #2 at the downstream side of the culvert will control the lagoon water elevation and
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will be set initially at 2.0 feet NGVD. (This weir has not yet been installed due to concerns
about downstream salinity.) When functioning, the purpose of this weir is to
remove the more saline water from the lagoon bottom (Figure 33). This is discussed in more
detail in the lagoon management section (#4 below). Water chemistry monitoring should be
done twice each year as recommended in #20 below. Figures 34 and 35 are photographs of the
completed culvert and slidegate structures.
The recommended size (one 5 x 5 box culvert) and combination of slidgatelweirs are
intended to improve water quality and provide more flexibility in managing the lagoon to
meet the fishery, wildlife, and flood protection objectives. The value of these is discussed
in the section on water level management (#4 below).
The new outflow structure should be operated in accordance with the criteria in the Salinas
River Mouth Breaching Plan, and may be used to restrict flows in the Old Salinas River
Channel to control flooding and scouring. The benefits and impacts that result from the
construction, operation and maintenance of the new structure are discussed in the CEQ A
Initial Study for the Management Plan and the Initial Study of the new culvert/slidegate.
Impleillentation: MCWRA
Schedule: Recommendation implemented 1196.

3. Install a Water Level Monitoring Gage.
The water level monitoring gage was installed in July of 1996 and is fully functional. The
gage integrates with the MCWRA existing system of real-time collection of rainfall and
stream flow data. The station was installed on the south end of the culvert and enclosed in
a housing to prevent vandalism. Installation of a continuous monitoring station permits
improved management of the lagoon, and provides improved long-term data on lagoon
functioning. The intent of both the data collection and system operation is to provide more
information on lagoon functioning and improved management to reduce flood risks and
improve habitat quality.
Implementation: MCWRA
Schedule: Recommendation implemented 7/96.
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4. Lagoon water management: minimize number of short duration breaches by
maximizing flow to Old Salinas River Channel when dredged to a capacity of 250 cfs,
with a summer target elevation of 2.0 feet NGVD, and winter maximum elevation of 4
feet to 5 feet NGVD; reduce Salinas River flow at Spreckels that triggers breaching to
800 d's instead of 1200 d's; Task Force to re-evaluate recommendation in
Spring of 1998.
Overview. Prior to human intervention, the Lower Salinas River and Lagoon was a freshwater
system which extended north of the existing Moss Landing Harbor. A reach of the river 5-7
miles long was a tidally influenced, fresh and brackish water marsh. The system experienced
higher volumes and higher quality of inflows. During the past 100 years, the river has been
increasingly managed to optimize three values: agricultural drainage, agricultural irrigation,
flood protection. The natural resources values, while generally recognized, have not been
comparatively included in management decisions. As a result, the lagoon only receives dryseason inflow from agricultural drainage water, percolation from sewage treatment ponds, or
occasional river flows when upstream reservoirs cannot store excess nood waters. Lagoon
levels were monitored only during potential flooding events, when the sandbar was breached
to prevent flooding. Dry-season water levels were unmanaged. The current dry-season level
(about 2.0 feet NGVD) is determined by the height of the weir in the new outflow culvert.
Winter-season inflow is an average of about 300,000 acre feet.
To improve conditions in the lagoon, the following general approaches would be desirable:
Improve the dry-season management of the lagoon to maintain desired salinity
levels.
Manage the breaching procedure to minimize adverse water quality (salinity)
impacts. Breaching criteria is contained in Appendix C.
Improve the water quality in the lagoon.
Provide on-going monitoring and maintenance to better understand the lagoon
functioning, refine management practices, and ensure that the system is
maintained.
Unfortunately, dramatic improvements in existing conditions will not be easy to achieve. In
addition to reducing habitat acreage, inflows, and water quality, the changes over the past
century have created severe constraints on management options to enhance or restore habitat
quality. The following represent the major constraints:
Agriculture crops in areas adjacent to the lagoon are planted as low as 5.5 feet
NGVD with roots extending one to two feet below the ground. Changes in
water levels in the lagoon or OSR channel would affect drainage conditions in
thesefields. Direct flood hazards to adjacent farmland occur when lagoon
water surface elevations exceed about 6.0 feet NGVD.
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The upper (south) portion of the OSR channel has been narrowed from its historical
width (200-400 feet) to approximately 30 feet. This severely limits its capacity to
carry additional flows.
Concerns have been raised regarding possible additional sediment and pollutant
transport to Moss Landing Harbor and Elkhorn Slough from additional flows down
the OSR channel.
From a management perspective, the agency responsible for managing water levels
(MCWRA) has primarily a flood control and water supply mission. Wildlife
agencies are not directly involved in water level management.
It appears that some of the goals of improving water management in the lagoon can be achieved
in the short-term. Others will require a longer time frame, additional studies (mostly to address
water quality issues), and possible changes in the OSR channel (outside the current project
area). Some of the following management enhancement options are linked to the structural
improvements described previously (north levee and outflow structures).
Goals
a.

Reduce the Dry-Season Salinity of Lagoon Water
Adjust the weir system to allow a gap of 0.5-1.0 foot at the bottom of weir number 1.

As discussed previously, the double weir system should allow higher salinity water to be
removed from the lagoon bottom during the dry season when there is sufficient lagoon inflow
to cause discharge down the OSR. The advantages are primarily for freshwater fish habitats.
The ability to reduce salinity would be greatly improved if additional inflow were obtained.
Based on 1990-91 conditions, no dry season outflow down the OSR would occur when lagoon
levels are maintained at or above 2.1 feet NVGD. Hopefully, under more normal (non-drought)
conditions, the dry-season inflow will be sufficient to allow some (at least 0.5-5.0 cfs) outflow
down the OSR with the lagoon elevation at 2.0 feet
b. Minimize the Number of Short Duration Lagoon Breaches and Conduct Breaching
According to Salinas River Mouth Breaching Plan
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Freshwater conditions in the lagoon will be enhanced by minimizing the frequency of
breaching. In particular, early-or-Iate-season breaches which close up relatively quickly
(within 30 days) are most damaging to the freshwater fishery and should be avoided.
Two methods are available to reduce these types of breaches: 1) allow the lagoon level to
rise to 4 feet to 5 feet NGVD during those flows not predicted to exceed 300-1000 cfs; and
2) shunting more water down the OSR channel to reduce lagoon water levels. In the
short-term (3-5 years), this could be a accomplished by dredging the OSR channel and the
replacement of the existing 48-inch outflow culvert with a five foot, a box culvert. The
actual management of the lagoon during a potential flow event by the MCWRA would be
similar to the current interim breaching criteria. The agency would mobilize when the
predicted inflow rate or lagoon water levels may lead to flooding. The breach would be
completed when actual inflows or water levels are likely to cause flooding. During relatively
small flow events, changes to the current procedures would be: 1) when a mobilization
occurs, the two weirs in the culvert would be raised to allow free-flow down the OSR
channel, lowering the lagoon water level and not impending conveyance to the outflow
culverts; and 2) where the need for breaching is unclear (300-1200 cfs), the breaching
level in the lagoon should be raised to +5 feet. (See Volume 2, Appendix C for further
discussion of breaching criteria). In the long-term, raising the breaching level to +7.0 feet
would be desirable to reduce breaches, if this is compatible with flood control and
agriculture.
The goal of this element is to reduce the number of breaches which are likely to close
relatively quickly, leaving the lagoon filled with salt water with little circulation. This salt
\vater would also flow down the OSR channel where percolation into the ground could
occur. Under natural conditions, prior to the early 1900's, all of the flood flows in the river
flowed down the OSR channel, and sandbar breaching rarely occurred. Records during
the period 1964-1992 show that 26 breaching events have occurred. Of these, 27 percent
closed within one week, and 45 percent closed within one month. The tendency to close
is a function of the river flow rate (which scours the breach, keeping it open) and the
magnitude of the ocean wave/sand transport tendency to close it. While the coastal
processes can be modified, not breaching the sand bar where subsequent inflow is likely
to be small can reduce the percentage of short-term breach openings. To quantify this,
hydraulic modeling of the lagoon system was conducted to determine if the number of
breaches could be reduced. The modeling is described in detail in Appendix K (Volume
2).
The goal was to identify what combination of outflow culverts and maximum permissible
lagoon water surface elevation would be needed to reduce the number ofbreachings which
have historically occurred. Eleven of the recorded 26 breachings closed within 30 days.
From these actual events, we developed three design inflow storm hydrographs (designated
by the maximum average daily flow during the storm: 300, 511, and 850 cubic feet per
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second refs]). Using a computer model, we hydraulically routed these flows through the
lagoon and down the OSR with various combinations of outflow culverts. From this, we
identified the maximum water surface elevations and the number of breaches that could
be avoided.
Results indicate that if the storms with peak flow of 300 efs were bypassed, 5 of the 11
short-duration breaches could be avoided. Bypassing 511 efs would have prevented all 11
of the short-duration breaches. Bypassing 850 efs reduced some additional early winter
breaches.
Direct potential constraints to bypassing down the OSR include the following:
Capacity of the OSR (between the lagoon and Tembladero Slough) to convey
additional flows without overtopping or causing severe erosion.
Capacity of the existing culverts in the OSR under the Monterey Dunes Colony
access road (one 4 feet and one 5 feet diameter culvert) to convey additional flows.
Capacity of the Potrero Road tidegates to convey additional flows.
Additional concerns include the possibility of additional sediment or other pollutant
discharges to Moss Landing. Concerns regarding temporary (several hours a day) higher
peak water levels in the lagoon include the risk of flooding, effect on drainage to the
lagoon. and shoreline erosion from wave action.
Based on the groundwater well data, a short-term increase in the lagoon level (breaching
criteria) will not cause drainage problems. In general, the groundwater table in the fields
responds to direct rainfall in the short-term, and to lagoon levels over a longer timeframe. Construction of the north levee will prevent additional direct flood risks. Shoreline
erosion during the short period of higher water will not differ significantly from what
currently occurs. Existing capacity of the OSR represents a more severe constraint to
additional flow. It was determined that the previously existing discharge culvert could be
replaced with a box culvert without exceeding the capacity of OSR or the culverts under
the Dunes Colony or Potrero roads. With two culverts, the design storm with 511 cfs
could be bypassed with a peak lagoon elevation of 7.0 feet and a peak outflow discharge
of 215 cfs. This capacity could significantly reduce the number of short-duration breaches.
In the long-term, maintenance of the lagoon as a freshwater system could be further
enhanced by bypassing higher flows down the OSR. This could not be accommodated
with existing conditions: the OSR between the lagoon and the junction with Tembladero
Slough is too narrow (about 30 feet at present); the culverts under the Monterey Dunes
Colony Access Road are inadequate; and higher water levels may occur behind the Potrero
Road culverts. The conveyance of higher flows (500-2,000 efs) would require a channel
50-100 feet wide and additional culverts at the Dunes Colony access road and Potrero
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Road. Obviously, this would entail acquisition of farmland adjacent to the OSR to provide
a wider corridor, plus additional construction expenses. In addition to providing improved
management of the lagoon, it would allow significant enhancement of the OSR. This
channel, historically a 200 to 400 feet wide channel/wetland, is currently a 30 feet wide
channel devoid of vegetation and providing little habitat value. This latter option should
be pursued if enhancement of the OSR (which is outside of the specific project area) were
a defined goal. If this were accomplished, it would provide a continuous wetland corridor,
linking the Salinas Lagoon with the Moss Landing and Elkhorn Slough wetlands.
One additional potential enhancement measure would be for the MCWRA to artificially
close the lagoon when the Salinas River flow drops below 100-200 cfs. This flow could
then be diverted down the OSR, removing saline water from the lagoon. Based on Santa
Cruz County's recent (1990) experience in trying to close the Pajaro River Lagoon, this
may be difficult to accomplish and should be considered experimental.
In all of the above discussion, it should be emphasized that the plan recommends hypassing
flows down the OSR only during relatively small flow events. During these events,
simultaneous flows in Tembladero Slough tend to be small (less than 50 cfs) based on
flow records. On all moderate or large flow events, the breaching criteria would remain
the same. The slide gates on the culverts would be closed to raise water levels in the
lagoon, and the lagoon would be breached at a water surface of 4.0 to 5.0 feet.
It is also recognized that river flows and lagoon breaching are not entirely predictable
processes and that a certain degree of latitude must be given to the MCWRA in their
decisions on when to breach. This latitude is already inherent to the interim breaching
criteria which allow breaching during "flow events that may cause flooding." The
construction of the north shore alternatives I band lc would provide additional flood
protection during normal breaches. The March 1991 breach, in which lagoon levels rose
quickly from about 4.0 feet to 7.1 feet (causing some localized flooding) indicates the
value of these approaches.
While the MCWRA is best equipped to operate the lagoon outflow system (weirs and
gates). it is recognized that they have primarily a flood control and water supply mission
and are not a wildlife management agency. Therefore, it may be beneficial to include
either the U.S. Fish and Wildlife Service, the CDF, or the Department of State Parks in the
management of lagoon levels. This could be accomplished either by a joint operation of
the system (i.e, a resources agency managing the system during low flow periods and the
MCWRA during breaching periods). Alternatively, the resources management agencies
could be involved in a monitoring/calibration period (3-5 years) during which specific
operating criteria would be established. Subsequently, the MCWRA would operate the
system, with the resources agencies providing an oversight/advisory role. Recommendation
#27 proposes a management structure for implementing this and other Plan
recommendations.
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Management Recommendations
Lagoon water management includes these elements:
1. Reduce the dry-season salinity of lagoon water by adjusting the double weir (or slidegate)
system after construction.
2. Conduct breaching of sandbar according to Salinas River Mouth Breaching Plan (Appendix
C) to prevent flood and erosion damage. Minimize the number of short duration breaches
to maintain the freshwater conditions in the lagoon by managing outflow and water levels
in the lagoon.
3.

lagoon water elevations will be 2 feet NGVD in summer, and 4.0 to 5.0 in
winter prior to breaching the sandbar. These initial elevations will be monitored, reviewed
and adjusted by the Task Force if unforeseen impacts occur or to further enhance resource
values.

Implementation: MCWRA
Schedule:

1-10 years.

VEGETATION AND WILDLIFE
5. Encourage the concept of voluntary riparian enhancement measures downstream and
upstream of the Highway 1 bridge.
The plan recommends the removal of invasive non-native plant species, re-vegetation of
unauthorized trails, stabilization and re-vegetation of denuded slopes, and re-vegetation of
rip-rapped areas (where feasible). Immediate enhancement measures are depicted on Figure
36.
Within the riparian habitat of the project site, remove invasive non-native plant species including
ice plant, acacia, myoporum, castor bean, tree-of-heaven, giant reed, German Ivy, English!
Algerian ivy, and pampas grass. For most species, manual or mechanical removal is
recommended over chemical treatment. The timing of seed production should be considered
when removing plants; removal prior to seed formation and/or release is preferable. The
removal of certain species may require several months or years of eradication efforts. If
chemicals are used, herbicides should not be used in barren areas but should be re-vegetated
with native plant species. Table 14 provides a preliminary species list. Detailed re-vegetation
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design plans and specifications will be required for specific locations prior to voluntary
enhancement.
It is recommended that unauthorized trails though the riparian corridor be closed and revegetated. Re-vegetation should be done with native plant species as specified on Table 14.
Erosion control/slope stabilization projects should be implemented for barren eroded slopes
upstream of Highway 1. Projects should use biotechnical slope protection methods including
the grading back and/or terracing and re-vegetating steep eroding slopes, installation of crib
walls with native planting, willow wattling and brush within existing rip-rap slopes. Volume
2, Appendix L describes and illustrates common slope stabilization techniques.
A program to monitor the condition of the vegetation areas and the effectiveness of the
enhancement measures should be implemented. During a 3-year establishment period the
following activities will be necessary: irrigation of certain species during the dry season, plant
protection from rabbit browse, protection of planting sites from vandalism or trampling, and
weeding.
Short-term enhancement measures as described above will provide significant improvements
to riparian habitat values. The protection of existing eroding river banks using biotechnical
methods will decrease erosion and enhance and expand the riparian vegetation. Protection,
enhancement, and restoration of the river's natural resources is an important element of this
plan.

implementation: Task Force, Resource Conservation District, Coastal Conservancy.
Schedule: 1-5 years with periodic monitoring.

6. Encourage the concept of implementing a long-term program to voluntarily enhance
riparian habitat within the study area.
The long-term program recognizes that riparian systems are dynamic and that the width of the
corridor varies, in part, due to active aggradation and erosion processes within the channel.
The long-term program recommends that areas where riparian vegetation is to be established.
and that are also experiencing significant erosion (e.g., south bank downstream of Highway 1
and portions of the north bank upstream of Highway 1), be stabilized/protected using
biotechnical bank protection measures where needed (e.g., or riparian plantings used in
conjunction with gabions, rock rip-rap or crib walls; see Appendix L). It is recommended that
the width of the vegetated riparian zone in these erosion-prone areas be a minimum of 25-foot
width, to be measured from toe of slope (2-foot NGVD water elevation). If future bank erosion
occurs, it is recommended that the toe of the existing bank in these areas be
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90

(re\'.

]/97)

-

Short-Term Enhancement Measures

[2J sc:obili:e bare and/or eroding bank slopes with
riparian revegetarion, lISing bioteclmical slope
pro£l:ction, if nec=oary.

-t-

o

'"'"
g..o
l':JM

i:i:

til

CD and

Engineer, reconstruCt and reveyecare levee as feasible
as permitted.

[2] Revegecate disturbed

-t-

>=IS

in dunes and manage

for native pu.nt specie.

~ Remove and/or control spread of invasive non-nan ...
plant spec<:$.

-t-

D

.J-

Rcvegecare rip-rap! concrete bank slope
c.o<>sidering resource vo.iues,
banJ.: erooion COncen'\!o.

flood protection, and

Long-Term Enhancement Measures

m

...

Srnbili:e eroding banks, =':<ting at a minimum."
25-1Ooc wide nparian corridor, recognizing
the
riV<!1' may1llGll'l£ier and furthr.r erosion may occur during
high floW>.

¢

.;.L--

Q Pr..erve exisring nparian corridor and allow for

~

1

~

J,--

u

.

.-.........
.-

an increase in riparian corridDt width due
meambed agradatiorJsedimen"'nO<'~

0
1\G Implement

\

o

mat

u

to

Cr03te. 15 to 25-foot wide buffer zone
and revegetate with grasses and low-growing native shrub..

Il.>

E
Il)

u

..-::::::

refuge enhance",,,,,, measures.

~

II

...

:::r:;
(S
.....
:::

-t-

1:j

w

~

W
~

«

C':I

Il)

~
0

Qj

<t

C

r::

OJ:)

C':l
C".:l

0-

(3
~.

l~

\

,

~

\
...."."1 ..... ,.".......

----"-

~
:::
"'---

..............

0
0
OJ)
c::

....l
;...
Il)

Z

~

Z
w

2:
w

u
Z

<t
:::c:
Z
w

p::

.~

~
r-;

..

:r:

rJ;

;Q,

r;;

CO

<t

C;;

CJ)

.... ~"'p

1,4,6

----

-t----

..-:--

~'"

\

~

~

Z

~
""0
"-'

p...

=::.:::.:

Q..

Z
::: «

u

l

Z

:s

8

............ ~

... ~

8

r.

-'

Table 14. Preliminary List of Native Plant Species Recommended for Revegetation
Projects within the Salinas River Lagoon Enhancement Plan Study Area.
(See Appendix D for scientific nomenclature.)
_------ - _ . _ ............

----

- -

- -

-~-

•

Species

Propagation Method

Planting Area

RipariaIiHabitat
Black Cottonwood

Pole cutting

Lower and mid-bank

Box Elder

Container

Lower and mid-bank

Red Willow

Pole cutting

Lower and mid-bank

Arroyo Willow

Pole cutting

Lower and mid-bank

Sandbar Willow

Pole cutting

Lower bank and sandbars

Coulter's Willow

Pole cutting

Lower bank and sandbars

Western Sycamore

Container

Upper and top-of-bank

Box Elder

Container

Mid and upper bank

Coast Live Oak

Container, seed

Upper and top-of-bank

Blue Elderberry

Container

Upper and top-of-bank

Blackberry

Cuttings

All areas

California Rose

Cutting/container

Mid and upper bank

Coffee Berry

Container

Mid to top-of-bank

Common Snowberry

Container

Mid to top-of-bank

Flowering Currant

Container

Mid to top-of-bank

Gooseberry

Container

Mid to top-of-bank

Dune Scrub and Foredunes
Lizard tail

Seed

Beach Bur

Seed

San Verbena

Seed

Beach Pea

Seed

Coast Buckwheat

Seed

Seaside Buckwheat

Seed

Li ve-forever

Seed
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Table 14. Preliminary List of Native Plant Species Recommended for Revegetation
Projects within the Salinas River Lagoon Enhancement Plan Study Area.
(Cont'd.)
=~

Species

Propagation Method

Beach Primrose

Seed

Sea Lyme-grass

Seed

~--

----

Planting Area

Levee and Bank Slopes

I

I

Yellow Bush Lupine

Container

Lizard Tail

Container

Coyote Brush

Container

Blackberry

Container

California Sage

Container

Coastal Gumplant

Container

Native Grassland
California Brome

Seed

Blue Rye Brome

Seed

I Meadow Barley

Seed

I

I
!

Purple Needle Grass

I Red Fescue
I

!

I

Seed
Seed

Blue-eyed Grass

Seed

I Evcning Primrose

Seed

I

Yarrow

Seed

Lupine

Seed

Coyote Brush Scrub
,

Coyote Brush

Container

Coffee Berry

Container

Blackberry

Container

California Sage

Container

I
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designated as the point where bank reconstruction or repair should begin. The recommenda
tion to protect existing banks from erosion is based on the agricultural preservation policy of
the North County Local Coastal Plan. The Local Coastal Plan states that prime and productive
farmland designated for Agricultural Preservation and Agricultural Conservation land use
shall be preserved for agricultural use of the fullest extent possible as consistent with the
protection of environmentally sensitive habitats and the concentration for development.
The long-term program also recommends preservation of the existing riparian corridor width
along areas of stream aggradation or sedimentation (e.g., south bank upstream of Highway 1
and north bank downstream of Highway 1). A width if at least 75 feet is desirable, measured
from the toe of slope (at NGVD water elevation).
It is also recommended that a buffer zone, 15-25 feet in width, be established along the outside
edge of the existing or new riparian corridor. The buffer zone should be seeded/planted with
low-growing grasses or shrubs that will not hang over or cast excessive shade onto adjacent
agricultural land.
Figures 37-40 illustrate recommended enhancement measures. In areas where the width of
the riparian corridor of buffer zone is less than recommended above, the program will, where
feasible and with the cooperation of willing landowners, convert ruderal andlor agricultural
to riparian habitat. The program recommends the acquisition of a conservation easement,
long-term lease or fee interest for riparian and buffer zones be accomplished only with willing
landowners.
None of these recommendations shall be construed as regulatory requirements or placed as
permit conditions. Landowners will participate solely on a voluntary basis.
Funds for acquisition of easements, long-term leases or fee interest and riparianlbuffer zone
re-vegetation may be available from public agencies, government programs or private nonprofit organizations. The establishment of additional riparian habitat will require the preparation
of specific re-vegetation design plans and specifications prior to implementation.
Management measures to protect adjacent agricultural lands from significant insect population
or other pest may also be required.
Implementation: Coastal Conservancy, Task Force and affected property owners.
Schedule: When appropriate and continue indefinitely.
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7. Implement immediate enhancement/management measures within northern foredunes and dune scrub.
These measures will protect/enhance the sensitive dune habitats, as well as populations of
sensitive wildlife species such as snowy plover, black legless lizard, globose dune beetle
and Smith's blue butterfly. As depicted on Figure 36, the plan specifies measures to
enhance and manage the area's dune habitat.
An important feature will be to close and re-vegetate unauthorized hiking and equestrian
trails within the foredunes and dune scrub communities (depicted on Figure 43). Native plant
species should be used in the re-vegetation (Table 14) using "straw planting method." This
method has been used on nearby State Park Lands and is described in Appendix M.
Restoration and re-vegetation of the old MCWRA alternate breaching access road through
DPR property should be accomplished with native plant species indicated in Table 14.
Barriers and additional signing is recommended to prohibit use of the foredunes and dune
scrub by refuge visitors (including OVR's).
The plan recommends a modification of the existing trail system as depicted in Figure 37.
The proposed trail system would minimize access and potential impacts to dune vegetation
within the USFWS refuge. The existing footpaths to the beach through the southern dunes
and the river mouth dunes will be maintained. All others trails will be closed and revegetated. and additional signing will be erected to enforce these restrictions. Within the
Salinas River State Preserve lands, unauthorized trails should be closed and re-vegetated. If
deemed to be environmentally safe, establish a single trail along the base of the bluff or along
the outside edge of the dune scrub, thus providing access to the preserve from the beach. To
prevent inadvertent trespass, the property ownership should be identified, signed and possibly
fenced.
Invasive non-native plant species (i.e., iceplant, European beach grass) should be controlled
or removed. As part of the control program periodic monitoring should be done to evaluate
success.
Due to the high botanical and wildlife value of the Salinas River area dune habitats, protection,
enhancement, and restoration measures are recommended. Previous studies and work within
State Park lands to the south have shown success at rehabilitating disturbed and degraded
dune habitat; similar work is recommended for this project area. Work will be completed as
funding permits. The county permitting process is currently underway for a portion of this
work.
Implementation: Coastal Conservancy, California Parks and Recreation, U.S. Fish and
Wildlife Service
Schedule: 1-5 years
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8. Engineer, reconstruct, re-vegetate, or maintain, where necessary, on the rip-rap/
concreted north bank slopes, considering resource values, flood protection, and bank
erosion concerns as feasible and as permitted.
The MCWRA levee should be repaired and the Sea Mist Farms bank slope should be repaired
or reconstructed, if needed, in a manner that considers resource values, flood protection and
bank erosion concerns, as depicted on Figures 41 and 42. Native vegetation should be
incorporated into the designs for these areas. Opportunities for the re-establishment of wetland
vegetation at the toe of the leveelbank slope should be considered, if feasible. The plans for
the Sea Mist Farms bank slope and MCWRA levee slope are presented in Figures 41 and 42.
On-going maintenance of permitted levee structures will be conducted by MCWRA and Sea
Mist as needed. Any 'levee or bank stabilization work requiring permits shall be permitted by
the appropriate agencies.
Final plans and specifications for the MCWRA lagoon levee were prepared in 1996, and the
project was bid in August 1996. A conceptual plan for this levee is included in Appendix N.
Volume 2. Because bids received were higher than funds set aside for the project, all bids
were denied. Also, significant sediment deposition in the area of the levee during the past year
(1996) requires redrawing of the plans. The Agency plans to reduce the scope of the project
and re-bid it sometime in the near future. There are no present plans for alterations to the Sea
Mist bank slope.
Implementation: MCWRA; landowners, if needed.
Schedule: 1-3 years

9. Monitor the Monterey slender-flowered gilia population on public property without
restricting access to the preferred and alternate breaching locations. Any monitoring
on private property must be by voluntary written agreements by private property
owners.
Within the dune scrub community north of the river mouth, develop a long-term monitoring
program for the Monterey slender-flowered gilia. The program should include systematic
surveys of the population to document changes in population size and distribution. Measures
should be established to protect the population from human impact. As identified in the CDPR's
Salinas River State Beach General Plan, the Department will implement a monitoring program
for the slender-flowered gilia. Recommendations will be completed as funding permits.
Implementation: CDPR
Schedule: 1-5 years with monitoring continued indefinitely.
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10. Implement habitat enhancement on a portion of the USFWS refuge.
To enhance a portion of the USFWS refuge, create a mosaic of native plant habitats on the
area currently identified as ruderal habitat. The mosaic will include the creation of willow
riparian, perennial grassland, seasonal wetlands, and coyote brush scrub (Figure 37). The
design emulates the habitat of nearby areas (e.g., land adjacent to Highway 1 north of the City
of Marina). A mosaic of grassland and scrubs was apparently the historic flora of nearby areas
(Cull 1991).
As depicted on the conceptual grading plan (Figure 38), a bench is proposed to be excavated
along the river edge for the successful establishment and long-term viability of a willow
riparian habitat. There is consensus between plan biologists and Refuge staff that the
establishment of a willow riparian forest along the river edge would be beneficial to habitat
values in the Refuge. There is some uncertainty as to the exact mechanism to be used in
successfully establishing this habitat (i.e., to excavate a bench at lower elevation or plant on
existing flood plain). To resolve this issue during preparation of plans and specifications for
the re-vegetation work, groundwater levels, expected flooding regimes and potential for bank
erosion should be evaluated for the site, such that a more informed decision on site design can
be made.

If mosquito abatement becomes a concern in the wetland swales, implement biological control,
such as the encouragementlintroduction of native bat and swallow populations. Foraging
swallows are already abundant in the study area, so the potential for mosquito problems may
be small.
The creation of coastal scrub, grassland, and seasonal wetlands could include prescribed burning
as a component ofthe restoration; however, active grading, seeding and plant installation may
also be needed for species establishment. In addition, the plan would require an integrated
program for weed control/abatement; this could include prescribed burning, seasonal mowing,
and other mechanical/manual techniques.
Implementation: USFWS.
Schedule: 1-5 years.

11. Reduce hunting activity within sensitive areas on USFWS property.
As described in the section on existing patterns of public use, the hunting (legal and illegal)
which occurs on the USFWS Refuge is considered to significantly disturb and otherwise
impact the study area's wildlife. To avoid impacts to wildlife resources (and non-consumptive
recreational uses of the refuge), management resources should be allocated to control illegal
hunting and target shooting. The USFWS has recently prepared and approved a revised hunt
plan for the refuge, limiting hunting to include only the shooting of waterfowl during the
waterfowl hunting season, and limiting hunting to a specified hunt area. However, even with
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this restricted hunt plan, adequate management of hunting will be difficult due to inadequate
funding and staffing within the managing agency. Even so, on-site management is necessary
to prevent indiscriminate hunting of non-game wildlife and target shooting. Hunting will be
monitored in the future and recommendations for the management alternatives discussed further
with the Task Force.
Implementation: USFWS.
Schedule: 1-10 years.

12. Maintain or improve the quality of Smith's Blue Butterfly habitat on public property
in the study area without restricting access to the area designated as the preferred and
alternate breaching location. Any maintenance or improvement on private property
must be by voluntary written agreements by private property owners.
Areas of known or potentially suitable habitat should continue to be managed as reserves for
this species, and, where feasible, habitat conditions should be improved through closure of
trails in the scrub habitat and re-vegetation with appropriate dune species. The areas of known
and potentially suitable habitat (south and north of the river mouth, respectively) already
receive protection from the managing agencies in those areas. Implementation of Measure 7,
above, will improve habitat conditions where feasible.
Implementation: CDPR, USFWS.
Schedule: 1-5 years.

13. Control public recreational use to avoid impacting wildlife use patterns and
degradation of sensitive species habitat in the vicinity of the river mouth.
USFWS recognizes the need to provide public use compatible with wildlife utilization and
other refuge objectives. Refuge visitors have created volunteer trails in the dune and wetland
habitats adjacent to the river mouth area. Implement the trail system, depicted on Figure 43.
The trail system would minimize access and potential impacts to river mouth within the USFWS
refuge. The existing footpaths along the southern margin of the river mouth will be moved
south to provide a spatial buffer, while still providing visitors with views of the river mouth
and its wildlife. The westward portion of the lagoon margin is already officially closed to
public access. However, the existing signing is not adequate to deter public use .
. Implementation: DPR, USFWS.
Schedule: 1-5 years.
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14. Manage the pond on the USFWS refuge to maintain existing high wildlife values,
while allowing natural processes of succession to proceed.
Features to be protected include the pond's hyper saline conditions and the pattern of seasonally
fluctuating water levels. Public use should be managed to avoid disturbance of wildlife by
establishing a single trail along the south margin of the pond (as shown on Figure 43), and
discouraging human passage along the dunes to the immediate west of the pond. Both measures
could protect significant existing wildlife uses. Appropriate signing should be placed on and
adjacent to the dunes to restrict recreational passage west of the pond to the portion of the
beach near the high tide line.
Although the current habitat conditions of the pond are considered to provide a valuable and
unique wildlife resources in the study area, long term habitat succession may occur in response
to several factors. Natural long term habitat succession should be allowed to proceed without
management actions to unnaturally maintain a certain condition at the pond. A monitoring
program to document and evaluate long term changes in the pond's habitat conditions should
be established.
Implementation: USFWS.
Schedule: 1 year to indefinite time period.

15. Encourage management of boating activities to protect sensitive species in the lagoon.
Locking gates should be installed at boat access points and management resources should be
allocated for maintenance.
Boats which enter the waters of the lower lagoon are particularly disturbing to wildlife. Boaters
affected would include those fishing illegally in the lagoon and those hunting from boats. Onsite management of boating activity is currently non-existent. Boat use in this area for research
and recreational purposes should be allowed, although such uses should be reviewed and
controlled by the managing agencies to minimize the potential for disturbance.
Implementation: Task Force (landowners)
Schedllle: J -5 years.

16. Control red fox populations in the study area and vicinity, and/or control fox
predation of nesting water birds.
A red fox control program should be developed and implemented, including trapping and the
use of fox exclosures.
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State legislation is pending to allow the trapping of the non-native subspecies of red fox that
occurs within the Central Coast region. USFWS, with assistance from Point Reyes Bird
Observatory, plans to build exclosures around nesting snowy plovers to prevent predation in
1991 in order to experiment with this technique and evaluate its results. The findings of this
and related programs should be incorporated into a long term plan for the study area. The
potential for installing and maintaining a permanent exclosure for a large portion of the study
area should be evaluated. USFWS and CDFG plan to implement red fox control measures
where it is needed and when feasible.
Any control program for a localized area, such as the study area, may be significantly affected
by fox management in the surrounding area. Thus, effective management of foxes in the
Salinas River Lagoon area will be most likely if the control program is implemented regionally
(or at least in adjacent areas).
Implementation: USFWS, CDFG, DPR.

Schedule: 1 year to indefinite time period, partially dependent on pending State legislation.

17. Protect snowy plover habitat on public property in the study area without restricting
access to the area designated as the preferred and alternate breaching locations.
Protection on private property must be by voluntary written agreements by private
property owners.
Manage patterns of public use to avoid habitat degradation or undue human disturbance, and
by attempting to limit nest/fledgling predation by red foxes.
The proposed trail plan (Figure 43) would establish a single pathway on the beach and through
the dunes, thus restricting human activity east of the high tide line and in the rear dunes. This
is an important area for nesting and wintering snowy plovers. The species is federally listed
as threatened. If human impacts continue to affect nesting success, beach closure during Snowy
Plover breeding season (March - September) may be necessary. A program to manage and
control red foxes in the study area, as addressed above, should be developed by the USFWS
and other managing agencies.
IlIlplementation: USFWS, CDPR, CDFG

Schedule: 1-5 years
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18. Install and maintain bird nest boxes and bat roost boxes in the riparian habitat of the
study area, on public lands and on private property only with voluntary written
agreements by private property owners.
Implementation: USFWS, CDPR
Schedule: 1-5 years

FISH AND AQUATIC RESOURCES
19. Monitor and establish baseline salinity levels in the Old Salinas River, (a 1-2 year
monitoring program should be sufficient, given normal precipitation) in order to
operate the proposed double weir at the Old Salinas River culvert to siphon salt water
from the bottom to enhance the freshwater fisheries habitat in the lagoon, without
increasing salinity levels in the Old Salinas River Channel, and have Task Force
review monitoring and operation.
Exact lagoon elevation to be maintained by the second slidegate or weir will be determined by
the Task Force within two years of construction and operation of the culvert. Initially, the
weir will be operated to keep lagoon at elevation 2.0 NGVD in summer. This recommendation
is directly related to Recommendations #2 and #4 above.
The culvert and 2-slidegate system can be easily operated to allow steelhead passage.
Downstream passage by smolts can be aided by notching the top flash board to concentrate
flow and by insuring that overflow into the Old Salinas River occurs during the period of
smolt passage. Upstream passage by adults needs to be provided over the slidegates only
when flows are insufficient to allow breaching of the sandbar. The gates can be adjusted in
height in winter to provide adult steelhead access to the lagoon.
Implementation: MCWRA
Schedule: 1998, or two years after salinity monitoring completed.

20. Evaluate the potential to reintroduce native freshwater species to the lagoon system,
and enhance conditions for the maintenance of a Sacramento blackfishiSacramento
perch community.
This native community is now absent in California. Introduced freshwater species would
include Sacramento perch and tule perch. Sacramento suckers, Sacramento blackfish, hitch
and Sacramento squawfish are now present. Successful maintenance of the community will
require a reduction in the extent and duration of high salinity in the lagoon (see Recommen
dations #2 and #4 above).
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Additional water quality sampling may indicate that high salinity conditions occur often enough
to jeopardize the freshwater fish community. However, because of the rarity of the community,
an attempt to reestablish it is worthwhile. If reintroduction is implemented, it should be
accompanied by long-term periodic monitoring of fisheries and water chemistry to determine
status of the introduced and other freshwater species. Monitoring should occur at least twice
yearly -- once after sandbar closure and during late summer.

Implementation: CDFG and Task Force
Schedule: 1-10 years.

21. Evaluate the potential to reintroduce tidewater goby (endangered status) into the
Salinas River Lagoon.
If reintroduction is implemented, it would follow USFWS public hearing(s) held on conditions/
constraints involved in re-establishment of an experimental population. Reintroduction should
be accomplished so as not to conflict with implementation of this plan, ongoing maintenance
activities, existing agricultural operations or other management plan recommendations.
However, because of the broad habitat tolerances of the goby, no management/land use conflicts
are expected to result. The reintroduction should be accompanied by long-term periodic
sampling in the lagoon to determine the status of the gobies (see Recommendation #20 above).

Implementation: Task Force and USFWS
Schedllle: 1-10 years

WATER QUALITY
22. Establish a sediment and water quality monitoring program for the lagoon.
A sampling protocol should be established that would adequately monitor impacts to biological
resources occurring in and dependent on the Salinas River Lagoon. Monitoring standards
will be determined by the technical committee and revised by the Task Force as part of the
future monitoring process.
Although some water quality impacts on biotic resources in the Salinas River Lagoon have
been documented, adequate data on precise levels of pesticides and nutrients in the lagoon
and upper watershed are not known. Specific impacts of chemical contamination on biological
resources in the Salinas River may not be known. However, based on research in other areas
it would be beneficial to biological resources to reduce the amount of chemicals entering the
system. Resources monitoring should be continued and expanded throughout the Salinas
Ri ver as well.
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The RWQCB, Region #3 will be conducting Phase III analysis of pesticides in Monterey
County waters. In addition, this study will include monitoring in the Salinas River Lagoon
and the Old Salinas River channel. The USFWS is continuing animal tissue studies on fish
and wildlife in the lagoon. Recent correspondence by Monterey Bay National Marine Sanctuary
(2/3/97) also indicated their interest in being involved in water quality monitoring efforts.
Results of these studies should be reviewed by the Task Force and appropriate management
action taken.
Implementation: Task Force, RWQCB, USFWS, AMBAG, Monterey Bay National Marine
Sanctuary.
''':1'''*'~
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Schedllle.' 6 months to 10 years.

23. Encourage the Task Force participation in the Water Quality Protection Plan
planning process currently underway by the Monterey Bay National Marine
Sanctuary.
Implementation: Task Force, Monterey Bay National Marine Sanctuary
Schedule: 1-10 years

PUBLIC ACCESS AND INTERPRETATION
24. Develop a public use, interpretive program and public access plan for the public
properties within the study area, and access private lands only with voluntary written
agreements with private property owners.
Figure 43 shows the proposed location of a trail and environmental interpretive stations. The
establishment of a single loop trail with appropriate signing would channel public use, minimize
habitat degradation and disturbance to lagoon wildlife. Portions of the trail which pass though
wetland or dune habitats should be on a raised boardwalk to best direct public use and protect
vegetation (Figure 44). The public will be allowed to view the lagoon area from a distance
posted along the beach where observation would not cause disturbance to any wildlife within
the lagoon. The lagoon is extremely important resting, preening, and bathing habitat for
Federally endangered brown pelican and public use near the lagoon area could cause disturbance
to this species. Trail locations and public use areas must also consider Snowy Plover nest
areas as discussed in Recommendation #17. Bilingual (English and Spanish) interpretive
stations should be established, as shown on Figure 44, explaining features of the area's
hydrology, vegetation, wildlife, and aquatic resources. The final access plan and interpretive
program should be approved and closely coordinated with USFWS Refuge Staff.
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An integrated public access plan should be developed by the responsible agencies that
designates acceptable uses for the study area (i.e., restrictions on dogs, off-road vehicles,
horses, and hunting). Management resources should be provided by the USFWS and CDPR
to increase public safety. The access point at the USFWS Refuge parking lot should be
improved by providing a portable toilet. No parking should be allowed at the north end of the
river mouth to prevent disturbance and habitat degradation. Protection should be provided
for habitat adjacent to farmland by fencing the perimeter of dune scrub to prevent vehicular
trespass from/to farm roads. Land ownership boundaries should be established and signed by
State, Federal, or private lands. Recommendation to be accomplished as funding permits.

Implementation: Task Force
Schedule: 1-10 years

25. Recognize the ability of property owners to make necessary and permitted improve
ments.
Il1lplel71eTZlation: Task Force and property owners.
Schedule: 1 year to an indefinite time period.

26. Operation of the double weir/slidegate culvert shall not increase flooding or water
salinity levels along the Old Salinas River Channel. Monitoring of water salinity
levels in the Old Salinas River Channel will be initiated immediately after
construction.
Implementation: MCWRA
Schedule: Indefinite time period.
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27. An InteragencylProperty Owners' Management Committee will be formed and meet
on a regular basis to implement recommendations in the Management Plan.
The committee members will be Monterey County Water Resources Agency, US Fish and
Wildlife Service, California Department of Parks and Recreation, and the adjacent private
property owners. The entire Task Force will meet on an annual or semi-annual basis to review
the work of the Interagency Management Committee. The Task Force will review the results
of the monitoring program and will modify the recommendations as necessary to achieve the
goals of the Management Plan.
Implementation: Task Force
Schedule: Indefinitely
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Salinas River Lagoon Management and Enhancement Plan

FIGURE

DIAGRAM OF A RA!SED BOARDWALK

44

SALINAS RIVER LAGOON

MANAGEMENT AND ENHANCEMENT PLAN
COSTS AND FUNDING SOURCES
The cost to prepare this plan is estimated in excess of $300,000. The MCWRA provided much of
the funding for this report and wishes to acknowledge the following grants:
California Coastal Conservancy .......................................... $80,000
United States Fish & Wildlife Service ...................................... $20,000
California State Department of Parks and Recreation ........................ $10,000
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