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SAN FRANCISCO BAY CONSERVATION AND DEVELOPMENT CO~!MISSION 
Thirty Van Ness Avenue, San Francisco 94102 557 - 3686 

November 26, 1986 

INFORMATION REGARDING OFFICE OF ADMINISTRATIVE LAW 
DETERMINATION CONCERNING THE COMMISSION'S 

DIKED HISTORIC BAYLANDS REPORT 

On September 3, 1986, the Office of Administrative Law (OAL) ruled that 
with two minor exceptions , the Commjssion's Diked Historic Baylands of San 
Francisco Bay . . .. . Findings, Policies, and Maps (October 21, 1982) (Diked 
Historic Baylands Plan) does not constitute a regulation under the 
Administrative Procedures Act (A.FA). The decision responded to a request from 
the Bay Plann jng Coalition to determine if the Commission had acted illegally 
when it had adopted the Diked Historic Baylands Plan without following the APA . 

The two minor exceptions concern the two policies located at the bot t om 
of page six of the Diked Historic Baylands Plan , which deal with development 
within diked historic baylands that are located partly wi t hin the Commission ' s 
permit jurisdiction . These two policies essentially indicat e that such 
development should be permitted only if it is consistent wi t h all applicahle 
policies contained in the McAteer-Petris Act and the San Francisco Bay Plan 
and only if all wildlife values lost or t hreatened by such development will be 
fully mitigated. OAL concluded that unlike all t he ot her policies contained 
in the Diked Historic Baylands Plan, which are only advisory because t hey 
apply only to areas outside the Commission's permit jurisdiction, t hese two 
policies are regulations because they deal with activities located within the 
Commission's permit jurisdiction and are therefore enforceable through the 
Commission'8 permit process . OAL further concluded that the existence of 
separate Commission mitigation policies in the San Francisco Bay Plan does not 
render t he possible use and application of the mitigation policies in t he 
Diked Historic Baylands Plan moot . 

The Commission acknowJedges that the language of the the mitigat i on 
policies contained in the D1ked Historic Baylaods Plan differs f r om t he 
language of the mitigation policies contained in the Bay Plan. Nevertheless, 
t he Commission believes that the existence of t he mitigation policies in the 
Diked Historic Baylands Plan is irrelevant because t he application of either 
sets of mitigation policies would result ip t he applica t ion of identical 
mitigation conditions to any given set of facts . Moreover, the Commission 
believes and fully acknowledges that the Commission must use only the 
mitigation policie~ contained in the San Francisco Bay Plan when i t reviews 
per mit applications for projects within i ts McAteer-Petris Ac t jurisdiction . 
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This technical report, by the Staff of the 
San Francisco Bay Conservation and Development Commission, 
was prepared as part of the Diked Historic Baylands Study. 

The report provides guidelines for site selection and designing 
restoration and enhancement projects for wetlands. 

This technical report should be read in 
conjunction with the staff report entitled 

"Diked Historic Baylands of San Francisco Bay." 
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INTRODUCTION 

Although many enhancement and restoration projects have been undertaken 
in the Bay Area in the last few years, there is little published information 
about how to select sites and plan restoration and enhancement projects. 
Wetlands enhancement and restoration should create conditions that will be 
most beneficial to fish and wildlife while avoiding environmental losses and 
unsuccessful projects. 

This technical report provides guidelines for selecting sites and 
designing restoration and enhancement projects for wetlands. The report is 
divided into two sections. The first section discusses the regional habitat 
needs for San Francisco Bay and was prepared by the staff. The second section 
contains the guidelines for restoration and enhancement . It was prepared by 
Philip Williams and Associates, Harvey and Stanley Associates , and Madrone 
Associates . This section is intended to be used by professionals who design 
and implement marsh restoration and enhancement projects. 
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SECTION I: REGIONAL HABITAT NEEDS FOR SAN FRANCISCO BAY 

The professionals consulted in this study agr eed that creation of three 
specific habitats would improve Bay wildlife resources. They are : (1) 
habitats in short supply , such as fresh and brackish water marsh; (2) habitat 
for rare and endangered species, particularly high marsh; and (3) tidal 
marshes. 

Habitats in Short Supply 

Diking and filling wetlands around the Bay has severely depleted all 
types of marshlands. Fresh and brackish water marshes , including the 
transition zones that separate the marshes from adjacent uplands , have been 
especially reduced. 

1. Freshwater Marsh 

The reduction of freshw~ter inflow and destruction of freshwater 
wetlands through diking, draining , filling , and development have eliminated 
nearly all of the natural freshwater marshes once present around San Francisco 
Bay . The South Bay at one time supported several thousand acres of freshwater 
marsh . Today the only freshwater marsh in the South Bay is at Coyote Hills 
Regional Park, and it is only a few acres in size. * The marsh is artificially 
maintained by urban runoff in winter and by well water in summer . Even with 
such management, the water in the marsh is somewhat saline. 

Freshwater marshes are important because they support a great 
diversity of plants and animals. Creation of freshwater marshes can enhance 
the diversity of species at a specific location and also increase the 
diversity of the Bay system by interspersing tidal with fresher water 
marshes . This diversity , once quite common around the Bay , has all but 
disappeared today. 

2. Brackish Water Marsh 

Many brackish water marshes that occured at the Bay mouths of the 
Napa River, Guadalupe Creek, Alameda Creek, and Corte Madera Creek have been 
physically altered or converted to salt marsh by changes to or diversion of 
freshwater. The North Bay marshes of the Petaluma and Napa Rivers , and Suisun 
Bay are among the few remaining brackish marshes . There are 1,396 acres of 
diked brackish water marsh scattered around the Bay. In addition , there are a 
few scattered brackish marshes elsewhere, for example at the upper ends of 
slough in the South Bay where salt water is sufficiently diluted by freshwater 
runoff. 

Brackish water marshes are important because they support a variety 
of vegetation types. A great diversity of aquatic organisms and wildlife 
species, and breeding populations of birds such as the salt marsh 
yellowthroat , a potentially threatened species, also use brackish water 
marshes. Creation of additional brackish habitat would increase the diversity 
of plants and wildlife around the Bay. 

*20 acres in summer , 50 acres in winter. 

-2-



Rare and Endangered Species Habitat 

As freshwater and brackish water marshes and their surrounding 
vegetation have become scarce, so too have many plant and animal species that 
were once common around the Bay . These include the endangered California 
Clapper rail, salt marsh harvest mouse, San Francisco garter snake and the 
rare black rail. Plant species su~h as birds ' beak , marsh gumweed, mudflat 
quill plant, Marin knotwood, and Suisun thistle are also threatened, rare, or 
endangered. Brackish marshes and their edges are required by many of the 
endangered or rare plant species. 

Brackish habitats could be created that would benefit these species. 
For example, high marsh zones around restored tidal marshes could benefit the 
clapper rail, harvest mouse, and black rail . Freshwater marsh and bordering 
transition zones could benefit the San Francisco garter snake. 

Tidal Marsh Restoration 

Diking and filling of historic tidal marshlands have decreased the 
productivity of the Bay ecosystem because dikes have cut off the source of 
nutrients and organic material from the Bay itself. The nutrients carried by 
freshwater runoff and the organic material resulting from decaying marsh 
vegetation are a food source for Bay dwelling organisms that is not available 
when tidal exchange and runoff is eliminated. 

The productivity of the Bay should increase if diked areas are restored 
to tidal action because the inflow of organic material should enhance plant 
growth on newly created tidal mudflats. Plants growing on mudflats would also 
support small invertebrates and fish. Eventually the numbers of birds, 
mammals, and other animals that the Bay supports should increase because the 
food supply has increased . 

But if the restoration of diked areas is not carefully planned and 
executed, none of these benefits will likely occur. Badly managed projects 
may result only in erosion, increased sedimentation, and turbidity with little 
increase in wildlife or fish. 

Choosing Sites 

In creating new habitat, there are three important factors that should 
always be considered . First, sites with already stable, productive habitats 
should not be selected for restoration or enhancement . These habitats should 
be identified by fish and wildlife professionals. Secondly, wherever 
possible, a restoration or enhancement site should create more than one 
habitat zone e . g. , a gradient from low wet areas to upland dry habitats. This 
is because such diversity is similar to the historic natural conditions. 
Thirdly, only native vegetation should be used in marsh restoration or 
enhancement projects. There are several reasons for this. There is a 
scientific and aesthetic interest in keeping the natural environment intact. 
Introduced species can sometimes become a nuisance if there are no checks and 
balances within the system to control them - - the water hyacinth is a good 
example . Also, non-native plant species do not always provide the same 
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resource value, i . e . food or shelter, to native wildlife . In general, since 
introduced species are a less known entity, their use in marsh restoration or 
enhancement projects should be avoided. 

The following engineering, planting , and management guidelines outline 
the primary factors that must be addressed when designing wetland restoration 
or enhancement. While specifi c physical and biological alterations must be 
determined by the situation at each site , the reader can be aware of typical 
problems that can result from haphazard or miscalculated projects. Many of 
the problems from past restor ation efforts can be avoided if care is taken in 
the planning stages to collect all the necessary information and design the 
restoration accordingly. 

The principles given here are those found to be broadly applicable to 
projects in the Bay Area . The practice of marsh restoration in t he Pac ific 
states is still in its infancy, and in many ways our knowledge has not yet 
caught up with our need to r epl ace lost habitat. 



SECTION II: ENHANCEMENT AND RESTORATION OF DIKED HISTORIC BAYLANDS 

Restoration or enhancement of a diked wetland requires that many complex 
design criteria be interrelated . The most effective way of doing this is 
through the development of a marsh management plan that determines the design, 
operation, and maintenance demands of the marsh. In developing this plan, 
three functions or potential functions of the hydrologic system have to be 
considered: 

1. The hydraulic regime (the extent and period of inundation and 
circulation) needed to restore marsh vegetation; 

2. the use of the wetland to improve the quality of stormwater runoff 
or sewage effluent entering the Bay; and 

3. the use of the wetland as a stormwater retention basin for flood 
control. 

These functions are described in the following sections . Much of the 
information relating to design criteria and requirements is based on 
observation of actual restoration projects. A summary of restoration projects 
observed for this report is shown on Table A. 

Hydraulic Design for Restoration to Tidal Marsh 

1. Tidal Elevation and Marsh Topography 

The most important design parameters to consider when reopening 
diked historic baylands to tidal action are the tidal range and period of 
inundation of the flat, former marsh plain. Often the level of this surface 
has subsided several feet because of compaction or oxidation. Such an area, 
when subject to full tidal action, would be too low for marsh veget ation 
establishment. Low areas are more suitable for creating open water and mud 
flats. In other situations , the new level of the marsh plain has been 
artificially raised by filling or by the deposition of dredge spoils, 
resulting in excessively high elevations and soil salinity levels that prevent 
marsh plant survival. 

There are two approaches to designing appropriate marsh elevations 
relative to the tidal range : 

a . Modify the Topography. The desired tidal range can be 
established through topographic modification. The marsh plain should be 
graded to provide sufficient areas at the appropriate tidal elevations to 
promote establishment of desired marsh vegetation types. If subsidence has 
occurred, substantial amounts of suitable fill may have to be placed to raise 
the elevation. Thereafter, the marsh is subjected to full tidal action by 
breaching the surrounding levee. 

~-



I 

?' 

Location Date Acres 

1. Faber Tract , Palo Alto 1q71 

2 . Pond 3 Alameda, Newark 1976 

3. Creekside Park, Larkspur 1976 

4. Muzzi Marsh, Corte Madera 1976 

5. Mill Valley Middle School, 1976 
Mill Valley 

6 . Palo Alto Lagoon , 
Palo Al to 

7 . Johnson Landing, Hayward 

8. Doolittle Pond, Oakland 

9 . Palo Alto Flood Basin 

1977 

1980 

1980 

1982 

95 

110 

20 

125 

3 

12 

230 

30 

525 

TABLE A 

SUMMARY OF SALT MARSH RESTORATION PROJECTS FROM DIKED WETLANDS 

Tidal Range 
(Elevations 
Relative to 
NGVD) 

full 

full 

full 

full 

full 
sU111Der only 

- 1 to +2 

full 
(above +1) 

full 

max. - 1.5 

Work Carried Out 

Levee breached, 
planted 

Levee breached, 
planted 

Area excavated and 
reoontoured, planted 

Present Use 

Marsh 
preserve 

Open space 

Park 

Levee breached , Marsh 
limited planting of preserve 
trial plots, second 
phase to improve 
circulation & elevations 
now underway. 

Manual slide gate 
installed 

Constricted culvert 
i nsta lled 

Levees breached, 
channels & islands 
constructed 

Diked breached 

Automatic slide 
gate installed 

Open s pace 
Flood basin 

Park 
Pond 

Park 
Marsh preserve 

Open water 

Flood basin 

Remarks 

Site was used for dr edge 
spoil 

Site used for dredge 
spoil/elevations too high 
in part of site/cordgrass 
seeding unsuccessful 

Non-native marsh plants 
plant ed 

Site used for dredge spoil, 
for both retention and to 
create marsh elevations 

Regulated for waterfowl 

Natural invasion of plants 
being monitored 

Owner 

Palo Alto 

ACFC & WCD 

Marin Co. 

CDF & G 

Mill Valley 

Palo Alto 

EBRPD 

Very little marsh in lagoon Port of 
Oakl and 

Restoration delayed/ABAG 
monitor ing as part of 
208 plan 

SCVWD 



b. Control the Inundation. If the marsh plain has experienced 
extensive subsidence or if there are other constraints on the maximum tidal 
elevation, such as flooding in surrounding areas, tidal elevations can be 
controlled by an automatic tide gate. This minimizes the topographic change 
required, and is desirable in areas where the original marsh drainage network 
still exists and is in the appropriate configuration for proper water 
exchange . This is often considerably less expensive to build, but requires 
continued maintenance. 

To determine what modifications will be needed to create 
conditions suitable for marsh plant growth, it is necessary to obtain the 
following information : (1) projected tidal range for the area; (2) accurate 
elevations for the area; (3) the location and amount of levee that will be 
removed or the size and location of the culvert that will be built ; (4) the 
tidal prism and amount of damping (i. e. , the amount by which the marsh tidal 
range is lessened relative to the Bay), if any, to the prism that will occur 
due to constriction of water entry; (5) the type and coverage of marsh plants 
desired; and (6) the amount and location of expected sedimentation and erosion . 

2. Tidal Range Design 

If possible, tide characteristics should be measured at the site 
and cross- referenced to a nearby National Oceanic and Atmospheric 
Administration (NOAA) tide gage . If this is not feasible, nearby tidal data 
can be used and adjusted for any local conditions at the specific site as, 
would occur for example , if the marsh were at the end of a long narrow 
channel. A typical design tidal cycle or sequence of cycles should then be 
developed . For example, a tidal cycle constructed from MHHW, MLLW, MLHW, and 
MHLW, according to the method outlined in NOAA tide tables (U. S. Department 
of Commerce NOAA, 1980), would provide a good indication of the range of tidal 
conditions to be expected . 

3. Levee Breach Design 

The size of the levee breach or culvert opening affects both 
circulation and tidal range in the marsh . In general , it is preferable to 
have as wide an opening as possible. A calculation could be made of the 
difference between tidal range (water heights) in the Bay and the marsh. This 
calculation, called a " tidal routing computation ,"* is made by estimating the 
flow through the opening, for successive time increments. With this 
information, one can develop a tidal cycle inside the marsh for a typical 
tidal cycle in the Bay. 

* The flow rate computation through a constricted opening is described in 
Chow' s "Open Channel Hydraulics" (Chow, 1959). In most situations the 
flow is given by: 

Q = C x A lJ 2g ~ h 

where C is the coefficient of discharge, usually about 0. 7 ; A is the 
cross- sectional area of the opening; and ~h is the difference in water 
elevation inside and outside the levee . 
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The flow through the opening for a given time increment is added or 
subtracted to the volume of water in the marsh. Using a volume/depth curve 
derived from a topographic survey of the marsh , the new water surface 
elevation in the marsh is estimated. 

Using this procedure , the damping of the tidal cycle for a given 
levee breach width can be estimated. The marsh vegetation species occupy a 
different range of elevations in a damped tidal cycle than in an unrestricted 
one. Either the marsh grading plan can be designed for a damped tidal cycle, 
or the levee breach can be made wide enough so as to cause no significant 
reduction in tidal range . 

A damped tidal cycle will have less circulation than an unrestricted 
one, and this also may be a limiting parameter. 

The procedure described above can also be used to estimate the tidal 
cycle at the end of a slough within the marsh . However, when the tidal 
drainage system is complex, the use of a computer model that simulates the 
flows (such as that designed by Fischer, 1972) is required. 

4. Topographic Modifications 

The first requirement in designing a grading plan for marsh 
restoration is an accurate topographic survey. The second is the ability to 
exert close topographic control on any grading carried out. As was shown in 
the Alameda Creek marsh restoration, where the original breach eroded and 
plantings failed to spread, errors in grading of even six inches can greatly 
affect the type of vegetation ulti.niately established. Elevation requirements 
for marsh vegetation are discussed on pages 18 through 20 . 

Three types of topographic modifications are usually considered : 

a. Channels . These can usually be cut with side slopes at the 
angle of repose except where a deliberate effort is made to create mud flat 
areas. Experience at the Alameda Creek marsh shows that a major problem is 
the difficulty of using conventional grading equipment on the soft mud 
underlying the few feet of more consolidated surface deposits. 

b. Marsh Plain. In its natural state the marsh plain is flat and 
drained by a complex network of tidal drainage channels. If the original 
marsh plain has remained undisturbed, subsidence has not occurred, or tidal 
inundation is to be mechanically controlled to the appropriate elevations, 
then filling is not necessary. If filling is required , however, there are 
three primary considerations: 

There must be a precise elevation control on the new, graded 
marsh plain surface; 

a tidal drainage network should also be graded; and 

the fill material should preferably be soft estuarine mud. 
Other types of fill are generally unsuitable, as can be seen in 
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some locations at the Creekside Park marsh restoration.* Use of 
firm or stiff estuarine mud excavated from surrounding areas may 
cause difficulty for marsh plant restoration due to 
consolidation (Atwater, pers. comm.) . 

c. Islands and Dikes. It is usually desirable to create islands or 
preserve portions of dikes as waterfowl and wildlife habitats. Islands should 
be designed with minimum elevation at least three feet above the maximum 
predicted tide. Slopes should be less than about 4 :1. Soils should be 
suitable for growth of upland vegetation. 

The above configurations are more conveniently accomplished if 
grading is done before water is admitted. Once an area is wet, earth moving 
equipment is less easily supported. 

5 . Outlet Structure 

For those situations where the tide levels in the marsh are to be 
managed , an automatic slide gate controlled by a water level sensor (as has 
been installed at the Palo Alto Flood Basin) offers the greatest flexibility 
where electrical power is available. Where electrical power is not available, 
a gravity- controlled flap gate can be designed. Trash barriers must always be 
included in the design to prevent debris from obstructing the gate . 
Furthermore, it is necessary to provide a back- up flap tide gate in case the 
control gate jams. The constricting effect of the control gate itself and of 
the approach culvert must be considered in analyzing the tidal hydraulics on 
the marsh site. 

6. Drainage and Circulation 

A diked- off marsh rarely retains the pre- existing mature tidal 
drainage system. In most instances, substantial modification and 
sedimentation has taken place . In order to create a new tidal drainage 
system, there are two approaches that can be taken. 

One approach is simply to allow the tidal flows to establish a new 
drainage system by deposition and erosion. The problem with this approach is 
that a great amount of time is required for sloughs and channels to develop . 
Furthermore, where significant consolidation has taken place in the muds, 
erosion rates can be minimal, as has been observed in the Muzzi Marsh 
restoration. These factors can result in poor circulation and can delay the 
establishment of marsh vegetation. 

*The former marsh was filled with upland material , which was not entirely 
removed before marsh restoration. This resulted in gravelly, highly saline , 
barren areas where upland material remained. 
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A second approach is to create a new tidal drainage system. This 
must be designed to provide adequate circulation, velocity, and distribution 
of tidal inflows and outflows to and from the marsh. The hydraulic geometry 
of the drainage system of a mature marsh is dictated by tidal range, tidal 
prism, sediment characteristics, and vegetation type. Unfortunately, little 
research has been done on the hydraulic geometry of natural marshes in San 
Francisco Bay . Therefore, the design of the drainage system should be closely 
modeled on the natural pattern of adjacent or nearby sloughs and channels. In 
the natural system, there are two distinct types of channels. Channels wider 
than about 5 feet have shallow gradients and act equally as conduits for ebb 
and flood tides. For convenience, these are referred to as "sloughs. " 
Smaller channels, tributary to these sloughs, have steeper gradients and have 
appreciable flow velocities only during the ebb tide (Pestrong , 1972) . This 
network of smaller channels is of major importance in effective drainage of 
the marsh plain. 

a. Channel Design. In general, channel cross- sections should err 
on the side of being too large rather than too small. If a channel is too 
large, sedimentation will occur over a few years until the channel adjusts to 
a new hydraulic geometry . The converse is not necessarily true . Typically, 
slough channels should be designed at least 20 feet wide with zero slope and 
with bottom depths at approximately the same depth as the main outflow 
channel. For large marsh areas, side slopes may be at the angle of repose or , 
alternatively, cut back to 1: 10 to allow for mud flats and diverse vegetation . 

Tributary channels should be at least six feet wide and, 
depending on the elevation of the marsh plain, excavated to three to five 
feet . Side slopes should be at the angle of repose . If possible, these 
channels should be graded toward the main sloughs. In no case should they be 
excavated deeper than the main slough channel, as this may cause stagnant 
water ponding. 

b. Drainage Design. The drainage network should be designed so 
that no point on the marsh plain is farther than about 100 feet from a channel 
or slough . Drainage channels and sloughs should therefore meander in a 
similar pattern to the natural system to cover the largest drainage area in 
the shortest length. As observed in natural systems , slough junctions should 
be at roughly 120 degrees. Junctions of channels with sloughs should be 
roughly at right angles. 

If possible, channels and sloughs should be laid out to create 
islands within the marsh plain. In addition to providing drainage and added 
diversity , such channels can act as barriers to prevent human and feral animal 
intrusion around the marsh perimeter. 

c . Circulation Design. In order to ensure that water quality is 
maintained, there should be adequate circulation in a typical tidal cycle. In 
most wetlands and salt marshes , the tidal prism is a large fraction of the 
total water volume in the marsh. For marshes immediately adjacent to open 
water, if the tidal exchange is greater than 75 percent , there should be few 
water quality problems. On the other hand, if the marsh is at the upstream 
end of a long slough , some of the water leaving the marsh during the ebb may 
return at high tide. If pollution dispersion is a major concern, and if the 
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slough system is complex , computer modelling techniques can be used to predict 
the transport of conservative (i . e . , non-decaying , such as salt) pollutants 
and decay of non- conservative pollutants during successive tidal cycles. 
However, a rough estimate of the dispersion and exchange ratio can be made 
usi ng Ketchum's modified tidal prism method (Dyer , 1973) which calculates the 
tidal excursion for the marsh tidal prism. Generally , net dilution of greater 
than 50 percent should provide adequate circulation. 

To improve circulation and oxygen content it is general ly 
helpful to have areas of open water exposed to wind action, and a complex 
slough system allowing ebb and flow in different dir ections around marsh 
islands. It is also important to ensure that any depressions on the marsh 
plain are drained adequately to prevent stagnant water and excessive soil 
sali nities. 

7. Sedimentation and Erosion 

In its natural state , a salt marsh is in dynamic equilibrium with the 
sedimentation and er osion caused bv the tidal flows . San Fr ancisco Bay 
sediments are mainly flocculated clays that ar e easi ly resuspended from 
shallow mud flats by wave action. Because the settling velocities of these 
clay floes are so low, they r emain in suspension for an appr eciable time and 
are carried onto the marsh wit h the flood tide. At slack water some of the 
suspended mud settles out, assisted by the mi ld eddying around vegetation 
which causes aggregation of the clay floes . At the ebb tide, as velocities 
i ncrease, some of the clay particles are resuspended . Ot hers , however , are 
protected, and over time develop electrochemical bonds with surrounding 
particles. This means that the erodability of the sediment decreases with 
time, and the velocity required to scour even weakly consolidated muds is 
greater than the minimum velocity required to keep the clay floes in 
suspension . 

The marsh plain is built up over time , both by par ticle accretion and 
by the volume of organic matter (roots, rhizomes, et c . ) in the soil , to 
roughly high water level so that marsh build- up keeps pace with the gradually 
rising sea level (Atwater, 1979) . Drainage channels and sloughs originally 
formed in the mud flats are preserved and accentuated as the marsh level is 
built up. Their hydraulic geometry adjusts so that sedimentation during slack 
water is balanced by er osion during the ebb tide . 

When tidal action is restored to diked wetlands, significant 
sedimentation should be anticipated in areas where velocities are low and the 
water is deep. Sedimentation of up to one to two f eet per year can occur, for 
example, at the landward end of a cut- off slough . Therefore , the hydraulic 
geometry of slough channels can change rapidly f rom the initial conditions . 
On the marsh plain , initial sedimentation rates may be several inches in the 
first year depending on the degree of subsidence . This sedimentation rate 
declines exponentially over time as the plain reaches the effective high water 
l evel. 

Sedimentation can appreciably reduce the tidal prism over a five to 
ten year period . This reduction can affect circulation as well as the tidal 
range upstream of sloughs that are significantly reduced in cross- section. 
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a. Sedimentation and Erosion Control. The rate of sedimentation 
and erosion should be anticipated in the design of the marsh restoration . For 
Bay muds in general, deposition occurs when the bed shear stress is below 
about 0 . 6 dynes/cm2 or .0035 pound/ft. (Krone , 1979) . Practically , for 
typical depths encountered in sloughs and channels , this is equivalent to a 
critical average velocity of 0.5 to 1.0 ft . /sec. The newly deposited 
sediments will erode above this velocity , with erosion rate increasing as a 
strong function of velocity (older consolidated deposits take more time and 
velocity to erode) . Below this velocity, deposition takes place, but the 
deposition rate is more strongly related to the time period for which the tide 
has low velocity than to the actual velocity itself. 

Sometimes it may be necessary to design the dimensions of an 
outlet channel to be self-scouring. Because of the great variabilities and 
uncertainties in predicting mud deposition , it is difficult to project what 
the self- scouring velocity will be. It has been suggested (Krone, 1979) up to 
4 dynes/cm2 be required . In no event should bed shear stresses less than 
twice the critical velocity be used . 

A rough indication of maximum deposition rates can sometimes be 
obtained from dredging records of adjacent areas. Those usually represent 
maximum sedimentation conditions because dredged areas often act as traps for 
gravity mud flows along the channel bottom. 

b. 
a prevailing 
wave action. 
l evees, as at 

Wave Erosion Control. In locations exposed to a long fetch from 
wind direction, another factor to be considered is the effect of 

Riprap protection may have to be provided on the seaward side of 
the Johnson ' s Landing marsh restoration. 

When inboard levees are susceptible to wave attack , marsh 
vegetation, such as cordgrass or alkali bulrush, can be used for protection. 
In this situation the marsh plain should be graded to allow an appr oximately 
50 feet wide bench of marsh plain at an elevation to allow development of a 
fringe of cordgrass or bulrush. 

c. Outlet Structure Maintenance . If the tidal inflows and outflows 
pass through a culvert or slide gate, sedimentation can occur causing 
obstruction. Culvert inverts should therefore be constructed at slightly 
higher elevations than the bottom elevations on either side . There should be 
easy access to clear away any sediment from the vicinity of the slide gate. 
Vegetation is a particularly troublesome problem in submerged conduits. 
Oversized conduits or provision for cleaning should be considered in outlet 
structure design. Design for easy maintenance and arrangements for continued 
inspection and care should be included in restoration pl ans. 

Hydraulic Design of Marshes Used For Stormwater and Wastewater Treatment 

The design criteria to opt imize the treatment capacities of restored 
wetlands will partially depend on whether the input water will be treated 
sewage effluent or stormwater runoff. At the present time, sewage treatment 
effluent discharge is strictly regulated by local , stat e, and federal 
agencies. In general , treatment plant effluent is discharged directly to 
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large bodies of water (Sacramento River , San Francisco Bay, Pacific Ocean) to 
promote iillDediate dilution. Although discharge to a marsh for further 
treatment is not prohibited, such a project would probably require extensive 
study, a long approval process, and long- term monitoring . 

Treatment afforded to stormwater runoff by a marsh would be viewed as an 
additional benefit of a wetland, and would not be subject to the discharge 
permit requirements applicable to sewage effluent discharge . The Regional 
Water Quality Control Board (RWQCB) now allows stormwater runoff to drain 
directly into the Bay. However , the 1982 Water Quality Control Plan , San 
Francisco Bay Basin, allows the Regional Water Quality Control Board to 
require permits for projects that treat surface runoff . 

The availability of adjacent volumes of water for flushing must be 
considered . A healthy salt, fresh , or brackish water marsh requires 
seasonally regular and adequate fresh water flushing and exchange to prevent 
stagnant conditions . Sewage treatment effluent would probably provide the 
only economically feasible source of freshwater throughout the year. Of the 
65 sewage treatment plants in the Bay Area , only the Mountain View Sanitary 
District in Martinez currently utilizes effluent to maintain a freshwater 
marsh (J . Warren Nute, Inc . , 1977) . It is expected that in most cases, 
restored marshes will continue to provide treatment only to stormwater 
runoff. In the following sections on design criteria, distinctions will be 
made between the treatment of stormwater and sewage effluent. 

1. Area of Wetland Required 

A given wetland area is capable of providing treatment to a certain 
quantity of wastewater, depending on such factors as the rate of inflow of the 
wastewater, the pollutant types and their concentration in the water, and the 
type and condition of the marsh vegetation. When pollutant input exceeds this 
quantity, increasingly less pollutant removal occurs, and habitat degradation 
may result. 

For freshwater marshes supplied with sewage effluent, the Mountain 
View Sanitation District project (J. Warren Nute , 1977) provides some basic 
design data . A detention time in the marsh of about five days is recommended; 
excessively short detention time precludes adequate treatment time , whil e too 
long detention time promotes anaerobic conditions . Optimum marsh depths range 
from one and a half to two feet . For these conditions, a marsh area of eight 
to ten acres would be required for a one MGD (million gallons per day) sewage 
treatment plant . 

For marshes open to tidal action there are no detailed criteria 
currently available to predict required marsh area. Since the marsh is 
flushed twice daily , the typical detention time is 12 hours . While a longer 
detention time would allow greater treatment, the tidal action permits a more 
even dispersion of pollutants throughout the marsh and reduces "flow through" 
conditions, in which the incoming oollutants are discharged directly to main 
marsh drainage channels and flow directly to the Bay without contacting marsh 
vegetation. A detailed prediction of tidal marsh area to provide optimum 
stormwater treatment would include such factors as: 

- stormwater quantities and timing of discharge (a function 
of watershed area, shape, climate , etc . ) ; 
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- stormwater quality (dependent on land use , seasonal timing , 
etc . ) ; and 

- treatment capacity of marsh (dependent on marsh area, 
vegetation type, circulation characteristics, etc.). 

These types of data are currently being evaluated in a number of 
Association of Bay Area Governments (ABAG) studies ; specific design criter ia 
will probably not be available for several years . For preliminary design 
purposes , it can be noted that the Palo Alto Flood Basin has a ratio of marsh 
area to upland watershed area of 1:30 . A diked marsh adjacent to the Muzzi 
Marsh in Corte Madera, currently being considered for restoration to tidal 
action, has a marsh area to watershed area of 1:10 . A 1 : 10 ration was also 
considered desirable for stormwater treatment in a freshwater marsh (EPA, 
1977) . None of these marshes show evidence of pollutant overloading . 

2. Preliminary Treatment of Wastewater 

A preliminary treatment of either sewage effluent or stormwater prior 
to discharge to the marsh is desirable. Preliminary treatment is normally 
provided by a settling basin designed to trap debris and allow larger sediment 
particles to settle out. In addition, if sewage effluent is being treated, 
the sediment basin should allow dechlorination of the effluent. The settling 
basin should be designed to remove all particles greater than a specific 
size. For stormwater runoff, the average annual maximum storm (two year 
storm) can be used for design, with the settling basin sized to remove all 
particles greater than about ten microns in diameter. For a two feet deep 
basin , this would require a detention time of one hour . The Association of 
Bay Area Governments recommends 2 .8 hours to 2- foot depth to settle out ten 
micron size particles in a flow of 5 , 000 sq . /ft/cfs. Particles +20 microns in 
size require 1,250 sq . /ft/cfs. plus detnetion time of 0. 7 hours . 

Discharge from the settling basin should be controlled by a weir; the 
location of the weir should promote dispersion of the discharged water over a 
maximum area of marsh . This weir should be designed such that the settling 
basin can be completely drained to prevent stagnant water during the dry 
summer period and to allow periodic cleaning . Since the settling basin will 
trap a high propor tion of entering sediments and pollutants , it should be 
designed to facilitate periodic clean out . A weir is preferred over a tide 
gate because ponding volume must be controlled at all times, whereas a tide 
gate works only as a function of tide level. 

In addition to a settling basin, it may be desirable to install an 
oil and grease trap, since stormwater runoff often contains petrochemical 
residues. 

3. Stormwater/Sewage Effluent Discharge Points 

In general , it is desirable to maximize the dispersion of the 
polluted water throughout the marsh . This dispersion is control led by the 
location of discharge points to the marsh in conjunction with inter nal 
circulation patterns. In particular , direct " flow through" conditions , as 
described earlier, are to be avoided. 
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An exception to this would be the situation in which the water is 
severely polluted , the marsh too small to treat the quantity of water , or 
there is a desire to maintain pristine conditions within the marsh. In this 
case , a direct discharge channel through the marsh would be necessary. (This 
is the situation in the Palo Alto Flood Basin, where sewage plant effluent is 
discharged directly to the Bay in a channel which crosses the marsh. ) 

Hydraulic Design of Marshes for Flood Protection 

In several instances diked historic baylands adjacent to developed areas 
function as a stormwater retention basin during the winter. Such a use can be 
compatible with marsh restoration and enhancement, provided it is integrated 
with other design factors in the marsh management plan. 

A diked wetland can provide flood protection to surrounding low lying 
areas by acting as a storage basin for stormwater runoff during high tide. 
Because the water surface elevation in the basin is several feet lower than 
the tide level, stormdrains can discharge freely from the surrounding area 
until the basin fills. Water is discharged from the basin to the Bay either 
by pumps or through tide gates that open when the tide recedes. 

Freshwater marsh can be created by the storage of stormwater runoff during 
the winter months. This function of diked historic baylands is also 
compatible with salt marsh restoration because intense prolonged rainstorms 
that result in large volumes of runoff occur only in the winter months (from 
November to March) when the salt marsh vegetation is dormant. Therefore , 
tidal action can be introduced into the marsh from April to October and then 
shut off during the flood season. Furthermore , freshwater inflow into the 
marsh can be beneficial in creating a range of brackish water conditions at 
the salt marsh edge . 

In some cases, as in the Palo Alto Flood Basin, the maximum tidal 
elevation must be restricted because of subsidence of the marsh plain. The 
tidal inflows and outflows, therefore, have to be closely controlled. 

1. Flood Routing Calculations 

If a diked historic bayland is to be used as a flood basin, a flood 
routing calculation should be made based on the 100-year , six- hour rainstorm 
falling on the surrounding watershed. To do this requires the delineation of 
an elevation/capacity curve for the basin based on an accurate topographic 
survey. Computations of inflow, outflow, and storage should be made for peak 
flows coincident with a high tide of a typical tidal cycle . The maximum water 
elevation reached in this flood routing is the design criterion to be used in 
determining the type and size of the outlet structure required for the 
enhanced restored marsh. 

2. Outlet Structures 

The type of outlet structure most suitable for flood basin marsh 
enhancement is a combination of a slide and flap gates. The slide gate can be 
opened during the summer either manually, as in the Mill Valley Middle School 

-1 5-



Marsh, or automatically if there is a limitation on the tidal range , as in the 
Palo Alto Flood Basin. During the winter runoff the flap gates discharge 
whenever tide elevations are lower than the water surface in the basin. If 
the storage capacity in the basin is limited, pumps may be required to 
supplement the discharge capacity. 

An adequate maintenance program is essential to ensure proper 
functioning of tide gates. 

3. Sedimentation 

Siltation in the basin may ultimately significantly reduce the 
storage volume. In addition, the discharge capacity of outlet sloughs may be 
impaired. Flood routing calculations should be made to reflect these 
conditions and to ensure that 100- year flood levels are not exceeded in 
surrounding areas. 

Vegetation Establishment 

The purpose of this section is to provide specific information about how a 
site should be prepared so that the desired vegetation and hence the preferred 
habitat can become established. This section will first address some general 
environmental conditions that must be present before marsh vegetation can be 
successfully established. Next, specific requirements for selected plant 
species will be described, so that appropriate plantings at a given site can 
be determined . 

The purpose of marsh restoration is to re- establish viable, permanent 
populations of animals and plants in areas that were hydraulically 
disconnected from San Francisco Bay. Restoration and enhancement projects can 
be planned to achieve either of two objectives: to take maximum advantage of 
historic and existing conditions to re- establish a specific plant community; 
or to essentially create an environment with a particular wildlife habitat in 
mind. 

Several variables contribute to the creation of a natural marsh: water 
regime, elevation, substrate, climate, water salinity, soil salinity, nutrient 
availability, acidity , age of substrate, and seasonal variations. These same 
variables, with the additional consideration of species already present, must 
be considered in any restoration proposal. Scientific vegetation 
establishment studies began on the West Coast in San Francisco Bay in 1969 by 
Drs. H. T. Harvey and J . P. Heath (Garbish, 1977). 

1. Climate 

Most climatic conditions can be disregarded in this discussion 
because of the relatively uniform climate around San Francisco Bay. 
Windspeeds , however, do vary appreciably and affect marsh establishment 
because of wave activity or surge. Areas with high wind and wave activity 
require species that can withstand high wave energies. 
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2. Substrate--Physical Characteristics 

Loose loam to clay soils are best for marsh plant growth. Adequate 
leaching of soils and deposition of sediment may be necessary before 
vegetation can be established~ Soil samples should be collected and analyzed 
upon completion of any required earthwork , and again after one year , to 
determine the suitability of the substrate for planting . Soil samples taken 
at the end of the dry season would probably yield the most useful 
information. Ideally, soil conditions during each season should be 
monitored . Chemical conditions described below should be met . Sediments and 
substrate must be carefully analyzed prior to planting. 

Peat soils have poor nutrient absorption and water exchange and are 
highly acidic, while silty and clay soils can dry out and crack and need to be 
exposed to water for several weeks before planting . 

Pure sand with clear water cannot support plant growth because of 
insufficient nutrients. Sandy soils can support plant growth but only after 
clay particles carried by Bay waters have settled out and mixed with the 
sand. Clay is essential to create an ion exchange surface from which 
nutrients can be yielded to the plants. It is the essential minerals supplied 
by either "dirty" sand or water that feed the plants . Gravel or rock 
substrates are not conducive to plant growth because of their mobility 
(shifting pebbles) or lack of rooting zone . Rock outcrops are generally 
unsuitable for planting because they are located in areas where waves would 
erode marsh vegetation and soils. 

3. Substrate--Chemical Conditions 

The main abiotic chemical factors determining the type of vegetation 
on physically suitable substrates are salinity and acidity (pH) . Range of pH 
is thought to be fairly broad for halophytes; most can grow in soils which 
range from pH 4 to 9. Most nutrients, however , are more readily taken up by 
plants when the pH is between 6 and 8. 

In most cases, salinity will be the overriding chemical factor 
determining marsh plant species success . Soil salinity can be drastically 
altered by the addition of di rt fill , so this source needs to be controlled . 
The length of time that vegetation is exposed to saline water can be 
manipulated to some extent by engineering substrate elevations relative to 
water level. In general, the salinity of the soil moisture on a site will be 
determined by the waters that feed into and drain out of the site. Water 
originating from sloughs fed by rainwater will be relatively low in salinity 
during the winter/spring rainy season, whereas high salinity waters will be 
supplied in summer and late fall . Restored tidal areas nearest the Golden 
Gate will be subject to essentially salt water. Those in the San Jose 
vicinity could have nearly fresh water flows because of the large discharge of 
nearly fresh water from the sewage treatment plant, and fresh water from 
Coyote Creek. 
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The chemistry "seen" by a plant results from a combination of the 
source of inflowing water and the chemical and physical properties of the soil 
itself. Little information is currently available comparing the organic and 
mineral content of disturbed marsh soils to adjacent natural marshes. Some 
research is now underway regar ding marsh soil chemistry and, when available, 
new information can be applied to restoration and enhancement plans. 

4. Topography 

Elevation requirements of marsh vegetation must be considered 
(Garbish, 1977). Marsh vegetation occurs in natural marshes around the Bay 
between two and 11 feet above mean lower low water (MLLW) .* This range of 
elevations has been determined by field observation of study sites around San 
Francisco Bay (Atwater and Hedel, 1976; Harvey , 1975; Harvey et al., 1978; 
u. s. Department of Commerce NOAA and NOS, 1980) . Intertidal areas in San 
Francisco Bay have four major zones; mud flats , which range in elevation 
between MLLW and two to three feet above MLLW; a zone of cordgrass which grows 
between two and five and a half feet above MLLW; an area between four and 11 
feet above MLLW containing perennial pickleweed, jaumea, alkali heath, and 
annual pickleweed species; and an upland area supporting peripheral halophytes 
such as salt grass, gum plant, and coyote brush (Harvey et al. , 1977) . ** 
Upland vegetation 

* 

** 

A variety of elevation standards are used by people involved in 
wetlands restoration. The following definitions are some of 
the more common encountered in the marsh business: 

Datum is a base elevation used as a reference from which to 
reckon heights and depths. It is called a tidal datum when 
defined by a certain plane of the tide. 

Mean Sea Level (MSL) is a tidal datum: the arithmetic mean of 
hourly water elevations observed over a specific 19-year cycle. 

The National Geodetic Vertical Datum 1929 (NGVD) , formerly 
known as the Sea Level Datum of 1929, is a reference adopted as 
a standard geodetic datum for heights. The geodetic datum is 
fixed and does not take into account the changing standard of 
sea level. 

Points on land can be referenced to a mean sea level, in which 
case the datum assumes zero elevation. To avoid confusion, 
when referring to restoration projects, heights should be 
identified on NGVD. Usually points are referenced to a local 
Mean Lower Low Water (MLLW) based on the National Geodetic 
V erticial Datum. 

See Table I for scientific names of species discussed in this 
section. 
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Table I 

Common Marsh Plant Species Found 
in 

San Francisco Bay Marshes 
(Harvey et al. , 1977) 

Common Name Scientific Name 

Alkali bulrush Scirpus robustus 

Alkali heath Frankenia grandifolia 

California bulrush Scirpus californicus 

Common tule Scripus acutus 

Coyote brush Baccharis ~· 

Gum plant Grindelia humilis 

Jaumea Jaumea carnosa 

Pacific cordgrass Spartina foliosa 

Pickleweed (annual) Salicor nia biglovii, ~· europea 

Pickleweed (perennial) Salicornia pacifica = virginica 

Salt bush Atriplex ~ 

Salt grass Distichlis spicata 

Endanger ed 

Bird ' s beak Cordylanthus mo l lis var . mollis 
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grows at elevations ranging from about three feet above MHW upward . These 
ranges are given in relation to MLLW and MHW. When preparing marsh 
restoration plans for different parts of the Bay, it is important to remember 
that all tidal elevations contained in tide tables are based on predictions, 
and that these predictions for San Francisco Bay are made for tides at the 
Golden Gate Bridge. Predictions for other tide stations around the Bay are 
extrapolated from those at the Golden Gate. Since differences in tidal 
elevations among tidal stations vary as much as three feet for MLLW, accurate 
information must be determined for each site proposed for restoration. 

Tidal planes for San Francisco Bay are shown in Figure A. Note that at 
Alviso, the mean range (MHW to MLW) is 7 . 2 feet, but at Chipps Island it is 
only 3. 5 feet . 

Three graphic representations of marsh vegetation profiles are 
presented to illustrate the plants that would probably grow at specific 
elevations at sites around the Bay . The three sites selected for illustration 
are Palo Alto (Figur e B) , Point San Pablo (Figure C) , and Chipps Island 
(Figure D). These represent examples of the South Bay, San Pablo Bay, and 
Suisun Bay, respectively. In looking at these illustrations, it is important 
to know that actual Bay marshes do not exhibit steep slopes as illustrated but 
consist of gradually sloping or flat plains. 

Tidal range is a major factor in plant distribution and is therefore 
useful in restoration planning (Garbish, 1977). Tidal data should be 
presented on all g rading drawings and transferred into elevations in relation 
to NGVD. 

5. Species Requirements 

About 200 species of plants are found in San Francisco Bay marshes 
(Harvey et al . , 1977). This report will discuss cordgrass, pickleweed, alkali 
bulrush, California bulrush, common tule, salt grass, salt bush, and gum 
plant, with brief additional comments on endangered and exotic plants. 
Particular needs of the major species are summarized in Table II . Table III 
is a sumnary of vegetation suggested for desired habitat functions. 

a. Pacific cordgrass is found at the lowest marsh elevations 
throughout San Francisco and San Pablo Bays. In the bracY.ish waters of Suisun 
Bay it is replaced at the lower elevations by California bulrush and common 
tule. Cordgrass can tolerate considerable tidal submergance (up to 21 
hours/day) because it has a well-developed system of air passages which 
transport oxygen to the roots . Favored tidal elevations are 3 feet above MLLW 
to MHW. Seeds of this species germinate , and seedlings grow best, in nearly 
fresh water, although salinities up to 35 parts per thousand (ppt) can be 
tolerated (Cain and Harvey, 1981). Cordgrass cannot tolerate high salinites 
during seed germination or during growth periods. 

Several cordgrass planting techniques have been tried in San 
Francisco Bay (Mason, 1973; Harvey, 1975; Newcombe and Pride, 1975; Floyd and 
Newcombe, 1976; Morris et al., 1978; Newcombe et al., 1979) . The preferred 
technique should depend on the conditions at the site. In the absence of wave 
action, sprigs or seedlings may be used . To obtain seedlings, it is best to 
harvest seeds from the parent plant as soon as they are ripe. Store the seeds 
in salt water at about 40oF. Allow an after- ripening maturation of seeds in 
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Figure B, C, and D 
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TABLE III 

VEGETATION AND HABITAT FUNCTION 
(Prepared by H. T. Harvey and J . R. Cherniss) 

Desired Ultimate 
Habitat Function 

Lower edge stablization 

Levee or bank stablization 

Freshwater marsh habitat 

Upland/Transition resources 
and freshwater pond 

Waterfowl feeding 

Coot discouragement 
(during young propagule 
establishment) 

Shrew cover 

Salt marsh harvest mouse habitat 

Least tern nesting 

Rail habitat 

San Francisco garter snake habitat 

Endangered plants 

Mosquito abatement 

Brackish marsh 

Wastewater treatment 
(Water quality control, 
pollutant removal) 

Vegetation to be Planted First 

Cordgrass, California bulrush 

Cordgrass (bioconstructs) California 
bulrush 

Alkali bulrush , tule , California bulrush 

Natural perennial and annual 
vegetation 

Alkali bulrush, brass buttons 

Wire netting (temporary--remove 
when vegetation established) 

Pickleweed, bulrushes 

Pickleweed, periperhal cover (gum 
plant , salt bush) 

No vegetation 

Cordgrass , pickleweed 

Freshwater marsh vegetation 

Site specific determination required 
for species and conditions 

Prevent stagnant pools 

Alkali bulrush , California bulrush 

All marsh species appropriate to 
site, especially pickleweed and 
alkali bulrush 
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storage for two months. Before germinating, add a few inches of water to the 
storage container; seeds which rise to the top are infertile and should be 
removed. Germinate seeds in a nursery and plant seedlings between March and 
May (Mason, 1973) . Successful use of seeds or seedlings requires quiet water 
where neither algal mats or predation (e. g . , from coots) occurs. 

Where strong wave action is prevalent, bioconstructs (composed 
of cordgrass plugs* with embedded mussels) are more effective than simple 
seedling plantings (Newcombe et al., 1979). The bioconstructs should be 
placed side by side and pegged into place in order to keep them from washing 
away. In areas where moderate or intermediate water movement occurs , the 
highest survival rate with the least cost and effort is obtained by planting 
cordgrass plugs made of four to six inch clumps of mature cordgrass. These 
clumps should be placed one half or one meter from each other (Morris et al . , 
1978). Optimal planting time for cordgrass propagules is February to April. 

b. Pickleweed is found in nearly all types of marshes around San 
Francisco Bay. It is the most salt tolerant plant of those occurring in Bay 
marshes, and thus can minimize competition pressures by living in physical 
conditions intolerable to most other plants. Pickleweed is the preferred 
vegetation type for the endangered salt marsh harvest mouse. 

Pickleweed is a fecund seed producer. All experiments testing 
pickleweed's ability to colonize new substrates (that have been subject to an 
adequate water regime as described in the preceding Hydraulics section) 
indicate that pickleweed can become established with little or no management 
intervention. The main requirements are that parent plants be located near 
the desired area of propagation--or patches of pre- existing stands are left on 
the site--and that soil salinities be between 15 and 50 ppt (Harvey , 1970; 
Newcombe and Pride, 1975; Floyd and Newcombe, 1976; Mall, 1969) . This can be 
achieved by engineering potential marsh surfaces to be between MHW and about 
three feet above MHW. Pickleweed's inability to tolerate excessive immersion 
during high water eliminates it from the lower tidal elevations which are 
acceptable to cordgrass and bulrushes. 

c. Alkali bulrush is noted for its food value to wildfowl. The 
seeds are the prime food for ducks in the Bay area. Restoration of marshes 
with this as a dominate plant would enhance wildlife use. It presently occurs 
throughout the brackish to freshwater fringes of the Bay; almost any place 
where a brackish situation is found, including river , stream, and water 
treatment plant effluent inflows. 

This species survives best in brackish waters with salinity less 
than 20 ppt. It optimally produces seeds when soil salinities are below 15 
ppt . Alkali bulrush can tolerate submergence almost to the degree cordgrass 
can, provided soil salinity is low. It will survive at tidal elevations four 
feet above MLLW to MHHW. 

1 plug=several shoots , nodes , and roots often with attendent soil mass. 
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It is relatively easy to propagate by seed , available as "red 
seed" from companies that harvest rice. As with other marsh plants, alkali 
bulrush can be transplanted from existing stock . This is a faster and more 
reliable method of establishment than seeding, but more costly . Advisable 
planting time is early spring (March through May) (George, 1963; Connelly, 
n. d . ) . 

d. California bulrush and common tule are found at the lower 
elevations of brackish marshes (salinity less than 20 ppt). These plants are 
useful in erosion control against all but the higher velocity wind and wave 
forces . They are known to tolerate a wide range of soil types. These species 
are tolerant of inundation for long periods and require year round moisture or 
inundation . Their distribution around the Bay is similar to alkali bulrush, 
though not as extensive . 

Few propagation studies have been conducted for California 
bulrush or common tule. As with most inundation tolerant hydrophytes, they 
reproduce by the vegetative means of rhizome production. Natural 
establishment occurs readily, but certain sites may require planting with 
plugs consisting of root, shoot , and rhizome masses. This planting should 
take place in late winter or early spring at tidal elevations between two feet 
above MLLW and one foot above MHW (Mall, 1969). 

e . Gum Plant often occurs at the upper periphery of the marsh . As 
a periperphal halophyte, it serves as cover for salt marsh harvest mice during 
highest tides. Without such cover, mouse populations are jeoparidized by 
predation from herons , gulls, and raptors . 

This perennial shrub flowers throughout most of the year so 
seeds are available almost anytime. Like most salt marsh plants , its seeds 
have a higher germination success rate in the lower salinity waters. Gum 
plant is therefore best propagated in late winter to early spring, when rain 
runoff dilutes water salinity . It does not tolerate prolonged immersion. 
Seeds should be scattered in the selected area on multiple occasions during 
the appropriate time period to increase chances of successful establishment at 
favorable elevations (Harvey, 1970). 

f . Salt grass like gum plant , grows in the upper periphery of the 
marsh (within San Francisco Bay) . This plant cannot tolerate much tidal 
immersion . A salinity of 30 ppt is optimal for salt grass, and it is tolerant 
of moderate wave forces . 

Mature salt grass can be transplanted whole or seedlings can be 
planted. Transplants should take place in the winter- spring months. Seeds 
can be harvested frpm established stands in the fall , stored dry at room 
temperature, then germinated and the seedlings planted in spring (Newcombe and 
Pride , 1975). 

6 . Endangered Species 

Endangered species deserve special attention when marsh restoration 
projects are undertaken. If specific restoration sites fall within the known 
range of endangered plant species, efforts should be made to propagate and 
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encourage these. Little is known of the best method for doing this with 
endemic marsh species; however, the transplanting of whole young plants from 
relatively dense stands of existing populations should be tried, as well as 
the collection and sowing of seed. 

1. Exotic Plants 

Exotic plants (introduced, foreign, non- native) should not be used in 
restoration efforts. This is because exotic species are likely to outcompete 
and replace natives and usually do not provide comparable resource value to 
native wildlife. An example of this is the invasion of the pickleweed zone by 
non- native Spartina spartinae intentionally planted at Creekside Park, Marin 
County . The foreign grass has moved to the marsh shoreline along Corte Madera 
Creek. This infestation may threaten local survival of the endangered salt 
marsh harvest mouse (Harvey and Stanley Associates, 1982). 

8. Upland and Transition Zone Enhancement 

Areas of upland vegetation and transition zones (between marshlands 
and associated uplands) should be established around restored or enhanced 
marshlands (Harvey et al. , 1978). Areas adjacent to freshwater wetlands 
should be planted with perennial herbs and forbs to encourage nesting by 
puddle ducks and other water birds . Native upland cover species should be 
planted to provide nesting and refuge spots and food sources. 

Planting should be initially experimental, as soils of initial high 
salinity will support different species once they have been leached. Coyote 
brush and other brushy species should be controlled if the area is to be 
managed for nesting waterfowl. 

Near restored tidal marsh, upland species can be planted above the 
level of tidal action. Native plants of the Bay Area which survive above tide 
level in soil that was originally salt marsh soil, and has been removed from 
tidal influence and leached by rains, include coyote brush (Baccharis 
pilularis consanguinea), toyon (Heteromeles arbutifolia) , and coast live oak 
(Quercus agrifolia). Other natives which should be encouraged in transition 
zones because they produce good cover for small mammals are alkali heath, salt 
grass, and gum plant. 

Follow-Up Management 

Without a long- term management plan, restoration efforts will probably 
fail . Monitoring programs for water and soil parameters, plant growth and 
health, and substrate stabilization need to be built into the restoration 
process. Modifications in water regime may be needed later. Control of 
amount and timing of water inflow and outflow from a restored area is 
important for successful marsh plant establishment, mosquito abatement and 
wildlife use. 
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1. Vegetation Management 

If currents are slow, erosion minimal, and a parent source is 
available, vegetation will often naturally occur and planting will not be 
necessary . In some such cases, however, uncontrolled spread of some types of 
species can limit diversity and/or inhibit good water circulation. Vegetation 
diversity can be improved by establishing dry and partially submerged islands, 
and occasionally draining sections to maintain dispersed tule stands. It 
would be more costly and indiscriminately damaging to periodically remove 
vegetation through mechnical and manual means or with herbicides. 

Filamentous algae often become overly abundant in freshwater 
systems. Maintaining adequate circulation and limiting nutrient input should 
control algae. 

Invasion of non- native vegetation should be curtailed as early as 
possible; the sooner this is accomplished, the less drastic action required. 

2. Hydrological and Structural Maintenance 

The physical characteristics of an enhanced or an artifically created 
marsh need to be monitored . Flow structures need to be checked to insure 
proper inflow and ouflow of water. Water samples should be collected 
periodically so that water quality problems can be avoided or quickly 
corrected. Levees should be inspected regularly so that damage caused by 
burrowing animals, erosion, or subsidence can be corrected. Periodic draining 
of the marsh may be required to facilitate management. 

3. Animal Management 

A well-managed marsh requires periodic monitoring of less conspicuous 
aquatic and benthic organisms, such as soil microbes, invertebrates, phyto­
and zooplankton (including fish larvae), and fish themselves. Diversity can 
be encouraged by creating or introducing some artificial substrates, although 
this entails additional costs. Generally, diverse revegetation and substrate, 
combined with good water circulation, will , if lasting , induce a diverse 
fauna! community. However , in certain cases it may be desirable to introduce 
particular species into the system. Much is still unknown about survival and 
balanced proliferation of invertebrate and most vertebrate species in 
artificially induced marsh habitats. Within the time frame of observations 
made in Bay Area restoration and enhancement projects, animal productivity has 
never equalled that of natural marshes. Follow- up management should consider 
the extent to which stable, diverse, native animal populations have become 
established . 

Vector and Disease Control 

Marsh restoration projects should be designed to not create conditions 
that cause disease or pest problems. Proper management of the marsh can limit 
this possibility. 
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Adult and larval mosquitoes, like other small insects, are an integral 
part of the food chain, providing an important food source for insectivorous 
birds, amphibians, and fish . Some species, however, transmit diseases; others 
are considered pests, particul arly in urbanized areas. Restoration plans 
should be designed to avoid creating conditions that encourage mosquito 
proliferation. 

Mosquito-breeding conditions occur when areas of standing water are 
present during the spring and summer. To prevent ponding, a potential 
restoration site should be graded to achieve proper drainage. If grading is 
infeasible or ponded areas develop, ditching may be necessary. Recirculation 
ditches that are approximately one and a half feet wide and one and a half 
feet deep are generally adequate to connect ponds to drainage channels. Large 
expanses of open water, subject to wind and wave action, will discourage 
mosquito production. Small fi.sh, particularly mosquito fish , and other 
aquatic organisms can be effective predators on mosquito larvae, but generally 
do not penetrate dense stands of vegetation. In all cases, early consultation 
with mosquito abatement districts should occur to avoid creating pest or 
vector mosquito problems. 

The most serious disease affecting waterfowl is botulism. The factors 
that create conditions which are condusive to botulism are not precisely 
known, although the bacterium Clostridium botulinum is ubiquitous in soils and 
is important to nitrogen cycling. It is only the proliferation of the 
bacteria, with toxic side effects, which leads to outbreaks of botulism in 
waterfowl. Briefly, management techniques for avoiding outbreaks include 
manipulating water depth to minimum but fluctuating levels, maintaining water 
flow through cells and drainage channels, removal of debris and dead 
vegetation, and maintaining fairly steep configuration of banks. 

Conclusion 

Until recently the complexities of the conditions and forces that create a 
marsh were not well understood. As a result many restoration and enhancement 
projects were not entirely successful. For example , at the Faber Tract in 
Palo Alto there was not adequate water circulation within the wetland because 
the pipes installed between the Bay and the mar sh were too small. At the 
Corps ' project at Alameda Creek the site was made too high by the placement of 
dredge spoils so the preferred marsh plant, cordgrass, could not grow. At the 
Creekside Park in Marin County non- native plants were used; they are now 
crowding out native marsh plants. At the Muzzi Marsh in Corte Madera , 
contractors could not construct channels for water circulation because the 
soils would not support earth moving equipment . These experiences demonstrate 
the importance of gathering all the necessaFy data, doing thorough planning, 
and preparing complete drawings and specifications. 

Designing a successful marsh restoration or enhancement is difficult. The 
soil conditions and elevations within in the site must be analyzed carefully. 
Any modifications must take into account tidal fluctuations at the selected 
site, sedimentation, and plant requirements. The hydraulic, botanical and 
topographic aspects require expert analysis . Clear and complete plans for 
restoration projects must be prepared to assure satisfactory implementation . 
Changes will occur over time and the effects of such changes must be 
understood. Projects should be monitored to assure that the desired 
conditions occur and to provide new information for future projects. 
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Appendix A consists of a checklist to help agencies and developers better 
understand the information and work that will be necessary to design a marsh 
restoration or enhancement project. Appendix B is a condition that BCDC and 
other regulatory agencies should use whenever restoration and enhancement 
projects are required. 

- 30-



APPENDIX A 

RESTORATION AND ENHANCEMENT CHECKLIST 

The following checklist identifies the information necessary to plan marsh 
restoration or enhancement: 

1. Based on a survey, prepare a topographic map of the selected site in 
one foot contours. All elevations should be relative to National 
Geodetic Vertical Datum (NGVD). Include a vicinity map showing storm 
drains, the elevation of adjacent surrounding properties, and the 
limit of 100-year tide. 

2. Prepare a topographic map in one foot contours showing proposed 
modifications to the site. Include typical cross- sections showing 
proposed elevation of the marsh plain, any channels and any high 
areas. Include figures for the estimated tidal range related to Mean 
Higher High Water, Mean High Water, Mean Lower Low Water, Mean Sea 
Level, the maximum predicted tide, and the 100-year tide. Show 
figures for the ratios of typical horizontal to vertical slopes for 
existing and proposed levees and channels or sloughs. Show proposed 
plant species along the cross-sections of their expected zone of 
growth. 

3. Prepare calculations for determining the size of any levee breaches 
or pipe installations. Show the amount of cut and fill, the amount 
of material to be placed to strengthen the levee, and the expected 
tidal exchange. The expected tidal range should show expectations 
both inside and outside the levee breach. If plants will be used to 
moderate tidal forces at the breach, indicate the plant species that 
will be used . If plants will not serve that function, specify what 
rip- rap or other engineering solution will assure the integrity of 
the levee breach. Prepare a detailed drawing of any inlet-outlet 
structure to be placed, with a schedule of operation. 

4. Gather soil information identifying the type of soils found at the 
site and the type to be used if fill will be placed. Include 
quantitative measurements of salinity, pH, organic content, and bulk 
density. In addition to the soil analysis , the following water 
quality parameters should be analyzed: salinity, pH, biochemical 
oxygen demand (BOD), dissolved oxygen (DO), and , if appropriate, 
heavy metals. 

5. Prepare a schedule indicating when fill, dredging or grading will 
occur, the time to be allowed for settlement , the time when levee 
breaches or inlet structures will be operable and the time when 
planting will occur. Include an estimate of the extent of expected 
sedimentation over a ten-year period. 

6. Prepare a monitoring program to measure water quality, soil 
characterisitics, plant survival and growth rates, and expected 
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wildlife use. The program should last five years. The monitoring 
program should describe how modifications will occur if adverse 
conditions are identified. 

7 . Provide evidence that the project meets Mosquito Abatement Distict 
mosquito control criteria. 
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APPENDIX B 

CONDITION 

The following condition is a model to be used when large mar sh enhancement 
or restoration projects are r equired . Modifications to the condition may be 
necessary to accommodate particular sites or projects. 

1. Restoration Plan. Prior to the commencement of any work at 
any location pursuant to this authorization, the applicant shall 
submit a plan and program, to be approved by or on behalf of the 
Commission for the restoration and enhancement of a parcel 
consisting of not less than ~~ acres located at ~~~~~~~~ 
The plan and program shall contain the following : 

a. Site Conditions and Modifications. A topographic map 
of the site in one- foot contours and a topographic map 
showing the pr oposed modifications. All elevations 
shall be relative to National Geodetic Ver tical Datum 
{NGVD) . Include typical cross- sections showing 
proposed elevation of marsh plain , any channels, and 
any high spots . Show figures for t he ratios of 
typical horizontal to vertical slopes for existing and 
proposed levees, channels, and sloughs. Show proposed 
plant species along the cross-sections according to 
their expected zone of growth. I nclude a vicinity map 
showing storm drains , the elevation of adjacent 
surrounding properties, and the limit of the 100-year 
flood . Include figures for the estimated tidal range 
related to Mean Higher High Water, Mean High Water, 
Mean Lower Low Water, Mean Sea Level , the maximum 
predicted tide, and the 100- year tide. 

b. Levee breaches. For any levee breaches show calcu­
tions for determining the size of any levee breach or 
pipe to be installed. Indicate the amount of cut and 
fill, the amount of material to be placed to 
strengthen the levee , and the expected tidal 
exchange. The expected tidal range should show 
expectations both inside and outsi de the levee 
breach. If plants will be used to protect the levee 
from erosion or undercutting, specify the type of 
plants. If plants will not be used, describe how the 
breach will be protected from erosion and 
undercutting . Prepare a detailed drawing of any 
inlet- outlet structure to be placed , with a schedule 
of operation. 

c. Soil and Water Information. Submit a repor t 
identifying the type of soils found at the site and 
the type of any fill to be placed at the site . 
Include quantitative soil measurements of salinity, 
pH, organic content, and bulk density. Include water 
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analysis of salinity, pH, biochemical oxygen demand 
(BOD), dissolved oxygen (DO), and, if appropriate, 
heavy metals. 

d. Schedule. Include a schedule indicating when fill, 
dredging or grading will occur, the time to be allowed 
for settlement , the time when levee breaches or inlet 
structures will begin to function and the time when 
planting will occur. Include an estimate of the 
extent of expected sedimentation over a ten- year 
period. 

e. Monitoring. The applicant shall be responsible for 
monitoring the site for five years after the 
restoration project has been completed. Such 
monitoring shall include measuring the water quality , 
soil characterisitics, plant survival and plant growth 
rates. Should adverse conditions be identified, the 
applicant shall take corrective action as specified by 
staff. 
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