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NOBODY'S PERFECT!

Everyone makes typographical mistakes now and then. but in a
scientific publication such as this, some typos are more
forgiveable than others

To mainiein this publication’s technical accuracy, please take a
momeani 1o make the lollowing corrections in the text.

Pages 1. 105: Change tha resolution numbaer to read,
"Resolulion No. 28"

Page 32: Add the word square s0 that the sentence reads,
T..cover 125 square miles ™

Page 36: Add the word nct 50 that the sentence reads,
".when the Cenirat Vallay is not well llooded "

Page 98- Add a slash symbol (/) so that the santence
reads, P 2
".saeedlings (75m<)..(190/m*<})."
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Preface

cologically, Californta’s wetlands are relatively re-
' cent in onigin. Most estimates place the origing af

present-day wetlands at 000 to 6,00K years ago
as the rate of submergence dur toa rising sea level slowed
to within 1-2 m per millemium. During this period, wet-
lands in California expanded to cover approdmately
381,000 acres. These wetlands supported abundant fish
and wildlite resources in addition to an aboriginal human
population. The arrival and carly colonization of the Cali-
fornia coast by Europeans brought both loss and gain to
the wetland habitat. Gane were the large mammals utiliz-
ing the wetlands, the plumage birds inhabiting tidal
shores, and the native Amencan Indians who relied un
the wetland flora and fauna tor food. Additions to wet-
lands included the introductions of exotic species of wild-
life, expansion of mudilats and marshes due to increased
sedimentation, and development of upland areas adja-
vent to wetlands. Yet, none of these changes had as major
an impact as the almost complete destruction of wetlands
by the rapid development of California in the last 50 vears.

Destruction of wetlands has not beenisolated to Cali-
fornia, but in no other state has the loss been as great,
amounting ta 95 percent in some regions. Only during the
past decade have concerned citizens brought pressure to
bear on legislators and developers to recognize the dam-
age and to preserve and enhance the remaining habitat.
Large sums of money have been invested by public and
private sources to not only preserve, but to expand exist-
ing wetland habitats. Analogous to the recent geologic
origin of California’s wetlands, the sclence of wetland
restoration and enhancement is young and based on a
haphazard experience of success and failure.

These proceedings developed from a workshop held
in February 1982 at the California State University, Hay-
ward. The purpose of the workshop was two-fold: 1) to
summarize the existing knowledge on wetland restora-
tion and enhancement in California and, 2) to address
current problems and constraints which limit our abilities
to successfully restore such systems. This publication is
intended to reflect the diversity and enthusiasm of the
conference. Eight major presentations were given fal-
iowed by comiments from invited panelists who reviewed
the papers. Audience comments were then solicited and
included in the proceedings. A contributed poster session
was also held and the abstracts printed herein. Prior to
publication, each paper was critically reviewed by panel
members,

The need for the workshop and these proceedings
was recognized by several agencies and many interested
individuals, without which the proceedings could not

have been published. The California Sea Grant College
Program and the California Coastal Cormmission acted as
major sponsors of the workshop. The San Franasco Bay
Conservation and Development Commission, the State
Coastal Consenvancy, and the California State Univer-
sities at Havward and San Francisco were instrumental in
providing needed services to complete this undertaking,
An advisory committee assisted in the planning and or-
ganization ot the workshop, The committee members
were: Roger Barmhart (Cooperative Fisheries Research
Program}, Susa Gates iState Coastal Conservancy), Eric
Metz (Catifornia Coastal Commission), Chris Onuf (Uni-
versity of California, Santa Barbara), James Schooley
tCalifornta State University, Hayward), Jens Sorensen
{Calitornia Sea Grant College Program), Nancy Wakeman
{Bay Conservation and Development Commission), and
Juy Zedler {San Diego State University). Local arrange-
ments for the meeting were ably handled by Dr. James
Schooley of Calitornia State University, Hayward with
assistance provided by Nan Franceschini. I wish toextend
special thanks to Dean W.G. Vandenburgh for providing
a large meeting space when we realized the capacity of
our original arrangements would be exceeded. Support
for the research reported herein by Milton Boyd, Chris
Onuf, Jens Sorensen, and Joy Zedler was supported, in
part, by the California Sea Grant College Program.

The workshop was attended by 250 people and ac-
cording to registration, affiliation consisted of 20 percent
associated with universities, 51 percent with government
agencies, 14 percent with private consulting firms, 8 per-
cent with environmentak organizations, and 7 percent as
private individuals. The workshop was moderated by
Joanne Sarenson of Jones and Stokes Associates, Inc. and
Joe Tieger of the U.S. Fish and Wildlife Service. A keynote
address was given by Dr. Hanley Smith of the Waterways
Experiment Station, Vicksburg, Mississippi on "Wet-
lands Research and Restoration: the Corps Fxperience”.

The praceedings were funded by the California Sea
Grant College Program, the Caiffornia Coastal Commis-
sion, and San Francisco State University. | am grateful to
Vi Weathersby and Susan Hayes for their typing of vari-
ous papers and transcripts. Kelly Anderson, Communi-
caticns Coordinator for the California Sea Grant College
Program, provided much helpful advice and support in
completing the publication. I wish to acknowledge all the
panel members for their critical review of the papers and
the diligent effarts of the authors in meeting deadlines.

Michael Josselyn
Noovember 1, 1982




Summary of Past Wetland
Restoration Projects

in California

Michael Josselvn, Tiburon Centder for Envtronmental Studies, Tiburon, CA

James Buchholz, Wetlands Researclt Associates, lic.. San Francisco, CA

Introduction
etland restoration and enhancement has be-
W come a significant activity in California over the
past decade. A change in public and govern-
mental attitudes concerning wetlands has occurred due to
recognition of their significant wildlife habitat value and
alarm aver uncontrolled bay and coastal development.
The first effective governmental action taken to regulate
the development of wetlands was the creation of the San
Francisco Bay Censervation and Development Commis-
sion (BCDQC) in 1965, The preparation of a Bay Plan and
the passage of the McAteer-Petris Act of 1969 tormalized
the Commission’s regulatory powers to guide the conser-
vation and development of the Bay’s wetlands. The result
has been a rapid decrease in filling activity and a more
frequent use of wetland resoration or enhancement as
mitigation for shore zone development. State-wide of-
forts to control development in wetlands began with the
passage of the California Coastal Act of 1976 and the
formation of the Califoria Coastal Commission (CCC).
In exercising its permit granting authority, the CCC re-
ceives advisement and policy direction from the Re-
sources Agency Wetland Policy {1977), Senate Concur-
rent Resolution No. 29 (1979), and various state and
federal agencies with jurisdiction or expertise in wetland
habitats. The CCC has recently adopted (1981) its own
Statewide Interpretive Guidelines for Wetlands. State
policy towards wetlands was changed from a regulatory
role to active participation in restoration and enhance-
ment with the formation of the State Coastal Conservancy
in 1976. Coupied with increasing federal responsibility in
wetland protection, state and regional agendes, often
encouraged by local and national citizen groups, are now
pursuing a wide range of alternatives to preserve remain-
ing wetlands and to recreate habitais degraded by de-
velopment (Environ, Law Inst., 1981).
With the advent of 2 permitting system, records of
proposed wetland restoration projects have accumulated

at various state agencies. Many of these projects have

been completed, others are in progress, while still others =
have not been undertaken. Project sizes have ranged from

!
i

less than an acre to over 200 acres and have induded
designs ranging from small scale vegelation planting to
earthmoving and tidal restoration. The planning docu-
ments, designs, and technical reports on these projects
have great potential value to individuals and agencies
undertaking new projects. Unlortunately, those desiring
information are often confronted with great difficulty in
locating pertinent documents and individuals knowi-
cdgeable about specitic projects. Our goals in writing this
paper are to present a detinitive listing of completed proj-
ects in California and to provide bibliographic data to
direct individuals to appropriate sources. A by-product of
our search is the development of recommendations to
improve information transfer from these sources to agen-
cics and groups planning fukure projects.

Methodology and Limitations

This inventory lists projects undertaken to restore or
enhance wetland habitats within the coastal zone {as de-
fined by the Coastal Act of 1976} and San Frandisco Bay
{excluding the Delta region). These enhancement and
restoration projects usually involve a complete or partial
establishment of tidal and/ur freshwater flows to stimu-
late the growth and establishment of wetland vegetation
and associated wildlife habitat {channels, mudflats, plant
cover}. We excluded projects whose primary goal was to
cTeate open water habitat.

Data for the projects came primarily from permit files
at the San Frandsco Bay Conservation and Development
Commission, the California Coastal Commission, the
State Coastal Conservancy, and the U.S. Army Corps of
Engineers. Additional project information was obtained
through contact with persons responsible for wetlands in
the Califomia Department of Fish and Game, various
local public works and park districts, and private consult-
ing firms. [n some cases, published reports in the scien-
tific literature provided detailed information not found
elsewhere. Qur inquiry was conducted from September,
1981 {0 January, 1982; projects initiated after this date are
not included.

We limited our listing to projects in which permits
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had been authorized and construction or planting, activity
had begun, We discovered that permit authorization did
not necessanly kead o wetland restoration as projects
were stopped, goals changed. or legal chailenges woere
outstanding, Listing such projects woudd create an os er-
estimation of actual acreage involved in wetland restora
ton. Non-permif activity which resulted in new setland
habitats was not always included due to the diificulty of
compiling accurate information. For example, dike failure
due to lack of maintenance could resalt in the establish-
ment expansion of wetland vegetation. Such events might
be accidental or represent benign neglect on the part of
AAAAAN o responsible agencies. Other non-permit ackivity tncludes
T Y Y ) expansion .0¥ wetlands due to sed]m(.:ntal.u_m caused by
upland activity or shoreline construction. The only non-
0000 permited restoration activity we considered were eapen-
mental plantings documented in published literature.

We categorized projects into three areas: 1) experi-
mental plantings, 2) enhancement projects involvin gonly
dike breaching or tide gate construction and, 3} restora-
tion projects involving both dike breaching and substrate
alteration (dredge spuil disposal; earthmuoving}.

& TEST PLANI NG

@ 2uiancEENT

@ REsToRAT IO Project Listings

AS® Table Tllustrales the difficulty in compiling informa-
tion on wetland restorations using available summary
listings. Synonyms for various projects abound and cri-
teria used to list various projects are usually not given,
Surveys completed at later dates do not include those
AADOO® listed eartier which questions the validity of previous lisgs.

As a result. there is no clear idea about the status of
Fiium 1: Loeation of enmipieted wetlamd restoration end wetland restorations and their success or failure,
Ertanemtent propects in ¢ atiforiia as of 1981 Based on our criteria given above, 33 wetland restora-
ton projects have been completed or, at least partially
compieted in the Cafifornia coastal zone and San Fran-
asce Bay (Figure 1). The majority of the projects have
been campleted in San Francisco Bay. Humboldt Bav and
San Diego Bay have four and three projects, respectively.
Our summaries for these projects are given in Tables 2, 3,
and 4.

Experimental plantings (Table 2) have largely fo-
cused on the establishment of Spartina folivss on dredge
spoils. Much of this work has been done in San Francisco
and San Diego Bays. Universitics and consulting firms are
principally invoived in these efforts toward improving
planting techniques and developing cost estimates for
larger projects. The results of these plantings have been
given in several technicat reports and have recently been
surnmarized for the San Francisco Bay region and south-
ern California by Harvey et al. (1982) and Zedler (1982},
respectively. Since any marsh planting may be consid-
ered experimental due to a lack of experience with large
scale restorations, we expect that monitoring programs
will provide new information on successful technigues in
establishing wetland vegetation.

Table 1: Restoration projects for San Francisco Bay listed by
DRrious reporls.
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32

Yudelson &
Tallant, 1976

Mann Country
[Zav Schoal
Muzzi

Martines Waste-

waler
Creekside I'ark
Alameda Creek
Marsh Road
Bav Front

Palo Alto

Flood Basin

SF Bay Res.
Center

Anza Pacific
Lagoon

Jones & Stokes Harveyctal
el 1979 1981
Yarin Countny -
Lray school
Muzzi Muzzi
Creekside Park Creekside Park
Alameda Creek -—
Bay Bridge —
Approach
TFaber Tract Faber Tract
Pond 3 Pond 3
Westside, -
Alameda s,
Green Bay -
[*inole, Foster —
City, Nwk.
— Mill Vly Middle
— Schoal

— Palo Alte Lagoon
— Johnson Landing

- Palo Alto
Flood Basin

BCDC unpubl.
survey, 1987

Larkspur Ferry
Terminal

Marsh Rd.
Sanitary Ldf]

Pale Alto Yacht
Harbor

Coyote Hilis
Slough

Dumbarton
Bridge

Point Edith

San Pedro Cove
Vallejo Mini
Property
Benicia Marina
North Harbor
Basin
Charteston
Slough

Deak Oifice Park
Shoreline Center

Not Jisted else-
whete or

synonyms

Mt View

Greenwood Bay

Bank Stabiliza-
aon

Hayward
Regional Shin.

Napa River marsh

Inner Harbor
Basin

Martinez Wharf
Suisun marsh
Bair Istand
Village Shopping
Center
Ravenswood
Triangle
Alameda Fld Cd

Coyole Hills
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PRCOJECT NAME

DATE

LOCATION

ORGANIZAT ION

Ban Stablization
Study using
Spartina foliosa

Marin Country Day
School

Bay Bridge Approach,
Cakland

Anza Pacific Lagoon
Alameda Creek Channel,
Newark
San Diego River
Flood Control Channel

Tijuana Estuary Lagoon

San Diego Bay
Wildlife Reserve

Mugu Lagoon

5/76 - 1/7H

1974

1569-71

1974

1974-76

1979

1979

1981

1981

Point Pinole,
Foster (ity,
Alameda Flood
Control Channel,
San Francisco
Bay

Marin Cty.

Qakland,
Alameda Cty.

Burlingame,
San Mateo Cry.

Alameda Cty.

San Diego,
San Diego Cty,

San Diego Cty.

Chula Vista,
San Diego Cty.

Pacific Missle
Test Center,
Ventura Cry.

San l'rancisco
Bay Marine
Research Center
(G. Kewcombe)

Madrone assoc.
(P. Faber)

S5an Jose State
{H.T. Harvey)

San Jose State
{H.T. Harvey)

S5an Jose State
(HE.T. Harvey)

San Diego State
(J. Zedler)

san Diego State
(J. Zedler)

San Diego State

U.S. Navy
(Ron Dow)
USFWS
(John Wolf)

.

Table 2: Lxperimental plantings in Californta wetiands.
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SFECIES PLANTED

REPORTS

REMARKS

Spartina folicsa: Seeds,
Sprigs, Plugs, and Blo-
canstructs

Spartina foliosa: Flugs

Spartina foliosa

Spartina foliosa

Spartina foliosa

Spartina foliosa: Sprigs;
conpetition/ grazer ma-
nipulation

Spartina foliosa

Spartina foliosa
Salicornia virginica
Suaeda fruticosa
Salicornia bigelovii
Batis maritima

Zostera marins

Newcombe et al. (1979}
&
Newcombe {1978}

Kingsley and Boerger
(1976)

Zedler (1981a)
&
Zedler {1981b)

Zedler (1981ic)

SDUPD (1981)

Test of various means to control
erocsion by vegetation,

Planting was done by students;
pilot work for Muzzi Marsh.

Determine limiting factors for
successful transplantation.

Factors controlling distribution
of Spartina.

Pilot plantings on dredge spoils.

Transplantation to area previously
degraded.
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l OBIECTIVES
€I . - T —
PROJECT DATE el LOCATION SIZE PERMIT \.-\v\ .
NAME CONST'D 3%’ (4} ?;h&@&%
bt oS
[= 1] q'w-‘- o . (‘},‘\
E 3 S AT o
a a8
B < ‘cwdb‘?\go'p\ %“’% :@
]
I
. i
Doolitrle Pond 1980 fuls] Oakland, lB BCDE ® [ ¥
Alameda Cty. (13-77)
Charleston Slough 1981 TG Mt, View, 110 BCDC .i. o0
Santa Clars Cry (2-78)
Park Street 1979 DB Huaboldt Cey, 5.5 ® ®® o,
Space
Palo alto L1981 16 Palo alto, 525 ®
Fluod Basin Santa Clara Ciy |
f
Eik Hiver 1980 DR Eureka, 20 .'. ®| Open
Humbolde Cty, i Space
Suiaun 1979. | 16 Solaho Cry. 550 BCBC ® L
19K0 (M76-144)
Mugu Lagooun 1977- | DB Pacific Missle 275 ACE e
1979 Test Center,
Ventura Cey
Port Chicego 1980- | pB Naval Weapons 325 ACE | Mosquito
1981 Station, Port (13014-59) Control
Chicago

Table 3: Wetland evhancement Profects inpolving dike
bmudlmf and/or comstruction of heat
sts clude both actual and estimat

ales and culverts. Total
cosls for planning,

design, comstrichion, planting and management. in mmy oases,
planning and munsgement costs are borne by public agencies.
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FLANNT NG

East ey KRep.
Park Dist.

Heth and Going,
Inc.

Wineler & Kelly,
Engineers

CALTRANE

Califormia Dept.
Fish and Game

U.S. Figh and
Wildlife Service

USFWS, U.S. Navy,
ACE

PR IMARY
RESULRLE
INDIV1DU AL

HARITATS
CREATED

PROJECT
MONITORING

REMARK S

Faul Lovel,
Native Plant
Society

Ricliard Haughey,i

DPW, Mt, View

Paul Springer,
Koper Rarnmhart,
Humbole State
University

Emy Chan, AFAG

Dana Base,
Joe Thorne,
CALTRANS

HSU:

Dennis Becker,
California Dept.
Fish and Game

Ron Dow, 11.5.
Havy

Deve Sikes,
1.5, Navy

TOTAL
COSTS
wu)
A Lo
AR N
& €§ & o Q}
o L7 g,
&\:—-}'\?gé&/
L I X B
i
i
o oo | w
i
® ® 8
L ] L
® L J
!
500
] L 250
® L 14

No fermal plan.

Beging 7/84; every 3
years for @ yvears.,
Monitor vegetatiun and
tidal fluctuation,

Extensive monitoring
by staff ar Humboldt.
Funded by HSU, USEWS,
and Sea Grant,

Dana Base: birds;
Mark Stopher, Gail
Newton: vegetation

Ne formal plan,
Natural colonization
expected,

No formal plan

Site included in ¥.S,
Navy Natural Resource
Survey.

Dredge spoils used to
create iglands.

Mitigation for Woodley
island Marina.

Of total, 170 acres
completad.

Increased tidal act-
ivity by replacing
roadfill with bridge.

Mitigation for dredge
spofils disposal; two
Birtes in project-P161
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Diked lands containing wetland vegetation can
be restored to complete or partial fidal flows as & means of
restoring these areas to their former state. The increased
tidal action usually results in the re-establishment of
natural intertidal zonation patterns. We have hsted eight
projects, ranginyg in size from 10 to 525 acres (Table 3).
Because most of these projects were designed to improve
circulabion in areas where wetlands were stil present,
only minimal munitoring has been conducted except for
the Park Street project in Humboldt County. The Palo
Alta Flood Basin is a multipurpose project Lo create wet-
land habitat and tocontroband partially treat urban nunof!
(ABAG, 1979). The cost of these projects varies consider-
ably, but are fess than projects involving major earthwork
orexcavation {see Table 4). The construction of tide gates
and uther water control structures make up the largest
proportion of the cost,

Muost restoration projects involve changes in the sub-
strate of the site privr to re-cstablishment of tidal flows
(Table 4). Ground subsidence and erosion of land behind
dikes reguires till to recreate elevations suitable for marsh
plants. On the other hand, sedimentation or fill on former
tide lands necessitates the construction of channels and?
or embavments to testore imtectidal habitat. Onee new
land contours have been established, marsh planting is
often undertaken to sccelerate the regrowth of wetland
vegetation. These projects require extensive engineering
plans, careful biological considerativns, and large bud-
gets. Because of the costs, they are usually funded by
public agencies as part of a mitigation plan for public
facilities, i v. harbor dredging to create open space and
public access to the shore. The documentation on these
projects is extensive and includes feasibility studies, im-
pact statements, permit recommendations, and technical
reports on specific aspects. Unfortunately, most docu-
ments ate of limited distribution and quickly lost in amass
of literature. it is usually necessary to contact the indi-
viduals directly involved in supervising ar planning the

project (Table 5).

Recommendations

In reviewing the literature and through discussions
with resource individuals, we discovered two major
weaknesses in the planning process. First, the objectives
of a project are usually very general and not stated clearly
in the planning documents. Most frequently, mitigation
or creation of wildlife habitat are the stated objectives.
Aside from describing attributes of wetiand habitats, litle
effort is focused on the specific needs of the area and the
reasons for creating mudflats, ponds, or upland vegeta-

Table 4: Wetland restorations involiring major substrate
alterations. Dale of construction refers Io initial construction
detivity . Ohbjectives determined from permit or planning
documents. Additional reports refer to documents separate from
imitial planning and EIR reports. Tokal costs include both actual
and estimated for planning, design, construction, planting, and
romitgring . In-house costs borne by goverrment agencies and
land acquiisition osts not mcluded
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tion. Whereas the engineer has formulas to calvulate
flows and tidal heights, the ecologist has not develuped
similar eniteria to evaluate the size and contiguration of
specific habitats. The result is a plan develuped to meet
engineening criteria and not ecolugical function. Secund,
project monitoring should be included at the planning
stage so that funds and personnel can be dedicated to
evaluating the success of the project. Restoring a major
ecosysterm is not a simple task, but requires careful obser-
vation once construction is completed and tdal action
restored. We found that monitoring was usually given
tow priority and often not considered until after the pro-
Ject was completed. Onlv one project, Muzzi marsh, had a
monHorng program longer than two vears. [t is essential
te assure the publc that its money is well spent and to
improve on future projects that more effort be placed on

monitoring.

We also feel that greater effort should be made by the
permitting agencies to develop standard repartig, f():-m;,
for their projects. There is a wealth of information Ok
tained in documents and permit applications filed during
the planning process which are invaluable 1o other agen-
cies, It seems cach new project “rinvents the whegl”
instead of building on past documentation. Careful cost
analysis would also be useful to those planning new pro-
jects. We recognize that complex acquisition scheines and
site specific problems make each project ditterent, but at
present a great deal can be learned from past experence.
Both this paper and the workshop were planned to in-
itiate 4 more concerted effort 1o bring together rieeded
data to improve the planning, implementation, and suc-
cess of wetland restoration,

Table 5: Nawnes unad uddresses of prmary resource indieiduats Hsted in Tables 3 and 4 for various welland restoration and eniancemen ¢

projiects.
Barnhart, Ruger Demgen, Fran
Cal. Cooperative Research Unit Demgen Aquatic Biology
Humboldt State University 118 Mississippi Street
Arcata, CA 95521 Vallejo, CA 545%0
Base, Dana Dow, Ron
2128 Quaker Street Point Mugu Naval Air Station
Eureka, CA 95511 Code 6230-2
Becker, Dennis Point Mugu, CA 93042
Cal. Dept. Fish and Game Firle, Tomas
IO Box 47 San Diego Unified Port District
Yountville, CA 94595 PO Box 488
Belluomini, Linda San Diego, CA 92112
Base Director of Natural Resources Harvey, H. Thomas
Marine Corps Base Department of Biological Sciences
Camp Pendleton, CA 92055 5an Jose State University
Carter, Ralf San Jose, CA 95192
Tideline Marine Co. Haughey, Richard
2130 Madeline Department of Public Works
Oakland, CA 3462 City of Moun tain View
Chan, Emy Mountain View, CA 9440
Assoc. Bay Area Covemments Holmberg, Ray
Hotel Claremont Department of Public Works
Berkeley, CA 94705 County of Santa Cruz
Chacmiey, Tt s Santa Cruz, CA %5061
Seal Beach National Wildlife Refuge Klopp, Frank
Box 219 Dept. Public Works
Delano, CA 93216 736 F Street
well, Howard Arcata, CA 95521
Biological Scietces Krutson, Paul
California State University Coastal E',-,gjnﬁ ;
Hayward, CA 94542 Kmﬁnan Bm]adn:glgges Center
Covel, Paul Ft. Belvoir, VA 22060
Cal. Native Plant Society
2380 Ellsworth Street
Berkeley, CA 94704

Koos, Peter

East Bay Regionat Park District
11500 Skyline Blvd.

Oakland, CA 34619

Lauppe, Earl

Cal. Dept. Fish and Game
350 Golden Shore

Long Beach, CA 90802

Novick, Harold

Cal. Dept. Fish and Came
B671 Viceroy Circle
Huntington Beach, CA 92647

Pierce, Herb
Cal. Dept. Fish and Game
Eureka, CA 95501

Rexrode, Gene
GGBHID Box 9000
Presidio Station

San Francisco, CA 94129

Sikes, David

Concord Naval Weapons Station
Public Works Engineer
Concord, CA 94524

Springer, Paul

ildlife Research Center
US Fish and Wildlife Service
Humbolds State University
Arcata, CA 95521

Wilcox, Carl

Cal. Dept.Fish and Game
1013 W. Bay Avenue
Newport Beach, CA 92661

Wittenkefler, Brian
69 Lincoln Avenue
San Anselmo, CA 94960




An Inventory of California
Coastal Wetlands with a
Potential for Restoration
and Enhancement

Susa Gates, State Coastal Conseroancy, Oakland, CA

Preface

paring an inventory of coastal wetlands jointly with

the Department of Fish and Game (DFG). The in-
ventory was to be based on a preliminary survey com-
pleted by the State Coastal Conservancy with the assist-
ance of the DFG wetland staff (State Coastal Conservancy
1980}. It was intended that this survey would be refined
and include detailed descriptions of individuat wetland
habitat types, restoration and enhancement needs, and
habitat maps. Due to budget cuts, the inventory was
discontinued by both agencies. The importance of a com-
prehensive inventory of potential coastal wetland restora-
tion needs will hopefully prevail allowing the continua-
tion of the inventory in the future.

I n late 1941, the State Coastal Conservanry was pre-

Introduction

An assessment of the coastal and San Frandsco Bay
wetland resources is critical in focusing institutional, politi-
cal, and financial resources on those wetiands needing
restoration. The goal to maintain and restore the remaining,
habitats while retaining the diversity of wetland habitats
can only be achieved if those institutions and individuals
concerned with natural resource protection, are aware af
the wetland sites where the habitat value is diminishing
or currently have high wildlife value and therefore de-
serve special protection. This paper defines **potential for
~.,restoration” in two ways. The first definition is an identi-
fication of those wetlands which due to artificial modifica-
tions, high floral or faunal value, or other unique attri-
butes, have a higher priority for preservation and restora-
tion (Table 1}. These wetlands should have a greater po-
tential for restoration because of the special biological
importance and/or critical threat that has been identified
for these sites, However, this analysis is not meant to
imply that 1) other wetlands should or will be excluded
because they are not identified in the existing survey, 2)
any of the surveys are definitive, for many wetlands there

is little information on the quality and type of environ-
mental resources.

The second definition used to describe wetlands with
a “‘potential for restoration” reters to those projects (as of
July 1, 19821 which are being planned by an agency/orga-
mization where restoration is imminent (Table 2). Many of
these agencies/organizations are obtaining permits, final
enginecring drawings, or other requirements necessary
ior project construction. Clearly these projects have a very
high potential for restorabion.

The first section of the paper presents a compilation
of wetlands requiring restoration. In the second section, a
list of projects under active planning is given. In the final
section, various projects which mav receive funding pre-
ference are described, i.e. wetlands that fall into these
categories are more likely to be restored due to current
institutional or political funding prionities.

Wetlands Identified for Preservation and
Enhancement

Substantial portions of many wetland systems, and
in a few cases, entire wetland systems have been de-
stroyed. Many of the remnant systems are subject to
ongoing artificial disturbances which have diminished or
are threatening unique wildlife vaiues. It has been sug-
gested that an evaluation of disturbed and modified wet-
lands should distinguish between alterations that have
resulted from natural causes and those accelerated by
man-made influences. Unfortunately, such a distinchon
is not easy. Certain impacts such as sedimentation are
difficult 10 distinguish between natural and man-made
causes because little documentation is available on
natural geologic processes within specific wetland sys-
terns. Secondly, wetland dynamics which would have
accommodated natural alterations have been disrupted.
The diminished capacity of the wetland system to re-
spond to detrimentat conditions, either natural or man-
made, may make it more difficult for a system to recover.
Largely due to the lack of consistent site-by-side data, thas
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paper combines natural and man-made alterations in
their cffect of degrading wetlands,

The four surveys given below were used to identify
wetlands with a patential for preservation and enhance-
ment among the 130 identificd wetlands on the coast and
in 5an Francisco Bay. Current efforts in wetland restora-
tion will improve the status of several wetlands and more
wetland systems should be added to the list. Several
wetlands have been identified only tor acquisition. These
wetlands are included in the matrix because 1) the abjec-
tive of several SUFVEYs was to prepare an acquisition prior-
1ty list with a subsequent assessment of restoration needs
and 2) valuable wetlands already in public uwnership
have a greater potential tor restoration than wetlands
where acquisition is necessary.

A survey undertahen by the Coastal Conservancy
(1980) dentified those wetland systems that had been
artificialy imparred and required enhancement. At this

Table i: L&t of putentuat acequdsitin or resturalion progects
for swethond hatvtats i Calttora. Abrrviatio.. R -
recomimended Jor vesforabion A renmmennded tor
acquasition, I'-—a privete owngrstip, PL - publiy
aeriership, P2 PU — in partial procate and public ownersip;
U—minership wosknows at s ipme.

time, about 44 percent of the remnant couastal wetlands
have been so severely disturbed and impaired that they
need restoration. These wetlands have been disturbed by
land use and management conflicts with the natural pro-
cesses of the wetland. The criteria used to select wetland
areas where restoraton is both possible and desirable
wete based un the type and degrev of artiticial alteration
that affected the habitat including:

L Reshaping of coastal water basins by channelication
and dredging for harbors, ports and marinas,
Diking of wellands.

. Filling of wetlands.
Restriction of tidal flow by roads, railroad CTOSSiNg,
channels or other structures in the wetland,
Reduction of tidal flow by roads, railroad CPUSSINGS,
channels or other structures in the wetland.
Water pallution from point and non-point spurces.
- Accelerated sedimentation.
- Excessive human use of the wetland,
Degradation or foss of supporting upland vegeta-
tion .
From the criteria enumerated above, it is clear that
many problems atfecting coastal wetlands are not unigue
toan individual wetland system. Typically, wetland mod-
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ifications are the result ot a single land use contlict or a
combination of land use conflicts, ... timber harvest,
urban development. Frequently, these conflicks oceur
throughout a region rather than occurring as specific
problems to individual wetland systems. Major statewide
threats to wethands also vccur such as water diversion.

In 1979, the UG, Fish and Wildlifle Service {FWS)
prepared the Comapt Plan for Wekeroy Waterpmed Habiial
Preserattion in which 23 wetlands were identified that
required preservation and restoration. The report sur-
veyed important habitats for wintering watertowl that
were presently unprotected, tidal wetlands, and habitats
that were unigue or sepported endangered specics.

The Department of Fish and Game (1970} has identi-
fied 19 wetlands in the report, Acguisttion Prioritics for the
Coastal WeHands ot Californtia. These wetlands were listed
because they represented several wetlands with high
resource values that were threatened. The DEG also
wrote in-depth reports on 20 coastal wetlands (DFG.
1970-8). The wetland series (¢c.x. The Nafural Resources af
Morro Bay) identitied the restoration needs of each
system.

The LSFWS {1980) identified 7 coastal or Bay wetland
areas that needed to be preserved because of their high

floral and faunal value and the threatened status. Criteria
far selection uf these arcas werc:
1. the full compliment of animals, plans and physical
features thought to represent an ecosystern.
2. Areas where sensitive species shll occur and are
concentrated.
These surveys have been compiled in a matrix (Table
1) to give the reader an overview of those wetland arcas
which have bevn identified as needing preservation
through acquisition or regulation and/or enhancement to
protect ur restore resource values. Information is also
indicated to distinguish if the wetland is in public or
private ownership.

Current Wetland Enhancement Projects

Several projects are underway to protect and en-
hance wetlands {lable 2). Several of these projects are
primarily acquisition or dedication projects to protect the
habitat or preserve the opportunity for restoration in the
future. Cther projects have restoratien or enhancerment
plans being developed to restore wetlands on public or
private lands to be acquired or dedicated to a public
agency.
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Wetlands with Future Restoration
Potential

The majority of tuture wetland restoration projects
will fall under one of the fullowing categories. In the
future, fewer projects will be partiaily funded by the local
government as San Elijo Lagoen restorabon has been,
Even fewer wetlands will by restored by hustling money,
government manpower. colleagues and friends as the
current pilot restoration project n Elkhorn Slough. Sev-
eral restoration prowdts will be the result of mitigation for
development permits. Projects which have multiple val-
ues such as protecting wildlife respurces and providing
wastewater treatment or providing aquacultute faclities
will have wider appeal and provide greater incentive to be
planned and funded.

Listed below are evamples of onguing projects or
dentitied pontentl restoration projects which fit under
une of these calegones. Severat of these wetlands are not
indicated on the surveve as wetlands in need of restora-
tiun, but have a greater putential of beiing restored be-
cause of secondary values such as wastewater treatment.

* Mitigation for a development permit
Ormand Beach marshes
Seal Beach Wetlands
Ballona Wetlands
Bulsa Chica Wetla mds
Los Coerritos Wetlands
¢ Landbanking and enhancenment
Bracut marsh
Belmunt Keyes
Pt Edith, San Franciseo Bay
» Waste water treatment and wetland enha ncement
Batiquitus Lagoon
San Joaquin Marsh
Salinas River
Andree Clark Berd Refuge
¢ Floud Contro) projects and wetland enhancement
Santa Ana River Mouth
Klamath River estuary
Campinteria Marsh
Smith River estuary
* Harbor dredging
Bodega Harbor
Moo Bay
& Aquaculture
Arcata Freshwater Marsh
Tomales Bay
Elkhorn Slough
# Grants to implement the LCP
Carpinteria Marsh {Ash Street Marsh)
# Potential park development area
McCrath Lake
Big Lagoon
& Local land trusts for wetland enhancement
Antonelli Pond
Buena Vista Lagoun
Tijuana Estuary

Conclusions and Recommendations

Wetland restoration goals have been defined by bio-
geographical regions along the coast (Zentner, 1982). 1t
may also be useful for wetland restoration experts to view
restorations and management problems from a region-
wide perspective. The objective of viewing restoration
problems from a regional perspective would be to provide
a broader perspective for developing and combining
problem solving techniques and strategies (e, timber
harvesting near wetlands in the north coast to control
erosion or highway reconstruction plans in the central
coast to improve circulation. )

Many problems that need to be addressed in order to
restore wetlands are broader regional problems. Restora-
tion regions could be defined by the mayor tactars causing
wetland degradation. the tvpes and intensity of sur-
rounding land uses and the future potential for wetland
restoration. Clearly. along the coast there is considerable
variation in the predominate land use types and their
concentration in certain areas, for example, 1 .os Angeles/
Orange Counties vs. Del Norte/Humboldt: Mendocine
Counties. Each region demonstrates common manage-
ment problems that have resulted in many of the restora-
hon needs.

There are also apparent areas with greater potential
for change in the land use tvpes. The most critical land use
that negatively affects wetlands is intensive urban de-
velopment because it results notonly ina variety of detri-
mental environmental impacts but is also a long term
commitrment of the resources which translates into a lost
opportunity for wetland restoration. For example, rela-
tively little change would be expected in the land uses in
coastal Los Angeles County because it 1s totaily urban-
ized. Similarly, significant increases in urban develop-
ment and loss of wetland restoration opportunities in
Humboldt County would not be expected in the near
future because of the depressed regional economy. How-
ever, sections of the Santa Cruz County coastline have
tremendous urban development potential, therefore, gre-
ater risk of losing restoration opportunities.

Although ongoing degradation uf wetland habitat is
a critical concern, the diminishing opportunity to restore
the habitat is even more impartant in some regions. In
several areas along the coast, there is little remaining
Opportunity to restore even the semi-typical wetland svs-
tem for that biogeographicat region. In Los Angeles and
Orange Counties, most opportunities for wetland resto-
ration have been lost because of the long term commit-
ment of the historic wetland to building pads. In the north
<oast, where many wetlands continue to be used for ag-
ricultural production, the opportunity to restore the his-
toric wetland habitat may still exist because no irreversible
commitment of the resource has been made. In the San
Diego County area, a few opportunities remain to expand
the wetland, but intensive urban development pressure

Table 2. Status and future actions on
wetland restoration projects in Califormia.
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COASTAL WETLANDS

PROJECT PROJECT DESCRIPTION AGENCY PROJECT STATUS FUTURE ACTIONS
Lake Eari/ Compiete acquisition uf Lake Earl/Tawala WCB Negohating for addi-  Unknown
Tawala, Del Norte riomal land acquisition
MeDonald Creek  Restoratios ot siparian segetation by acguisiion SCC In review process Implementation in
HHamboldt of 3 conservation easernent, planting npatian November 1982
specivs, and tencing the area
Dry Laguon/ Complete acquisitions at Big Lagoon DEG Acquisition complete  Develop general plan
Big Lagouon/ i January tor all three lagoons
Stone Lagoon 1982 including restoration
Humboldt as necessary
Elk River Elk River Restoration Plan—Restaration as part  City of In review process Restoration antici-
Humboldt of @ wastewater treatment project which allows  Eurekar pated in next few years
expansion of the Eureka sewage treatment plant - DFG
Tomales Bay Funding to rn a senes of citizens workshops sCC I review prodess Implementation in
Marin tr develop a walershed management program November 1982
Pescadero Acguisition of additional wetland areas in DEG Negotating the Unknown
Marsh private ownership acquisition
San Mateo
Wilder Creck Llesignation of the creek already in public DFG Negotiating the Nevelop park
Santa Cruz ownership as a nature preserve {or snowy acquisition facilities
plover neshng. Acquisition of uplands around
creek.
Hills Ranch Dedication of an easement to protect fipanian sCC To be completed None
vegetation as part of a coastal permit
Laguna Grande/  Watershed management and park Citiesof Developing the plan  Plan completion and
Roberts Lake improvement/wetland restoration plan Morniterey implementation
Monterey & Seaside
Elkharn Sleugh (a) Acquisition of additional uplands DFG Negohating the Inclusion in the
Munterey surrcunding the estuary as part of the acquisition sanctuary
estuarine sanctuary pragram
{b) Restoration and ongoing monitoring of 2 Research- Constructian started  Ongoing construc-
diked agricultural area ers at August 1981 tion and research
Moss
Landing
Marine
Labs
Watsonville/ Land dedication to protect wetland from NEG Negotiating the Unknown
Pajare Slough encroaching development dedication
Santa Cruz
1.ittle Sur Acquisition of the lower river and floodplain DFG Unknown Unknown
River and designation as a state reserve or
Maonterey natural preserve in State Park
Sweetsprings Dedication or bargain sale of the marsh SCC Negotiating the Development of a
Marsh and surrounding uplands acquisition restoration plan
San Luis Obispo
Pismo Lakeand  Lawsuit against upstream developers for DFG Ongoing Unknown
Ecological accurmulated sediments in Lake
Reserve
San Luis Obispo
Isla Vista Acquisition and enhancement of vernal pools SCC&  Plancompletedand  Implementation of
Vernal Pools, and development of an educational program 1sla Vista fundingallocated.  restoration plan.
Santa Barbara and systemn for future acquisition/ Parks & Land negotiations
dedication of vernal pools in the area Rec. in progress
Dept.
WCB — Wildlife Conservation Board CCC — California Coastal Comumnission ]
5CC — State Coastal Conservancy USFWS  —.S. Fish and Wildlife Service i
DFG — Department of Fish and Game

RWQCB  — Regional Water Quality Controd Saard
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Gates

PROJECT PROJECT DESCRIFTION AGENCY PROJECT STATUS FUTURE ACTIONS
Carpinteria ta} Flood control project which will dredge Sf)li Plans cump]eltpd but :‘\pph_ca_tion fur CCC
Mars channels and increase onser- subect o review Tt in the
h hannels and i C bj pe h
Sarita Barbara vation by CCC next few months
& Santa
Barbara
County
{b} Acyuisition and resturation of historic SCC Negutiating acquisi-  Completiun of a
welland tion and developing  restoration plan
plans
Devreux Slough  Kestoration including methods to periodically. LICSB, Developing the plan Unknown
Santa Barbara or permanentiy breach mouth and control DFG,
of upstream erasion USFWS
Goleta Slough Early planning stages of marsh restoration DFG, Under discussion Unknown
Santa Barbara vunsiderations and possible designation as an City of
Ecologcal Reserve Santa
Barbara,
SCC,
LCSB
tlid';rath Lake Acquivition of dunes and uplands around lake  DFG Fartially funded Unknown

entury
(‘ .}'.m'md Beach Rnt-slu_raiiun andd dedication as pad of a coastal l.and- Under discussion Application for

(L4110 ] peemat awnc;]‘ CCC permit

or public
agency
l\r:lup,u Lagoon Improvements to water airculation Navy, Restoration Plan Unknown
Ventura LSFWS  complete but not
funded
?Jihi: E:]ﬁ:mn Restoration and expansion of salt water marsh ~ DFC Restoration Plan Construction upon
o geles complete and resolution of
y funding availabte. lawsuit
Delayed due to
lawsuit.
Los Cerritoy Consolidation and enhancement of 130 acres SCC i i
: : Site plan Implementation of
Wetlands . P
L{:; A::g:le\' of scattered degraded wetland development a restoration plan
Cty. h as part of a devel-
opment permit in
the next 10-20 years
Scal Beach i . )
Wetlandds {'f:::gam“ of the scattered degraded wetlands ~ S(C Under review Site plan develop-
Orange Cty. ment and imple-
mentation
Anaheim Bay Resturation of historic wetland to tidal
' . marsh  USFWs i
Orange Cty. and improving circulation 10 existing wetland Under canstruction  Nore
Santa Ana Acquire the tidal salt marsh and imy '

; : ve water .
River Mouth drculation as mitigation for a flood ﬁmra COE Plan complete Implementation
Orange Cly. project will be at least

1986
UpperNewport R ion i i i -
Bay se?itr?':::) :n:;“f]lmimg dredging to remove DFG Man completeand  Unknown
Orange Cty. pstream sediment basins partially funded
Los Penasquitos  Develop plan to periodical .
ugm Iﬂg@:fl‘f)uth pe cally breach the SCC, De\,relopmg l.mplementaﬁon
San Diega Cty. Sandag  the plan Summer 1982
Buena Vista Development of a plan
to
Creek & the wetlands and : ; npreserve and enhance  SCC, Watershed manage- Implementation
" panian resources including ~ DFG
Lagoon legal instruments, a watershed t auent plan under of watershed
San Diego Cty plan, a financing pian and acquisition of way and restora- management plan
additional wetland devetopad. "8
Batiquitos Acquisition of additional )
wetland iy
WCB  Negotiating the Unknown
acquisition
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effluent as freshwater source

PROJECT PROJECT DESCRIPTION AGENCY PROJECT STATUS FUTURE ACTIONS
San L ,‘\.cgui.si_tin.n and re:aluralﬁo? b\ Tm‘ﬂlﬂl'l_f_i“g Ban Construction To be completed
Lagpoon hasins. installation of water control devices, Diego started Fall 1941 in 1982
San Diego Cty. supplementing freshwater with treated County,
waste water and dike construction DFG.
RWOCH
san Dieguito Acquisition and restoration af fresh and SO, Plan comaplite, implementation of
Lagoun tigldl saltwater marsh by dredping remaining City ot negohabing the part (if acquisitions
Gan Diego Cry. dikes, pumping groundwater DelMar.  acgquisibon are not successful)
DEG wr all of the plan
Famusa Slough Preparation of hvdrologic studies inorder to S0 Hyvdrologic study Determine method
San Diego Cty. prepare restora Hon plan Citw of tovstart in ’ to protect wetland
San l'ebruan through
Thepo
Tiajuana River Acquisition and implementation of the OCZM,  Land appraisals Land negohation
National Estuarine Sanctuary program for Tiajuana SCC, M Process and plans for inter-
Fstuarine Estuary including interpretive center oo pretive center
Sandtuary
San Diego Cty.
PROJECT PROJECT DESCRIPTION AGENCY PROJECT STATUS FUTURE ACTIONS
Marsh Rd. Performed in conjunction with  City ot Some regrading, Site to be restored
Baytront Park, sanitary land flL eventual Senlo Mark but no tidal adjacent to planned
San Mateo Cty. restoration of 130 acres activity; Bayiront Park
BCOH: 18-70
San Pedro Cove 1.5 acre mitigation for Private No work done; —
San Rafael, condominiums landowner BCDC: 27-77
Marin Civ.
Shoreline 0.1% acre mitigation for Private Entire project Mav not be
Center, construction of office complex  landowner delayed: completed
Marin Cty. BCDC: 35-7%
Village Shopping Mitigation tor shopping center; Private Planning Construction
Center, multiple use as flood basin: landow ner completed. anticipated in
Marin Cty. improve water quality, and 1982
create habitat. 34 acres
Covyote Hills Test facility to demonstrate ABAG Planning completed  Construction
marsh/treatment use of wetlands 1o treat {FI*A 208) in cooperation underway
facility, urban runoft with EBRPD
Alameda Cty.
Pt. Edith, Mitigation for fill; requires DFG, SLC Restoration not Will participate
Contra Costa restoration of 20 acres in begun; as part of larger
Cty. Carquinez Straits BCDC: 15-79 land bank
Ravenswood Mitigation for Dumbarton Mid-Peninsula 5350,000 allocated  Planning, permits,
Triangle, Bridpe construction. Open Space Dist. and implementation
San Mateo Cty.
Inner Harbor Involves dredging, dike- Richmond Planping completed  Construction in
Basin marsh, breach, and planting for Redevelopment BCDC: 11-78 conjunction with
Contra Custa Cry. a 4.03 acre restoration Agency marina development
Coyote Creek Mitigation for industrial Private Planning completed;  Project tobe
Slough, park to create 265 acre lagoon/  landowner BCDC: completed over
Alameda Cty. marsh system several years; initial
site to be used as
borrow pit.
Hayward fresh- Creation of 125 acre fresh- EBRPD Planningand Awaiting SCC
water marsh, water marsh on former salt permit process in funding and final
Alameda Cty. evaporators. Will use treated progress permits
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Panel Discussion

makes reservation of the land increasingly difficult. Com-
bining the criteria developed from the most significant
artificial causes of wetland degradation, existing land
uses, and areas where the opportunity for restoration may
be lost, regionwide problems become apparent. Land uses
adjacent to or in watersheds of wetlands such as: timber
harvesting, agricultural production, and urbanization
typically influence the wetland system resulting in slow

Panel Discussion

Eric Metz, California Coastal Commission,
San Francisco, CA:

To my knowledge, this paper is the first time any-
thing has been attempted to put together in one place a list
of all potential projects for wetlands, It's a very difficult
task because it involves both an accurate inventory of
potential and existing projects and inevitably involves the
question of restoration goals.

It’s difficult to think about how to restore an indiv-
idual wetland until you have a perspective about the
value of that region in relation to others and whether
there are any unique opportunities or special constraints.
I'd prefer to see the discussion focused on generic types of
wetland projects. For example, ones that require in-
creased tidal circulation, restore open water systems, or
create mudflats and why.

Secondly, I'd like to comment on the Coastal Act.
The Coastal Act specifically enumerates projects which
are allowed. Despite that constraint, there are some rela-
tively innovative ways in which a developer could seek to
restore degraded wetlands, as determined by Fish and
Game, as well as providing for some development. Susa
alluded to that when she mentioned the consclidation of
fill area and the philosophy that in degraded wetland
ecosystems, there may be certain areas which contain fill
that can be consolidated on one portion of the site for
development, and restoration of the remainder to
wetland.

The question that will always come to mind, and
where we're seeking guidance, is: what are the values on
site that we're trying to preserve? Secondly, is it possible,
and I think in most cases not, to assume that those values
can be transferred off the site. And that's where the re-
gional goals would be useful. It's difficult enough to at-
tempt to replicate what's on site much less thinking about
going off site. We have to be aware and careful that any
time were trying to play God with a natural system,
there’s bound to be trade-offs. The Coastal Commission is
seeking as precise guidance as possible in this regard.

Calvin Fong, U.S. Army Corps of Engineers,
San Francisco, CA:
I'm glad to see that there is a start in trying to in-

and sometimes subtle habitat or species loss. Protection of
the existing wetland area by regulation or acquisition will
not ensure that habitats will be provided for the Beldings
Savannah sparrow or the cinnamon teal in the future. [tis
critical that a simultaneous process be undertaken along
with habitat restoration to manage these sources of detri-
mental pacts.

ventory the coastal wetlands in California. Because the
paper is general, it's difficuit to give specific comments. [
would like to know the criteria that were used in coming
up with the list of 150 or so wetlands and how these
wetlands are degraded. Other than that, it’s very difficult
to argue with an inventory. You either add or delete from
the list based on the criteria used to create it. From the
Corps’ point of view, we can probably add to this list as a
result of our regulatory program.

Basically, we have two programs in the Corps. One is
the Water Resources Development Program which hand-
les our flood control and navigation missions. We also
have the Regulatory Program which deals with permits.
The other day I went through the list of the permits we've
issued in the last 12 months and I counted 25 restorative-
type projects the Corps is involved in through permit
actions. One is in Humboldt Bay and most are in the San
Francisco Bay ranging in size from 0.17 acres to several
hundred acres. The latter is about 290 or so acres in Frem-
ont, which Tom Harvey and Phil Williams have been
designing and developing. I think the Corps can help in
coming up with a more comprehensive list of the type of
wetlands being restored in California.

Felix E. Smith, U.S. Fish and Wildlife
Service, Sacramento, CA:

The first thing we should do is protect existing wet-
lands. Let’s not lose them in the first place. The next iterns
are what and when do we restore something? What do
you want to restore and what should it look like? For
example, should the restoration stress ecosystem devel-
opment or be aimed at the needs of selected species or a
group of species? After we have restored an area, the next
step would be to monitor what happens. Did the restora-
tion/development work produce the desired results? Did
the values, resources or uses occur in the area? In all too
many instances we have not adequately monitored the
final product over a long term.

As we restore marshlands, there are a couple of items
[ would like to stress in the area of environmental man-
agement. One is environmental safety factors. We don’t
seem to have the same safety factors in environmental
planning as we see the structural engineers using. They
build buildings, bridges, and highways with safety
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factors three, four ar more above the design tactor. Thisis
the engineering point of view. Tt also protects financial
investments, protects against the loss ot life and property,
and provides protection against unknown stresses. Inthe
environmental planning area, we don’t have safety fac-
tors, We must ncarporate satety faclors of similar con-
cepts into environmental land and water use planning.
This may be an area where consultants could do the job
better than the agencies. [F environmental safety lactors
are incorporated into planning, many of the concems
Susa was talking about regarding upland management
will be resolved.

Another tactor in environmental management is land
use practices. [ think most everyvone realizes that estuaries
or mouths of rivers or creeks are the sediment basins for
the total watershed, When sediment builds up at the
mouth of the river entering the open ocean, the actual
impacts of sediment deposition are masked by storms,
waves, currents. 1 Towever, it one looks at sediment build-
up in a confined embayment or lagoon, the impacts are
quite drastic. One only bas to touk at Big Lagoon in
Humboldt County or Upper Newport in Orange County
to see the impact of very poor land management prac-
tices. Not only can we all see that happened on a very
small scale, but I think the public and resource agencies
have a responsibility to point a finger at the responsible
party and request that corrective action be undertaken.

I would like to discuss a couple of wetland develop-
ment putentials, particularly around San Francisco Bay.
First, 15 the restoration of complete marshland ecosys-
tems. Some dredge spoil could be used in this effort. The
effort would not just develop wetlands, but build an eco-
system. For example, if we suddenly restored a salt evap-
oration pond to tidal action we would get more tide flat. 1
believe we should restore such areas ko a complex of open
water, channels, tide falts, marshlands and vegetated-
unvegetated uplands to provide habitat diversity. The
uplandsaround the Bay are a buffer zone. At the moment,
the only uplands around the Bay are debris and levees and
at high water everything comes crawling out looking for a
place to seek refuge from the rising water.

Another potential for marshland restoration is using
reclaimed urban wastewater. If we can find a way of using
such wastewater to develop wetlands within the concerns
of public health and vector control interests we can turn a
waste product and problem into a beneficial product and
use. [ also think using such wastewater can provide the
opportunity to undertake investigations to determine
other uses of this wastewater. For example, can we re-
store or recapture some of salmonid resource that has
been lost to water development both in the Coast Range
and in the Sierra? An integrated wastewater freatment
systern consisting of a traditional waste treatment piant
and a marsh ecosystern could benefit local communities,

meet waste management objectives, and provide open
space, wildlife, recreational opportunities, and natural
resource development.

| support the assessment idea of Susa Gates. [ believe
that with today's knowtedge, coupled with a little imagi-
nation and inventiveness, the preceding ideas for ecosys-
tem protection and wetland restoration are accornplish-
able. Thev can be modilied to fit the situation at hand.

Plarning rules to keep in mind: {1} assess what is
there; (2} protect the renewability of ecosystems; (3) stop,
reduce or caorrect activities which degrade system renewa-
bilitv; (4} restare degraded ecosystemns to some preceived
standard of renewability; (5) monitor what happens.

Robert Radovich, California Department
of Fish and Game, Sacramento, CA:

I want to emphasize that the Department did not
formally review the paper presented here today.

1 have a number of concerns regarding some of the
technical statements in the document and Lhave indicated
these to Susa Gates. Rather than enumerate all these
concerns | want toemphasize some significant omissions.

One is that the Department should be recognized as
the agency that is respensible for determining what wet-
lands are degraded, what wetlands are not degraded, and
whether restoration is feasible. The Department has nat,
nor does it intend to list all the wetlands which are discus-
sed today as degraded wetlands pursuant to the Coastal
Act. There are a number of reasons for that which revolve
around specific applications to certain sections of the
Coastal Act. Ancther item which needs clanficationis that
in addition to improving the aquatic portion of a wetland
system, it's necessary to maintain and improve upiand
values as well. Lastly, it's good and probably wise to
mention that wetlands, by their nature, are temporary in
their character. Under perfectly natural conditions, for
example, Los Penasquitos Lagoon has changed from a
deep water cmbayment to a relatively shallow wetland in
a couple hundred vears. The Spanish explorers indicated
that it was a deep water embayment, with lobster present,
and now it's essentially a high salt marsh. True, water-
shed development has resulted in increasing sedimenta-
Lion rates, buteven by the 1330's, the Penasquitos Lagoon
was well on its way to being a high to medium elevation
salt marsh. The point is that we can no longer allow cur
rivers towanderback and forth across flood plains, to fill
up a given wetland area and then wander north or south
and create another wetland area, as the Santa Ana River
and various other rivers have done in the past. We have
very finiie systems that we have to manage, and we have
to manage them sensitively. If we don’t we're going 0
lose them, especially in Southern California, in the next 50
years.
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Audience Participation

DR. JOY ZEDLER (San Diego State University): Al-
though the paper is general in its range of wetland
studies, it is very specific in the recommendations that
were made for individual wetiands and I think there
Reeds to be a rationale for each of the recommendations.
What do you fall back upon to tell us that every wetland
should have a mudflat, an upper marsh, or whatever?
Why should some wetlands have more tidal circulation?
We need more of a regional viewpoint and a discussion
within that region on which wetlands are most suitable,

SUSA GATES: The written Paper will include more
information on the regional problems and rationale for
saying that there needs to be watershed management or
greater circulation or whatever. It's also something that
would be interfaced with what John Zentmer will be pre-
senting as far as by geographical regions.

DR. JENS SORENSEN (Jens Sorensen and Associ-
ates): Has consideration been given to setting up some
Systematic information system given the fact we have af
least 110 coastal wetlands, depending on how you define
San Francisco Bay, plus a myriad of institutions, plus the
literature that's been developed, et cetera? One of the
problems we have is information overtoad and Baps in
the information source. We don’t have any systematic
framework for bringing that information together on an
interagency basis, to minimize duplication of effort and
focus our attentions more effectively and efficiently,

SUSA GATES: That is a good suggestion, if you can
set it up. At one point we did try to set up a systemn of
taking each wetland and developing a bibliography for it
and putting it on a computer, which as far as [ know has
never gotten off the ground. It was also a Very expensive
idea tu keep going.

PHYLLIS FABER (California Wetland Coalition): I
wonder how closely you're pursuing the local coastai
Pragrams as they are being developed, because there wilj
be opportunities for projects that should be included on
your list and then there would be a network to key into
those projects.

SUSA GATES: Yes. From this first-cut survey, we
wish to develop a more detailed inventory. It appears that
these wetlands really need restoration now butt not to the
exclusion of other wetlands—there may be other op-

portunities to restore a wetland through permits or the
LCP.

ERIC METZ: The Commission, is trying to come up
with some regional restoration goals, through the assist-
ance of all of you in reviewing John Zentner's paper. [f we
are able to establish some goals in which there is a degree
of consensus, I think that those could form a basis for
framing some potential projects.

JOHN ZENTNER (California Coastal Commissian):
I have a question for Mr. Radovich. Bob, 1 theught your

statement was very good in the sense it applied to inten-
sive management for the wetlands in the future. I think
we're essentially saying we're creating and managing
these wetlands but we're also creating separate parks in
the larger sense. That, to me, implies a lot of restora-
tion—and I hope, as | imagine you all do—we can get
the money. But if we are going to have a massive restora-
tion effort, your apening statement puzzled me because
you felt these wetiands were in no way degraded, 10 a
large extent. Could you expiain that a little further?

ROBERT RADOVICH: Yes, [eould. I'm saying that
some of the wetlands, not all of them, that were listed by
Susa have not been declared to be severely degraded nor
have they been identified a5 being degraded by the De-
partment. For instance, I don't think we call Upper New-
port Bay a severely degraded wetland, given the context
of the Coastal Act. You have to remember we're dealing
with the law. That was the point [ was making. I didn’t
want it construed by anyone that the Depariment views
degraded wetlands, in the same way Susa used the term.

SUSA GATES: Let me clarify that. Degradation as
defined by the Coastal Act has certain meanings in carry-
ing out projects and coastal permits. What | was discys-
sing are wetlands that are disturbed; that are being de-
graded, but not using the legal words.

DR. MARGARET RACE (Stanford University): is it
possible to incorporate within the area of management,
the idea of static versus dynamic nature of a marsh, Are
we restoring marshes to insure that there wiil be a marsh
there in perpetuity? Or are we managing these marshes
to allow for the dynamic Processes that go on? With that
in mind, your discussion of algae blooms or sedimenta-
tion as a disturbance may be better off put in a category of
aesthetics, Up to some point they are natural Processes,
Beyond that point, they tend to contribute to the degra-
dation of the marsh. Have you developed any criteria
that would allow you to distinguish between these two
categories of management?

SUSA GATES: That distinction was used to indjcate
that these Projects need restoration. Those in the North
Coast have timber harvesting which does increase the
accretion of sediments, Hopefully, I can clarify that in the
paper.

ALLEN PAKIN: Severa] times in your presentation
you suggested that marsh restoration needed manage-
ment of the watershed or changing of watershed land
use. Can you offer 3 Precedent for undertaking these
things and what laws enable you to do this and examples
where you have done it?

SUSA GATES: Santa Cruz County has a watershed
management program that regulates instream flows, that
has setbacks from the stream bed ttself, that deals with
actually replanting some of the restoration area. Also, on
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the San Lorenso River there are a number of dams and
partof the watershed management program regulates the
release of the water. So there are programs that do take a
comprehensive look at watershed management.

1 agree it's ditficult. In those arcas around Big La-
goon, the watershed needs to be addressed in order to
maintain the lagoon. If vou are going to restore that and
vou don't address the watershed problems, then vou are
tooking at the need to restore itagain in 50 years.

CINDY RICKS (Redwood National Park): f have
something to add about this problem of watershed sedi-
mentation and what's a natural rate and what is obvi-
ously an increased rate. 1 think that in some areas you
might have an increase of sedimentation, but the sedi-
ment does not reside in the estuary or marshland. 5o you
really dohave to make a distinction. In the areal waork in,
increased sedimentation is not sediment coming down
out of the basin, but it has more to do with the marine
conditions at the time of the flood. [t also has to do with
where the channel goes across the fload line. 1 don’t
think you can say the whole North Coast is impacted by
timber harvesting. Could 1 make one other guestion to
Calvin? Do you have a problem with the difference in
your two divisions—you have one that's responsible for

flood control and one that’s responsible for permitting.
On one hand you have people that want to restore ripa-
rian vegetation and on the other hand you have peaple
that want to dp the vegetation gul to mantain flood
control.

CALVIN FONG: Well, as far as our flood control
projects are concerned, | think 1 can safely way, as a
general statement for the Corps of Engineers, that any
fiood control prowect under planning now, or even begin-
ning to get into vonstruction, will have mitgation for
altered habitats as a resudt of the planning process and
large input from the vanous fish and wildlife agencies.
These mitigations would include some kind of enhande-
ment or restoration projects.

As tar as the coast of Califtorma, | can think of two—
both in Southern California—one, the Sweetwater River
Flood Control Channel and the Santa Ana River Flood
Control Channel. Both involve alteraton of some wet-
lands and as a result there is mitigation, which encompas-
ses enhancement. So [ think within the last ten vears Or
so, the Corps agrees that riparian areas are certainly sensi-
tive areas, part of the averall ecosvstem, and should be
maintained.







Development of Regional
Wetland Restoration Goals:
Coastal Wetlands

John Zentner, California Coastal Conmuission, San Francisco, CA

Introduction
Wetlands and Restoration in
California’s Coastal Zone

ing San Francisco Bay) covered about 381,000 acres

(US FWS 1979). Today, the same area contains
about 105,000 acres (ibid). Southern California has seen
the greatest reduction; only about 25 percent of the coastal
wetland acreage which existed in 1900 remains today. In
addition, of the presently remaining state coastal wet-
lands acreage, 62 percent has been subjected to “severe
damage” (California Coastal Zone Conservation Com-
mission 1975).

Respanding to this loss, the Calitornia Legislature de-
clared, in the 1976 Coastal Act, that wetlands be restored
wherever feasible. The Legislature also resolved in 1979
that, within the next twenty years, an additional 50 per-
cent more wetlands should be created {Senate Concurrent
Resolution 29). Acordingly, many state and local agencies
and private interests are developing or planning, restora-
tion projects.

Unfortunately, wetland restoration is neither a simple
nor inexpensive process. The restoration of an 38-acre
portion of the San Dieguito Lagoon, for example, has
taken almost a decade of planning and preparation and
will cost almost $2 million, including acquisition costs
{State Coastal Conservancy 1982¢). Other restoration pro-
jects have similar costs in effort and money and have not
always been successful. Not surprisingly, a California
Coastal Commission (1982) report concluded that wet-
land restoration is presently *“‘more art than science.”

P ror to 1900, coastal wetlands in California (includ-

Wetland Restoration Goals

A preliminary examination of several restoration plans
q)mpleted in California indicates that one reason restora-
tion projects may be unsuccessful is that the restoration
goals are unrealistic. Goals statements are often either
conflicting or based on a poor understanding of wetland
f“nChf)ns. For example, one goal common to several re-
storation projeects is to “maximize habitat diversity.”
Project goals must, at least, specify the types and extent of

the different habitat types which are to be created. As
space and budgets are limited, goals development will
require trade-offs between different habitat types, £g., a
project cannot maximize cordgrass without losing an op-
portunity for more pickleweed. These kinds of dedsions
should be based on an understanding of what types of
habitat are necessary or desired in the restored wetland.
Therefore, a restoration plan must determine what types
and how much of particular habitats are most needed, or
valuable, for a particular restoration project.

An argument can be made that restoration goals should
duplicate the mix of habitats which characterized the wet-
lands of the past. Goals would be based on an analysis of
what had been on site previously and focus on re-creating
the former wetlands. In most cases this is not possible.
First, the acreage is not available as much of the California
coastline is developed. Secondly, the historic wetland
habstat mixes, drculation pattems or other characteristics
are rarely known. Finally, the supplies of freshwater
which once made many areas, especially in southern Cali-
fornia, atiractive ta wildlife, have been diverted for other
uses.

However, even in cases where historic conditions can
be restored, it is not always considered desirable to re-
place the Jost wetland type, but instead to create another

pe of wetlands. The creation of salt marsh to replace
sub-tidal habitat has been suggested {Smith et al. 1975).
Econontics have also played an impartant role in deter-
mining the type of wetland to be restored. The high cost
of providing freshwater in some areas, coupled with the
expense of dredging and spoils disposal makes fresh-
water or subtidal/submerged wetlands expensive to cre-
ate and salt marsh creation more attractive.

Restoration Goals and Wetland Values

If the re-creation of filled wetlands is not always the
most desirable or feasible priority, it is necessary to de-
velopsmnestanda:dsorcrimiabywhid\mfotmm
tion goals. Generally, it has been accepted that coastal
wetlands have a set of values, wi each value defined 28
smnemmcmrisﬁcwi&lamogﬁwduﬁlﬂy,eiﬂ'mm
omkmmnmnk.m&uenenhmmddm—
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onstrated importance or utility, it seems logical that these
should determine the design of a restoration project. For
example, the idea that the high productivity of 5:.&|t
marshes is important to commercial fish and shellfish
stocks leads to proposals for the creation of salt marshes
{as opposed 1o the creation of mudflats) {LaRoe 19?4).
Values which have been given for coastal wetlar}ds inc-
lude high primary productivity, exceptional wildlife hab-
itat, nursery or breeding greund for commercially im-
portant fish and shellfish, natural {t.e. free) wastewater
treatment, flood control, shoreline protection, ground-
water recharge, and important social or cultural values
(Reppert et al. 1979, Conservation Foundation 1972).

This list of values is based on research done mostly on
the Atlantic Coast. Recent work on the Pacific Coast indi-
cates these values may not be applicable in the same way
to coastal California wetlands (Onuf of ¢f. 1978, Zedler ¢t
al. 1978). This paper will survey available research on
coastal wetlands in California {excluding those of San
Francisce Bay) and examine the above-noted values in
order to determine their validity as state-wide restoration
guals. Of course, as these values change over the coast-
line, then the restoration goals will change. Therefore,
this paper also includes a preliminary discussion of re-
giorial restoration goals. However, it is this author's opi-
nion that specific regional goals should be developed in
conjunction with local community support. State offices
can develop state-wide goals and gain a better under-
standing of state-wide needs bul restoration projects
must be lucally supported or no constituency will develop
for continued restoration and maintenance of existing
restoration. Therefore, these regianal guals are offered as
preliminary guides in the hopes that they can be a useful
starting point for further work.
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Wetland Values and Restoration Goals

A group of eight values are dited mpst often as repre-
senting the values of wetlands: high primary productiv-
ity, shoreline protection, wildlife habita, water purifica-

tion, groundwater recharge, flood protection, habitat for

commercially important fish and shellfish species. ang
cultural values which generally include recreation and
education. [n this first section, these values are discussed
and their relevance as restoration goals for California
coastal wetlands examined., Where these values are con.
sidered relevant, specific restoration goals are con.
sidered. These goals focus on the creation of specific
wetland types, that is, if the goal of enhancing marsh
vascular plant production is cansidered relevant, then the
appropriate restoration goal is the creation of high interti-
dal marsh areas.

Primary Productivity

Wetland primary producers generally have a high pro-
ductivity compared to other areas (Gosselink ef af, 1973).
Typical primary producers within a wetland include phy-
toplankton, such as free-floating diatoms and blue-green
algae; attached micro- and macro-algae, such as Enfero-
miorpha and Ulee; submergent vascular plants, such as
eelgrass; and emergent vascular plants, such as Sparting
and Salicormia.

Much of the research on wetland primary productivity
has been done on emergent vascular plants of the Atlantic
and Gulf Coasts. For example, Gosselink et al. (1973)
reported a range of 1000 to 3000 gCr’mzf'yr as conservative
estimates for primary productivity in Louisiana and
Georgia Spartina altemiflora marshes. Other reports (Kirby
and Gosselirtk 1976, Hopkinson ef al. 1978) confirm these
production rates. [’rimary production rates are not as well
studied at coastal California wetlands. Onuf ef al. (1978),
Winfield (1980), and Zedler et al. (1980), found that wet-
land vascular plants of southern and central California
generally had a lower primary productivity than wetland
vascular plants at a similar latitude on the Atlantic Coast.
T]}e_v reported productivity rates up to about 1000 gC
m*/yr. Zedler (1982) concluded that this relatively lower
productivity was due to the hypersaline soils present in
southern California marshes.

Primary production rates for non-vascular plants are
not well known for either Atlantic or Pacific Coast wet-
lands. Onufet al. (1978) and Zedler et al. (1980) found that
primary produchivity of epibenthic algae in southerm and
central California wetlands is apparently higher than al-
gae production on the Atlantic Coast wetlands. About
half of total marsh primary productivity in southern Cali-
fornia may be derived from attached algae (Zedler 1980).
Algae may be a higher quality food source than marsh
succulents {Zedler 1982).

The utilization of wetland primary production by wild-
life is uncertain, but can take place either by direct grazing
or by the breakdown of plant material by bacteria and
fungi to detritus which is then eaten by higher organisms.
Utilization by the grazing food chain has been discounted
in the past. Odum ¢t al. {1972) reported that, in Georgia,
direct grazing amounts to 5 percent of total salt marsh
Primary production. It has been accepted that the detri-
tal food chain is the most common energy pathway feed-
ing marsh wildlife. However, observations on the high
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primary and secondary productivity of nearshore waters
adjacent t0 coastal marshes kd to the additional theory
¢hat marsh delritus was exported from the marsh and
contributed signiﬁcant]y to nearshore production of fish
and shellfish (Teal 1962). This outward flux of marsh
detritus was labelled “outwelling” and efforts to deter-
mine the characteristics of this tlux focused on the move-
ment of carbon, nitrogen. and phosphorus from the
marsh to nearshore waters.

Summarizing two decades of research on marsh chemi-
cal fluxes, Nixon []98(‘.'_? reported that marshes could en-

rt 100 to 200 gC/m*/yr bui that there was oot clear
correlation between the nel aenal primary production of
marsh areas with this export figure. Further, when ex-
amining the open water of Chesapeake Bay, he found that
the exported organic carbon production fram marshes
ranged from 3.8 to 7.7 g(_}’mlf’yr of open water but that
phytoplankton production in the Bay ranged from &0 to
160 gC/ mzfyr, Therefore, the amount of carbon expurted
from the marsh to the open water of the Bay was minor
compared to the contribution by phytoplankton. This
observation is supported by Baines (1979}, who com-
pared 130,12¢ patios of suspended organic matter in es-
tuarine and nearshore waters with the 33 ratios of
marsh Sparting and marine phytoplankton. Her results
show that most (60 to 90 percent) of the organic carbon in
the nearshore and estuarine waters of Georgia come from
algal production, not from Spartima detritus. Other recent
data, from Tijuana Estuary, indicate that marshes can be
net importers of particulate carbon (Win tield 1980}, Clear-
Iy, the case for a significant export of organic carbon by
coastal marshes has not been established. In reviewing
the nitrogen flux {composed of particulate nitrogen. dis-
solved organic nitrogen, ammaonia, nitrite and nitrate),
Nixon (1980) found that marshes often import dissolved
oxidized nitrogen (nitrite and nitrate) and export dissol-
ved and particulate nitrogen in reduced forms. The mag-
nitude of that export, at least for Chesapeake Bay, was
determined 1o be less than 2 percent of estimated nitrogen
inputs from other sources, such as freshwater runoff and
wasteloadings. Although this may be an extreme €xam-
ple, it is possible in many cases that marsh nitrogen export
is “drowned” by the nitrogen exported from other
sources. Phosphorus, according to Nixon, showed some
export from marshes, but in very nunor amounts, on the
order of 0.4 to 1.8 ngmzlyr. Nixon concluded that the
high primary and secondary producrivity noted in near-
shore waters of the Atlantic Coast was fueled primarily by
nutrients derived from freshwater sources, not by “out-
welling” from coastal marshes. Further, he indicated that
each wetland system probably has its ow? unique nutr-
ent flux involving both import and export of these mate-
rials, a conclusion seconded by Winfiekd (pers- cornm. ).
. The primary productivity of wetlands, whether ornotit
is exported to nearshore waters, is still 2 major value
because of the relationship of that productivity to wildlife
activity within the wetland. Although compiete data are
limited, the work by the Los Angeles County Natural

History Museum (Scribaer 19791 i Rallona Lagoon ard
utheF research demuonsirates the largye numbers of species
and individuals which actively feed in wetlands on wet-
land-produced vascular and son-vaseular plants. How-
ever, primary productivity within coastal wetlands can
vary considerably. Seasonalhy closed wetlands, tor exam-
ple, may have highly variable productavity. Both Jedlerel
af L1980) and Eilers (19507 townd that loss of tidai Aushing
coutld inerease vascutar plant production in southem Cab-
formia if freshwater input were relatively nghe L Joss at
tdal flushing was tollowed by low treshwater inflow o
the wetland, however. marsh vascular plant production
could be lowered because of increased sl salinities.
Smart and Barko (197%) tound that salinity was a magwr
limiting tactar in marsh growth and Mall {14969 found that
vegetative production of Selwarni was drastically hmited
when svil salmitivs were over 70 ppt. The vanability of
primary production lrom ditterent habitat types and the
relative lack of data on nun-vascular preduction make
spedfic restoration goals for this value still a matter for
debate.

In the past. salt marsh restoraton has received alarge
amount of attentivn because of its high pnmary produc-
tivity and the supposed fink to secondary productivity
outside the marsh. This has rsulted in o great deal ot
research on the technical aspects of salt marsh cred tion,
especially on the East and Gult coasts (Garbisch ot al.
1977). 1t is possible that the availabuity of this technicat
research has also. in and of itselt, provided a rationale for
walt marsh creation, However, it the utilization of marsh
detrita! matter outside the wetland 15 5 unclear as present
data indicate, then restoration of salt marshes, as opposed
to restoring low intertidal areas, may be a misplaced
priority. The role of uther producers, especially aigae and
submergent vegetation, must be more closely examined.

Shoreline Protection

Wetlands may protect shorelines from erosion by the
ability of wetland plants to reduce wave energy. Wayne
{1975) found that different wetland plant species can re-
duce wave heights and energy. Teal and Teal (1969} com-
pared storm damage to areas with and without salt
marshes in England and concluded that the areas with salt
marshes received relatively less storm damage. Repperte!
al. (1979) state that the amount of shoreline protection
provided by a wetland depends upon the type of wetland
vegetation and its density, the width of the marsh, and
the fetch, or open water space adjacent to the marsh.
Dense shrub or arboreal plants in the marsh and a wide
marsh (greater than 200 yards) provide the greatest pro-
tection in regions of longest fetch (more than 5 miles).
Considering the character of coastal wetlands in Cali-
fornia, it seems reasonable to conclude that most coastal
California wetlands do not presently provide evena mod-
erate degree of open shoreline protection. They terdd to
have non-shrub vegetation of moderate density, RATOW
to moderate width, and are generally located in regicoms of
sedimentation as opposed to ercsion-prone onastiires.
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Wildlife Habitat

A wide vanety of wildlife species inbabit coastal
wetlands at one time or another For case of disqussion,
this part of the paper is divided into separate sections on
benthic invertebrates, Heh, waterbirds, and endangered
KPS Groups which are nat addressed include non-
benthie nvertebrates, mammals, and birds, such as the
red-winged blackberd or marsh hawk, which are not gen-
crally classed as waterbirds (woe Cogswell 1977) These
OFRATHSMS CARY, LT ST s, b impurtdnt components
of wetland cousystems, however, space and time lrmits
their incluswinin this paper

Benthe invertebrates plav a major role in wetlands in
& wide vanety of niches. Ricketts and Calvin [1968) state
that Pacitic Coast wellards are rather depauperate when
compared 1o casternnand Gult coast estuaries, They ate
the near-absence or absenve of estuanne fish, aysters,
Lirgze crabs, ar Lare prawns as evidenee for this proposi-
tum However, many mverlehrate species are obviously
well-adapted o the curvhaline ervironment of Paafic
wetlinds moading recrestionally important clams and
vrabs (Seapy 1981, Quammien [98)). Benthic inverte-
brates anc anunportant consideration in restoration goals
but the ringe ot habutats which can be colonized by in-
vertebrates makues the chowe ot a preferred habitat dif-
Heult. Low intertidal and shallow subtidal wetlands tend
to have the greatest number of species and individuals
(Brnght 1974, Onut pers. comim ). In contrast, small, sca-
sonally dosed or clired wetlands offer poor habitat for
maost invertebrates. A mix of fine and coarse sediments
with some organic matenal included provides the most
productive subsirate (Nvbhakken of ol 1977}

Providing tor mosguito control s alse an important
consideration for restoration propects, OF the eleven mos-
quity speows known trom southem Calitornia marshes,
only twe are fiund 10 manne systems. Of these two
spedies, only the black salt marsh mosquito is a potential
discase carrier (Cooper 1980). An estuarine system (mixed
fresh and saltwater) on the south coast will support three
discase carrying species while freshwater marshes may
support six potential cammer species. Even in freshwater
marshes, thuugh, mosquito growth may be controlled by
increasing the flushing in the system, deepening or elim-
inating shallow depressions, and controlling vegetative
growth (Goleta Valley Mosquito Abatement District
1978),

The value of coastal wetlands as habitat for fish dif-
fers significantly among, wetlands. This may be partiaily
due to real differences among wetlands as well as differ-
ences in the methods used to conduct fish surveys {(c f
Hom and Allen 1981). California wetlands which are non-
!?'dal or which are closed to the ocean for long periods of
time generally do not have a large role as fish habitat,
Mudie ¢! al. (1976) report 7 species of fish from two sea-
sonally closed wetiands in northern San Diego County
San Dieguito and Batiquitos La ich j i :

goons, which is typical for
these types of coastal wetlands,

Wetlands which have maintained constant tidal

flushing over a long penod of tme have the preatest
species abundance. Giguere of al. (1970} reported that
Balinas Bay contains 43 specivs of tishand Homand Allen
(1981) n_*pt-lrted the same number of species from Upper
Newport Bay. Not surprisingly, species abundance iy
likely to increase if seasonally closed wetlands are re-
stored to full Bdal contact. After 80 vears ot closure, the
tidal gates at Balsa Chica wetland in Orange Coowere
opened and fish spucies abundance moreased dramati
cally, trom three species to 14 species (Knaggs and Mall
1981, Novick pers. comm. ). A similar change occurred in
Los Penasquitos Lagoon where, prior to 1966, there was
little tidal contact and only five species of fish were known
to inhabit the lageon. After 1966, when fidal contact was
restored, 20 species of fish were found (Bollman 1975).

The rale of coastal wetlands in the life cycles of most
of these fish is uncertain. Some species, such as the Cali-
fornia killifish, topsmelt, gobies and the stagham sculpin,
appear to be year-round residents in wetlands and
adapted to the euryhaline conditions (Jones and Stokes
1981, Winzler and Kelly 1977). Other species found in
coastal wetlands as adults, such as the surfperch and
racktish, do not seem to be adapted to eurvhaline waters
and are more commenly found in nearshore waters and
bays than in wetlands (Baxter 1980, Frey 1971). A third
group ol species, such as the Pacific sardine, sanddab,
northern anchovy, California halibut, diamond turbot
and croaker, are found in coastal wetlands in large num-
bers as juveniles, rather than as adults (Barry and Cailhet
nd., Onuf et al. 1978). Zedler (1982) concluded that these
species probably utilize coastal wetlands as spawning or
nursery grounds. Most of these spedes are also found in
large numbers as juveniles in nearshore waters (c.f. Horn
and Allen 1976). The flatfish and anadromous tish are
occasional as adults and juveniles in southern coastal
wetlands but are more common in central and northemn
coastal wetlands (Miller and Lea 1972, Onuf et al. 1978).
Some flatfish, such as the Dover and English soles, ac-
tively utilize coastal wetlands with significant freshwater
inflow and may often spawn in river mouths and wet-
lands (Baxter 1980), bat it is unclear to what extent the
anadromous fish utilize coastal wetlands, separating wet-
lands for the moment from the associated stream or river
channel. Adults rarely feed while in wetlands but outgo-
ing juveniies may feed on species of invertebrates which
inhabit salt marshes. Crow and Macdonald (1977) present
data to suggest that anadromous fish in Alaska are depen-
dent on certain wetland invertebrates for food.

The role that coastal wetlands play in the life cycles of

the different waterbirds varies tremendously. For ease of

discussion, the waterbirds are divided herein into four
groups: waterfow]; shorebirds; wading and marsh birds;
and diving birds (grebes, loons and cormorants).

Among the watecfowl, the dabbling ducks, such as
the American wigeon or pintail, prefer freshwater ponds
or lakes but are also seen on mudflats and pasture lands
adjacent to wetlands (Smail 1972, Funderburk 1979). Al-
though the total numbers of dabblers in coastal wetlands
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can be high, especially in north coast wetlands, the great
percentage of dabblers flying through or aver-wintering
in California utilize the central vallev or San Francisco
Bay, not coastal wetlands (LS FWS 1979). The loss of
freshwater habitat on the coast may have led to the shift of
migrating dabblers from the coast to the central valiey or
Mexico, but wetlands which still contain freshwater hab-
itat, such as Upper Newport Bay, have relatively highbird
counts,

Diving ducks, such as the lesser and greater scaup,
genetally prefer bays ot lakes with water 3 to 20 eet deep
for over-wintering or migrating habitat and usually eat
aquatic vegetation or marine organisms {Standing et ul.
1979). Large numbers of these birds are seen in coastal
wetlands and, unlike the dabblers, a high percentage of
their total California population utilizes coastal areas (US
FWS 1979).

Sea ducks such as the scooters use a vanety of habi-
tats and feed on small fish or molluscs (Funderburk 1979).
 fabitat for these species is mostly offshore, not in coastal
wetlands, Coastal wetlands with a large tidal prism and a
supply of fish and molluscs may have high numbers of
some species. In Anaheim Bay, Speth of al. {1976) found
the surf scooter to be a relatively common species while
only a few were censused at nearby San Dieguito Lagoon,
a fairly shallow wetland, by Mudie etal (1976).

Shorebirds, such as the sandpipers, plovers, or gulls
tend to be opportunistic feeders and, within their migrat-
ory pathways, will generally move wherever an abund-
ance of tood is found. Jurek {1971) noted that in 1970,
Batiquitos Lagoon had nearly six times as many shore-
birds as in 1971, primarily because the greater runoff in
1971 flooded many of the mud flat and salt pan areas
previously used for roosting and feeding. Numbers of
American avocet, black-necked shilt, and the small sand-
pipers werc greatly reduced. At Los Cerritos wetland in
Long Beach, a shaliow fresh water pond recently created
to hold runoff from a new shopping center was found by
CD¥G (1981) to have extremely high seasonal use by
shorebirds, primarily the American avocet, the black-
necked stilt, the black-bellied plover, and the ring-billed
gult.

Despite their opportunistic nature, certain shorebird
species seem 1o prefer coastal wetlands as habitat over
other areas, such as rocky shores or sand beaches. This
group includes the semipalmated plover, black-bellied
plover, greater yellowlegs, lesser yellowlegs, red knot,
least sandpiper, dunlin, western sandpiper, short-billed
dowitcher, long-billed dowitcher, black-recked stilt,
American avocet, marbled godwit, and long-billed cur-
lew . Other species, such as the snowy plover, black tumn-
stone, common sniper, killdeer, willet, sanderling, north-
em phalarope, whimbrel, ruddy turnstone, solitary sand-
piper, spotted sandpiper, and most gulls and terns may
all be seen in coastal wetlands at some time but generally
seem to prefer other habitat, like sandy beaches.

The wading and marsh birds found in California’s
coastal wetlands include the herons and egrets, such as

the great blue heron and snowy egrel, and the rails, such
as the Virginia rail. These species are generally year-
round residents in coastal wetlands. Herons and egrets
are commonly seent in tidal creeks, mudflats, and other
areas of shallow water where fish or amphibians are
abundant (Uidvardy 1977). The rails are more secretive,
preferring densely vegetated tidal ma rshes and freshwa-
ter marshes.

The remaining, walerbirds include the grebes, loons,
and cormorants which are sumetimes lumped together
with the diving ducks end termed “diving birds.”” Loons
and cormorants are generaliy found off-shore rather than
in coastal wetlands although some species, such as the
double-crested cormurant, are commonly seer in coastal
wetlands (Funderburk 1979). Al four grebe species. on
the other hand, especally the pied-billed grebe, are al-
meast common in coastal wetlands in deeper tidal chan-
nels and tdal fAats (Udvardy 1977).

The different waterbirds seem to prefer different hab-
itat, from treshwater ponds for dabbling ducks to dense
marsh areas for rails, but the dependence of these species
an any particular habitat is not atways clear. Bird use of
non-tidal areas in southern California has been described
as very high relative to bird use of ndal areas (CDFG
1981). Yet the existence of extensive non-tidal marsh and
flat areas is a relatively recent phenomena, possibly dueto
man's interference {Sorensen 1982). Bird counts at Bolsa
Chica and Los Cerritos indicate the primary users of non-
tidal areas are opportunistic charebirds (CDFG 1981, Del-
lingham 1979). In othet areas, such as Anaheim Bay, these
birds seem to prefer other habitats such as freshwater
ponds. Thus, it appears that while birds may utilize non-
tidal arcas extensively, particularly in southermn Cali-
tornia, this may be a result of loss of habitat rather than
preference.

Endangered or Rare Species

One value absent from the lists contained in the litera-
ture on Atlantic or Gulf Coast wetlands is the importance
of coastal wetlands to species considered rare or endang-
ered. Of the twelve species of birds, reptiles, and mam-
mals listed as endangered in California, nine species are
either residents of or associated with coastal wetlands.
Five species are almost entirely dependent on salt
marshes:

a The salt marsh harvest mouse, Reithrodontontys raviven-
tris, is restricted to scattered populations in salt and
brackish water marshes around San Francisco Bay.

« The California clapper rail, Raflus longirostris obsoletus,
breeds only in San Francisco Bay, San Pablo Bay, Napa
Marsh, and, perhaps, Elkhorn Slough. It is a casual visitor
in Bolinas and Tomales Bay, but does not appear i breed
there. It requires densely vegetated salt or brackish water
marshes (Gill 1977).

o The light-footed clapper rail, Rallus longirostris levipes,
isfoundomymdensemrshvegeﬂdonﬁmncdeta
Slough to Baja California. Recent work by Zembal and
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Massey (1Y81) indicates it may ulilize treshivater marsh as
well as vordgrass habital. o

o The Calitomnia Teast tem, Sterma alinbrons broeni, s
found along the coasl of Califorma from April to Septem-
ber. from San Francisce o Baje Califoria. Breeding, col-
onies are hnuwn only from San Lus Obispo County
south on Hat unvegelated areas of sandy sail near wet-
lamscs.

o The Belding™s savannah sparrow. Passercadus saduich
ensts beldingr, s found in pickleweed stands i salt
marshes from Santa Barbara County to Baja California; 1
bread inabout 29 arcas in southern California in 1977,

Addilionally, an endangered plant species, the salt
marsh mrd’s beak inhabils upper marsh areas in southern
California

Water Purification

Fhe activibes of o marsh in sewage trestment are
sutmmanzed by Reppert of ol {1979 These include:
mechaical dispersion or removal ot particulale matter;
physwal adsorphon of pollutants, chemical precipitation;
and buochemical uptake. Mudh of the emphasis on use of
witlands or tertiary treatment of waste offfuent stems
from reports by Cosselink et al 11973 and others detailing
the reduction in iological ovvgen demand (BO1D) from
walters flowing through a marsh.

The re<alts of sewage treatment by esperimental wet-
lands in Calitornia have been limited and mixed, however
{see Demgen 1NR1 tor g review). Also, despite an em-
phasis in Sechion 201 ab the Clean Warter Act of 1972 (PL
92-30) on treatnuent of wastewaler lhrough innovative
strategaen, including eveling, through natural systems
such as wetlands, regulalory agencies have been reluctant
to pemmut thuse tvpes of projects, citing the evidence de-
veloped by EPA and athers on the patential toxicity of
sewage offluent to shelifish and other organisms (Allen
and Gearheart 1975). Yet, some wetland vrganisms may
benefit by the addition of wastewater flows even if they
vontain additional nutrients. Waterfow! numbers at San
Dieguita Lagaon have been reduced sharply since the De!
Mar sewage axidation pond, located almost in the middle
of the Lagoon, was shut down (Sea Science Services
1960).

Apparently, the use of wetlands as sewage treatment
facilities cannol be termed a proven value, The low
amount of freshwater inflow and low circulation rates
common tn most coastal wetlands during the summer
make the introduction of high nutrient lovel effluent
questionable for most wetlands. The introduction of toxic
matenals, such as heavy metals, pesticides, or herbicides,
appears to be even more questionable. However, the in-
troduction of freshwater flows into wetlands is often a
highly desirable restoration strategy. Increasingly, the only
freshwater available is effluent from sewage treatment
plants. In cases where a specific restoration plan has indi-
cated that a wetland would benefit from increased fresh-
water flows, it may prove advantageous to use treated
effluent under appropriate discharge conditions. Major

factors which must be analyzed in each case include: the
amount and quality of natural freshwater inflow on a
seasonal basis, present nument levels in the wetland, and
circulabon patterns.

Groundwater Recharge

Anothuer vafue ascribed to wetlands is their beneficial
role in recharging groundwater sources (Odum 1973,
Theoretivally, water flowing through a wetland is Sowved
duw n by marsh vegetation and the resulting containment
facilitates percolation throueh marsh or rivenine sub-
strates o groundwaler storage areas. Coastal wetlands in
California play a very minor role in groundwater re-
charge, if any. Coastal wetland waters are usually saline
and input of these waters to a freshwater aguifer is not
vonsidered beneficial. California coastael wetland soils also
have a high clay content, limiting percolation. Not sur-
prisingly. the wetlands noted for their recharge capabil-
ties have been fverine wetlands associated wilh slaw
moving, coastal rivers on the Atlantc Coast (Reppert ot
af.. 1979y

Flood Protection

Wetlands supposedly act to prutect adjacent areas from
flooding through the same mechanism noted for shore-
line protection and groundwater storage; waters moving
through the wettand are slowed down by marsh vegeta-
tion which also acts to reduce wave energies (Reppert et
al. 1979). Like the values of shureline protection and
groundwater recharge, flood protection appears to be a
value belter associated with riverine wetlands along
coastal rivers of the Atlantic Coast. Coastal wetlands in
California tend to be flood hazard areas, rather than food
protection areas. Especially in southern California, the
closure of wetland mouths usually acts to contain flood
waters and flood adjacent lands. If these mouths were
open, flood flows would tend to move through the wet-
land and on to the ocean. Wetlands also tend to trap
sediments carried by flood flows unless these sediments
are carried out to the ocean. Sediment loads raise the
wetland bed, increasing the lateral movement of flood
waters contributing to further flooding of adjacent lands.
A major restoration concern in most coastal wetland re-
storation projects should be to reduce wetland -associated
flood hazards as much as feasible. This can be accomp-
lished by reducing sediment loads in wetlands, cither
through the use of sediment basins upstream from the
wetland or by ensuring adequate flushing through the
wetland by keeping the wetland mouth open as much as
possible. Efforts to combine flood control and wildlife
erthancement goals in a wetland restoration project are
currently confined to two San Francisco Bay projects, at
Palo Alto and Tiburon,

Commercially Important Fish and Shellfish

On the East and Gulf Coasts, scentists have claimed
that a large percentage of the fish caught for commercial
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use areé dependent on wetlands at some poiat in their life
cvele {Gosselink ¢f al. 1973}, Bollman {19?’5]_slates that
ab roximately 65 percent ot alll commercial fish speces
arc dependent upen the estuarine zone for one or more

hases of their life development. The National Estuary
Study (US FWS 1970} concluded that two-thirds of the
total landed value of commercial fish and shellfish is de-
sived from estuarine dependent species,

The relationship between California fisheries and wet-
lands is not as clear. A recent paper by Barry and Cailliet
(n.d.} identified several fish species inhabitating Elkhorn
Slough as commerciallv-impartant. These were: stag-
hom sculpin, northern anchovy, Pacific herring, shiner
surfperch, starry flounder, black surfperch, leopard
shark, California halibut, bat ray. and English sole. Addi-
tionally, other coastal wetlands have been identified as
important commeraal tish habitat. MacDonald (1576} for
example, found that topsmelt and surfperch, barred surt-
perch, and starry flounder bred in Mugu Lagoon, which
also served asa “nursery” for halibut and turbot.

If the complete list of commercial fish landed in Cali-
fomia (see Pinkas 1977) is examined, it seems that there
are four different categories of fish. First are those which
have no direct connection with wetlands, they donotuse
ther as habitat or depend on them for tood, Exampies
would be the Pacific bonito, mackerels and tuna. These
comprise the majority of Janded fish value. The second
category is made up of those species which are only
occasionally found in wetlands. Examples are the cabe-
zon, rockfish and sculpin. These species, while not very
important commercially, make up the majority of recrea-
tional fish caught from nearshore areas. The third categ-
ory includes the anadromous fish. Although their de-
pendence on coastal wetlands 1s unclear, their value 15
significant both commercially and recreationally. Lastly,
there are the fish which have a significant portion of their
population either spawning or breeding in coastal wet-
lands. Some of these, primarily the starry flounder, the
Pacific herring, and the English sole, are commerdally
important. Others, such as the surfperches, topsmelt,
leopard shark and the bat ray do not have much commer-
cial importance.

. It has also been theorized that coastal wetlands are
important habitat for many of the commercially important
shellfish (Gosselink et al. 1973). Data from the Atlantic
and Gulf coasts seem to verify that theory but data from
the California coast are nat so clear. Some commercially
important crab and clam species are found almost exclu-
sively in coastal wetlands of California at one time ot
another (such as the juvenile market crabbut the total
crab and clam catch in California is made up of other,
non-wetland species also. Other commercially important
ShQUﬁfh—such as the abalone and most scallops—do
not utilize wetlands. The clearest case for actual depend-
ency of a commercially important shellfish is the oyster
where mariculture is a major wetlands activity in Hum-
boldt Bay, Tomales Bay, Elkhom Slough and other areas.
The oysters grown in these areas are non-native,

however.

Most data indicates only a slight connection between
coastal wetlands and the majority of landed value of fish
or shellfish. However, it is uncertain how much Jower
trophic level Hsh or invertebrates which utilize wetlands
serve as a foud source for commercial fish or shelifish. No
data reviewed by this author has provided convincing
infunmation either wav,

Cultural Values

In the wetlands literature several values have been
lumped together under the term “social” or “cultural”
values, induding wetlands” educational, recreational and
acsthetic values. Apparently, these values have been
joined together because they are difficult to evaluate and,
hence, difficult to assign a political or economic value.
Additionally, the houndanes between recreational, edu-
cational and aesthetic use of wetlands are often indis-
cemnible. This ambiguity makes discussion of this cate-
gory very difficult and precludes a specific examination of
each value. However, certain observations need to be
included in this paper to provide an idea of the scope of
these values,

Coastal wetlands are definitely important for recrea-
tion. California Department of Fish and Game officals
estimated that clammers spend up to 2,500 man-days per
year searching for clams at Elkhorn Slough {Browning
1972). Recreational fishing in wetlands provides a large
ameunt of enjovment to many pier and skiff fishermen.
Estimates from Morro Bay indicate that over 10,000 maa-
days are expended each year solely in bird watching
(Gerdes ot al. 1974).

The aesthetic and related values of wetlands are par-
ticularly difficult to evaluate. Wetlands might be con-
sidered to be natural parks which have large numbers of
animals and scenic vistas. Like parks, they have values
such as stress reduction, education, aesthetic pleasure,
passive recreation and so on. Wetlands are also ecosys-
tems, more or less natural. Fhrenfeld (1976) makes a
strong case for the preservation, and therefore, restora-
tion of natural systems because they are natural and
evocative of an unknown, ineffable experience of social,
educational and religious value.

Summary: Restoration Goals—
Statewide and Regional

Statewide Goals

The major value of California’s coastat wetlands is as a
plant and wildiife habitat. Our present knowl?dge indi-
cates coastal wetlands in California have relatively little
value for most commerdially impmtzlljnl fishoras shoretir;

tectors, water purifiers, groun water rechargers .

Eg;d controliers. Puana’ ry productivity of weﬂandS_ is
high relative to other areas put wildlife utilization of that
production takes place within the wetland. Cultural val-
ues including recreation are important but are dependent
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on the wetlands® value as plant and wildlife habitat.
Restoration guals for coastal wetlands should be based

on the relative importance of different habitats for plants

and wildlife. On a very general level. data presented here

indicates that:

« Subtidal arcas are utilized by marine plants, such
as eelgrass, many invertebrates, some adult and juv-
enile fish, including recreationally important species,
and diving birds. Utilization by these species ap-
parently 1s greatest where tidal circulation is constant
and effective in keeping dissolved oxygen levels
high. Ltilization may aiso vary wilth latitude as north-
ern coastal subtidal areas hawe higher densities of, at
last, flathsh, anadromous fish and diving, birds than
southern wetlands,

e Intertidal flats are utilized by macro and micro-
algae, many invertebrates. including recreationally
mporlanl species, some adult and juvenile fish,
shorebirds, some waterfowl, wading birds and some
diving birds, Utilization of this habitat type does not
seem to vary as much with latitude as the subtidal
habitat as long as the tdal range is not overly con-
stnuted.

a intertidal and high marsh areas are utilized by
saltmarsh plants, many invertebrates, some juvenile
fish, and relatively few birds. However, the birds
which use these areas include three species listed as
endangered—the clapper rails and the Belding’s
savannah sparrow. The range of these endangered
specivs is restricted to central and southern Calitornia,
the arcas where Joss of wetland has been greatest,

# Freshwater wetlands appear to be the most under-
supplicd habitat type in the coastal area, relative to
past acreage. These areas presently are utilized by
fresh and brackish water macsh plants, some inverte-
brates and tish, high numbers of waterfow! and also
by certain shorebirds and wading birds.

® Nontidal salt marsh and salt flat areas appear to
have relatively low utilization compared to other
areas. They are utilized by some invertebrates and
fish, and, in southern California especially, large
numbers of certain species of shorebirds and some
waterfowl, Perhaps these areas’ major importance is
that they exist as open space with shallow water
ponds during winter migration periods. Itis arguable
that restoration of non-tidal sajt flat areas is a mista-
ken use of funds, as other habitats may be preferable
even for the species presently utilizing these areas,
However, some species, such as the endangered
least temn, require non-vegetated flats near wetlands
for habitat. These areas can also provide buffers and
are utilized by other shorebirds during high tide
periods. Thus, non-tidal areas are not valueless,

The preceding discussion has examined the vatues of
restoring different habitat types within wetlands on a
state-wide basis. Wetland values and restoration goals
shwldfocuson&neprovisionofplantudwﬂdli&l'dyim

for the use of wildlife and man not shoreline protection,
groundwater recharge or any of the other values cop.
sidered. The state-wide goals should become the basis for
developing regional restoration plans and goals.

Regional Goals

Obviously, California’s coastal wetlands change with
latitude. Coastal wetland values and, theretore, restora-
tion goals must also change. For this paper, the coast is
divided into three regions. The North Region is com-
prised of Mendotino, Humbeldt, and Del Norte Coun-
ties. The Central Region is made up of the counties from
Sonoma south to San Luis Obispo. The South Region
takes up the remaining coastal counties from Santa Bar-
bara to San Diego.

North Region

Cenerally, wetlands in Humboldt, Del Norte, and
Mendocine Counties are more estuarine in their makeup
than other California wetlands. That is, thev have an
almost constant inflow of freshwater. This also means
that they are usually less saline and have a more constant
nutrient input from the watershed. Three general typesof
wetlands in the North are: relatively isolated freshwater
lagoens or lakes, like Lakes Earl and Talawa or Big La-
goon; protected estuaries which are part of bays or coves,
like the Humboldt Bay wetlands; and the miver mouth
areas, such as the Smith River Delta. The latter are charac-
terized by estuarine habitat with little intertidal area.

All three types of wetlands have high values for dif-
ferent species, Restoration projects, though, should sirive
to create a predominance of open circulation, subtidal
habitats connected to unobstructed coastal streams with
goad freshwater inflow. This type of habitat will enhance
fish populations, especialy anadromous species, sea and
diving duck populations, and the potential for oyster
mariculture. A second goal would be open circulation,
low intertidal habitat for shorebirds and invertebrates,
such as recreationally important clams. Salt marsh habitat
might be important if a link is established between ana-
dromous fish and marsh prey species but otherwise its
primary importance would be to marsh birds, which are
not apparently endangered in this region. Wading birds,
such as the egrets, alsc feed in marshes but the abundance
of wet pasture lands near wetlands in this region indicates
their feeding habitat is well-supplied. Finally, dabbling
ducks would benefit from the provision of closed circula-
tion, submerged freshwater habitat, but their populations
in the north are not decreasing.

Central Region

This region comprises a large portion of the California
coast, from Sonoma County to San Luis Obispo County.
Many of the wetlands in this region are like Bolinas La-
goon or Bodega Harbor: they have limited freshwater
inflow, they are intermediate in size, disturbance has
been relatively slight (with some notable exceptions), and
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salinitics are usually near marive levels. There are also
many small coastal wetlands, usually at the terminus of
coastal streams, and a complex of essentially freshwater
lakes near the San Luis Obispe and Santa Barbara County
borders.

Restoration gnals fur this region should emphasize a
predominance of open circulation, shallow subtidal and
tow intertidal habitats a nd the creation of freshwater
marshes/ponds. The tidal habitats should be utilized by
shorebirds, diving ducks and recreationally important in-
vertebrates, all of which are under pressure from past
man-made habitat alterations and are important commer-
gdal (touristy and recreational values in this region. The
reation of freshwater wetlands 15 in recognition of the
historic toss of these types of wetlands and the present
aeed to provide habitat for waterlow! along the coast.
Habitat for the California clapper rail, dense salt/brackish
marsh, should also be created but as a less pressing goal.
Habitat restoration within the San Francisco Bay wetlands
appears to be of more concern for this species presently.
Large sub-tidal areas with little adjacent development—
Tomales Bay and Morrow Bay tor example—are relative-
ly common in this region and fish and diving duck habitat
restoration may not be necessary. However, cnhance-
ment of anadromous fish habitat through riparian resto-
ration is necessary .

South Region

At one time, Southern California had extensive wet-
lands with significant freshwater inflow. About 90 per-
cent have been destroyed, leaving only a relatively few
and isolated examples. Those that remain, such as Mugu
Lagoon, were saved usually because they were part of a
larger land reservation. Elsewhere along the south cpast,
if the wetlands were not filled in, they were often severely
altered, as in San Diego County. Physically, this area is
very different from the North Coast. Freshwater inflow is
scarce and usually floodlike. These fioods are accompan-
ied by heavy sedimentation which can completely fill in
the wetlands or, morc often, decrease the tidal prisms to
the point where the fidal access is reduced. Eventually,
the wetlands become closed with widely fluctuating salis-
jties and reduced habitat diversity. Their habitat value for
fish and shellfish become relatively low. Wetiands which
do have permanent ocean contact, like Tijuana Estuary or

Upper Newpurt Bay, tend to have much higher habitat
value, if species diversity and abundance are wsed as
indicators.

The predominant restoration goal for this region should
emphasize the creation of upen circulation, low intertidal
habitat interspersed with salt marsh patches 1o enhance
shorebird, diving duck, and marsh and wading bird
populations. The vpen circulation pattern will enhance
local fish and invertebrate populations and keep mos-
quitos and tlood contrul activities relatively easy. The salt
marsh areas should be sufficient in size to maintain en-
dangered specics populations. These areas should be re-
stored in conjunction with the dreation of freshwater
marshes and ponds. Data from the San Joaguin Marsh
indicates the combination of freshwater wetlands with
{idal wetlands results m the highest use by birds. Fresh-
water ponds should also enhance waterfowl populations.
It is arguable that since the migration route of the majority
of waterfowl is through the ventral valley, that the (rea-
tion of waterfowl habitat in coastal southern Calitornia is
unnecessary. However, as nated, freshwater wetlands
benetit more than just waterfowi and, turther, evidence
from the 1976 drought period indicates that coastal areas
are important back-up habitat for watertowl normally
flving through inland areas.

Conclusion

This paper focused on an analysis of values which have
been ascribed to wetlands and their relevance as restora-
tion goals. Of the values ascribed to coastal wetlands, not
all ate relevant to coastal California and, therefore, not
relevant as restoration goals, The creation of habitat for
wildlife and human use should be the maior restoration
goal on a slate-wide basis. Regional restoration plans
should be prepared utilizing this state- wide goal but with-
in a more specific framework. Une of the larger problems
of developing restoration goals for projects—determin-
ing the areal extent of each habitat type—-should be resol-
vod within the framework of the regional restoration
goals. The generalized regional goals presented should
provide an outline of what should be accomptished; how-
ever, since man’s utilization of wetlands is important,
regional goals should be developed in conjunction with
local support.
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Wakernan

Development of Regional Wetland
Restoration Goals: San Francisco Bay

Nancy Wakeman, San Francisco Bay Consercation and Development Conmpission, San Francisco, CA

Introduction

an Francisco Bay and its adjacent wetlands covered
S a 713 square mile area before 1850, By the mid

1950rs, many of the tidal areas and wetlands were
diked and filled so that today the Bay is about 423 square
miles in area and its adjacent tidal marshes cover 125
miles. About 80 squan: miles of former Bay exist behind
dikes and function as seasonal wetlands. These 80 square
miles are candidates for all future mitigation and enhance-
ment projects in San Francisco Bay.

This paper is based on two recent reports about diked
haylands prepared for the Bay Conservation and Devel-
opment Commission (BCDC). The first report is on re-
gional habitat needs for San Francisco Bay (BCDC staff,
1982} and the second concerns specific critenia for restora-
ton and enhancement (Harvey ¢t al., 1982).

Habitat Needs

BCDXC statf (1982) concluded that the creation of four
specific habitats would improve Bay wildlife resources.
They are: (1) freshwater  marsh, (2) brackish  water
marsh. (3) habitat for rare and endangered species, par-
ticularly high marsh, and (4) Hdal marshes.

Freshwater Marsh

The reduction of freshwater inflow and destruction
of freshwater wetlands through diking, draining, filling,
and development has eliminated nearly all of the natural
freshwater marshes once present around San Francisco
Bay. Freshwater marshes are important because they sup-
port 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 freshwater
marshes. This diversity, once quite common around the
Bay, has all but disappeared today. The South Bay, atane
time, supported several thousand acres of freshwater
marsh. The only freshwater marsh in the South Bay is at
Coyate Hills Regional Park, and it is only a few acres in
size. The marsh is artifically maintained by urban runoff
in winter and by well water in summer. Even with such
management, the water in the marsh is somewhat saline,

Brackish Water Marsh
Many brackish water marshes that occurred at the

mouths of the Napa River, Guadalupe Creek, Alameda
Creek, and Corte Madera Creck have been physically
altered or converted to salt marsh by changes to or diver-
sion of freshwater. The North Bay marshes of the Peta-
luma River, Napa, and Suisun Bay are among the few
remaining brackish marshes. There are 1,396 acres of
diked brackish water marshes scattered around the Bay,
In addition, there are a few scattered brackish marshes
elsewhere, for example, at the upper ends of stoughs in
the South Bay where salt watcr is sufficiently dilated 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 vellowthroat, a
potentially threatened species, also use brackish water
marshes. Creation of additional brackish habitats would
increase the diversity of plants and wildlife around the

Bay.
Rare and Endangered Species Habitat

As freshwater and brackish water marshes and their
surrcunding 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 such as
birds” beak, marsh gumweed, mudflat quill plant, Marin
knotwood, and Suisun thistle are also threatened, rare, or
endangered.

Special attention should be given to the creation of
high marsh areas around and within tidal marshes to
benefit clapper rail, harvest mouse, and black rail. Fresh-
water marsh and bordering transition zones could benefit
the San Francisco garter snake. Brackish marshes and
their edges are also required by several rare and en-
dangered plant species.

Tidal Marsh Restoration

Diking and filling of historic tidal marshlands has
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 camied by
freshwater runoff and the organic material resulting from
decaying marsh vegetation are 2 food source for Bay
dwelling organisms that is not available when tidal ex-
change and runoff is eliminated.
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The productivity of the Bay should increase if diked
areas are restored to tidal action because the inflow of
oTganic material should enhance plant growth on newly
created tidal mudtats. Plants growing on mudflats would
also support small invertebrates a nd fish. Fyentually the
numbers of birds, mammals, and other ammals that the
Bay suppuorts should increase brecause the toad supply has
increased.

But if the restoration of diked areas is not caretully
planned and executed, none of these benefits will likely
accur. Badly managed projects may result onlv in erosion,
increased sedimentation, and turbidity with little increase
in wildlite ur fish.

Restoration of Diked Lands

In creating new habitat, three important factors must
be considered. First, sites identified by fish and wildlife
protessionals as stable, productive habitats, should not be
selected for restoration or enhancement. Secondly,
wherever possible, a Testoration or enhancemnent site
<hould create more than one habitat zone 2., a gradient
from low wel areas to upland dry habitats. This is because
such diversity is similar 1o the historic natural conditions.
Thirdly, only nahive vegela tion should be used in marsh
restoration or enhancement projects. There are several
reasons for this, One is a scientitic and aesthetc interest in
keeping the natural environment intact. Introduced spe-
cies can sometimes become a nuisance if there are no
checks and balances within the syslem to control them-—
the water hyacinth is a good example. In general, since
imtroduced species are a less known entity, their use in
marsh restoration or enhancemcent projects should be
avoided.

In order to maximize regional habitat supply, marsh
restoration and enhancerment projects need tobe carefuily
designed and constructed. The following checklist identi-
fies much of the information necessary to design success-
ful projects.

 Bascd 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.

Panel Discussion

Robert Jones, Jones and Stokes Associates,
Inc., Sacramento, CA:

I think John's paper in which he took the eight
wetland values that had been identified as important
throughout the country and considered their importance
inn California is a valuable contribution. John has con-
cluded that for several of those values it's either undear or
unkriown whether they are important in California. For

® ['repare 2 topographic map in one foot contours
showing proposed modifications to the site. Incude
typical cross-sections showing, proposed elevation of
the marsh plain, any channels and any high areas.
Inciude figures tur the estimated tidal ranye related to
Mean Higher High Water, Mean High Water, Mean
Lower Low Water, Mean Sea Lovel, the maxdmum pre-
dicted tide, and the 1(k-year bde, Show figures for the
ratios ot tvpical horizontal to vertical slopes for existing
and proposed levees and channels or skoughs. Show
proposed plantapecies along the cross-sections of their
enpected zone ot crowth.

¢ Prepare calculations fur determining the size of any
lovee breaches or pipe installations. Show the amount
of cit and All, 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. 1f plants will
e used to moderate tidal forces at the breach, indicate
the plant spevies that will be used. If plants will not
cerve that function, specify what rip-rap or other en-
ginecring solubon will assure the integrity of the levee
breach. Prepare a detailed drawing of any inlet-outlet
structure tobe placed, with a schedule of operation.

o Gather soil informalion identitving the tvpe ot soils
found al the site and the type to be used if fith will be
placed. Include quantitative measurements of salimty,
pH, organic content, and bulk density. In addition to
the soil analvsis, the following water quality paramet-
ers should be anatvzed: salinity, pH, biochemical oxy-
gen demand (BOD), dissolved oxvgen (DO), and, if
appropriate, heavy metals.

» Prepare o schedule indicating when fill, dredging or
grading, will veeur, the time to be allowed for settle-
ment, the lime when levee breaches or inlet structures
will be operable and the time when planting wilt occur.
Include an eslimate of the extent of expected sedimen-
tation over a ten-vear period.

o Prepare a monitoring program {0 measure water qu-
ality, sail charactenstcs, plant survival and growth
rates, and expected wildlife use. The program should
last ten vears. The monitoring program should describe
how mediiications will occur if adverse conditions are
identified.

others, it's pretty clear that they are not important. He
then concludes that wildlife is probably the most im-
portant value for California’s wetlands. 50, my comments
are going to be limited to wildlife.

The paper discusses and develops some wilkdlife
goals, which 1 teel are too general. Based on my experi-
ence in resources planning, if you are going fo prepare a
regional plan or even a site-specific plan, you need ©
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develop specific objectives and then outline programs to
meet those objectives. A regional wildlife plan requires
one to identify the various habitat tvpes to be protected or
developed. The plan also needs to identify those wildlife
spevies and species groups that need to be encouraged. ]
recopnize that many wildlife planners prefer to plan for
habitats rather than for individual species, but even that
approach forces one to establish species priorities. Let me
give vou g specific example.

Rulf MaH and [ were invoived in 1962 on Delta studies
tor figrure out the impact of transfer of state project water.
Rolf was responsible for dealing with the impacts of the
state water project on the Suisun Marsh. [n order to even
cope with thal question, somebody had to make some
decisiens as b how Suisun Marsh was to be managed,
The Depantment of Fish and Game did make a decision
that the prionty for management was for pintail duck.
Now, there are other values, but at that time this was an
acceptable objective for mast of the peopie interested in
the marsh. With acceptance of a decision that you wanted
o give prienty to pintail ducks, you knew vou were
dealing with alkali bulrush—one of the important pintail
fads, The dedision to enhance alkali bulrush requires
vonsideration of 1he salinity requirements for that plant,
Each uf these planning steps was absolutely necessary to
intelligently identify the impacts of the state water project
on the marsh and to develop needed mitigations.

The preparation of a regional wetlands plan requires
the development of specific objectives and programs ta
meet them. The responsible governmental agency, with
input from other interested citizens and academicians,
needs lo define these regional wildlife plans and regional
gnals. These plans should deal with habitat types, wildlife
specivs, and species groups.

Regional wildlife planning also helps one cope with
the newds of various wildlife species in both innovative
and efficient ways. Let me use the clapper rail as an
example. Clapper rails prefer low marsh and cord grass
habitat. Upper Newport Bay and Anaheim Bay are im-
portant arcas for clapper rait. We happen to be doing
some waork in the Los Cerritos wettand, One of the key
questions which should be addressed in a regional wild-
life plan for Los Angeles and Orange Counties, is whether
you should try to pravide for clapper rail habitat in Los
Cerritos. There is little, if any, such habitat there now. If
you look at the question regionally, you may find that the
development of a cordgrass habitat can be done more
economically and efficiently at sorne other location in the
region. If you did not look at this question regionally, the
general approach would probably be, “Well, we want
diversification at Los Cerritos. We want all the different
SPECIEs We can get, s0 maybe we should build in some-
thing for clapper rail.”

These are a few examples of how regional goals and
wi!?ie plarfming help resource managers, john’s recom-
mendation for a regional approach is helpful, It needs
be developed ﬁlrtrﬁfr PP * ©

Emy Chan, Association of Bay Area Goyp-
ernments, Berkeley, CA:

The primary focus of ABAG is the San Franasco Bay
Area, where we administer arsa-wide water quality man-
agement plans, also known as the 208 Water Quality Plan,
The eight vatues that John mentioned are relevant to the
San Francisco Bay Area.

One of the goals that John mentioned was wildlifs
habitat. Wetlands and their associated transition zones
are important habitats to mammals, waterbirds and other
wildlite. Shallow, generally inland areas, appeal to dabbi-
ing ducks, wading and marsh birds. The San Francisco
Bay is an important part of the Pacific Flyway and restora-
tion of any increment to this wetland habitat has signific.
ant value,

Another value that John mentioned was water purifi-
cation. We feel this has merit and that, where possible, it
should be incorporated into a wetland. Last vear, ABAG
published a literature survey on five wetland systems
across the United States that received and treated, to
some degree, urban runoff or storm water runoff, In such
systems, there was goud removal of nutrients, but this
fluctuated by seasons and depended on the system. Sus-
pended solids had very good removal, 83 to 99 percent.
BOD was variable—sometimes 50 percent; sumetimes as
much as 97 percent. The amount of heavy metals were
generally low and the removal varied within the system,
so this needs further study.

We also looked at 14 wetland systems in the United
States that treated municipal waste waler, keeping in
mind these are all freshwater systems. They had mod-
erate to high nutrient levels and the removal was variable
depending upon the season—generally good for nitro-
gen, poor for phosphorus. Suspended solids generally
were low and the removal was good if you didn't count
the algae. As for BOD, the removal was also good; 7010 %
percent. We found that when storm water runoff levels
were low, removal was vadable, and more study is
required,

Another value that John mentioned which we feel is
important is flood protection. Flood protection has be-
Come very important in the San Francisco Bay Area.
Whereas before, a flood district would try and channelize
the stream to get the flood water out as soon as possible,
we have a new problem: flood water coming down a
channel mects the incoming tide, it backs up and floods.
The solution to this problem has been to build detention
basins and temporarily hold the flood water until it's
convenient to release it to the Bay. This means that ap-
proximately all winter there is standing water in these
basins, a seasonal wetland. We feel that with prudent
planning and management we can make good use of this
Pparticular system and turn it into a wetland systern.

Another value John mentioned was cultural values.
The ones that obviously come to mind are recreational:
clamming, fishing, birdw. atching. We feel that open
spa@amaveryhnporhmwnofﬂtisvalue. In San
Francisco Bay, the wetland and the adjacent developed
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areas are very tlat and this makes our angle of perception
low. You can hardly see the Bay unless vou are right next
to it; thus, any object with a little bit of height such as
irees, hills, whatever, become visually more important
than the Bay itself. 1t's important, we teel, to keep this
open spac and continuity so we know where the Bay is.

The last part that Nancy Wakeman talked about were
restoration goals for the Bay Area. We teel that roost salt
and Freshwater marsh habitats have a high value, The
ideal situation is an upstream freshwater marsh which
drains into a brackish and salt marsh, dependent on the
situation. As Nancy mentioned, of the tidal habitat that
was lost throughout the Bay Area, it was the freshwater
and brackish that went first because it was closest to
where the people were. We teel that it's important to
utilize freshwater sources rather than sending them di-
rectly to the Bay. This source generally doesn't require
pum‘ping or much pretreatment and little energy use.
Because it goes through every jurisdiction in the Bay
Area, this is a good way to envourage junsdictions to look
at wetland restoration.

ABAG is looking at areas where freshwater can be
used to create or supplement marshes. Can we target
specific types of marshes thal we want to recreate and
lock for sites, hoping that the institutional and other
requirements will fall into place? Or should we be more
opportunistic, and look at ongoing projects—perhaps
public works projects—and public lands, where it would
be easier to put in a marsh and then create the type of
wetland most suitable for that site?

Martin Cohen, State Coastal
Conservancy, Oakland, CA:

John's paper raised some very interesting questions
about the methodology fur defining the goals for re-
storation enhancement projects. In discussing these
goals, we are on the boundary between the descriptive
and the normative —between analysis of what is and a
vision of what could be—and a third dimension, the
historical. If the goal for restoration were to fecreate
what's been lost, then we wouldn’'t have much trouble in
deciding what we want to do, we would just make a
historical inventary. But that’s not entirely open to us, the
tand just isn’t there.

1 concur that John’s paper is an excellent summary of
the existing types and values of the coastal resources. It's
myth-shattering. [ think it’'s very important that if John's
conclusions are verified, that a lot of the reasons that we
have been given for wanting to protect coastal marshes
don't hold water.

Audience Participation

JEANNIE CHRISTOPHER (University of San Di-
eR0): Because we're talking about goals and projects are
often judged on the merits of their goals, we have to be

1 would like to second Emy Chan’s comments about
waste water purification in wetlands. 1 think that many of
the cunventional water quality tests don't show the values
that wetlands have in transforming potentially noxious
and dangerous wastes into hiomass which can be the
basis for ecosystems. The mechanism by which the actual
waste water treatment takes place needs to be looked atin
that it's not the macrophytes which tend to do it, but the
mucro-organisms which make this transtormation.

On the use of coastal wetlands by the Pacific Flyway
population, it is important to remember that the southemn
California wetlands were prolific feeding and wintering
grounds. To use the current small numbers as a reason for
their not being, valuable and therefore not having water-
fow! as a restoration goal for southern Calitornia wetlands
is, 1 think, alittle premature. The Fish and Wildlifc Service
has studies that indicate that the limiting factors for the
Pacific Flyway populations seem to be the wintering hab-
itat, and if that is su, then increasing that wintering hab-
itat could be an impuortant goal even though the birds are
not there night now.

The main point that I'd like to make is that we have a
choice of methods. To restore what's there, to restore
what was there, or to restore what will contribute to our
normative vision of what kind of environment we want to
live in. In particular cases, these methods may come to the
same conclusion; they may come to different conclusions.
I think that in a sense we're faced with different agency
perspectives. If you are dealing from a regulatory pers-
pective, your chief concern is to protect what you have.
That's the Coastal Commission’s necessary perspective.
In the Coastal Conservancy projects, we have emphasized
the historical perspective. We have used rationales in
Humboldt Bay, the loss of the 90 percent of the freshwater
lands as a reason for investing public funds to restore
freshwater acreage. Similarly in south San Francisco Bay,
the loss of fresh and brackish habitat has been a reason for
investing public funds to restore that kind of habitat.

There is a good mix of people attending this work-
shop. There are more local government people than 1
would have expected. The emphasis that I want o make is
that when we talk about a regional goal, and especa ity
when we talk about the Conservancy or other public
investment projects, it's thelocal people who must carry i
out, monitor, maintain and be resporsible for the iong
term management of that project, and it’s the local cqnsh-
tuency that ultimately must decide what kind of environ-
ment they want to live in and ultimately should have an
important role in defining the normative goals we're
seeking.

i with
verycarefulaboutthctackwehke.- While [ agree
]olmﬁalit'sgnodindelirmmamymuﬂr
utesmmmﬂttvalueofaweﬂmd,lfedvuym
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fortable to designate a single goal on which to place our
focus because in doing so we minimize the potential
value of integrating several values. T will give three
reasons, )

Firg!, if we focus on a single category, there will
always be a person that will dismiss that category for
some particular economic reason. Second, it's absurd to
dismiss the function of wetlands as a valuable floodway
protection. By focusing only on the wetland portion, you
lost the ability te value the whale in its function 25 a
floodway protection. In the case of wetlands at the termi-
nal end of a floodway, they have a value as a floodway
protection, as we found in Los Penasquitos Lagoon in
southern California. Incorrect engineering based upon
old data was used to conclude that the upstream and the
downstream coastal riparian environments were merely
accupying space that is necessary to convey water. Fi-
nally, I think we should add to our goals the physical and
biological data that we will find in the future and those
things which we do not fully understand today.

NONA DENNIS (Madrone Associates): Today's
workshop has a glaring absence of the infidels, which is
to say the landowners. And | think that as the experts, we
can go on convincing ourselves and establishing region-
al goals which are ideal to us, to the agencies, to the
public inlerest-——but in fact, the capital is going to be
coming from the landowners.

Are there any biologists who represent, for example,
the enommous interests of offshore drilling, onshore
drilling, onshore production of various sorts-—and ]
don’t mean just the developers in residential areas, but
people who have interests in huge private components of
the coast. We should prevent ourse lves from lapsing into
a kind of self-serving reinforcement of our goals in the
absence of these other interests.

CAROL WILCOX (Department of Fish and Game}:
My concern is with regard to the use of treated water for
wetlands. For example in Newport Bay the freshwater
input to the Bay is continually increasing due to agri-
cultural irrigation practices. The Bay is becoming more
estuarine as the tidal prism decreases due to sediment
leading, and we're being approached by sanitation dis-
tricts that want to put more water in the Bay. We're losing
;lpeciea diversity because of the loss of tidal prism and
increaned freshwater input.

The problem we're faced with is that over the last 10
years continual low flow input to the upper Bay has
huemd,ﬁumameoulusdstoMandao,mdﬂurs
cpntinum:s flow. So we're considering increasing the
tidal prism—to move the interface up farther into the
Bay. But still, it's a problem of continually more fresh-
water coming into the Bay causi management
preblem. ® Y cause 2

PAUL SPRINGER (Fish and Wildlife Service): Fd
likelopohltmrllhalwhilemuhlwedandsmgﬂ!ﬂaﬂy
less important o waterfow! than inland, theve are several
Species, notably canvasbacks and black brandt that use

coastal wetlands heavily and ] think we should recognize
as was pointed out by Bab Jones that we have to consider
the species we're talking about. Secondly, coastal wet-
lands are used by many of these species early in the fall
when the Central Valley is well flooded and in times of
draught. So there are times when they receive high use.
The other thing is that I think there is more information
available than generally recognized as to the values pf
wetlands to different species. [ realize it's scattered, |
think it’s a challenge for us to bring this together so we
better understand the preferences of the various species
and how o manage them.

ROGER WOLCOTT {(National Marine Fisheries
Service): I think that John's thesis on the setting of re-
gional goals in habitat maintenance and restoration is
interesting and useful and it's unsettling and myth-shat-
tering, in a lot of ways. [ saw a lot of people besides
myself wincing as you ticked through all the holies that a
lot of us hold to,

1 think that we must be very careful in setting these
goals and in generalizing what goals we're going to op-
timize for in Llight of the quantity and quality of informa-
lion used to derive those goals. A case in point is with
salmon and the utility of estuaries, if I can use your sense
of wetlands, and extend it to the estuary as a whole. |
think it has been gemnerally considered that the value of
estuaries to salmonids for uses other than as a migratery
corridar is very little. However, there has been very little
work done to really look at this and in recent years there's
been an increasing amount of information available an
the value of estuaries in the rearing of salmon in Puget
Sound, Canada, and estuaries along the coast of Oregun.
There are several other biologists besides myself that are
beginning to suspect that indeed the Bay here may be far
more important in terms of rearing, growth, and survival
of salmonids out of the Sacramento-San Joaquin system
than previously thought. I just want to point out how
careful one has to be in the kind of information used to
draw these generalizations in establishing regional
goals,

JIM McGRATH (California Coastal Commission): I
agree with John's thesis that in their cument state, es-
tuaries don't play much of a role in cleaning waste water.
The estuaries at the mouths of all the major streams in
southemn California are gone, The Los Angeles River is
now a seaport. The other exit to the Los Angeles, the
Biona Creek, is for the most part 2 marina. The mouth of
the San Diego River is now a regional park. The mouth
of the Santa Ana River is, for the most part, single-family
homes. Thus, there is no appreciable cleansing action
Boing on because the estuaries on the major rivers that
could have performed that function are gone.

THOMAS HARVEY {San Jose State Universtiy): I
want to join the growing list of those questioning dis-
missing certain values and specifically productivity, by
ating Haines’ work. Will you try to get a hold of Dr. Teal
and see what his rebuttal is. You may find there are some
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reasons to queston your statements.

MR. ZENTNER: I would cite Scott Nixon's work,
which céme out in a book edited by Hamilton and Mac
Donald in which he reiterates Haines' theses.

PALL KELLY (California De.partment of Fish anfi
Game): [ enjoyed the presentation, John, beca.us-e it
made me mad and got me thinking aboiut some things. [
hope at times you were playing the devil's ad\tocate. But
 guess in an effort to dispel some misconceptions a‘bout
wetlands, you've created some Olher‘mlsconCE)phuns.
With respect to wildlife habitat r:.eqmre‘ments in wet-
lands, you emphasized the role of intertidal habitats as
being a value to shorebirds and downplayed the role of
higher marsh and vascular plants. You're 50 percent
right, because shorebirds spend 30 Percenl of their time
on the mudflats, but during high tides, when many of
the smaller species must feed, they are feeding in the
high marsh, pastureland, and salt marsh around San

Francisco Bay and other habitat types you didn't even
mention. So [ think there is a real problem with simply
identifying habitat requirements as vou've done and
making recommendations for wetland management.

MR. ZENTNER: 1 agree with you. Shorebirds defi-
nitely do spend, especially durning high tide periods, a
large amount of time in salt marsh habitats, They also
spend a large amount of time in other areas. The question
is how dependent are these species on the wetlands
areas? That's what 1 was trving to answer. [ think we will
have salt marsh preserved, hopefully by the Coastal Com-
mission, but we also need to look at intertidal habitats. My
feeling is, and other people feel this wav, that shorebird
populations are probably being limited by the amount of
intertdal habitat that's left, at least as far as feeding
habitat goes. But T agree with your concemn about the
generalizations.







Legal and Institutional
Constraints and

Opportunities in Wetlands

Enhancement

Scott McCreary, State Coastal Conservancy, Oakland, CA

Introduction

“dry side’”” of the cvastal zone, the practice of

wetlands restoration is guided by a complex,
overlapping set of laws, agency policies, and attitudes.
In his recent analysis of policies and institutions affect-
ing coastal aquaculture, Bowden (1981} criticized what
he called:

the tendeney to intpute reasored and principled choice foa
body of late that is really nothing miore than a shoebox full
of rag ends of recorded customs . ..

The basic theme of Bowden’s critique can be applied to
wetlands enhancement: efforts to enhance wetlands must
run the gamut of laws and policies not explicitly intended
to promote marsh restoration. A majority of policies on
the books are intended more to “hold the line” against
further abuse.

Wetlands enhancement can benefit from a number of
trends in the environmental planning field. These include
many non-regulatory approaches: the Coastal Conserv-
ancy’s resource enhancement program, the emerging
trend to manage whole ecosystems, and the proliferation
of land trusts and other locally based groups as stewards
of sensitive resources,

This paper presents an overview of legal and institu-
tional issues confronting wetland restoraton in California.
The major issues 1 deal with include: 1) the evolution of
state policy towards wetlands protection; 2} federal trends
in wetlands management; 3} institutional issues related to
iand acquisition; 4) the relationship between wetlands
protection and watershed management; 5) the role of
scientists in enhancement activities; and 6) the perspec-
tives of citizen activists in wetland enhancement. The
paper concludes with a summary of recommendations
drawn from each discussion. Source materials includes
mfi planning and natural sdence literature, interviews,
and personal experience in the practice of wetlands
enhancement.

L ke other pursuits that span the “wet side” and

Evolution of State Policy Towards
Wetlands

California’s approach towards wetlands restoration
has evolved from passive policy statements to acquisition
of relatively pristine sites, stringent regulation, and active
intervention in restoring habilat areas. Attitudes about
how best to restore wetlands are as diverse as the agencies
charged with special missions to save the resource. This
portion of the paper traces the evolution of wetlands
policy in the state.

Prior to the successful passage of Proposition 20 and
subsequent legislation creating the Coastal Commission
and Coastal Conservancy, the leading advocate of wet-
lands protection was the Department of Fish and Game
({DFG). Through the early 1970's the DFG produced 2
series of background papers on 25 coastal wetlands, high-
lighting potential land use conflicts and management
problems (DFG 1970-8). Acquisition Priorities for the Coastal
Wetlands of California (DFG 1976) provided a significant
policy statement and identified 19 coastal wetlands where
key parcels of land should be brought into public
ownership.

The 1976 Coastal Plan prepared by the California
Coastal Zone Conservation Commission adopted many
of the assumptions found in the DFG report and recom-
mended that special protection be given to esfuaries and
wetlands (Policy 15). Three specific polides were stated to
carry out the policy. First, a regulatory approach was
expressed, prohibiting any development or filling of wet-
lands unless several conditions were met. Three prefer-
able uses of wetlands were identified: restoration, aqua-
culture, and nature study. In addition to these uses, only
military facilities, ports, energy facilities, port entrances,
cables, and pipelines were allowed in wetlands. Sewfu:l,
degraded wetlands were to be restored, based on a prior-
itylistwobedrawnupbyappropﬂal_:emsmmw
ment agencies. Finally, comprehensive plans for estuar-
ine management wmmbel;reparedandin_lpleummd.
These plans, at minithum, were to emphasize resouroe
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protection and restoration, public health and pubtic trust
issues, as well as aquaculture and freshwater supplies.
Plans were to specify management programs necessary to
protect the wetland and identify the responsible agencies
and funding sources. _

Through the processes of negotiation and legislative
compromise, the translation from Coastal Plan policies to
Coastal Act mandate {Public Resources Code 30000, «f
4.} gave only minar treatment to mechanisms to restore
and manage wetlands. Flowever, the Act did specify that
biologival productivity of wetlands be maintained, or
where feasible, be restored {Section 30231). The Act also
included a set of policies designed to clarify the circumst-
ances under which development could oceur in wetlands
{Section Wi11) and the potential uses which can be con-
sidered in wetlands (Section 30233);

1. ports and coastal dependent industrial facilites

2. maintenanuve of navigation channels and turning
basins

3. entrance channels for new or expanded boating
facilitivs

1. new or expanded boating facilities in open coastal
walers

5. cables, pipes, and inspection of piers

6. mineral extraction, including sand for beach re-
storatiom

7. restoration

8. aquaculture

The Act makes a distinction between the 19 coastal
wellands identified by the DFG. [n the sites listed as high
priority for acquisition, only minor public fadlities, re-
storative measures, and nature study are allowed, except
in Bodega and San Diego Bays. If an area is identified as a
degraded wetland by DFG, boating facilities may be de-
veloped, provided that a substantial portion of the de-
graded wetland is restored and maintained as a biologi-
cally productive wetland. In no case can the boating fadil-
ities exceed 25 percent of the total wetland area to be
restored.

The restoration of wetlands found specific expression
in the legislation that created the State Coastal Conser-
vancy giving this agency the responsibility for imple-
menting programs of resource enhancement and restora-
tion within the coastal zone (Section 31054). Chapter 6 of
the Conservancy Act spells out procedures for coastal
restoration projects. Up to $50,000 may be allocated by the
Conservarcy for preparation of resource enhancement
plans. All such plans must be reviewed by the Coastal
Commission for consistency with the Coastal Act. The
Conservancy Act strives for consistency with the LCP
process by stipulating that areas proposed for restoration
be identified in a certified LCP. The Conservancy also has
&\eauthoritytopayupmﬂwtotalmslofanymastal
resource enhancement project, including the state share
of federally funded projects. Since the Conservancy’s en-
hancement program began in 1978, over 18 projects have
beenapproved by the Board, and 4 have been completed.

A difficult decision remaining, in restoration policy is
the relative ments of off-site and vn-site mitigation for
permitted development in wetlands. In Los Angeles and
Orange Counties where land prives are very high and
most wetlands have in sume way been impacted by sur-
rounding development, there are tew upportunities to
enhance a wetland sufficiently to restore its natural tunc-
tions without resorting to some drastic change in condi-
tions on the site. In some cases prajects have been prop-
osed that involve filling of deterorated arcas in exchange
for creation of new wetland ateas. Unfortunately, the
Coastal Act gives little positive guidance to projects that
would allow filling on a given site in exchange for creating
new and larger wetland habitat. The Commission and
Conservancy staff have been invelved in intense debates
concerntng, off-site mitigation particularly as it relates to
propused Conservancy projects all.os Cerritos marsh and
the Hellman properties in QOrange County, Experience (o
date suggests that there are merits to testing and refining
these techniques int the Los Angeles-Orange County area.

Federal Trends in Wetlands
Management

Several federal agencies administer programs which
impinge on wetlands restoration through policy guid-
ance, reguiation, special area management, and expendi-
ture of capital improvement funds. These include the
Oftfice of Coastal Zone Management {policv guidance),
the Council on Environmental Quality (policy guidance),
the U.5. Army Corps of Engineers (regulation through
permit authority), the Federal Emergency Management
Agency {floodplain regulation and disaster relief in low-
lying areas), and the Environmental Protection Agency
{expenditure of capital improvement funds for sewage
treatment plans; watershed management). This discus-
sion will consider each of these in turm.

The 1980 reauthorization of the Coastal Zone Man-
agement Act {CZMA), first enacted in 1972, included
specific language calling on states to manage resources of
national significance, including wetlands and estuaries.
However, the revised language fails to spell out any
specific procedures or criteria for evaluating the effective-
ness of state programs in meeting this goal.

During the first year of the Reagan administration,
the federal policy on wetlands from the Department of
Interior was cause for sericus concemn to wetland pre-
servationists. Early policy statements and news coverage
were slanted overwhelmingly towards a strategy af har-
vesting, mining, and logging. Anather policy, intended
mainly for Bureau of Land Management holdings in rural
areas, called for returning jurisdiction over these areas to
the local unit of government, This prompted at least one
request by a local government, the City of Imperial Beach,
to turn a 505-acre wildlife refuge purchased in 1980 back to
the City for the construction of a marina.

In the present dynamic regulatory climate, two im-
portant forces are sections of federal laws administered by
the Army Corps of Engineers. The first is Section 10 of the
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Rivers and Harbors Act of 1899, Without a Corps permit
under Section 10, it is unlawiul to dump material in navig-
able waters or “tu carrv out any other action that would
affect the course, condition, location or capacity of navig-
able waters.” The second is Section 404 of the Clean Water
Act which establishes a permit prucess to protect the
quality i na vigable waters and adjacent wetlands. Onigi-
nally limited only to waters used to transport commerce
aud‘ to areas subject to the nse and fall of the tide. the
iurisdictional limits of Section 404 were expanded follow-
ing twa court decisions: U.S. v, Hofland, [373F. Supp. b5
{(M.D. Fla., 1974)] and Nuttral Resources Defense Council v,
Callaway, (392 F. Supp. 685 D.D.C., 1975, The revised
guidelines for Section 404, issued in 1977, include the
following areas:

coastal and inlumd waters and their fribndaries; all waters of

the 1.5, such as isolated lakes and wethinds, dntermittrnt

streamts, and other nov-tributany waters,
Taken together, enforcement of Section 10 and Sechion
404 presents an ideal opportunity ta develop a coherent
program of wetlands vestoralion projects as mitigation
measures, In other words, the Corps would be in a posi-
tion tu develop a “mitigation bank’ of prospective resto-
ration sites in advance of permit processing,.

To date, several forces have worked against greater
Corps participation in a cuherent program to restore wet-
tands. First, the Corps is fundamentally reactive. While
the regulatory staff often tend to have an activist athtude,
they must convince both legal staff and the district leader-
ship before the Corps district has a different attitude to-
ward wetlands protections. For example, the Charleston,
South Carglina Corps was inclined not to require an En-
vironmental Impact Statement for a major pipeline and
refinery project adjacent to the Yawkey Wildlife Refuge,
while San Francisco staff are supportive of an advocacy
posture. This fragmentation works against any clear ar-
ticulation of policy on the national level, and tends to
perpetuate the negative elements of the Corps’ public
image among citizens who would otherwise be allies in
wetland restoration.

A series of recommendations announced by the
Ammy in mid-January 1982 would, if implemented,
weaken wetland protection under Section 404. In devel-
oping its recommendations, the Army revised ten regula-
tions recommended by the American Petroleum Institute.
Major revisions propused by the Army include:

® redugce the time to obtain a decision;

» delegate responsibility to states, except in cases
where national economic development, energy and
navigation are at stake;

» expand the categories or general permits, and pro-
jects which do not require permits;

e reduce the jurisdictional extent of Corps regulatory
programs

The last goal would reverse the expansion of Corps jurisd-
iction determined by the two court cases cted above and
would limit jurisdiction under Section 404 as areas thatare

either 1) used to transportmterstale or foreign commerce;
or2) cuvcru_d by flucdwaters at least once each bwo vears.

Atthe federallevel, tas law canalso have an eftecton
I“'t"f_lﬁ.nd presenvation and resturation. Histonically, many
individuals and corporations who have Jecided to make
sales or donatinnh o their land have been motivated by
tax benefits which accrue trom these lransachons. In Ial‘{,
federal tax policy van be an important deteminant af the
fl.‘.]&ibﬂit_\‘ ot wetlands restoration, particularly where do-
nations or sales o private land are requured to vomplete a
restoration project. Several new tas laws are, ineltect, a
disincentive to landowners corsidenng donations or bar-
gain sales. The reduction in maximum tas rates and the
INCTease in exemption equivalents reduces the imcentive
te find wavs to shelter income

Effective in 1962, the masimum personal income tax
dropped trom 70 percent to 3 pervent. Meanwhile the
exclusion for capital gams remains st 640 percent, making
40l percent of the capital gain <liygble for taxation. This
meanes that the top iax rate on long term capital gains for
individuals will be reduced trom 28 pereent (70x 0 to
20 percent {30« A, In addition, the rules on estate taxes
are changing. The maximun rates for gift and estate tax
{(“transter tax"’) are 711 percent in 1982, but drop to 3
percent after 1982, The 30 percent maximum rate is
reached in the case of all translers over $2,500,000. After
the transfer tax is computed, a Unibed Credit is applied to
reduce the 1ax pavment. This Unified Credit increases
from $47,000 for transkers in 1982 to $192, 8 tor transiers
in 1987 and thereatter, For estate planning purposes, it is
easier to think of the Unified Credit as the Exemption
Equivalent — the portion of the landowner’s estate that
will be exempt from fransfer tax. This figure will increase
from $175,000 in 1951 to SR, 0K in 1987 and thereatter
{Brown 1981}

Another disincentive operating in federal tax policy is
the absence of any special deferral or exemption for land-
owners who scll wetlands to land management agencies
ur private groups. Legislation has been introduced (H.R.
6465 Lagomarsino) to provide a full exemption on gross
income to landowners who sell wetlands and other eligi-
ble habitat areas to the federal government, states, or
qualified organizations. H.R. 6465, reintroduced as arevi-
sion of a bill first put forward in 1981, ties the definiton of
eligibleland to those accepted by the Tax Treatment Act of
1980. The Conservancy has recommended offering a de-
farral instead of an exemption, and mandating IRS regu-
lations to spell out review procedures (State Coastal Con-
servancy correspondence, December 23, 1981).

Institutional Issues Surrounding
Land Acquisition

Often the completion of a wetlands enhancement
project requires that the Coastal Conservancy negotiate
the purchase of property and its transfer to public owner-
ship. The process is far more complicated than a private
land transaction, and also more complex than 2 transac-
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tion for conservation purposes undertaken by an organi-
zation such as The Nature Conservancy. n California
wetland restoration projects, several agencies are tYpi-
cally involved: the Coastal Conservancy, the State Lands
Commission, the Public Works Board, and the Real Estate
Services Division of the Department of General Services.

The first steps at the Conservancy involve an assess-
ment of project feasibility by a Conservancy analyst—
especially examining land costs, contacting landowners,
and ordering preliminary title reparts. Once fitle reports
are received, checked, and updated, the Conservancy
staff convene a strategy session. These meetings cover
tasks such as identifying acquisition priorities, identifying
special negotiating requirements with landowners, de-
<iding the manner of compliance with California Envir-
onmental Quality Act (CEQA), and identifying special
requirements in the appraisal. In addition, a State Lands
Commission determination of public ownership must be
builtinto the process, and all permits and licenses needed
to complete the project must be identified.

Betore negotiations with a property owner can begin,
the Conservancy must obtain an appraisal of fair market
value using Real Estate Services {RES) analysts whenever
possible. The choice of anappraiser is often a critical factor
in land negotation, and the merits of using RES staif
appraisers are often outweighed by the desire of a land-
owner to use an independent appraiser. Other factors
may include the need for quick evaluation services and
the RES staff's lack of spedial expertise in appraising
coastal real estate, especially wetlands. To alieviate some
of these conflicts, the Conservancy and Department of
General Services are developing a memorandum of un-
derstanding to govern future appratsal activity.

Follewing successful negotiations and signing of
major documents for fand acquisition, the next major step
is securing the approval of the Public Works Board, as
required under the Property Acquisition Law. Although
the Public Works Board may use the power of eminent
domain (Public Resources Code Section 31106), the Con-
servancy has chosen as a policy matter not to use this
authority. By developing and publicizing a “willing sel-
ler” policy, the Conservancy has increased its effective-
ness in dealing with private landowners. If the presenta-
tion of a proposed acquisition to the Public Works Board is
successful, the remaining tasks involving title transfer are
carried out by RES,

The complexity of the process hinders wetlands
restoration in two ways. First, a large proportion of staff
time must be devoted to administrative matters, rather
than negotiating new purchases or developing steward-
ship plans for areas already acquired. Second, delays
between the signing of the Property Acquisition Agree-
ment and the close of escrow, and the negotiator’s inabil-
ity to predict these delays affect the Conservancy’s ability
to close a deal.

Watershed Management and
Wetlands Protection

At its heart, wetlands restoration seeks to increase
the size of the habitat area and increase the productivity
and species diversity of wetland ecosystems. In doingsd,
wetlands restoration 1s intended to protect endangered
species, provide a nursery for commercially and recrea-
tionally important fish; and create increased opportuni.
ties for education and scientific use of wetlands. Each of
these goals can be thwarted if watershed management is
not incorporated as an element of wetlands restoration,
Prestagaard {1978) and Dickert and Tuttle (1980 have
documented the linkages between watershed develop-
ment and subsequent increases in erosion and sedimenta-
tion. Erosion and sedimentation lead to shifts in the
extent of habitat areas and may influence community
structure and wildlife diversity in wetlands.

In their study entitled Collaborative Land Use Planming
for the Coastal Zone, Dickert and Sorensen {1978) proposed
what they called an “alternative agenda” for the Coastal
Commission. They argued that the Commission should
prepare plans that crossed the boundaries of local juris-
dictions. The “sub-regional plans’” would then be broad
enough in scope to deal with issues like watershed
erosion, generation of traffic, and protection of visual
corridors:

Without subregional planning, it is expected that most of
the coastal systerms problems ... will be largely unre-
solved, and Califorsia will be left with a mosaic of plans
lacking inter-furisdictional coordination for its coastal
zone . . . Each local program will seek to maximize benefits
for its jurisdiction and pay relatively lite attention to
coastal resotirce systems which will lead to the degradation
of resource systems, as well as providing a continuing
source of conflict between adjoining jurisdictions.

To a very large extent, the Commission has not used
watersheds as a unit of analysis for coping with wetland
and estuarine issues. This is partly a function of the de-
gree of faith placed in the individual Local Coastal Plans to
solve resource problems. The piecemeal approachis alsoa
reflection of the original coastal zone. The coastal zone
boundary, a narrow band which varies in width from
1,000 feet in many urban areas to as much as five miles in
areas such as Big Sur, specifies the limits of Coastal Com-
mission permit authority and planning areas for Local
Coastal Programs. While this jurisdiction is targe enough
to capture moast wetland basins, it normally exchades all
but the smallest portion of that wetland’s watershed or
drainage basin.

The problem of controlling erosion and sedimenta-
tion generated in watersheds has been described as “an
institutional bramble bush” by the John Muir Institute
(1979) in a report for the State Water Resources Control
Board. Fully 45 agencies and government entities at all
levels share responsibility for portions of this resource
management Armageddon. The study documents a
leadership vacuum among the various state and federal
agencies with responsibilities in watersheds, including
the Soil Conservation Service, Resource Conservation
Districts, Agricultural Stabilizaion and Comservation
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Gervice, State and Regional Water Resources Control
Poards, and the Coastal Commission.

At the time of the Muir report, the Coastal Con-
servancy was Jeemed unlikely to have a majorimpact, yet
the agency has demonstrated a growing commitment to
watershed problems and management. The Conservancy
board has authorized two prujects with entire watersheds
used as the unit of analysis. Tomales Bay, a drowned rift
valley in west Marin County, is the subject of a feasibility
stud)'x to examing several strategies for resource manage-
ment in the estuarine-watershed complex. The most
promising approaches include the use of local land trusts
in stewardship of nparian corridors and the creation of a
watershed-wide management authority. A second proj-
ect, approved in January 1982 by the Conservancy Board,
is the Buena Vista Lagoon Watershed Enhancement Pro-
gram (State Cpastal Conservancy 1982). The project will
address the problem of rapid deposit of sediments in
Buena Vista Lagoon, San Diego County. This sediment
deposition is the combined result of improper grading
and construction activity and natural erosion in the 24
square-mile watershed. The first phase of the project in-
volves technical assistance to strengthen grading or-
dinances and draw up an appropriate legal instrument to
bind three local jurisdictions in a program of watershed
management. Another part of the work is the preparation
of 2 watershed enhancement plan including preliminary
engincering specifications  for sit basins and other
structures.

In implementing the Lagoon Watershed enhance-
ment plan, the Conservancy was initially constrained by
its legislated jurisdiction. At the time the Conservancy
Act was passed, the coastal zone was adopted as the
agency's jurisdiction. However, fully 70 percent of the
watershed lies in the jurisdiction of the inland City of
Vista. The Conservancy could carry out studies outside
the coastal zone, as it has already done for the Aliso
Greenbelt and Irvine Ranch projects, but could not ex-
pend capital improvements funds outside the zone. This
problem was resolved by the recent passage of AB 523
which provides that the Conservancy, at the request of a
local agency, may undertake a project or award a grant 1o
enhance a watershed resource outside the coastal zone.
Under this language, the Buena Vista project would qual-
ify for capital improvements grants, since Carlsbad,
QOceanside, and Vista have all endorsed the Conservarn-
ov's involvement. This language will open the door to
additional watershed management programs in sites such
as Los Penasquitos Lagoon, Bataquitos Lagoon, Elkhorn
Slough, and Tomales Bay.

'.The Role of Scientific Information
in Wetlands Enhancement

Wetlands restoration requires the frequent and ex-
tensive use of scientific information. For example, scien-
tific evidence is needed to make decisions on the appro-
priate configuration of a wetlands basin, the dimensions

of buffers, and the min of elevations and habitat types.
The nstitutional mechanisms to facititate this scientific
involvement are only now evolving. The falure to see
saentific advice as central to coastal decisionmaking
Ster_l"!s in part from  altitudes that prevailed early in
California’s  coastal program. Scientific advice ‘was
lumped with scientific research, and both were thought to
be subordinate to making the tough decisions. Joseph
Bodovitz, the first Executive Director of the California
Coastal Zone Conservation Commission, made this ob-
servation in 1973

Wiat 15 riost necdad mne is a2 set of comprehiensive
pelicy decisions about the Reture of the coastal
oo Furtir reserrch woill help sotee some probe
lowrs, but | Beleve that we altready kiow more about
the coastal zone Hian we'se s far been willing o
act upen . (Bodaottz 1973)

Clark’s (1979) analvsis of the role of scientists during
preparation of the Coastal Plan indicates that this bias
persisted well into the mid-1970's. Three roles were iden-
tified for scientists: (1) research, {2) interpretive assis-
tance, (3) advisary service. Clark found that participation
of scientists as interpreters of information was not per-
ceived as a role distinet from the research role. Adminis-
trative dedisions made in the interests of expediting the
planning process thus relegated scientists to passtve re-
view of staff materials, rather than engagingin research or
interpretive assistance. Clark abserved that:

The California Coastal Commisston's planning program
avoided comng to grips with underlying scigntific ssues.
By postponng resolutivn of these issues, the Commission
sirifted them ahwad to the implementation period and, m
effect, transferred much of the Burden of their resolution to
tocul governments, which must formulate local coastal pro-
grams. This requires that there be extensive input by
natural scintists itho local planming, and thai the Com-
missions find ways to facilitate this input. (Clark 1979)

Onuf (1980) and Zedler (pers. comm.) have verified that
Clark’s prediction was correct: scientific invelvement oc-
curred late in the management process, and the Commis-
sion has not designed a mechanism to facilitate this in-
volvement.

McCreary {1979} has identified a series of barriers that
must be overcome to bring scentific information to the
California coastal planning process. The ﬁ.rst set Qf bar-
riers are problems that must be confronted in all scientific
research: establishing useful working definitions, estab-
lishing hypotheses, developing appropriate measure-
ment%echyrggues. and conducting rigorous tests. These
factors are all significant for California wetlands scence,
because many of the findings reported in the literature are
based on East Coast systems, where natural conditions
are quite different. ]

un';\enextsetofbaniersamﬂ\osegemrich‘uanyawh-
cation of biological research: the fragmentation and ab-
straction of scientific inquiry, the difficulty of appiyms
scientific expertise in the policy arena, and the lmited
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ability of agencies to process and use information. T'he
fact that scientists and planners operate under very ditfe-
rent reward systems also complicates efforts to apply
scientific findings. Bella and Williamson (1976) have ob-
sorved that scientists are rewarded for rigorous scientific
rescarch, publishing in retereed joumals, and. ifP"“’?ib]c'
constructing new paradigms to advance the state ot un-
derstanding in a particular field. Scientists may be 5';"’1‘3“_
to peer cnticisim if they spend too much fime outside of
thiwe protessional boundarnies, or if they extrapolate re-
search Aindings te policy statements, Plaoners, on the
other hand, tvpicaliv deal in shart time frames and are
verv  prduct oriented;  they  need  concise  data
immediatelv.

Finally, there is a set of barriers peculiar to wetlands
enhancement in California, These include the problems of
interapency communication, lack of scientific expertise in
many planmng agendies and a corresponding, lack of
hnonledge ot planning processes b_y scientists, the prob-
Tty oo dispwrsed devisionmaking responsibility, and, of
course, madequate funding,

Substantial improvements have been made in in-
volving of scientists in an nterpretive and advising rales
since Clark’s study. Notable examples include the Coas-
tal Commussion’s wetlands workshops, the development
of the Estuanne Sanctuary proposal for Tijuana River,
and 4 number of Conservancy wetlands enhancement
plans. Bevond an invitation to participate, adequate fund-
ing must be available to ensure that scientific expertise is
brought to bear on wetlands enhancement problems.
With duclining public dollars, this suggests the need to
approach privaté foundations to underwrite rigarous
wetland restoration planning. | would like to propose
several sther recommendations based on this discussion:
¢ planning and regulatory agencies should seek to hire

staff with backgrounds in both science and planning;

® agencies with responsibilities in wetlands enhancement
should contribute ta the maintenance of an information
tlearinghouse for published reports and documents;

® the role of “broker” to communicate with both the
scientific community and planners should be recog-
nized and rewarded as a legitimate profession;

® scientists should be “invited in” early as team members
in planning for wetlands restoration;

¢ scientists and planners should cooperate in developing
an applied research agenda for wetlands restoration;

* 8 West Coast membership should be created with the
?\at?unal Wetlands Technical Council, a national organ-
Ization designed to bring a unified scientific perspective
to public policy questions involving wetlands.

The Citizen-Activist

and the Role of Non-Profits

_ Since the voters ratified Proposition 20 in 1972, indj-
viduals and small local groups have maintained constant

pressure on regulatory and planning agencies to keep the
mterests of wetlands in mind. The names of many Ofglese

groups reflect the commitment to preservation of local
resources: Amigos de Bolsa Chica, Friends of Ballona,
Friends of Upper Newport Bay. In 1982, many of these
groups are beginning to make the transition from regula-
tory watchdogs to educators and land stewards. Often
these groups have been responsible for keeping issyes on
the table, by appealing permits, or for triggering public
land acquisition such as the nomination of Tijuana River
Estuarine Sanctuary.

When a small sample of these activists were asked to
describe institutional constraints, sume interesting views
emerged: agency staff are otten ill-equipped ta deat with
the political radeoffs inherent v wetlands protection:
bureaucracy works too slow; entorcement is VETY weak;
and a greater local role is needed for resource steward-
ship. These individuals have little patience for scientific or
regulatory inactivity. Their frustrahons need to be recog.
nized and efforts made to utilize their enthusiasm to-
wards constructive assistance in the restoration process
Increasing the role of non-profit organizations may be one
mechanism to provide planning, management, and ste-
wardship services at a tirne when government services are
shrinking. The use of organizations such as The Nature
Conservancy (TNC), the Trust for Pubtic Land {TPL), and
locally based land trusts must thercfore become a part of
an overall wetland restoration strategy .

Until recently, the action of nonprofits has not been
consciously coordinated with regulatory or resource pro-
tection agencies. For example, TNC holds fitle to a parcel
of land along the southemn periphery of Elkhom Slough,
a National Estuarine Sanctuary. By virtue of its role as a
major landowner, TNC became involved in the advisory
committee for management of Elkhorn Slough. However,
the agencies involved in protection of Elkhorn Slough
(primarily the Department of Fish and Game and the
Coastal Commission) didn‘t really nse TNC as an ally
untii after the Sanctuary was established.

TNC's critical areas program for California has now
raised over half of its $15 million goal, and hopes to buy
the best examples of the state’s most endangered eco-
systems. In some cases these acquisitions may comple-
ment wetlinds restoration projects, thus increasing the
cost effectiveness of public expenditures and protecting a
greater share of an ecosystem through a cooperative
approach. Insofar as it is compatible with the goals of the
private organizations, the resource protection agences
should make a more conscious effort to dovetail their own
work with TNC and TPL through joint strategy meetings,
more frequent phone calls, and a healthy flow of cor-
respondence.

There is also a need for locally based organizations to
act as land stewards and protect coastal wetland re-
sources. Nationally, organizations as diverse as the Maine
Coast Heritage Trust, the Jackson Hole Trust, and the
Montana Land Reliance are developing a track record for
Tesource stewardship. In California, the Humboldt North
Coast Land Trust, Sonoma Land Trust, Marnin Agricul-
tural Land Trust, and Big Sur Trust are poised to move in
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this direction.

In recognition of the potential of these local nonprofit
organi?.at'iuns, the Coastal Conservancy has initiated a
new programto provide grants and techaical assistance in
several program areas, including wetlands enhancement
(State Coastal Conservancy 1982}, Under Sections 31400.3
and 31352 of the Public Resources Code, the Conservancy
is expressly a uthonzed to award grants from an allcation
of $1,000,000 in Energy and Reseurces Funding (ERF).
The first round of grants was approved by the Conser-
vancy board and the first proposals were submitted in
March, 1982, [n order to qualify for awards up to $25,000,
projecl Sponsors were required to develop a clear en-
hancement or stewardship propesal, demonstrate the
ability of the nonprofit erganization to carry out the tasks,
and attemnpt to identily a feasible method for repaving the
loans. Three organizations were successtul in applying
for grants: the Buena Vista Lagoon Foundation, the
Sauthwest Wetlands Interpretive Assodation (for Tijuana
Estuary), and the Marin Agricultural Land Trust (for
Tomales Bay/West Marin). The goals of these groups
include land acquisition, acquisition of easements, and
habitat restoration.

Ecosystem Management

A positive trend. evident in California and other
states, is the development of programs to manage “unit
tesources” —mechanisms to couple the land side of the
coastal zone together with the water side, thercby manag-
ing a uniticd zone of watershed, shoreline, and water-
body. A combination of techniques are used to create a
unified management zone including land use regulaton,
land acquisition by public agencies, and on-site steward-
ship. In many ways, this trend towards management of
whole ecosystems builds on earlier models of planning
put forward in the 1970s. Bosselman and Callies (1971)
predicted that substantial state intervention would be
needed to manage resources of regional or state impor-
tance, such as wetlands. They predicted that:

The entire pattern of land development has been controlled
by thousands of individual local governments, each seeking
to maxirnize is own tax base and minimize its social prob-
lems, and caring less what happens to all others,
They also predicted the emergence of a state-local
collaberative process, in which states draft general pol-
ides and local governments implement them through
land use planning and zoning,
As the states move towards more balanced systems of land
use regulation that are not weighted exclusively toward the
prevention of development, it will be increasingly neces-
sary to merge both state and local regulations inttoa single
system with specific roles for both state and local govern-
ment in order to reduce the cost to the consumer and
taxpayer of the duplicate regulatory mechanism.

This mechanism is the basis for the LCP process adminis-

tered by the California Coastal Commission.

In the 1980s, there is some rethinking of the merits of

a strictly regulatory program to profect sensitive ne-
sources. There is growing recognition that tols such as
limited acquisition or physical resource management are
needed to supplement land use regolation. Clark and
McCreary (19807 have documented the emergence of such
programs at Apalachicola Bay. Flonda; White Qak Es-
tuary, Calitomia; and Elkhorn Slough, Calilornia. One af
the most promising models appears to by the National
Estuarine Sanctuary Program, espevially the programs at
Apalachicola Bay and Tijudana Extuary, California,

The Nattonal Estuarine Sanctuany program, enabled
under the Coastal Zone Management Act (CZMA), was
designed te protect the most outstanding estuarine arcas
in the nation for teaching and rescarch. National guide-
lines require that states nominate candidates for sanc-
tuary status which exhibit exceptional wildlife diversity
and offer a representative ccosystem of a particular “bio-
geographical province.” Guidelitws also require that as
much of the ccosvstemn be protected as possible, using
state and federal matching funds for acquisition. How-
ever, only 53 million are allocated to the program nation-
ally, forcing states to find creative techniques to imple-
ment each sanctuary.

Tijuana Fstuary, California’s second estuarine sanc-
tuary, is an excellent example of the use of multiple tech-
nigues to manage an ecosvstem. The estuzarty is southern
California’s largest tidally flushing systeny in near natural
condition, supporting 1,100 acres of channels, sloughs,
salt marsh, and mudflats. The proposal to create an Es-
tuarine Sanctuary at the sitc was represented as an
opportunity to manage the lower Tijuana Valley as an
ecological unit, ard to bring disparate public ownerships
inlo a single coherent program for resource protection.
Prior to the sanctuary nomination, several agencies had
begun resource management programs, each with dif-
ferent purposes.

As shown in Figure 1, a 418 acre state park had been
established on the old Navy Border Field site, comple-
mented by a 263 acre area above the slough systern leased
to the Department of Parks and Recreation by the Navy.
The U.S. Navy also manages 340 acres of the Imperial
Beach MNaval Air Station for clapper rail habitat. In late
1980, the U.S. Fish and Wildlife Service purchased 305
acres in the core of the wetland, once proposed as a
marina site, and created a National Wildlife Refuge.
Another public ownership includes 120 acres along the
river cornidor owned by the City of San Dhego. The pro-
posed Sanctuary boundary incorporates these public
holdings, and proposed inclusion of 34 private parcels
totalling about 775 acres.

In December 1981, the State Coastal Conservancy
board approved a program to provide matching grants in
the amount of $1.03 mitlion ta implement the Sanctuary
and begin the purchase of private land (State Coe_!stal
Conservancy 1981). The project is designed as an agricul-
tural preservation project in support of wetlands protec-
tion objectives. Conservancy planners and lawyers will
develop specific agreements for acquisition and later
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lease. Legal instruments will be developed to direct
revenues from the agricultural land back into manage-
ment of the Sanctuary. n this way, the revenues can be
used to develop erosion control measures for farmland, or
test methods of integrated pest management, thereby
reducing the stresses on the estuary.

A final feature of Sanctuary implementation is the
stewardship role of the Southwest Wetlands Interpretive
Association. The organization, founded as an educational
group, has been an effective advocate for sanctuary desig-
nation, and has applied successfully to the new Conser-
Yancy program to provide seed money to bocal land trusts.
Thus, local citizens will be directly responsible for some
stewardship activities in the wetlands.

Several other Conservancy projects at Tomales Bay
and Buena Vista Lagoon complement existing
of public ownership and land use regulation with specific
habitat improvements. Elkhomn Slough is also a strong
candidate for this treatment. The Conservancy is evalua-
ting some possible acquisition of land along the northem

paﬂofﬂwsbughtocomplementﬂzeeadsﬁngesnsarine
sanctuary along the southern part of the Slough. In addi-

tion, the Conservancy will investigate tunding local land
trusts to look after portions of the watershed outside the
Sanctuary.

Conclusions and Recommendations

The foregoing discussion reveals a wide range of
issues tmpinging on the practice of wetfand restaration,
At its root, wetlands restoration attempts to reverse the
trend towards loss of valuable habitats through both cata-
strophic events (such as major dredging or filling projects)
and more gradual degradation (through excessive silta-
tion, loss of suitable buffers, or interruption of freshwater
flows}. A variety of legal and institutional tools are avaij-
able to intervene against the loss of wetlands, and for the
increase in the extent and productivity of wettand habi-
tats. Together, they have been responsible for incremen-
tal progress in a number of geographic regions and prob-
lem areas, but we have vet to articulate u single coherent
policy program on wetlands with the vision to move from
general goals towards comprehensive implementation.

Ten recommendations are offered to move towards a
more effective strategy:

1. Make wetlands restoration an explicit resource pol-
fcy goal,

All resource management agencies in California

shouid be put on notice that wetlands restoration is a

major priority, and minor bureaucratic procedure

should be amended to circumvent needless and
costly delays and infighting. The state should mount

a major campaign in Washington, D.C., to stem the

loss of wetlands protection, much as it did for OCS

development, drawing support from the growing
wetlands restoration community.

2. Rationalize the permit process for wetlands
restoration.

Develop and implement procedures that will reduce

the cumulative time required to run the gamut of

state and federal permits. This might include using a

workshop setting for multiple agency revicw, or the

use of hearings before multiple agencies.
3. Develop institutional mechanisms that enable nego-
tiations for off-site mitigation.

Test and refine techniques as transfer of develop-

ment rights, restoration off site in exchange for filling

marginal wetlands, and development of a “bank” of
suitable mitigation sites. The regulatory process
must be used to intervene to reserve a sufficient
inventory of low-lying sites suitable for restoration.

4. Refine and test methods for involving scientists and

scientific imformation,
Encourage applied scienific research, but ensure
that scientists are involved as technical advisors in
plan development, and as critical reviewers during
permitting. Planners and scientists must collaborate
in developing an applied research agenda, securing
adequate flmding,andensuringarich flow of infor-
mation on technical issues,
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5. Develop strategies for munaging whele ecosystems,

using @ combination of regulatory, acquisition, and
sterwardship techniques.
Develop strategies to unify the shoreline, wetland
basin, adjacent uplands, and watershed as a single
management unit, burrowing irom the growing body
of experience at places like Tijuana Estuarv {San
Diego) and Apalachicola Bay (Florida).

6. Rationalize the land acquisition process for

wetands.
This invuolves pressure for federal tax policy more
conducive to private sales at favorable terms. An-
other element 15 elimination of unnecessary bureau-
cratic procedures in hiring appraisers and closing
C5CTOW.

7. Expand the role of nonprofits as ugents for land ac-
quisition and restore stewardship.

Regulatory and acquisition agencies must work with
national nonprofits where possible to stretch their
lirnited fiscal resources for land acquisition. Locally-
based nonprofits are ideal candidates for day-to-day
enforcement, education, and maintenance, and must

Panel Discussion

Jonathan Smith, Bay Conservation and
Development Commission, San
Francisco, CA:

Scott didn’t mention anything about the Bay Conser-
vation and Development Commission. I guess he sus-
pected 1 would be able to do that. BCDC is basically
charged with the responsibility of attempting to protect
and order the development of San Francisco Bay and the
Suisun Marsh area, and it does so under several pieces of
legislation and also on some plans that have been de-
veloped for the Bay and Suisun Marsh.

Probably the first and most important point to make
is that BCDC has a limited geographic jurisdiction. It only
includes the Bay and a very small slip of land around the
Bay. it does include diked salt ponds, diked managed
wetlands, but it still excludes a great many of what were
hisloricale baylands or marshlands, but were diked off
and are not now considered to be either salt ponds or
managed wetlands. It also excludes almost all of the
watersheds for many of the streams which enter into 5an
Francisco Bay. So to the extent that you would like to seea
more geographically comprehensive jurisdiction and abil-
ity to regulate, BCDC is probably typical of such prob-
lems. Those decisions were political and 1 suspect in the
present political climate they are unlikely to be changed in
the near future, Unlike the Coastal Commission, BCDCis
also more limited in terms of the areas it is interested in. In
fact, its very title indicates that it has what at least may
appear to be a somewhat schizophrenic attitude towards
the Bay, trying to protect it and ordering development of
itat the same time. An example might be the Hamilton Air

be gven adequate seed money and  technical
assistance. '

8. Recognize watershed as the logical unit for eco-
systern management,
Usu}g .lhe maodel of Buena Vista Lagoon, define and
capitalize needed watershed improvements. Spell
out mantenance and tinancing requirements as well
as engineenng solutions and bislogical improve-
ments.

9. Call on the private sector for technical and financial
support.
Foundations, developers, and corporate interests
should be enpaged as partners in wetlands
restoration.

10. Unifyand develop the fragmentanywetiands restora-
tion cammunity.
No single agency or private organization has ready
access to the many interests pressing for wetlands
restoration. Valuable opportunities exist for bringing
this growing community under a single, or at least
more coherent, umbrella.

Earce Base where the Commission has felt so strongly as
tor become involved in litigation that Hamilton should be
retained, at least fur peneral aviation use, whereas cerfain
ather agencies would like to sce it used for wetland en-
hancement and protection.

Moreover, BCTX is fairly tvpical in that its plans have
very general policy statements regarding wetlands pro-
tection and enhancement and, in fact, are onented more
towards protection of existing wetlands rather than en-
hancement. Rather than being categorized in terms of
wetland protection and enhancement, our policies come
from various areas, such as wildlife protection, marsh-
land and mudflat protection, and water quality and quan-
tity statements.

Generally speaking, the Commisston is samewhat of
areactive agency in that it becomes mvolved more oftenin
terms of permit applications. After determining the min-
imum fill necessary for a specific project, the Commission
may then determine that there still is same adverse en-
vironmental impact, or that the public benefit does not
clearly exceed the public detriment and therefore, as miti-
gation for these unavoidable impacts of the fill, the Com-
rmission would like to see some enhancement of restora-
tion of wetlands. To some people, the Commission is not
nearly as active in seeking restoration as they would like
tosee. Tothatextent, I'd like 1o emphasize what Scott said
concerning the role of organizations like the Trust for
Public Lands and the Nature Conservancy. These organi-
sations aid in the identification of sites that are avai.!al:ie
for mitigation and banking these sites 50 that they will be
available at the time when a permit applicant needs a




48

Panel Discussion

mitigation site. i

Regarding the involvement of scientists, the Com-
mission has generally used private consultants mthcr
than having anv ongoing advisory bueard dealing wlth_
specific problems of enhancement and improvement of
wetlands. We do have two boards, an Engineering Cri-
teria Review Board and 4 Duesign Review Board. In the
Case of the Design Review Board, puh]ic ACCOSS p.ruh[e.ms
come up in every permil application. The Engineering
Criteria Review Board was spelied out specitically in our
eruabling legislation to deak with the problems ot fill Jand
and carthquakes. It there is sufrficienl pressure on the
femslature or the Commission to identity marsh restora-
tion and improvements as a specific poticy goal, it would
ber advisable (o have an .ld\'isury buard that would include
the people we're using at his point as private consultants.,

The streambiming ot the poermilb pricess was men-
tivned . | tind that somewhat ironic since that's what the
applicants have heen lelling us tor years and now we e
gutting it trom the other side, o not too sure to what
exlent it could e sireamlined, so long as we have the
comflicling goals with which BCIC ischa rged. The role of
negotiation van never b overemphasized. It's much
easicr b try and deal with problens or work out solutions
betere the lawvers get hwvolved. Probably the single
strongest constraint on wetland enbancement is that the
lawvers sre gaing 1o get invalved eventually, and when
that happens, you've probably fet it go too far.

Fred Roberts, Alameda County Mosguite
Abatement District, Qakland, CA:

I think Scott’s paper and presentation emphasizes
the areas where enabling legislation to create marshes
might be lacking. But there is, at least from my point of
view, something loft out and that has o do with regu-
latory agenuies that are concerned with problems that
may be created in the local area because of a wetlands
restortaion project. These apgencies incdude the State
Heaith Department, the Califernia Department of Fish
and Game, local public works departments, local health
departments, flood contral agencies, and mosquito con-
trol agencies.

I'd like to give vou some specifics from the point of
view of mosquite control and the legal constraints on
wetland restoration. Sections 2200 of the California
Health and Safety Code provide the foliowing authority
to the Mosquito Abatement Districts: One, we have the
right of entry upon lands that produce mosquitos; twa,
any lands that produce mosquitos, Or where we find the
larvae in the aquatic habitat, are defined as a public nuj-
sance; and three, we have legal abatement pracedures to
correct the problem. Finally, the costs of correcting the
mosquite problem can be transferred to the landowmer ar
agendies involved.

We are dealing with a very stfingent law that was
created in 1915 because of malaria Problems in the Centra]
Valley of the State. The real push for the |3y, however,

came from people m residential areas affected by salt
marsh mosquitos. In Alameda County, we're developing
residential areas right out to the shorelines while also
considering adjacent marsh restoration projects. S0 we've
got a real problem.

Unfortunately, our legal authority applies onlv after
the problem is created. Al of the musquito control agen-
cies in the region do not want % wait until that happens.
We have involved ourselves actively in planning proces-
ses to prevent mosquito problerns. We have developed
design recommendations that emphasize physical and
biological methods of mosquito control that we hope are
compatible with the objectives of wildlife biologists, water
quality control specialists, and experts tfrom other disci-
plines. The preventive recommendations are flexible. We
would like to negotiate to avoid conflicts.

We support the spirit of the workshep, to bring to-
gether concerned agencies and individuals, to create the
best possible ecosystern from everyone’s point ot view.
There are some things that I'd fike to recommend which
emphasize what Scott said. One is that [ think the plan-
ning of complex ecosysters, as we're attempting, is ex-
tremely difficult. Those of vou who have been involved in
wetland restorations know that the planning environ-
ment can be an absolute tarpit. [ think we need to spend
some time and research to develop planning mechanisems
that will enable us to create complex svstems in a way that
avoids problems and benefits as many people as possible
I can’t emphasize that enough. T aiso feel first we should
deal in the planning process with specific goals and objec-
tives. If environmentalists want to create a wetland
habitat, and our agency has to see it to our constituency
who may have to endure a hi gher level of mosqguitos, we
will need to know the benefits. If it means increased
species diversity, fine, explain it fullv and tell us how it's
going to benctit us. Tf it means saving endangered species
or certain desirable species, fine, define that so if we have
a higher level of mosquitos we have some justification.

Finally, wetlands need long term management. We
need a legal or administrative mechanism ta insare that
these systems arc managed intensively over the long
term.

David D. Smith, David D. Smith Associ-
ates, La Jolla, CA:

First of all, Scott’s paper on constraints and op-
Pportunities regarding wetland enhancements is extreme-
ly well done. He’s examined and probed a iot of different
aspects. If  have one negative comment about his paper,
it's that he didn't emphasize the constraints aspect, and
I'll get a shot at it. Secondly, there is an opportunity for
private sector involvement and the two tie together
nicely.

The institutional constraints are very real. I've been
through it on several projects. We have a very elaborate
state, federal, and local regulatory process which tends,
unfortunately, to frustrate the opportunities for wetlands
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restoration and enhancement. [t isn't intended o do that,
but that's the way it wurks out. ['ve published several
papers about the mstitutional constramts, and what has
happened in particular projects. Nut infrequently the cost
goes up to 3 and 80 percent and there is & two to three-
vear time delav. This s parthv a question of attitude,
Attitude on behalt of the regulatory agencies in a legal
sense: they are straight interpretationists. Tut a little bit
mare impohtely: everybody tsyvery jealous vl protecting
their own turt and they want o piece uf the action as the
project goes by, For enample, in San Diego. a dredging job
worth ten millien dollars eventually ook $18 million to
mave half as much material, Not much wetlands restora-
tion was keyed into that, but everybody argued for three
vears and they drove the cost up. They got some good
things out of it. The project was hetter, bt it did take
longer and shouldn't have cost that much money, par-
Heularly with that little money redirected for wedlands
implementation.

1 sense a very high level of distrust on both sides.
Sometimes on the applicant’s; certainly on the apency’s.,
You get in the situation where one agency, which shalibe
nameless, spent about a month arguing overa quarter of
an acre of intertidal wetland which had been placed there
by dredge fill two years before. That increases the frustra-
tion of the developer or the applicant and he becomes
very belligerent, looking for his attorney. You are looking,
at & divoree situation with everybody hating each ather
and you are not going to geta reasonabie settlement good
for both parties. But there is a halfway street, and frankly
Jo see conflict resolution as being very critical, vethard o
achieve. The private sector views time as maney because
they are dealing with borrowed money and a very sizable
debt service on that block of dollars, As a result, when
something is dragged out for an extra year hassle over
something they view as minor and can be solved with just
paying more dollars; if they can see a way 1o cut six
months off a project, maybe that's your best selling point.

One of the things the private sector is looking at is
whether there is a clearly defincd set of regional goals and
how might their projects fit into this? If we can ammive at
clearly stated goals for a region and subregional units that
make some sense, then 1 think you would get more pri-
vate sector support. [ would otfer this: let's not reinvent
the wheel. Basically, the concepts of resource manage-
ment are quite well known and the National Resource
Couneil and Brooking Institution are very sophisticated in
deating with how to manage a resource, to set objechves
and goals, to implement policy, and to get it funded. Let's
borrow from the procedural knowledge of other disci-
plines such as mineral resource management.

Steven Kaufmann, Deputy Attorney
General, Los Angeles, CA:
This is very different than speaking to a court. |
must begin by stating that the opinions and views which [
may express do not necessarily represent those of the

Califormua Attorney General.

Iwould like Bo lovus on anissue that was nol covered
by Scott’s paper. because L think it i particulardy im-
portant. Can a governmenlal hody be forced to pay dam-
ages in the event its land uw regulations g oo far and
result in an unconstitutional taking of a landowner's pri-
vate property without vampen sation?

It a tandmark Calitornia case, (19790 Agos os. City ot
Tintron, our state Supreme Court beld that d.mmges-'. in
inverse condemnpation are ot svailable Woa landowner
where a zoning ordinance or regulation deprives bim ot
substantiatly all use of his land. The Court stated that the
proper remedy instead is to simph invalidate the obfend-
ing regulation. The Court in Avits was motivated by cer-
tain policy vonsiderations. The Court was partici;larlv
concerned that the threat ut unanticipated financial abil-
ity would intimidate governne ntal bodies and discourage
them from implementing strict or innevetive planmng
measures in favor af those which are less stingent, more
traditivnal and tiscaliy -ate.

Since Agins, there have been two interesting devel-
opments n this area that bear on the validity of the
Court's decision ire this case. The first supgests that the
United States Supreme Court may not, in the future, be
willing ta go along with the decision of Agms. In March
1981, the United States Supreme Court decided the case
of St Disga Gus and Electric s Thhe Caty of San Diegu. That
case raised the question of the proper remedy in a taking
case. The Court, however, in a five ko four dedision did not
reach the issue, concluding instead that it really didn't
have the jursdiction. What is natable about that case is
that the four dissenting justices indicated that they would
reach the issue and that they would repct the Agins
approach of invalidation where 2 taking has occurred.
Thev would require a governmental body to pay just
compensation in the form of what they called “interim
damages”” —that is damages which arise from the period
comunencing on the date the regulation tirst effects the
taking, and ending un the date that the entity chooses to
rescind or amend this regulation. In addition to these four
dissenters, one justice joining with the majority indicated
that if the case were properly before the Court, he toc
would have little ditficulty with going along with what
was stated in the dissent. Now, as a consequence of the
positions expressed by these five justices, there are a
number of commentatars who belicve that it the right case
is presented to the High Court, as it is presently con-
stituted, it will hold that interim damages are the ap-
propriate remedy foran unconstitutional taking. _

The second development arises from twa recent Cali-
fornia Appellate Court cases. in December 1981, one divi-
sion of the California Court of Appeals in LOS Angeles,
decided the case of Gilliland vs. County of Les Angeles. Ore
question raised in this case was whether one could avoid
or sidestep Agins by simply seeking damages against {“3]
government under the Federal Civil Rights Act for viola-
tion of constitutional rights. The Courtin dicta—thatis, I
Janguage which was not necessanly essential to the
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ruling - -stated that in view of the Agins decision, dam-
ages would nat be available in the case of a claim brought
under the Civil Rights Act.

Somewhat surprisingly, less than bwo weeks later,
the very same Appellate Court decided a case brought by
the same plaintifis in the case of Gilliland e, The City of
Paldale. We can call it Gilliland 11, This time, the Court
tumed around and criticized the Supreme Court dedision
of Agins, and it heid directly contrary to its decision o
Agins ot two weeks before, that one way of getting around
Aginsis to file a suit tor damages under the Federal Civil
Rights Act.

Well. this was somewhat of a perplexing problem,
Hearings in both cases were sought in the Su preme Court

Audience Participation

WAYNE TYSON (Regrowth Associates): When a
landowner is asking for just compensation, I wonder if
the view of the Court is that the local agency zoning
authority is required in some way, either directly or
indirectly, to guarantee a different use of the land. In
effect, is a speculator in—Ilet's say, worthless tidal
lands-—guaranteed by government the right to use that
for purposes which one would ordinarily not be able to
use tide lands for?

MR. KAUFMANN: That's & complicated question
when you deal with tide lands because of the public trust
concept, It's very possible that hecause of the strength of
the public trust in vertain areas, that the guvernment may
have a stronger police power interest and may be able to
regulate it differently thanif it were just an ordinary piece
of property. [ attempted te focus here on the remedy
because of the interest [ feef that the Landowner might
have in finding out what lies at the end of the rainbow, if
there is anything for him, and what the exposure of local
government is. Usually these “taking cases” turn on a
case by case appruach and it’s difficult under those cir-
cumnstances to really give you an answer.

MR. TYSON: Let's say in a wetland situation that is
not tide lands, where you have a private owner who has
left it lie fallow for 2 number of years and then, all of
sudden, wants to put a shopping center on that land. The
question that has occurred 10 me many times, as I have
seen these cases go through the courts, is whether gov-
ernment does or does not have the responsibility to guar-
antee the speculator 2 profit on this investment?

MR. KAUFMANN: Well, I don't think that the law
says that the government has to guarantee to a speculator
a profit on his investment. You are not entitled. necessar-
ily, to the highest and best use of your land and the
government can, through its police power regutation,
regulate it. | think these are questions, particularly be-
cause of the nature of the remedies involved, that if you
are a landowner you should speak to your attorney and if

and [ am informed that the Supreme Court declined to
review either case. To reconcile the conflicting lanyuage
i those cases and, perhaps, more significantly than that,
to protect the vitality of its decision of Agins the Court
ordered Gilliland Il depublished or removed (rom the
official records.

In summary, unless the United States Suprerne
Court reaches a different conclusion, vr the California
Supreme Court for some reason changes its mind, Aymsis
still the law in California: namelv, a povernmental body
will not be required to pay damages in the event its land
use regulations result in what a Court determines is a
taking of property without compensation. The propet
solution would be simply to invalidate the regulation.

Youare an agency or government body, you shonid speak
to your counsel.

WILLIAM DAVOREN (Bay Institute of San Fran-
cisco): I think Scott's paper was great, but I noted the
slight treatment of San Francisco Bay. I was pleased that
Jonathan Smith admitted that BCDC's jurisdiction in the
Bay is really minimal. I have to disagree that the political
climate isn't right to change. I have been hearing that
since 1972, when the sponsors of BCDC stayed out of the
Proposition 20 initiative; in 1976 when they stayed out of
the Coastal Act. Fortunately, the duck shooters added
the Suisun Marsh to BCDC jurisdiction. And in terms of
the State Coastal Conservancy, it too was delayed in
applying for the Bay for at least two years. This is not a
good record. Whenever ! hear someone saying this is not
the political climate to change the BCDC jurisdiction, 1
always stand up and say something.

JIM STEWART (Department of Fish and Game):
Scoft, you brought up an interesting point about inter-
agency conflicts and the Coastal Commission. Several
times today, Los Cerritos has been brought up. I'm the
biologist who started thal whole mess. 1 got out and
mapped the wetlands for the Coastal Commission. Paul
Kelly, who you heard earlier, assisted me in doing some
resgurce inventories. As time went on, the biologist who
originally involved me in ail of this was left standing on
the wayside, while directors, deputy directors, former
directors, lobbyists, lawyers, consultants, and every-
body else grabbed all this information and started
wheeling and dealing and coming up with restoration
plans. I'd like to point out that many times the people
who are originally involved in these identifications have
a lot of information but are left out of the actual restora-
tion planning. And I think it's reatly a shame that high
level people within different departments wheel and
deal at the top in dosed door mectings and don’t

RICHARD MEWALDT (San Jose State University):
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1 have two questians for Mr. Roberts. One is somewhat
tongue in cheek: is there sucha thing as an endangered
mosquito? The second is: in mosquito abatement, what
is the state of the art? Are you breaking ground or losing
ground when it comes to such things as the wetlands that
we're talking about today?

MR. ROBERTS: Number one, believe it or not, we
had a local spevies called the winter salt marsh maosquito,
which was very nearly extinct at one time, due to the use
of DDT. Now, it's back in great aumbers—unfortunately
or fortunately, depending upon how you look atit.

The state of the art in mosquito control is inceasing
by leaps and bounds. We are learning about planning; we
are learning about ecasystem management. We are not
just managing mosquitos any more and we have research
going on by the University of California. We are seeing
introduction of a pathogenit bacteria called BI1, Bacillus
thurmingiensis israclonsts which looks promising. We
should be able ta provide control under emergency condi-
tions in these wetlands without creating havoc. It will be
costly and we'd like to aveid it through the planning
stages, but 1'd have to say we feel pretty good about the
advance of technology in mosquito control.

JIM McGRATH {California Coastal Comumission}:
v'd like to throw a general wet blanket on Scoit’s com-
ments on offsite restoration and I'd like to give an exam-
ple to do that.

Up in Eureka, there were a series of wetlands—
5,000 to 8,000 square feet-—and they really, perhaps,
were viable, perhaps even could have been feasibly re-
stored and redesigned, but they really were not a very
valuable habitat. Everyone agrees on that. So we ad-
ministratively ated a little loophole in the Coastal act to
allow some offsite restoration. This was not without
trepidation and concern by our lawyers. We did it very
carefully. We then went out looking for an offsite res-
toration site and with some very able and very expert
help in the local Department of Fish and Game, and the
Coastal Conservancy, managed to find not one but actu-
ally three sites in Eureka. We found one willing seller,
by hook or ook —it was almost a magic thing-—to doa
wetlands restoration project, which is now completed. It
was keyed to one thing: 2 willing seller; and to another
thing: the willingness of the Coastai Conservancy to
aperate at a loss in order to get a good wetlands restora-
tion project off the ground.

Now, that's in Eureka, the most economically depre-
ssed real estate market in the state. If you go to Southern
California, you look at a real estate market that is hyper-
inflated and the expectation of landowners affects the
overall question of whether or not you are going to find a
willingseller.Thmyuugzlinmﬂnevmydelicatelegal
balance between what is the proper role of the regulatory
agency in dealing with property owner's expectations
that may set a value on a piece of propesty. It's a limita-
Hon from our perspective to get too involved with ne-
gotiations on land. That is not a proper role for an ad-

ministrative agency and we get into a i
when we do that. ® ol quagmise

So 1 have not seen it work offsite in Southemn Calij-
fornia, 1 don’t believe, for instance, that anyone could
put together the capital to go out and buy a piece of real
estate and restore it. The economics just don’t seem to
make sense.

]ENS‘ SORENSEN {Jens Sorensen and Associates):
The l"ub?ic Trqst Doctrine was quickly mentioned and |
was hoping this panel would address the imporiance of
the Public Trust Doctrine and the State Lands Commis-
sion and their red lines map. Can the panel elaborate on
that?

MR, KAUFMANN: We have a bit of a void heve,
Greg Taylor who represents the State Lands Commission
and who is absolutely tamiliar with that issue, asked me to
come in his place and 'm not prepared to speak on that
issue.

LINDA BREEDEN (California Coastal Commis-
sion}: 1'd just like to speak to the use of red line maps.
They are purely for coastal permit jurisdiction. They
don’t have anything to do with the State Lands Commis-
sion jurisdiction, with regard to where the Public Trust
land is of is not. There is a provision in the Coastal Act
that allows the Coastal Commission to retain original
permit jurisdiction over Public Trust lands. The Coastal
Commission has never had the resources to map Public
Trusts in great detail and it has to be done on a parcel by
parcel basis. Red line maps are used to determine Coastal
Commission jurisdiction.

STEVEN NELSON {EDAW, Inc): I'd like to ask
Dave Smith if he could provide us with some insight as
to how to take some regional goals to a landowner and
make him more appreciable of the value of wetlands and
change his attitude, so to speak, and have him willing lo
come to the negotiating table.

MR, SMITH: ! left my crystal ball at home, but yi]
bry. Two things are significant. One, is a regional plan. If
he sees what the agencies and the public are trying to do
and it's laid out and logical, I think that individual, as a
business person, is more likely to fook at where he might
fit in as opposed to fadng an almost unspeakable fear of
what these agencies might try to do to him. And one
reason the fear is there is another unseen and unspoken
ghost: whatisa wetland?

We've had a lot of argument about the Coastal Com-
mission wetlands guidelines; there will probably be some
litigation involved. My puint is not to exacerbate the is-
sues but to pose the question: whatisa wetland and does
a pond on Qakland Airport that's dry 11 and a half
months a year—does that, infact, meet the Coastal Com-
mission guidelines afa wetland? ‘

Exic Metz and I have had discussions about this. If
you are arguing over what is the definition ofa \_vetland
and you are getting down to fractons of acres, as i some
cases, you develop a climate of potential antagonisc
that's hard to surmount before you get around to the
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point of, “Hey, how do vou restore this? How do you
bring it tu a landowner that has property and wants to do
something about it?”

Jet's be frank. Lapdowners see thye apencies reaching
out, trying to put 2 collar on theny, In the case of vermnal
ool in %an Diega, there are probably 10 geres of vernal

powls out of thousands of acres of vernal pools. But the
Coastal Commission did pick up on vernal pouls, or at
teast they thought about them, though | think thev even-
tually dropped them from the wetlands puidelines,
There’s mutual distrus); it's real and o's unforrunate and |
don't know the answer.




Engineering Wetlands:
Circulation, Sedimentation,
and Water Quality

R.B. Krone, Department of Civil Enginecring, University of California. Dawis

Introduction

cludes the restoration of flonding and draining
regimens and importation of fresh sediments that
previde conditions for growth of desired plant species.
Tidal flows in a marsh are complex, and the methads and
snformation available for computing such flows are ap-
proximate. These methods, together with consideration
of the properties of marsh spils, sediment transport at
estuary margins, and data on the distribution of plant
species with elevation are adequate, however, to design
dike breaches and conveyances for tidal waters to achieve
conditions for the restoration of desired plant specics.
Every diked marshland has unique features, and its
restoration poses challenges to an engineer. There are
several common attributes to such lands, however, that
are especially important. Soils of diked areas begin to
dessicate as soon as flooding by tidal waters is precluded.
These are clay soils, and drying causes them to shrink n
volume, as shown by the development of large cracks.
This shrinkage causes the land surface to gradually sub-
side, and decrcases in elevation by as much as four feet
have been observed. Even so, such soils are often satu-
rated and anaerobic a few decimeters below the surface.
In the South Bay area of the San Francisco Bay system the
lands have subsided further because of the long term
effects of groundwater withdrawal. Poland (1972) has
noted subsidence up to 8 feet in this area. Diked marsh-
lands have been used for disposal of material dredged
from harbors and channels to provide navigable water
depths. Such fill elevates the land surface and poses dif-
ficulties for flooding by gravity flows. The elevation and
contours of the surface of the lands to be reclaimed are
primary factors in selecting a feasible reclamation plan.
Lands to be restored to marsh often have other uses.
Flood control facilities of adjacent developed low lands
often utilize the storage capacity of diked marshlands to
provide a low elevation for discharge of stormn waters
during periods of high tides. The fand surface subsidence
described above, combined with high dikes, enlarges the
volume of such flood basins. The basins drain dunng
subsequent low tides through antomatic tide gates. Mak-

R estoration of diked lands to viable marshes in-

ing flood basins habitable for marsh plants without reduc-
ing the volume by sedimentation may require a fluctuat-
ing tide at & mean hde level below that of Bay waters
putside of the dikes, Otherwise the flood basin can be
opened to tidal waters during dry seasons.

Those interested in restoration of diked marshlands
aften envision use of restored lands for recreation and
aesthetic enjoyviment. The provision and control of access
occasionally impacts on the design of hydraulic facilites.
In addition, the many city, countv, state, and federal
agencies concermed with estuary margins have varying
requirements for each site due to their individual perspec-
tives, Two requirements that are relevant hcre are mos-
quito control and water quality management.

This paper describes methods that have been used in
the San Francisco Bay system to design facilities for flood-
ing and sedimentation on diked marshlands for the pur-
poses of promoting growth of desirable plants and meet-
ing the objectives of concerned agendes.

Natural Marsh Development

A brief description of the genesis of 2 natural marsh
in the San Francisco Bay system is presented to eluddate
the processes responsible for this unique land form. Re-
staration of marshlands to a continuing, viable marsh
consists of reinstituting these processes and assuring
their effectiveness.

QOcean tides along the Pacific coast are diurnal tides.
The amplitudes of the semi-diurnat tides vary from neap
to spring to neap during the 28 day lunar period. Sealevel
at the Golden Gate is rising at 0.6 ft. per century, and the
mean tide range there is 4.0 ft. The mean tide range at
Alviso in South Bay is 7.5 ft. Itis larger than that at the
Golden Gate because of resonance in the Bay system. The
corresponding ranges between mean higher high and
lower low water of this diurnal tide is 5.6 and 9.0 ft.,
respectively. The tide range is slightly greater in San
Pablo Bay than at the Golden Gate, then diminishes with
distance from the Carquinez Straits toward Sacramento.
The mean tide range at Pittsburg, for example, is 34 f.
The local tide at each restoration side is used for design of
hydraulic facilites. :
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About 80 percent of the sediment entenng the 5_’3“
Francisco Bay system enters with high winter and spring
fresh water flows from Central Valley drainage. These
materials deposit initially in the upper Bays, with the
largest portion depositing in San Pablo Bay. During late
spring and summer months, when the Central Valley
warms, daily onshore breezes blow across the shallow
bays in the systern and generate waves that suspend the
new deposits. Tidal flows circulate water thmul%l"c"'-'lt th\e
systemn, incleding South San Francisco Bay, and d‘-"_‘“'
bute the suspended material. Each night when the wind
dies the material settles to the bed, and resuspension and
circulation resumes the following day. This process con-
tinues throughout spring and summer. Sediment pro-
vided by local drainage participates in this circulation.

A portion of the dreulanng suspended matenial is
carried to the ocean with each ebb flow through the
Golden Gate. Suspended material also deposits in loca-
tions in the system where waves and tidal currents are not
sufficient to resuspend it. About half of the annual supply
reaches the ocean; the other half lodges on the bed of the
system, in the marshes, or is disposed on land (Krone
1979). Bay waters gradually clear during summer and fall.

Marshes form as a result of the combined effects of
the tides, rising sea level, sediment transport, and marsh
plants. Mud flats develop aiong the edge of a bay where
the timited fetch of the wind prevents growth of waves.
Water tolerant plants, such as Sparting, establish them-
selves in a namow band alony the water's edge at about
mean tide level and above. Such plants promote the de-
position of sediment among themselves by fadilitating
aggregation of suspended particles and by protecting de-
posited material from wave action. Drainage of the nar-
row band of plants as the tide falls erodes proto-slough
rivulets. The surface elevation of the marsh rises as sus-
pended material accumulates. As the elevation of the
marsh rises, however, the frequency and duration of its
inundation by high tides diminish, diminishing the sup-
ply of suspended sediment, and the rate of accumulation
of sediment slows markedly.

Rising sea level tends to increase the frequency and
duration of inundation by tides. The marsh surface rises,
therefore, in response to this sea level rise. Marsh plants
are continually buried by this process, and the resulting
marsh soils contain large amounts of plant residye. Marsh
elevations in the Bay systern are close to mean high water.
The rising marsh surface causes the marsh to extend iand-
werd at rates that depend on the siope of the land_ Evi-
dence for the rising of the marsh includes the vertical
walls of rivulets and the layering of marsh soils due to the
seasonal supply of sediment.

Flooding and draining of the marsh necurs largely
through the channels. During periods of wave action,
water also enters along the bayward edge, and marshes
are often slightly higher there due to the accumulation of
debrris and the very high concentration of suspended sed-
iment that occurs under such conditions, Ag the marsh
extenids Jandward, the volume of water that floods the

marsh increases. The increased volume of water con-
veyed by the sloughs erode them to enlarge the channel
cross-sections until the currents are barety suffident to
keep them open. One can observe this relation between
the amount of marshland flooded and the sire of the
sloughs in eerial photographs of any larye marsh. Erosion
even under the roots of plants occurs in slonghs near the
bayward edge of a marsh,

Rising sea levels prevents the bayvward propagation
of marsh plants by increasing the duration of inundation.
As both sea level and the marsh surtace elevabuon rise,
water depths increase along the bavivard edge. Waves
generated in the broad expanse of the bay impinge on this
edge and continually erode it. A small cliff can be ob-
served along the edges of marshes that are oxposed to
wavas,

A natural marsh is the margin between a retecating
shoreline and the landward intruding marsh edge. lis
surface is nearly level and varies in elevation only a few
tenths of a foot. The sloughs form dendntic patterns that
flood the marsh uniformly. [Mant species thatare sensitive
to the periods of inundation appear at different eleva-
tions: the relatively large area of flat marsh surface favors
such species as Salicornia, with small amounts of Sparting
where inundation or frequent exposure to overtopping
waves inhibits other plants.

Marsh Soils

The seasonal supply of sediment, alternating with
more rapid growth of plants in summer, causes a layered
development of marsh soils. These soils typically contain
large amounts of organic matter. Natural marsh soils are
anaerobic almost to their surface. The combination of
organic matter and anaerobic conditions facilitates reduc-
tion of iron and sulfur oxides to form iron sulfide. The
soils are therefore black, and hiological decomposition of
roots and buried plant material is very slow.

The sediment transport processes described above
sort the sediments so that the finest particles reach the
marshes. The mineral particles in marsh soils are largely
clay sized particles with some silt. This clay forms a thix-
otropic* gel that resists dewatering. Marsh soils and un-
derlying mud around the San Francisco Bay system range
in depth to 80 feet. This material provides precarious
foundations for structures {J usselyn and Atwater 1982). It
appears that marshes subside from their own weight ab-
out 0.2 ft. per century. Dikes must be very wide across
their base and must be continually raised to compensate
subsidence due to slow deformation or compression of
the underlying soil caused by the added weight.

*Thixotropy is a property of saturated colloidal materials. When
such materials are allowed to stand they become solid (gel)
Mechanical disturbance, however, make them fuid. It appears
that the interstitial water becomes bound to clay mineral surfaces
as marsh soils gel.
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Hydraulic Design

Energy costs climinate the use of pumps for restora-
tion of tidal marshes. Flooding and drainage must flow by
gravity. Land surface elevation relative to tidal daturns are
tmportant and determine the need for interior channels to
provide reasonably unifonn flooding and adequate drain-
age. If plant species that tlourish with frequent imunda-
tion are desired. ponds and channels must be at suffi-
cently low elevation to provide Lhese conditions. Hy-
draulic design includes the selection of number and size
of dike breaches, conduits, or fide gates and their loca-
tion, and the layout and dimensions of interior channels
and ponds. Successful restoration requires detailed com-
putation of flows and water surface elevations.

One-dimensional hvdraulic representations are suit-
able, Flows through dike breaches or imbedded conduits
can be calculated as a succession of steady flows using
conventional minor loss coeflicients (Chow 1959). A link-
node representation of channel flows (4) using the St.
Venant equations (5) is appropriate. In many siluations
where flow through grasses lead to high friction coeffi-
cients the link-node model devalves to a succession of
short period steady flows.

An example of a link-node model is shown in Figure
1. Flows are calculated from the differences in elevabon
between adjacent nodes and the channel dimensions and
friction represented by the connecting link. Changes of
water surface elevations are then computed from flows.
The tide at the bayward end drives the computation.

There are two cornputational ditficulties peculiar to
marshlands. Marshes typically have flat or gradually
stoping contours outside of the channels, so that as the
water surface elevation rises the change in water volume
with each increment of water surface elevations varies
widely. Ifa two-dimensional model is used, the boundary
of the area represented changes during a tidal cycle and
new boundaries would be required after each few time
steps of the computation. Such detail is not warranted for
marshes. [nstead, a power series representatian of the
change in wetted area with change of water surace eleva-
tion can be prepared by planimelering the marsh contours
and fitting the area-clevation data to a power series by
conventional least squares. A quadratic or cubic series is
usually adequate. Similar functions can then be used to
compute the change in volume at each node.

The second problem is the stability of the numerical
computation that results from the short channels in typi-
cal reclimation projects. The usuat criteria apply: typical
systems require a 13-second time step.

A mean tide is usually a satisfactory input to the
model. A spring or maximurn tide should be used if dike
elevations are important. The model shouid be exercized
over two or more tidal cydes for each configuration to
eliminate effects of estimated initial conditions.

Pimensions of conveyances are found by trial. The
objective is to make the cross-sections large enough and
atlow enough elevations to provide flooding of the marsh

Figure I: [ inh node representation of & tidal slough.

and to meet the requirements for plants along channel
margins. More than adequate crass-sections can increase
construction costs.

Sedimentation

The rates of deposition of suspended sediment in
new channels and ponds is very sensitive to the sus-
pended sediment concentration. Sediment is suspended
by waves in shallow areas of the Bay system adjacent to
marshlands, so that the concentration of suspended sedi-
ments in waters entering, marshes is highly variable, de-
pending on wave action. Concentrations range typically
from 50 mg/l at night to more than a gram per liter during
windy periods. Long term, reprsentative suspended sol-
ids concentration data from the site of entrances are rarely
available for input to computations of sedimentation
rates, 50 it is necessary to resort to experience with similar
sites.

A useful guide is that for entrances off of mud flats
exposed to wind and for quiet, protected interior water
depths deeper than mean lower low water, such as the
Palo Alto Yacht Harbor, for example, depusition rates are
about two ft. per year. As water depths become shal-
lower, deposition rates fall with the portion of time the
area is covered until, at mean high water, the deposition
rate is negligible.

Spartina flourishes on newly deposited sediment, Ifit
is desired to have Sparting margins along channels and
around ponds, their bottom depths should be at least 0.5
ft. below the lowest elevation that Spartina will grow o
provide room for ample substate. These elevations
around the system of northem bays have beett deter-
mined by Atwater and Hedel {1976). The channels should
be wide enough to provide the conveyance calculated for
hydraulic requirements. If margins of Spartind ajong the
charinels are desired, the widths should be increased 0
allow the extra space required. The channel edges will ill
with sediment until the cross-section is reduced to the
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BED ELEVATION, M. MTL

TINE, Yaars

Figure 2: Compuited scckyvovaer tatun s for a shallow poied at
Palo Atto, CA.

point where bed shear stresses during ebb are sufficient to
erode newly deposited material. This critical shear stress
for freshly depusited Bay system sediment is about 4
dynes/sq. am.

Rates of sedirmentation in shallow ponds typically
slow as the pond becones shallower. An example of
computed sedime ritaticen rate for tide and sediment con-
ditions at Palo Altoy is shown in Figure 2. The plots show
that the rate of deposition increases sharply as the sus-
pended solids concentraton rises, and the rate de-
creases as the pond brecormes shallower. Two dimensional
mathematical models of cohesive sediment transport are
available for detailed computations, if such are warranted
{Ariathuyai and Krone 1976).

Water Quality

Requirements For wwater quality in restored marshes
inciude minimizing conditions favorable for mosquite
larvae and preventing the development of algae scum.
Waste and storrm  water discharges into reclaimed
marshes can also lead to undesirable water quality Thisis
a gepamte pmb]cm . and is not discussed here,

Minimizing conditions suitable for mosquito larva
consists of provicking drainage for depressions in the
marsh surface. Small shallow ponds with inadequate
drainage also cause ac<uwmulation of salt o the detriment
of plant growth. Ditches from such ponds to a channel
also provide means for flooding ponds, which will in-
crease sedimentation rates slightly and assist in their
reclamation.

Accumulation of algae in the shallow waters of
deeper ponds, that do 1Ot drain completely during a tidal
cycle, and in dead end <hannels can be minimized by
providing short reten O ime. The retention times can be
calculated by use of @ Water quality model (Oriob 1972)

based on the output of the tink-node hydraulic model,
The average retention time is caleulated by assigning an
inihal concentration of a conservative solute within the
pond or channel area of concern, exercizing the model
through a number of tidal cvcies, then compuling the
average retention time from the rate of decrease of con-
centration. This procedure includes clects ot solute leav-
ing the pond and returning on the following flood, Avet-
age retention times should be on the order of davs for
shallow ponds. For deeper ponds, maximum algae con-
centrations can be estimated for vanious water turbidities
and retention times (Hvdrogual 1981),

Excavation in diked marshlands exposes anaerobic
sofl. The large amount of iron sulfide in these soils is
rapidly oxidized when exposed to dissolved oxygen. Dhar-
ing the first few weeks ot flooding of new channels, laege
amounts of “"rust” may appear. This is harmless material
that rapidly returmns to the Bay and rejoins sediment trans-
port. The exposed black soil will turn brown or gray, and
new deposits will have the healthy appearance of new
Bay mud.

Conslruction

Methods for constructing channels and dikes on
marshlands are limited when soils are saturated a few feet
beluw the surface because excavaling equipment becormnes
mired in the soft soil. Under these conditions, options are
limited to excavation from existing dikes by dragline or
trom a floating dredge. Design of the channel arrange-
ment should include this consideration from the begzin-
ning. Figure 3 shows a channel excavated along a dike at
Muczzi Marsh. The matenial was laid on the side of the dike
and dressed after it had dried.

Drainage of interior depressions can be faalitated by
small trenchers that are equipped for marsh operation.
Figure 4 shows such a trench constructed by the Marin
County Mosquito Abatement District equipment. The
trench depth is limited to 1.5 {t. with this equipment. Itis
fast and relatively inexpensive, however, and is well
suited to improvement of surlace drainage.

Channel bottomns should be smooth enough to tacili-
tate drainage. Sediment will fill in small depressions.
Obstructing loose soil or obstructing ridges should be
removed by hand.

Conclusions

A natural marsh is a continually evolving land form.
Restoration of diked lands to evolving marshland in-
ludes provision for flooding and draining by gravity flows
and development of fresh sediment substrate for plants
that require it. Consideration of the needs of other uses of
the marsh including recreation, education, and flood wa-
ter storage, may alter the design of the physical facilities
significantly. Limitations of the bearing capacity of the
soil for earthmoving equipment can also alter the design
of facilities. Hydraulic design consists of application of
unsteady flow computations to the peculiar conditions of
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sz marsh, Corte Madera, ©A4

Figure 3 Charnet excavated by dragime Freme a dike at Mu

Figure 4 Drainage trench constructed by Marin-Sonoma Mosquito Abatement District at M

wzzi marsh.

A

A

-

',( “r
Feor
R

L]

-
T




58

Krone

marshlands, with $ides, friction, and conveyance dimen-
sions either specified or adjustable. Data on suspended
sediment concentrations, needed to compute sedimenta-
tion rates, are seldom available, and it is necessary to
estimate deposition rates from experiences with other
sites. Water quality concerns in reclsimed marshes are
drainage of shallow ponds and short retention times in
poands and channel ends that do not drain completely.

Suggestions for Future Research

The methods tor providing water circulation and
suitable habitat for plants described above are based on
present knowledge of aptimum hydrologic conditions for

Panel Discussion

Phil Williams, Philip Williams and
Associates, San Francisco, CA:

Well, 'm lett, within the context of this workshop
tormat, to deal with the complex hydraulic and hydrol-
ogic processes involved in wetland restoration, Several
times during this conference, biologists have come up to
me and said, “Hey, you hydrologists have got it easy,”
implying that all we have to dois go out and measure the
tidal prsm and do vur caleulations and everything is
deterministic. Whereas, in biology there are many vari-
ables and unhnowns,

It's nutexactly that simple. (Showing slide) What 'm
shuwiny here is an aerial photo, a U2 phote of Suisun
Marsh and Suisun Bay, and there you have the hydeologic
and hydraulic processes we have to deal with and they are
very complex. Fresh water mixing with salt water, sedi-
mentation, wave action, and tidal mixing. Maybe the
difference between biologists and hydraulic engineers is
that engineers, | suppose, have to end up making dect-
sions. I think we're able to do this because possibly we’re
less aware of the consequences of our decisions than
biotogists are.

We have to start by understanding the natural hy-
drologic system. As Ray Krone has mentioned, the nat-
ural marsh is part uf a patural evolving fand form. So
before starting you have to understand what the natural
system is doing and in particular what changes have
taken place in the natura) system. A good starting point
with marsh restoration design is to look at oid hydrologic
surveys and take note of the changes that have taken
place. Also, aerial photographs are useful. Go out at low
tide and take a look at what's happening at the adjacent
mud flats and slough system.

As well as getting an understanding of the system
and what changes have taken place, you ought to then
think about what the natural processes are going to do in
the future. For instance, levees subsiding, sea level rising
and sediment accumulation are important factors. You do
this before you actually get involved in looking at the

restoring marshlands. Improvement ot this km_twledge
can be achieved by monitering the icw restored margh.
lands over a sufficient number of years and verifving the
effectiveness of the restoration facilities.

Better knowledge of suspended sediment concentr-
tions and wave conditions in near-shore waters are
needed for prediction of sedimentation rates in the in.
tericr of the marsh and for design of protection of the
marsh shore. Measurements of wave attenuation by mud
flats is especially needed. These dats can be obtajned by
suspended solids and wave height and period recorders
located at two sites in a shallow region such as Corte
Madera Bay.

hydraulic design, 50 you can see the thing in context,

The Bay Conservation and Development Commis-
sion will be corming out with a report on restoration tech-
niques for diked wetlands in a few months. {Fd note: re-
leased in April, 1982). But ! want to mention the six
principles that you should consider in the hydrologic-
hydraulic design of marsh restoration.

Number one is plan for the long term. When you doa
design, think about what it's going to be looking, like in 50
years. 50 you should actually not only have your design
plan, but you should also have a drawing or plan of what
you expect it to look like. The second thing is something
that Felix Smith mentioned, and that is built-in cnvir-
onmental safety factors. And an example of this is taking
advantage of sedimentation. If you dig a channcl that's
too small, it's a dam sight harder for these consolidated
sediments to erode than if you dig it too big and allow
sediments to accumulate to the equilibiium channel geo-
metry. The third principle is attention to detail. Fourth is
flexibility in the design. Fifth is making sure you consider
the maintenarice of any facility that you're putting in and
this particularly applies to tide gates or anything that
requires manipulation. And the sixth is that every single
design element for a hydraulic design should have a spe-
cific rationale. You should undesstand why you are de-
signing a channel in a particular location and why it’s a
certain dimension.

Tomas Firle, San Diego Unified Port
District, San Diego, CA:

The San Diego Unified Port District is a trusteeship
formed in 1962 to administer the overall natural resources
of San Diego Bay for commerce, navigation, fisheries, and
recreation. As a district of a multipurpose nature, we
developed a master plan. For recreation, it required wet
slips in a small boat basin in the Chula Vista area of South
San Diego Bay. Some fill was placed in the '60's, but was
only dredged to provide for an entrance channel 1o a
launching ramp.
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With the advent of the environmental consciousness
in the '60's and subsequent environmental legislation, we
found that the solution to dredging, for adequate depth in
the buat basin was to provide 4 coupled type of project—
namely, to use the dredge spoils of the basin and deposit
them nearby to create a saltmarsh island instead of taking
the spoils out to sea. The material incidentally, was clean
Bay mud.

" For those of vou who are not familiar with San Diego
Bay, it'’s a mini-San Francisco Bay but without major
freshwater inflow. Tt's crescent-shaped, about 20 miles
long, about & mile and a half across with a natural chan-
nel, but guite shallow in the southern third of it. The smal!
boat basin is located on the east side in the City of Chula
vista. The dredge spoit disposal site 15 about a mile away
from the end of the Bay. What we did was to remove by
clam-shell the near-shore sediments and put the materal
adjacent to the boat basin to dry it cut for subsequent use
to construct dikes for contairument basins. Before we
could do any of that, of course, we had tu establish the
technical and economic teasibility of this approach which
also involved the feasibility of obtaining permits for the
creation of the marsh project. This was in the middle 70s,
and that itself was quite some feat.

The next process was to do the engineering design
and to get the money some place: we paid lor it outof our
own funds, two and a half million dollars. The next step
was then to build containment dikes because the Water
Quality Control Board would not let us deposit Lhe mate-
rial directly in the Bay without a containment. We put
material on the shore, dried it, and then trucked it over via
an existing dike which separated the cold water intake
for a power plant from the hot water ou tet.

Starting from the existing dike, we built a perimeter
dJike about a thousand feet across and about three thou-
sand feet long on each side. A very important design
criterion was to have species diversity for the ma rsh,
hence elevation differences. So we tried to establish a
slope from plus 1 foot on the low end to plus 16 on the
other side, before breaching the dike. By slowly moving
the discharge pipe along the existing dike, we did es-
fablish a slope tu the hydrauiic dredge spoil. There were
problems, however, and for those of vou who want to
know what went wrong, call me at (714) 291-3900.

To gain local experience with marsh transplanting,
we had a program where Dr. Joy Zedler of SDSU and her
students removed some of the residual marsh from the
boat basin. She concentrated on Spartind and indeed, six
menths later, some of the transplants did take well. Flow-
ever, the primary purpose was to get acquainted with
particular techniques appropriate to our area. The basins
have not yet been breached and we are going to monitor
the salinity and the subsidence as a fanction of time before
inundation.

Terry Bursztynsky, Association of Bay
Area Governments, Berkeley, CA:
Although restoration of what few marshes are left is

fovotably o banzation. There o A cnoee et
that are (reshwaterore 'ru.:a e e a0 many marshes
a large extent from :he I;niima;hes'wh":h d_eve]op o
marshes remain o s seonated with these

shes T pportumbes to create new freshwater
mérﬁhes in many areas where these marshes had nt
existed previously.

. Rivers, storm flow, even urban runoff serve essen-
tially the same function as flooding bay water does in a
saltwater marsh. That is principally to provide fresh sedi-
ment and nutrients to the ecosystem. A sediment mass
balance indicates that annually the Bay Area watershed
produces about nine million cubic yards of sediment per
year. (One-third of that washes to the Bay. One-third of it
is deposited in streams and channels, much to the detn-
ment of Aood control districts; and one-third of it is de-
posited behind various water storage impoundments.
The nutnient content and poliutants that may be present
in surface runot! are significantly less than for waste water
and cati be considered as essential toa healthy ecosystem.

We have found the foliowing in a survey of urban
watersheds in the Bay Arca: total nitrogen contentof 2 to
3 mg/1; total phosporus level of 0.1 to 1 mg/}; suspended
salids ranging from 100 to 400 mg/L; and BOD in the range
of 20 to 25 mg;]. The heavy metals in the Bay Area water-
sheds that would be present in runoff to freshwater
marshes range from 5 to 500 parts per billion; where
generally lead has been measured ata high around 2 parts
per million in the Bay Area to the low concentrations of
mercury and silver in the range of 5 to 10 parts per billion.

One reason for creating freshwater wetlands in the
Bay Area, other than the creation of habitat, or recrea-
tional opportunities, is the treatment of urban runoff. Cur
studies 4t ABAG have found that large expenditures on
publicworks plans would effect maybe 10 to 15 percentof
the pollutants from urban runoff, Whereas, in our studies
of Palo Alto Marsh and in studies reported nationally,
substantially higher pollutant remmoval can occur through
wetlands without harming the wetland.

Specifically, total nirogen removal has been re-
petted in the range of 35 fo 75 percent, principaily
through the nitrification-denitrification cydle. Total phos-
phorus has ranged from zero 10 90 percent. However, in
the long run, phosphorus is not successfully removed ina
wetland, unless it's a seepage wetland, because phos-
phorus eventually reaches an equilibrium between the
sedirnent and overlying water. Suspended solids m_moval
is generally in the 90-plus percent range and toxic and
heavy metals are removed 95-plus percent.

Essentially, wetlands, if you were gourg to construct
them for pollution control, are of partt benefit for the
removal of sediments, metals, hydrocarbons, and bacte-
rial pollutants, and only to 2 much lesser extent for nu::
ent removals. Qur studies have shown that, ‘W‘ﬂ"&m
exception of extremely heavy pollutant m
primary level sewage treatment plants, W€ wa-
appear to exhibit significant damage fromn poliuted
ters. Yetwealsomcognizeﬂ\atthlsamﬁ
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rigorously or exhaustively examined. For this reason we
believe that polluted waters should be directed to con-
structed wetlands for treatment. In the unlikely event that
there 15 long termn cumulative damage toa wetland system
we believe the environment will still have gained an 80
pereent or se tundctioning wetland in companison to the
omiginal condition ol no welland.

We strongly suppuort the development of new wel
Jands in sddition to the restoration of saltwater marshes.
Weare poing 1o constract o new wotland adjavent to an
existing wetland of Fremont in June, 1952, We invite you
o review the results,

Thomas Inouye, State Water Quality Con-
trol Board, Sacramento, CA:

[ mast issue a disclaimer that | am speaking lor
mivaelt and ot the State Water Resourees Control Board
nor the Regional Water Quality Control Board.

I find it very heartening to = that engineering de-
sign of sallwater restoration has progressed Lo this point,
espeaally when T eompare it with the state of the artin
ahout the mid-"70% when | heard o presentation describ-
ing resturation eftorts on Pamnd 3 in San Francisco Bav.

Dr. Krone has mentined tiree areas thal are very
important in marsh restoration. Circulation. sedimenta-
Hon, and water quality. 1'd like o make some comments
related b these areas in my area of interest, which is waste
water wetlinds and i the use of waste water far wildlife
habitat enhancement.

In the area ot circulation, intormation we have i%
relatively scarce. We don'l have really the information to
the extent that Rav has tor saltwater marshes. Often, vou
see reportings of circulation as inlow and outflow ‘but
fitthe or no idea of what s really happening in that pond
system or wetland rea. For esam piv, we have seen in an
oxidation pond that waters have come in and those same

Audience Participation

GARY SHAWL: Mr, Burztynsky, in a typical Bay
Area watershed which group of compounds do you see
as the higher priority fot removal by the wetlands?

MR. BURSZTYNSKY: In the Bay Area, I would give
highest priority to hvdrocarbons which are trapped in the
wetland for a long period of time to be biologically de-
graded, and heavy metais which become entrapped in the
sediments. There is a net accumulation of heavy metals in
the wetland, but hopefully most of them do stay in an
unavailable form in the sediments,

JAMES SWANSON (Department of Fish and
Game): One of the criteria that we are missing in our
haste to create wetlands is the existing values on some of
the areas being used fo create wetlands, particularty us-
ing urban runoff or treated effluent, In quite a few cases,

waters, as shown by dve studies, come outin as little as 10
percent of the thevretical detention time, The theoreticaly
detention ime does not describe what is happening with-
in the pond svstem. Tt only describes a net flow velocity,
The magnitude, velocity and direction of flow may vary
greally from the net velocity, Flow thus becomes critical
for mosquito control and treatment, We need answers
about flow, direvtion, and velacit to be able to model
what is happening in these pands and tine tune our
design in the future.

In the area of sedimentation. ¢ waste water pond is
probably quite different from what one finds in a natural
situation. Rav has mentioned that sediments are con-
tributed by natural flon s in San Francisco Bav. Inawaste
water plant, most of the inurganic sediments settic out in
the primary treatment train. Therefore, vou get a greater
prrcentage of organic material in the marsh sediments.
Consequently, nutrients are not isolated by an norganic
laver of material and can come out of the sediments. This
is not a situabiun one might expect in a natural situation.
We nced some studies to look at the d vramics of what is
happening with those materials.

In the arca of water guality, Emy Chan vesterday
mentioned that removals have been shown to vary any-
where from 50 to 95 percent. One thing that must be kept
in mind when using removal tigures is that you ruust also
lock at the initial cuncentration. A removat rate of 50
percent with an input BOD of 10 my/lis not the same as a
30 percent removal of wastewater with an influent of 240
mg/1 BOD, Consequently we must be very careful when
examining this information, particularly since removal
rates are not necessarily straight line relationships.

We are night now at a point where new, exciting
information is being generated so that we can use wet-
lands in a controiled manner for waste water treattment.
This information will be caming out within the next 2 or 3
years.

We are destroying existing wetland habitats to create a
different type and before we choose the sites, we should
carefully examine the existing habitat values on these
sites,

DON LOLLOCK (Department of Fish and Game):
Ray Krone mentioned that farming is in conflict with
some of our historical wetlands and that tnay be true in
terms of what they once were. But we have found that the
seasonal values of these farmlands near wetlands are
tremendous, especially in terms of migratory waterfowl.

Also, we find that many of the cracked areas that you
described are really not cracked during the winter. I was
wondering if this four-foot shrinkage picks up sea-
sonally?

DR. KRONE: The reason that the cracks close in
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winter is that the soils become wet on the surface, but
they don’t wet very far down, so that the expansion
vertically is verv small. Another point I'd fike to make 13
that the subsidence. due to shrinkage, ranges up to four
feet. If the soil hasn't been dried too long, itmay not be as
much as tour feet. Mostof them around South San Fran-
cisco Bay are about two feet.

PAGET LEH (National Marine Fisheries Service): I
have a question for Dr. Krone. Should we be accounting
for swelling of the soils when we are designing the
elevations of marshes?

DR. KRONE: Ne, the shrinkage is due to the fact
that the clay particles, which are largely little plates,
smaller than a bacterium —desorb their water. They lose
the water as they drv and they don't take up water and
rearrange themselves back to their orginal condition.
Thev swell some, as was just pointed out, but they don't
swell back to their original elevation. It's an irreversiple
process and makes it Jifficult to establish plants that like
to have soft, fresh sediments, You have to depend on new
sedimentation for good substrate.

DR. STEVE BALLING (University of California,
Berkeley): Dr. Krone, I'd like to inject a litile biology
into our discussion of engineering. And it regards ditch-
ing for mosquito control. I¥'s not really mecessary to
completely drain a pond. Moesquites lay their eggs on the
dry mud bottoms of ponds and depressions in the marsh,
If the pond has tidal circulation, if the entrance to the
pond is low enough such that it receives tides often
enough, mosquitos won’t lay their eggs there and won't
reproduce. Also, there will be fish coming in and feed-
ing on the mosquitos.

PHYLLIS FABER (California Wetland Coalition): 1
wanted to comment about the shrinkage of the mud and
make a comment that my observations on the Muzzi
Property are that the cracks are not adverse to plant
establishment and that often the young plants wil be-
come established in the cracks.

VIRGINIA RATH (Stanford University): Mr. Wil-
liams, I was wondering, if you know how long it would
take a certain amount of dredge spoil to consolidate and
if you, in fact, could dispose of dredge spoil in such 2
way as to insure a certain final elevation.

’ DR. WILLIAMS: 1t depends on how the dredge spoil
is being deposited. 1f a dam shell dredging is being
dumped, you'll get a very uneven topography. If it's

hydravlic dredging, itis possible to get even deposits, but
it takes several vears for the hydraubic dredging te really
drv out. ’ ’

MR FIRLF: I | may add something t that. Obvi-
ously, we were verv worred about that question and
when our design was finished in 1477, we consulted with
Mr. Paul Smith from the Corps precisely on that. At that
ame, he said it vou comue within two feel. you are doing,
very well,

Last night, it was interesting that he said they now
have enough data that for hyvdrauhc dredging vou hasi-
cally can start desipning your clevations for Jdifferent
plants. So those of vou starting projects of this nature, 1
think there is considerably more sntormation now avail-
able which et vouinto a closer range.

DR. MICHAEL JOSSELYN (Tiburon Center for En-
vironmental Studies): Yesterday we heard from some of
the planners about erosion from the uplands watershed,
causing rapid sedimentation in wetlands. Today, Dr.
Krone stated that afl marshes reach an equilibrinm. Do
we have to be concerned about the watershed and what
steps ought to be taken in planning marshes with that
concern in mind?

DR, WILLIAMS: well, | think we ought to be clear,
that we're dealing with different types of marshes. Around
San Francisco Bav, the diked wetlands here have been
isolated trom a main drainage system, so usually the only
watershed that drains into these diked wetlands is very
small. Sedimentation from the adjacent watershed is ot
usually a major lactor. The problem when you are open-
ing an area like that to tidal action. is for sediment brought
in by the fide.

‘Llowever, on the coast, vou have a different situa-
tion. The main sediments come from the uplands water-
shed. So there. erosion control, the amount of sediments
coming down from the watershed, is a critical concemn in
marsh management.

DR. KRONE: I'd like to add to those comments.
Marshes aren't really on equilibrium. They just follow the
rising sea level. The supplies of sediments diminish as the
marsh level elevates, so that there is nota problem with
too much sediment.

On the other hand, in a watershed where there is
sediment brought down by a stream, there 35 no limiting
factor. That is, whenever there 5.a large storm, there isa
large supply of sediment and that can be a serious prob-
tem. 50 thev are distinctly different problems.







Restoration Techniques,
Research, and Monitoring;:

Vegetation
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Introduction

arsh vegetation provides a transition from
M aquatic to terrestrial habitats. To many people,

wetlands symbolize a highly productive eco-
system which supports abundant wildlife; to others, they
are wastelands suitable onby for trash dumping or off-
road vehicle use. Scientific study of California’s marshes
has provided further views of what these habitats are like,
how they function in the total wetland ecosystem, and
how some species might be established in attempts to
restore or enhance disturbed habitats.

Our goals in this paper are to summarize the ecologi-
cal features of wetland vegetation, review the data avai-
able on vegetation establishment in California wetlands,
outline the ecological considerations which must be made
in planning marsh establishment, and suggest research
programs which are necessary to improve marsh restora-
tion efforts. The paper discusscs emergent and sub-
merged vegetation, with emphasis on salt marshes, for
which the most data exist. C. Onuf contributed informa-
tion on eelgrass habitats; M. Josselyn summarized San
Francisco Bay and northern California marshes; and |.
Zedler summarized southern California marshes. We
thank Fran Demgen, Tom Harvey, and John Oliver for
their critical reviews of the manuscript.

Marsh Characteristics

Throughout California, wetland habitats are charac-
terized by variable hydrologic regimes. Tidal marshes are
regularly inundated and exposed. All marshes are subject
to seasonal freshwater input, occasional heavy flooding,
and long periods of exposure and evaporation. These
extremes result in some conditions which are highly
stressful and other conditions which are beneficial to and
responsible for high plant productivity. For example, var-
iable water levels may enhance or reduce plant growth,
depending on the timing and duration of standing water/

drought. Non-tidal marshes, which are subject to varying
rainfall. river flow, and evaporation, may encounter the
greatest extremes and the feast predictable hydrologic
regimes. Intertidal marshes experience regular cycles of
inundation and exposure, which facilitate watering and
drainage, but plants encounter the additional stresses of
salinity. In coastal marshes of southern Califomia, soil
hypersalinity is a major stress for vascular plants. In addi-
tion, desiccation during periods of rain-free neap fides is
stressful to soil algal mats. In central and northemn Cabi-
fornia, hypersaline conditions can occur during summer
months, but are restricted to the high marsh.

Soil salinity is a major controlling factor of both com-
position and productivity of marshes. Where soils are
saline to hypersaline, a variety of halophytes, notably
pickleweed and cordgrass, occur. Where soils are less
saline to fresh, cattails, bulrushes, and sedges dominate
and vascular plant productivity is higher. Throughout
these marshes, soil algal mats develop when moisture
and light permit. With a dense overstory, algal growth is
light-limited; with a more open canopy, algal productivity
can equal that of the vascular plants (Zedler 1980}, Other
factors which are known to influence marsh structure and
function include microtopography, sediment type, and
tidal regime (Table 1).

The basic function of marsh plants is primary pro-
ductivity, however only a handful of productivity studies
have been done in California (reviewed by Macdonald
and Winfield unpubl.). Only one study examnined algal
productivity, and even the studies of vascular ph.nt pro-
ductivity are difficult to compare because of different
measurement techniques. At present, itappears that Cabi-
fornia‘s coastal salt marshes are probably as productive as
those on the East and Gulf of Mexico cnasts, bat thft alg_a!
mats may play a more important role here, especially in
hypersaline wetlands {Onuf e al. 1978, Winfeld 1980,
Zedler 1980). Expottoforganicmatl!r&mmrsl!sm
tidal creeks has been identified by winfield (1960), but




Southern California

Central & Northern

San Francisco Bay

Attribute 32°-35°N Lat. California 35°-43°N Lat. 37°5(r-38°20°N Lat.
Physiography Narrow river valleys; small Small wetlands on ceast Broad plains at MHHW
wetlands; tidal creeks & protected by sand dunes; traversed by deep sloughs;
channels but few large gradual sloping marshes gradual slopes colonized by

Precipitation and period of
major surface runoff

Sediment type

Salinity

Vegetation dominants
lower elevations
{below MHW)

higher
elevations
(above MHW)

Vascular plant productivity
and canopy structure

Soil algal mat development

Herbivores and detritivores
molluscs

amphipods

isopods
crabs

fish
Carnivores
fish in
saltmarsh
channels

birds
frequenting

saltmarsh
vegetation

Rare and endangered
species
animals

plants

embayments

10-30"" winter

Sandy sediments on coast,
clays within embayments

Svils generally hypersaline
all year

Spartina foliosa (variable
OCCurrence)
Salicornia virgtnica
Batis maritima
Salicornia bivelovii
Jawmea carmosa
Sugeda caftforsica
Erankenia grandifoiia
Triglochin concinmun
Moranthochloe littoralis
Salicornia sublerminalis
Dustichiis spicata

Generally under 1 kg/m?yr
due to hypersaline soils;
relatively open canopy

Often lush algal mats with
very high productivity

(at times equalling vascular
plant productivity)

Cerithidea californica
Melampus olivaceus
Assiminea californica
Orchestoidea spp.

Uca crenulata
Pachygrapsus crassipes
Hemiigrapsus oregoriensis

within embayments with
variable accurrence of
Sparting foliosa

30-100" fall-winter-spring

Sandy sediments on coast,
clays within embayments

Northern marshes are
generally near or below
seawater salinity

Sparting foliosa (variable
occurrence)

Saltcornig virginica
Jaumea carmosa
Frankenia grandifolia

Triglochin maritima
Sperguiaria maring
Distichiis spicata
Limoniwm californicum
Atriplex patula ssp. hastata

Sparting foliosa or precipitous
margins undercutting high
marsh

20-30" winter-spring
Primarily clays

Seasonally hypersaline

Sparting foliosa
Salicomia europaes
Scirpus robustus

Frankenia grandifolia
Cuscuta saling

Salicornia virginica

Cotula coronopifolia
Cordylanthus mollis
Distichlis spicata

Atriplex patula ssp. hastata

Ranges between 0.5-1.5 kg/m¥/yr
relatively dense canopy; higher
rates in areas of freshwater input.

Dense macroalgal mats
{Enteromorpha) in pannes
and on mudflats adjacent
to marsh; productivity
exceeds that of marsh plants

Asgiminea caiifornica
Cuatella myosotis

Orchestia traskiana
Corophium spinicorre

Hemigrapsus oregonensis

Algal growth restricted

to open pannes in marsh;
limited growth on mudfiats
due to high turbidity

Nassarius obsoleta
Modiolus demissus
Macoma balthica
Ampelisca milleri

Sphaeroma pentadon
Hemigrapsus oregorensis

various species of fish use algae and detritus during parts of their life cycles

arrow gobies, killifish

Belding's Savannah sparrow;

light-footed clapper rail;
willet, long-billed curlew,
long-billed marsh wren,
pintail, marsh hawk,
5ay’s phoebe

California least tern

Light-footed clapper rail

Belding’s Savannah sparrow

American peregrine falcon

Cordylanthus maritimus ssp.
maritimus

arrow gobies, killifish

willet, long-billed curlew,
marbled godwit, great blue
heron, snowy egret, common
egret, California clapper

rail, merlin

American peregrine falcon
California least tern
California clapper rail

Cordylanthus maritimus ssp.
palustris

arrow gobies, killifish

Samuel's song sparrow,
Alameda song sparrow,
California black rail,
California clapper rail,
salt marsh yellowthroat,
great blue heron, great
egret, American bittern

Sait marsh harvest mouse

California least tern

California clapper rail

San Francisco garter snake

Cordylanthus maritinius ssp.
mollis
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measurements by Onuf ef af. (1978} did not provide
strong support for a net expurt. Both studivs concermed
southern Califomia coastal wetands. Only hnited esti-
mates for fresh or brackish marsh productivity are avail-
able for California (Atwater vt al. 1979).

Restoration Objectives

‘The objectives of wetland enhancement and restora-
tion projects capitalize on high biclogical productivity.
The most commonly stated objective is the presenvation
and creation of wildlife hahitst. Wetlands serve as the
major feeding areas to migratary birds alung :he Paat
flyway (Gertenberg 1979; Recher 1966} and as a nursery to
many tarval and juvenile fish (Cahromnta Sea Grant 1951).
Shelter is pravided by vegelation, buth as a direct hahitat
and in reducing waves, currents. and wind. Several spe-
cies of birds are directly dependent on marsh vegetation,
and habitat destruction has endangered several species
{Table 1). A guiding mandate has been to protect and
expand wetlands wherever possible  (Califormio Re-
sources Agency 1977).

isturbances (dredging, filling, and altering hvdroi-
ogic and sedimentation cycles} have substantially mnd-
ificd California’s remaining marsh habitats {Table 2}, and
“restoration” implies the goal of returning these systems
to their pre-disturbance condition. Just how these dis-
turbances have changed marshes is almost impuossible to
assess. We have no pristine marshes left with which to
compare more disturbed habitats. Even if we knew what
historical marsh conditions were, oo additional lacts
make it impnssible to repmd uce those conditions. First,
since the character of marshes is linked to their respective
watersheds, restoration of a marsh would require restora-
tion of the watershed as well —clearly an impractical, if
not impossible, requirement. Second. marshes are dy-
namic communities, constantly changing in response to
sedimentation, flooding, Tising sea level, and other coas-
tal processes. On a geologic time scale, their existence is
short (usually measured in thousands of years), and it
would be difficult and arbitrary to recreate a single stage
in their development.

For what, then, should a marsh restoration project
strive? What should be the “model community?” Clearly
aplan for sajtmarsh establishment or restoration will have
to be basedon generalized ecological information on what
natural marshes were probably like, developed in con-
junction with the management goals of the locality and of
the region. An overview of saltmarsh vegetation is given
by Macdonald (1977a, b) and Zedler (1982). and several
marshes have been described individually by authors
cited in Table 5. These papers should provide the starting

Table 1: Comparisort of saltmarsh charactenstics for Caltfornia
wetlands. Coastal wetlands delimited by phytogeographic
provinces from MacDonald (1977 a,b). Authorities for scientific
names: plants—Munz (1959,68); invertebrates — Smith and
Carlton {1975}; and common names: birds-—Cogswell (1977).

point for attempts to restore or enhance coastal wetland
pl.in_t communities. Much less information is avadable tor
California’s infand murshes,

At fimes, wetland creabon has been promaoted o
perloﬂ‘n tasks v hich mapht otherwise be too SNpensive o
difficult tvaccomplish through other means. Dredge spul
disposal has become increasingly expensive due to re-
duced availability oF disposal sites necessitating high
transportation cosls and the decontaniination ar contral
ol pulluted sediments. Wetland creation bas provided the
nwans o justifv shallow aquatic and nearshore disposal
and to stabilize the material, Microbiological processesin
sediments colonized by marsh plants can lead o more
permanent rernwval uf heavy metals than others ise econ-
omically possible fwindom 1977 The completion of the
Dredged Material Research Program by the U5, Army
Corps of Engincers has led to =everal bookshelves of

1 diking

filling

dredging

introduction of exotic species

reduced tidal flushing
marsh becomes more saline than normal
(i drv vears)
marsh becumes less saline than nomnal
(in wet vears)

toxins and lertilizers in runoff
fertilizers may enthance vegetation
toxdns may stress vepetation

altered runoff patterns
increasing flood flows
decreasing flood flows
constricting period of flooding
prolonging period of flooding

altered sediment input
incTeased sediment loads
decreased sediment loads

Table 2 Marn-mude dishrbaies conastul earshtes.

reports (Herner and Co. 1980} and a few dredgespoil
wetlands have been created in California.

In addition, marshes have potential for tertiarv treat-
ment of sewage effluent. Wetlands are frequendly Ial?eled
as nutrient traps, though their abilify to remove putrients
varies considerably (Valiela et al. 1978; Winﬁeld 1980).
Most pilot investigations have focused on _rreshwater wet-
lands (Sloey ¢t al. 1978) and several pm;ectaj’hav_e been
completed and are under investigation in.Ca]lrurrua {(Bas-
tian and Reed 1979). A freshwater-brackish water ma;_'sh
has recently been proposed (o1 5an Francisco Bay using
treated effiuent (State Coast. Consery. 1981). Future large
ccale marsh creation for sewage treatment will depend
heavily on the results of these pilot projects to prove their
effectiveness (SFRWQCB 1977).
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These three “restoration goals” {restoring what has
been degraded, turning dredge spoil deposits into wild-
life habitat, and treating sewage effluent) each require the
creation of approsiate marsh communities. Lnfortunately
we have insulficent background inlormation on the past
extent of specific marsh communities in California. We
can provide unly general guidance on what marsh types
have been most altered and hence deserve greater consid-
eration fur restoration. Re-establishment of Sparting foliosa
in southermn California; removal of exotics such as Azwcen-
nad in Mission Bav marsh; and restoration uf the transition
zone habital in San Francisco Bay deserve such attention.
We have preater information on the habitat needs of cer-
tain wildlife species and such data should be included in
restoration plans. The best data base concems marsh
plants which are utilized by water-related birds as foad
(e.g. widgeon grass, Ruppm manfima; alkali bulrush,
Sctrpies robustus) or cover (vordpgrass, Sparting follosa, tor
light-tooted clapper rail nesting habital; pickleweed, Sali-
cormia virgiiva, nesting habitat for the Belding's Savannah
sparrow, Calitornig clapper rail, and the black rail).

1. Maintain or expand the natural variety
of habitats within the wetland. Design
for heterogeneous topography and
salinity regimes to create brackish and
saltmarsh vegetabon, pools, salt flats,
and fransitiona} areas.

2. Create habitats for endangered plants
and animals. Usually involves estab-
lishing dominant plants such as cord-
grass and pickleweed to support the
endangered species within region. May
also include creation of isolated upland
and transitienal plant communities.

3. Use of plant communities to improve
water quality. Improve tidal flushing
into restricted areas and/or use of
treated effluent to increase water flow
and effluent quality.

4. Creation of vegetated cormidors to facili-
tate movement of amimals between isa-
lated weltlands.

5. Planting of vegetation to reduce shore-
line erosion and stabilize dredge spoil.

e

modification of hydrological regime
provide tidal flow
alter channels and creeks
control freshwater runoff {increase or
decrease)

provide suitable habitat for vegetation
establishment
establish appropnate elevations with
dredge spoils
contour topography to proper clevation
& slope
cage out herbivores
stabilize soil
irrigate to reduce salinity
augment natural vegetation establishment
with plantings

Table 3: General goals given for vegetation ;
when enhenang oﬁtg‘mg ufitit:rgis. stetshment

Table 3 summarizes a number of general gaals which
have been given for previous marsh restoration projects,
Basically, the overall plan has been to recreate tidally
flushed wetlands with more species or a more diverse
assemblage of species than currently exists. Since one site
will probably not meet all of the restoration objectives for
aregion, (i.e. habitat for various endangered species such
as least terns, light-footed and California dapper rails
various salt marsh sparrows, and harvest mice), and wﬂd:

Table 4: Techniques wsed to erihunce plant habitats in
murshes.

life using cvastal marshes migrate from one to another
and utilize the collective assets of these wetlands, plan-
ning for marsh restoration projects should be coordinated
within the region, if not within the state. Objectives
which cannot be met within one site may be given higher
priority foranother.

Marsh Restoration Techniques

The techniques used to meet the above cbiectives
include modifying water circulation, establishing new
substrate elevations, and planting (Table 4). Removal of
man-made levees and dikes has been the most frequently
used method to restore tidal flow; however, channel exca-
vation may also be required to reduce mosquito prob-
lems. Discharge of treated sewage effluent to create a
diversified wetland habitat is an important altemative to
dike breaching, but is subject to water quality and public
health constraints. Providing suitable elevations for the
establishment of wetland vegetation in restorations has
proven to be difficult from an engineering standpoint.
Excess disposal of dredge speils has resulted in numerous
“marshes” with elevations above normal tidal influence
(Josselyn and Atwater 1982). Excavaticn of channels and
earthmaving within the restoration prior to dike breach-
ing have been used to establish specific elevations and
habitats, but car be quite costly compared to other resto-
ration techniques. Planting of marsh vegetation, particu-
larly Spartina foliosa, has been tested under a variety of
conditions in California and is reviewed in Table 5. On the
other hand, natural establishment of marsh vegetation
following habitat creation has been fallowed in several
marshes. At a restoration in northern San Francisco Bay,
Faber (1980) reported that natural establishment of pick-
leweed and cordgrass was greatest between the third and
fourth year of the restoration. Pickleweed, however,
spread far more rapidly than cordgrass and comprised
over 95 percent of the biomass by the fourth year. In
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2. Conceptual planning
and methods of site
preparason

3. Endangered species
habitat needs

4. Wastewater
treatiment
projects

5. Vegetation establish-
ment including
propagule selection,
storage 2nd handling,
planting techniques,
and natural
recolonization

6. Substrate
requirements of
vegetation

7. Costs and
maintenance
requirements

Garbisch (1477)
Woodhouse { 1979)
Envir [ab. {14978)
Johnson and
eGuinness {1975)

Cal Fish and Game
(1974)

Tehobanoglous and
Culp (1980)
Demgen (1981)

FEnvir. Lab. {1378)
Maguire and
Heuterman (1978)
Kadlec and Wentz
(1974)

Garbisch {1977)
Erwvir, Lab. (1978}

Envir. Lab. (1978}

Smith et al, (1975)
Firle and S$mith (1977)
Serensen, unpubl.

Massey (1979)

Fox and Knudsen
{1981)

Dunn (1981)
Massey and Zembal
1979

Zembal and Massey
{1961)

Gearheart and
Finney [1981)

Fedler (1980, 1981a,
1981b)

Zedler ef al. {1979}
Nordby et al. (1980)

Terrascan (1979)
Camp, Dresser, and
Mckee, and Madrone
Assor. {19801

Oliver and Reilly
(1981)

Terrascan (1979)
Camp, Dresser. and
McKee, and Madrone
Assol. (1980)

—
‘ Central and
Topic General Southemn Cal Northern Cal San Francisce Bay
1. Plant community Macdonald {1977ab)  Zedler {1982) MacCinitie (1933
* " . . .. - . ‘h ] * 4
descqpﬂi"! for Lalﬂ[* |‘3£1 and Came Vogl {1566) Troctor sf al. [w;n} :ﬁ:j:if::«; ;:"(d{ ll?t ®
selection of . 11970-7R) . Macdonald (1967) Shapiro and Assoc {19761 it
appropriate species Harvev vt ai (1976) Purer {1942} {1979} . ;\h:\'a.ler ctal |1979)
i.:d]er (1977} Hinde (1954)
assey & Zembal )
e Wall {1969y
Warme {1969)

Harvev etad (19R3)

Shellhammer and
Harvey, unpubl.
Jones and Slukes
(1479

Dempgen (1979
Cederquist and
Ruoche (1979)

Newcombe and Pride
{19761

Harvey etal. (1982}
Niesen and Josselyn
{1981

Mason | 1980)

Harvey et al. (1982)

US Ammy Corps (1976)
josselyn and
Abwater (1982)

Table 5: Recent literature on vegetation establishment for California coastal and estuaring wetland restorations.

southern San Francisco Bay sparse stands of pickleweed
were observed in the Hayward restoration within the first
vear, but even after two years, no cordgrass had invaded
despite extensive areas of suitable elevation (Josselyn and
Perez 1981). Relatively high soil salinities may inhibit seed
germination at this site which was formerly a salt evap-
orator. Soil salinity plays an important role in regulating
Tates of natural plant establishment and vegetative spread
in southern California as well (Zedler 1981b). Regardless
of the techniques used, the examples are too few, and
their period of existence too short to provide an instruc-
tonal guide for marsh restoration in California. At pres-
€nt, restoration must be viewed as experimental.
However, in the process of performing these studies,
anumber of lirniting factors have been revealed (Table 6)
and future projects should focus on overcoming these

obstacles. The problems range trom environmerttal
stresses {wave force, subsidence, hypersalinity} to l‘)iolog-
ical restraints (competition with other species, herbivory).

Submerged Seagrasses
Recent reviews of the vast literature of seagrass eco-

systems (Phillips and McRoy 1980, McRoy and He_Lff_emh
1977, Thayer et al. 1975) summarize the d1ar-ldsenst5(s'0f
eelgrass beds and list the vaiues that argue foc their in-
corporation in coastal wetland restoration projects. Some
of them are as follows:

1. Primary production 15 very high.‘B_-asui on the

difference between maximum and mirumim stand-

ing crops sampled during ayear, eelgrass pmduc::d

ity in South and North Humboldt Bay was 550
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Attribute Southern California

Northemn California
Central California

5an Francisco Bay

limited area of marshes;
most 1$ protected as
endangered species habitat

Source of vegetation
propagules

Seed production & seeds are abundant for

seedling production
germination rates are low;
collection of seeds disturb
marsh vegetation which is
susceptible to trampling

natural reproduction
predominantly vegetative

Site characteristics bare soils are often
extremely hypersaline
{over 100 ppt) due to

evaporation

tidal flushing is uften
reduced by sand bars

wave force is problem on
exposed shores

Animal pests puse a major problem,
especiaily in areas near
urban centers; ground
squirrels and some birds
seermn to be the major
problem

pickleweed is the best
natural invader, but cord-
§rasa is Often preferred
b?erc‘a marsh enhancement

use it supports light-
toated clapper rails; pgi::‘kle-
weed reduces survival,
vegetative propagation of
cordgrass

Competition with more
Opportunistic species

cordgrass & pickleweed, but

silated wetlands;
sources limitid

cordgrass not found at
ali locations; pickleweed
abundant

watershed disrupted by
upstream activities
rausing increased
sedimentation. pallution

some areas restricted by
dikes

Jaumea invades rapidly,
but is uttimately replaced
by pickieweed

seurces usually readily
available throughout Bav;
seed sources limited for
cordgrasy

cardgrass seeds available i
specific areas, collertions
should take place in Oct |
pickleweed seeds readiby
available ’

natural reproduction by
seed n fresher portion of
estuary; otherwise
vegetative

tdal tlow restricted by
dikes; subsidence of land
due to groundwater with-
drawal and seil erosion
requires fill or tidal gate
<ontrol to support wetland
vegetahon

salt ponds create hyper-
saline soils which require
leaching

introduced invertebrate:
Srhacroma undercuts
pickleweed marsh; need
erasional control whiie
cordgrass becoming
established

potential for escaped
exotics to colonize upland
areas and islands; potentia!

_-_-___‘_-__'—'——-__

fur exotic species of cord-
prass to invade native
habitat

cattails, tules, water hya-
anth may take aver tresh-
water marshes

Table 6: Factors fimiting the success of vegetafion estabiishrment jn California wetland restorations.

f;.;g % dry wi/m?/yr respectively (Harding and Butler

by cobble shores oy oreplaced
erich 1977, ppr 35 bare muds (McRoy and Fels.

4. The density and biomass of animals are much
higher within and in the vicinity of eelgrass beds than
away from the beds in the same general area and in
the same depths (Orih 1977, Thayer et al. 1973}, "We
know that there are many reasons for the presence of
animals in seagrass beds: the environment is more
stable, since seagrasses hold sediments, baffle cur-
Tents, provide shade and concomitant temperature
modification. Also, there is as much as 20 times more
surface area for small sessile flora and fauna as com-
pared to unvegetated area. There are maore hiding
places for prey and thus more prey for predators to
eat” (Phillips and McRoy 1980, p.322). '

5. Ecological effidency (ratio of the producbor_\ of
consumers to the amount that they consume) is high.
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Water Mation

Range Waves to
stagnant water
Optimum Little wave

action, Gentle
currents to
3.5 knots

Vegetative
Habitat Factors Growth Comments
Temperature
Range (=R I.’tr:‘lbdl"l\' noba constranl. snee mabve popudibons evist along the whole coast of the
shale.
Uplimurm HO-20F
Salinity
Range Freshwater—42 ufon
Optunum 10330 e
Lyepth-Light
Range 1.8 meters above  Light attenuation because of turbidity w likely s ragse the Tonvwer limit consuderably
MEL Wt Backman and Harﬂnlri [1976) showed that hight intensity determined the dersity '
A0 meters deep qnd Piomass of eclgrass at Agua Hedionda, Under ambient condibons, the lower
o . limnt was - 2.5 to - 3.0 IMLLW). In San Diege Buy o transplantat 1.5t - L8m
Optimum MW —h6m {(MLLW) failed {Gotorth and Pechng 198,
below M1LW
(11mat high
tide}
Subsirate ]
Range Pure tirm gand Apparently a reducing environment bor the roots and an sddizing environment
to puresott mud  for the leaves is necessary (Phillips 1974, pp. 255-284). Onul’s observations at
Mugu Lagoon suggest that newly deposited unconsohdated muds are unsuitable.
Transplants in coarser sediments pertormed better in San Diego Bay (Gotorth and
Perling 1980).
rH 7.3-940

May lirmt the development of eelgrass beds along the downwind side of shallow
embayments with fine textured bottoms

Table 7: Ervironmental characteristics under which evlyrass grows (adapted from Phallips 1974, p 2603 with comments abuut appitcation to

coastal welland restorations in Celifornia.

“Our comparatively high efficiencies suggest that
this eelgrass bed is an efficient system that provides
resident fish with superior shelter, food, and protec-
tion ... These fishes therefore would spend prapor-
tionately less of their assimilated energy coping with
environmental extremes, searching for food, and es-
caping from predators, and hence may use a great
proportion of consumed energy for growth and pro-
duction” (Thayer ¢t al. 1975).

6. At least for fishes, eelgrass is the most distinctive
habitat of our coastal wetlands. The only clear habitat
spedialists encountered in five years of sampling at
Mugu Lagoon are bay pipefish, Syngnathus petorfiyn-
chus, and shiner surfperch, Cymatogaster aggregatus,
both only caught in eelgrass areas (Onuf and Quam-
men unpubl.). The eelgrass station yielded by far the
biggest catches and largest number of species, until
the eelgrass was destroyed by storm-caused sedi-
mentation in 1978.

~ Where feasible, thereare good reasons for incorpor-
ating eelgrass beds into future restoration projects. Un-

fortunately, information on how to accomplish this objec-
tive is inadequate. The published tolerance ranges of eel-
grass for a varicty of presumably important environmen-
tal factors providea point of departure {Table 7); however,
it is important to note that Zostera maring almost certainly
is composed uf different geographic stocks, with nar-
rower ranges than indicated for the species (McRoy and
Helfferich 1977, pp. 13-20, Phillips and McRoy 190, pp.
51-52).

Seagrass Restoration

Technigues for transplanting and cuituring sea-
grasses are presented in Phillips and McRoy (1980} pp-
41-56 and 57-68, respectively. “Vegetative seagrass mate-
rial gives an instant seagrass meadow when planted by
sods, but sods are difficult 1o ship over large distances in
the masses needed. Seeds are easy to transport in great
masses, but the number of fruits and seeds produced per
year is unpredictable and varjable, seed germination rates
can be low and unpredictable, many seeds appear to be
lost in the field, and seedling survival appears to below.”
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Mapofexisting  topography

site

Conceptual plan
of the site

Development of

site plan breeches

Planning the Nature of the Restoration

vegelation mapped to indicate pockets of desirable species
soil properties; e.g. salinities, pH, heavy metals, potiutants
soil structure as required by site Jacation

atternpt to reselve the local and regional restoration goals in conjunction with restrictons

deterntination of desired vegetation habitat size, based on wildlife need and vector control
considerations. (Lack of information on a number of impurtart research questions limits
the recommendations that can be made at this time, research needs are on Table 19 ]

ecosystem level management is preferred over single species management

plan should built on existing assets of the site

engineering sketches for establishing appropriate elevanons, slapes, channels, and dike

consideration of loca) sedimentation
establishing plants from strong wav

problems and provision for protection ot newly
¢ action

Map of Site

20 em contours, if possible

Establishment
test plantings

Undentaking Plant Establishment Following Site Preparation

soil salinities, other soil properties appropriate to the site, i.e. pH; heavy metals,
pollutants) hydrological featires le.g. wave force), and elevation

an intermediate area where on-site propagation of plants can oceur. This is needed for
large restoration sites or wherever propaguiles are limited in humber. 1 should be located
in the most favorable environment for rapid reproduction.

Detailed descrip-  elevations determined for each species by reference to best mformation for the region
teoccur during most favorable time of year {following

an of planting timing specified: ransplantation

scheme rainfall but atter flooding)
protection devices provided against herbivores and wave force
watering, if necessary
type of materials to be planted (seed, sprig, core)

Monitoring details considered in Table 9

program

Plans for depasit findings in a central library

informaton ’

dissemination

Table 8: Recommended procedyre for the establishment of egetation in a wetland restoration plan.

“Until methods are developed to initiate flowering in
culture, with subsequent production of fruits and seeds, |
recommend the phug” (plants with sediment intact placed
in hole in substrate, 300 am? x 15 am deep) “as the single
most important method of transplantation for mass-scaje
use... It would not be difficult to transport plags in
plastic sleeves or to hold them in such sleeves for later
transplantation. It would not take as many plugs to
'paMtt:)h’ in asite as would sods, (Phillips and McRoy 1960,
p.54).

Literature on the feasibility of eelgrass ta-
tion has been evaluated (Boone and H@mm?&d
tests of techniques have been performed (Robilliard and
Porter 1976); and two major transplants have been carried
out and monitored in San Diego Bay(GOforﬂ:andPEelﬁ'Ls

1980). Plugs of 410 cm? in fiber pots were set out at inter-
vals of 0.6 m in rows that were 2 m apart. The intertidal
transplant was successful; however, only the transplants
on hummocks survived subtidally (-1.5 to -1.8 m MLL}\*J
with the red alga Gracilaria dominating most of the site,
presumably because of low light.

Restoration Plan and Project Monitoring

Once the goals of the restoration have been ident-
ified, the conditions of the site have been determined, and
the constraints of materials and modifications are known,
a spexific implementation plan can be developed (Table
8). Because wetland restoration is still in its infancy, it 15
important that each project be recognized as an experi-
ment and that the plan include monitoring of the site
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pefore and atter implementation in order to assess the
success of the effurt. This type of interaction between
planning and evaluation of results has been called “adap-
tive manag\‘mh‘ﬂl” by Walters and Hilborn {1974) of the
University of British Columbia, and interaction is essen-
tial to move marsh resturation from the esperimental
phase to the desired “state-of-the-art™, Specifics for
planung schedules and methods have been developed for
many Atlantic and Gulf cuast marsh plants (Environmen-
tal [.‘;lburator_v 1978). Most ol the information available for
west Coast specien has been taken from plantings on
dredge spoils in San Francisco Bay {(Newcombe and Pride
1976). Unfortunately, long term study ol these plantings
has nut been conducted on a consistent basis (Hanley
Smith pers. comm.). Asa result, planting techniques for
West Coast species are often based on unpublished obser-
\ations of consultants or scientists. Zedler (in prep.) and
Josselyn (in prep. ) are developing guidebooks for vegeta-
tion establishment tor Southermn Calitornia and San Fran-
cisco Bav, respectively, based on relatively long-term re-
search.

An important consideration in any marsh restoration
plan is knowledge of both elevations and soil characteris-
tics at the site. Although we often know the tolerances of
the species desired, the diverse methods and terminol-
ogies used to measure these environmental parameters
lead to confusion among planners and scientists, Forex-
ample, the tidal datum ased as a reference level differs
among civil engineers, scientists, and geologists. The Na-
tional Geodetic Vertical Datum of 1928 (NGVDH has been
suggested as the common reference datum tor wetland
sgentsts (H.T. Harvey these proceedings). Likewise,
simitar agreement is needed on methodologies and units
to describe wetland soil characteristics (K. Cunio these
proceedings). Future workshops should consider and
adopt a consistent set of measurements 1o describe West
Coast wetland environments.

Monitoring efforts must be sufficient to determine
what caused the successes or failures of project compo-
nents. “Failures” to achieve praject objectives may then
be mitigated by improved knowledpe of how to succeed
in future attempts. Were problems caused by site charac-
teristics or planting technigues? Which characteristics or
techniques were to blame? Setting up the project in an
experimental framework would help to assess these
Causes. Preliminary smali scale experiments could reduce
implementation costs. Far example, if spil salinities are
very high, the plantings could be watered in some loca-
tions and not in others. Improved establishment where
watered would indicate that drier, saltier sails restricted
plant growth and that irrigation is necessary on the site.

‘A minimal monitoring plan is proposed in Table 9.
Aerial photos can be most useful in following the estab-
lishunent of vegetation and the spread of plantings. Aerial
photos can also be used to map developing channels and
areas of sedimentation or erosion. Both black and white
_a“dmfm\!dpiwtosshm:}dbelaken.lnmostcases.Phnt-
ing should be delayed from six to twelve months so that

1. aerial photos
immediately following construction;
veatly intervals afterwards domw 1o
spnng,.

[N

. establishment ot permanent transects:
sample at vanous elevations and flow
regimes.

a. soll survey at surlace and 15 cm
depth; sahnity, pH, particle size,
heavy metals pollutants {(as required
by site}

b. plant cover analvses and species
compusition; every six months (late
summet; early sprng) until marsh
establishment s proceeding as
expected

¢. sedimentationserosion studies to
assess long-term stability of site and
possible corrective management
prachices

3. planting program: inituate six manths to
e year following construction
activity,

a. establish test plots atl various eleva-
tions using natural plant volunteers
as indication of planting sites

b. evaluate growth of plants using
expansion in diameter of clumps or
number of stems

¢. develop complete planting program
after inital results

d. comparison with unplanted sites
undergoing natural colonization

Table @ Recommemdations for monstoring the establishment
of vegetation wetlgnd restorations m Calforma.

sediments can reach equilibrium with the overlying wa-
ter. This settling period can alsobe used Lo monitor natuz-
ally establishing plants and to assess their survival and
growth. if planting is deemed necessary, several test plots
should be established to develop recommendations for
the complete planting program. Of course, the monitor-
ing program should be expanded at restorations involv-
ing new site preparation techniques or in areas where no
previous restorations have been completed of in-
vestigated.

Costs for monitoring should be included in the over-
all project and responsibility for evaluating the nesults of
monitoring should be clearly identified. Thereis definite-
ty a role for scientists in the process. Evaluation of man-
agement experiments could well be part of an ongoing
scientific study of wetland functioning, although the
monitoring alone would not likely be fundable by a re-
search granting agency. Managers should seek the coop~
eration of researchers in all phases of the projects, from
planning to final evaluation, to determine what
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Table 10: Reseurch recommandations feroand improving the
design of wetland restoratrons in Cabforiia

are compatible with existing research projects. Habitat
enhancement needs of the U.5. Navy, U5, Fish and
Wildlife Service and the Unified FPort of San Diego have
been partially met through cooperation wilh researchers
funded by the California Sea Grant Program (Zedler).

The results of the monitoring must be readily avail-

able to be useful to future restoration projects. A central
depository with funds to keep and disseminate these
reports 1s needed. We suggest that the bwo estuarine
sanctuanes in California, Elkhom Slough and Tijuana
Estuary, be funded to establish this service,

Quoting from Walters and Hilbomn (1978, p. 183}):
When we can . fear 1o treat - the ivhiole msnagenent
process as findameitally experintental activities requiring
actioe plening wind fredyment, Hier ay ity begni to padk
about u scivnce of eeolweical s oment.

Suggestions for Future Research

Whenever possible, research should be undertaken
to address questions beyond simple environmental mon-
itoring {Table 10). Resolving some of these questions will
improve the wildlife habitats ¢reated; answers to others
are necessary to protect public health and meet state wa-
ter quality standards. Of course, it will be ditficult o set
precise standards on the functioning of a wetland given
(ts inherent vanability and the degree of compromise
needed to meet the demands of modemn society. In addi-
tiun, restoration and enhancement efforts should not take
the single-species-ma nagement approach; instead we
must manage for the entire ecosystem. Inter-relation-
ships among wetland species are numerous, and altering
vne species will have impacts on many others. Research is
our only tool to establish thwse relationships and to de-
termine Lhe optimal design and management procedures
to protect wildlife and provide the public with the en-
vironmental quality they desire.

Panel Discussion
John Oliver, Moss Landing, CA:

My first comment is that the problems involving
marsh restoration are primarily social and political and,
therefore, economic. These issues were addressed in yes-
terday’s sessions. The biological and physical problems
are not difficult to overcome, but are intriguing,.

I also want to emphasize the often neglected reality
that nature is variable. We have management schemes
and legal systemns that are commonly invariant. Thus,
while nature and our understa.ndi.ng of nature vary, our
Mmanagement and regulatory efforts are cormmonly i -
ible and static. Thisisa tricky situation. I hope ﬂut:g]eixs-

tic and useful management programs can be founded
these simple realities, o

ZLedler, Josselyn & Onyf

———

Determination of optimal habitat size and con-
figuration (e.g. pickleweed and cordgrass
marsh} for wildlife utilization. Patch size
necessary to atiract and support native animal
populaticns; necessary buffer zone width and
tvpe; sensitivity of various animal species o
disturbance; desired location of developments
adjacent to wetlands; and types of structures
and activities tolerated by wetland animals.

Requirements of marsh vegetation for tidal
flushing and preferred balance of fresh and salt
water influence. For wetlands which must be
¢losed to tidal influence during certain perinds
{e.g. flooding of neaby streams}, how long can
tidal circulation be absent and not jeopardize the
marsh? For marshes where freshwater flooding
canbe regulated, or where wastewater input can
be added, what 1s the maximum allowable fresh-
water input for maintenance of brackish or saline
marshes?

Impacts of nutrients on marshes and the use of
treated wastewater to create fresh/brackish
marsh areas. What are the desirable fevels of
nutrients in ceastal marshes? How effective are
marshes in removing nutrients from sewage
effluent?

Comparisons between natural rates of vegeta-
tion colonization with the establishment of
vegetation following artificial transplantation.
How much faster do marshes establish with
planting? Which species are in greatest need of
transplantation because of biological
limitations?

Relationship between vegetation density and
mosquitn vector control. What is the optimal
density of vegetation (usable by wildlife such as
raifs} that can still allow vector control, and how
<an it be maintained?

Another important point is that all marsh restoration
or development projects are relatively large-scale exper-
ments. Realizing the experimental nature of these activ-
ities will help in at least two ways. First, we can take
advantage of the experimental setting to test relevant
ideas and further our understanding of wetland com-
munities, either for relatively applied or less appled
goals. Second, a clear understanding of the experimental
nature of these activities will help all parties to maintain
an open mind about the entire process. _

{ want to make a few comments about rnonitom_lg‘
There is no distinct dichotorny between a monitoring
activity and research, at least in most ecological monitor-
ing efforts. Monitoring programs are generally used ina
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more applied research activity. Very little monitoring of
biulogiml phenomena is usetul tor short-term surveill-
ance or “bell ringing’. Bacteria counts around a waste
outfall may be the only exception, for better or worse. We
carry on remarkable monitoring programs that are ad-
vertised as regulatory eftorts and not research. Com-
monly thev are actually concerned with large-scale or
|0ng-‘tcn‘n changes which are very relevant applied sai-
ence problems. But just as commonly the relationship
petween the monitonng activities and the applied re-
search prublem has not been clearly formulated or even
recognized. In fact, when one attempts to match relevant
questions to the monitoring activities, we often find that
the question already has a good answer, that the activity is
inappropriate to the question of concerm, or that the ques-
tion cannot be answered. | am convinced that most of the
surveillance monitoring of biolugical events is useless and
that a cear tocus on applied research questions is essen-
fial to any monitoring activity.

H. Thomas Harvey, San Jose State
Liniversity, San Jose, CA:

I do feel that we need monitoring to tind out what
we’d hoped for has to some degree been successtul. ]
think that's been a part that hasn't been either reported or
encouraged to the degree that it should have been. But 1
wauld like to get to some nitty-gntties and inasmuch as
there is a captive audience, [ will get on my soap box that
some of you have endured before

First, we should start using NGVD for the Land
Elevation Datum—and how it relates properly to ndal
elevations, which are entirelv something else. The current
useage of various tidal elevations as reference for marsh
development has resulled in considerable confusion
among engineers, scientists, and agency peuple. Second,
[ think I should mention that if there is anyihing that's
lacking in the paper, it's some specifics. Admittedly, there
is tremendous variety throughout Califernia.

[tend to side with some of you who believe that ifyou
set up the physical conditiens you should step back and
get out of the way. Nature in the long run is going to
decide which vegetatipn will survive under the circumst-
ances that are present. I realize we can manipulate, t0 a
certain degree, and we probably should, if we want cer-
tain things. But 1 think one of the main ingredients in
marsh restoration is patience. Those of us who have been
around awhile have had to learn that you can’t plan it all.
We have to just take what comes sometimes.

1 would close only by suggesting that we recognize
That_humankind is probably more of a rationalizing of-
ganism than a rational organism. We have our gut reac-
tiens, opinions, and desires. We, then, marshal all the
facts and evidence that wiil support those points of view.

We are very goud al that. So take that to mind, as well as,
perhaps, to heart.

Fran Demgen, Demgen Aquatic
Biology, Vallejo, CA:

1 wart b make one minor correction. 1t vou ook at

ﬂje d.ltg vou might getthe wrong impnession that the M.
View Sanitary Disteivt enhancement was created to treal
\.ms.t.c water. I's purpose is wildlite habitat creation

. Ihe paper is very good in providing an overview .
think Ithat what is mussing are more specitic bacts, like the
ane given that one sprig, in three vears could develep an
eight meter wide patch of grass. 1 think that even the
ranye between complete Rilure and an cight-meter patch
in three vears 1 valuable to the people trving o do things.
And 1think thal this paper would bea very valuable place
to have specific data so that the people desipning and
doing, projects have samething o use as guidelmes
Evenif it's bad news, it's better than no news at all. There
is a need to provide sie-speditic inturmation, so that
planners can interpolate and use the data in making their
own conchusions. Many people are afraid of trying to tell
other prople what thev've done, or appiving their conclu-
sions to other things, but 1 think this would be an im-
portant addition.

It seems like-  and 1 didn’t realize it erginally—the
major thrust here has been salt marshes and hopefully
there will be more people that will also allude to freshwa-
ter systems, particularly those using waste water. [t's very
encouraging and heartening for me that so many other
people have mentioned waste water wetlands. As few as
about six years 250, you'd bring up waste water wetlands
and people would look at yeu askance and wonder what
on earth vou were talking aboul. The two things are nol
incompatible and there are quite a few projects in exist-
ence now and others are planned.

One will be the big East Bay Regional Park-East Bay
Dischargers Project that will be adjacent to our field trip
site tomorrow . It's approximately 162 acres and will be a
good opportunity to galn new information, processeés that
happen in these waste water marshes. Another project
that should be happening this year 18 in Eureka, a 6{}-acre
site. The Citv of Eurcka will be restoring wetlands to the
Elk River, including a certain amount of marsh using
waste water. It will also include some that's returned to
tidal action and some freshwater areas. There are, in
Addition, some seasonal ponds on that site making 1t 2
multi-habitat site. {f everybody crosses their fingers
unison in this room, we may be able to get some water for
the Niew Chicago Marsh down in the South Bay. We are
working on passibilities of getting close to ten million
gallons a day of treated effluent from San Jose, wh:chﬂ:
adjacent to the San Francisco Bay Wwildlife Refuge and
watet needy New Chicago Marsh.
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Audience Participation

Audience Participation

KATHERINE CUNEQ (Madrone Associates): 1
would like to make a suggestion. At the same time we
form the depasitory of information, we should have a
committee to work on the standardization of measure-
ments used in published papers, Considering salinity,
we find it is reported as molarity, as milliosmoles, as
osmolarity in terms of pressure bars, and atmospheric
pressure. We should have a method of transposing these
to one standardized measure that planners could use. I
suggest thaton this committee we have a soils scientist, a
plant physiologist, a wildlife biologist, a hydrologisi,
and a planner.

DR. ZEDLER: Good suggestion.

WAYNE TYSON (Regrowth Associates): What re-
search is available on the reproductive biology of marsh-
land plant species?

DR. HARVEY: It's controversial and scattered.
Some information is available from the Amy Corps of
Engineers.

RICHARD WARNER (Field Study Center in Davis):
Just a general comment to the panel at Jarge and I mean
this in a kindly, if critical way. I would suggest that we
have failed rather thoroughly in the second half of our
charge for this panel and that is to address the needs and
opportunities for monitoring. The use of monitoring as
separate and dichotomous from research in our Ameri-
can frame of reference is looked on with some humor by
European scientists. They look at us in this context as a
bunch of dilettantes jumping in and doing brilliant re-
search for a couple of years and then rushing off to do
equally brilliant research elsewhere with very little fol-
low-through and exploitation of the cumulative empiri-
cal data base from our studies. And rarely, if ever, are we
using the continued frame of reference of a growing data
base to modify and even learn from our research efforts.
Maybe the panel may have some comments about some-
thing that is germinating at the present time, but I pre-
sently see no plan for the required institutionalization of
this data base.

DR. ZEDLER: The National Science Foundation has
just begun a long-term ecological research program.
We've been nagging at Sea Grant to do something similar
for a number of years. But I can’t say that anything is
germinating yet. A lot of seeds have been sewmn.

DR. ONUF: 1wrote a proposal to Sea Grant that was
essentially aimed at this area you have pointed out. May-
be the institutions aren't ready for it yet, or the way I
wrote it didn’t get it across properly, but I met with a
resounding lack of interest.

I think restoration is often regarded as a sell out to
development. There are examples of failed restoration
projects, where the trade-offs that were made can be
shown, after the fact to have not been in the best interest
of the natural systems concerned. There is, I think, a
legitimate concern that restoration, asa mitigation, can be

abused in the management system. And so there is this
legitimate resistance to really making it a much more
viable activity, until it can be shown to do the job.

The problem is we don’t have the luxury in California
of just leaving things alone and preserving what we have
got. Because of what goes onin watersheds, wetlands will
disappear if they are left alone. We have to get in and be
heavy-handed. I'm trying, and obviously others of us are,
too, but | think there is enough sales resistance that it's
going to be a little while longer before we are going to get
some systematic system of evaluation.

VIRGINIA RATH (Stanford University): We have
seen yesterday that there is often an absence of clear
goals in what we are trying to accomplish by these resto-
rations. And it seems that often we move towards assum-
ing that the maximum species diversity is what should
be sought for in these restorations.

Dr. Zedler mentioned that pickleweed is often a
superior competitor, even to the detriment of other
species such as Sparting or other succulents, Often
times, we have Salcomia marshes coming in even
though we have planted Spartina as in the Faber Tract
in San Francisco Bay.

Why all the push to plant Spartina here on the west
coast when Spartina is often just fringing vegetation
and the bulk of the marshes contain Salcornia. Is
this another example of trying to get East Coast technol-
ogy and East Coast dogma and plant it on the West Coast?

DR. HARVEY: The reason 1 was planting cordgrass at
Faber Tract was to find out what the tidal elevation was. I
wasn't trying to emulate East Coast marshes. 1 didn’t
know about them in ‘69 and ‘70. Anza Pacific is planted at
abouit two feet above mean low or low water in an attempt
to see what transplant procedures, seeds, seedlings,
dwarf versus robust would survive under that end of the
range.

MS. RATH: It's obvious many experimental pieces
of information could come from these planfings. How-
ever, it seems that we persist in trying to plant Spurting
marshes.

DR. HARVEY: That's why 1 made the comment
about patience sometimes as your best approach. But
cordgrass can and probably should be planted in certain
places where you want to establish vegetation at the lower
elevational range rapidly. Faber Tractis one of the longest
duration. Cordgrass has spread throughout that 95 acres,
although it's predominantly pickleweed, I agree.

DPR. JOSSELYN: In Southern California, the reason
there’s been emphasis on cordgrass is that it is the habitat
for the light-footed clapper rail and also the habitat that
has been destroyed most frequently through develop-
ment activity.

In San Francisco Bay, | agree that the pickleweed
marshes do represent the pristine condition. Pickleweed
is a great volunteer, it comes in very rapidly. Cordgrass,
however, is very slow to colonize and some activity often
is required in order to establish it.




Galt Marsh Faunas:
Colonization and

Monitoring

ailton |. Bovd, FHumiboldt State University, Arcata, CA

Introduction

nv consideration ot salt marsh restoration and
A recolonization technigques  must begin with a
staternent of the dominant animals found in little
disturbed Caliiomia salt marshes. Unfortunately, most
investigaters of salt marshes have focused their attention
on plant species (Chapman 1977), with only secondary
attention paid to the animals. Some notable exceptions to
this pattern have been MacDonald’s work (1967, 1969,
1969b) on salt marsh molluscs, Cameron’s (1972) study o
insects, Zedler's {1982) review of sou thern California salt
marshes, and MacDonald's (1977a) review ot animal com-
munities found in Pacific North American salt marshes.
[n this review | will present some preliminary find-
inps un patterns of colonization and establishment of
armal populations at a marsh restoration site on Hum-
boldt Bay and compare these findings to others for a
marsh on San Francisco Bay. Investigations of the animal
communities of Pacific coast salt marshes are still at an
earty stage of development and will be fruitful areas for
fuljther work, The relatively low diversity of animal popu-
!ahons of salt marshes {MacDonald 1977a) offer interest-
ing opportunities to work within communities which may
be readily manipulated by experimental approaches.

The Pacific Coast Salt Marsh Fauna

Meiofaunal Organisms

The meiofaunal components of Pacific coast salt
marshes have not been extensively studied, although th-
ese lernnl_s un(_ioubtedty play a significant role in the
detrital microbial pathways of marshes in general
(Fenchel 1978). Phleger {1967) studied the Furaminiferan
gggped here with meiofauna for convenience) of three
Pad t\i <oast salt marshes, one north of Vancouver, B.C.,
faunasoin&)]uth of Pt F:onmpﬁon. He reported distinctive
highest ow and high marsh environments, with the
ighes eﬁ?tlil:::n;} of aIog':'a.miniﬁerans found at higher

. He i istinch
graphical assemblages. recopnized distincive B

Warme (1971) reported only one species of ostracod

from the marshes at Mugu lLagoon, California, although
several other ostracod species occurred on adjacent mud-
flats and 4t subtidal depths. MacDonald (19772) reported
nematodes as quite abundant in cores takenina marsh of
Goleta Slough, California, a finding which seems to con-
firm the dominance of this group in salt marshesas wellas
in other meiofaunal assemblages (Fenchel 1978).

The study of mejofaunal assemblages of the Pacific
coast in general, and of salt marshes in particular, isat a
very voung stage. | know of no investigations of sait
mmarsh restoration in California which has used meiofaun-
al groups to monitor the progress of colonization and
marsh development.

Molluscs

The most common components of mollusc assem-
blages in California salt marshes are small gastropods
which feed on algae or detritus on the surface of marshes.
In narthem California, the two most common species are
Assim inea californica and Cuatelle myosotis. Much less com-
mon, and restricted to only a few marsh sites at Humboldt
Bay. 15 Littoring newcombiana, reportedly somewhat more
abundant in Oregen salt marshes (MacDonald 1977a). A
larger gastrapod, Cerithuiea californica, occurs with A. cli-
fornica and Ouvatella myosotis in central California salt
marshes and ranges into Baja California (MacDonald
1969a, Morris et al. 1980, Zedler 1982). In central and
southem Catifornia, the pulmonate Melampus olivaoeus
replaces O. Myosotis as the most common high salt marsh
gastropod (MacDonald 1969a, 1977a).

An introduced gastropod ( Batillaria attremeniaria} was
brought in an oyster spat from japan and has become well
established at marshes in central California (Tomales Bay
and Elkhorn Slough). It is not found at Humboldt Bay.
although a population has become established in British
Columbia (Motris et al. 1980). B. attrernentaria 1s abundant
in salt marsh tidal channels and at lower elevations on the
edge of marshes. An introduced bivalve, the horse mus-
sel, Tschadium demissum, was brought in with oyster spat
from the Aflantic coast of North America, and is comumnon
at lower elevations of salt marshes in San Francisco Bay
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and somewhat less common in southermn California bavs
{Morns et a!, 1980 Zedler 1932).

Twu species of opisthobranch gastropods ere occa-
sionally encountered at lowuer marsh elevations, Acteocing
culcifetla in southern California (MacDonald 1969%a) and
Aldersa modesta in central and northern California {Barbour
vt af. 19731 These animals probably teed oo atpae (Ula,
Enteromiorplin. Vatichers) prowing on the surface ot the
low marsh and adjacent nwd flabs,

MacTdonald (19774} supggested that o relationship exists
between standing crop of gastropods and latitude. He
cites hgures of less than 1 tomore than 10 gm of gastropod
dry wet m 2 from north to south, and suggests this indi-
cates more abundant trophic resources in southemn
marshes. I'resent data does not support the notion of
increased species diversity at southerm latitudes, thus, the
niche structure of marsh gastropods must remain approx-
imatcly simildr at temperate and sub-tropical latitudes in
Calitormia.

Polychaetes

We have collected polycharetes from lower marsh cleva-
tions at a restoraton site bordering Humbeldt Bay, and
others have also noted the occurrence of polychaetes in
lower elevation marsh sediments {MacDonald 1977a;
Reisch and Barnard 1967; Niesen and [yke 1981). The
phyliodocid Fteone californica was the first polychaete to
arive at our restoration site and is practically cosmopoli-
tan in mud-sand sediments of California (Hartman 1968).
Fight to nine months after the site was restored to tidal
inuadation, we also noted Capitella capttata, and the spi-
onids Polydora tigie and Streblospio beredicti, These species
are widcly distributed in estuarine mudflats and bays of
California {Blake 1975) and have been noted previously in
salt marshes of California (MacDonald 1977a). We have
also wollected numerous oligochaetes at low marsh eleva-
fians, but these are quite difficuit to identify and practi-
cally nothing is known of their comparative abundance in
other estuarine habitats,

Crustaceans

Mast of the crustaceans found in salt marshes are smail
and inconspicuous. Particularly if sampled at low tide,
many species aggregate in plant debris or under drift-
woud. Quantitative sampling of these animals is thus
difficult. The most common crustacean at lower eleva-
tions of salt marshes around Humboldt Bay is the am-
phipod Orchestia traskiana. This species is particularly
abundant at low tide under boards and driftwood, and
around the base of Sparting foliosa. The estuarine amphi-
pod Anisogammarus confervicolus appeared abundantly in
samples from our restoration site from late February to
August 1981. We have taken this species in plankton nets
and benthic grabs from the adjacent slough, and suspect
that animals were swept into the restoration marsh and
stranded on decaying vegetation. The species is rarely
taken in established marshes around Humboldt Bay. In
tidal creeks that dissect the lower elevations of salt

—_—
marshes, the crab Hemivrapsus oreomensis freq uently buy.
rows into the banks, although this species is not as com-
mon in salt marshes at Humboldt Bay as at locations in
central and southern Califarnia (MacDonald 1977a). Twq
crabs usually found on the outer coast, Pachygrapsus v
sipes and Memragrapsies niedtis, are sometimes abundani in
salt marshes (Barbour et al. 1973; Zedler 1982)

At higher marsh elevations ttypically dominated by
Distichis spicata at Humboldt Bay), several ONniscoidean
isopods are common. We have taken Armadilloniscus OF-
onocaptalis, Likorophiloscia rchardsone, and Porcellin Spp.
at both vur restoration site and in established marshes.
MacDonald (19774} noted the occurrence of Calfigasag
ariifurensis in Califormia salt marshes, but at Humbold)
Bav this anirmal is found onlv on adjacent mudflats,

Insects and Arachnids

Despite their abundance and importance as consumers
in salt marshes {Teal 1962), msects have not been well
studied as components of the Pacific coast salt marsh
fauna. MacDonald (1977a) presented o summary of the
findings of Lane (1969) and Camweron (1972) in central
California salt marshes, and Foster and Treheme (1974
have discussed the physiological problems encountered
by insects under marine conditions. The methuds used in
sampling insects have a considerable influence on the
species collected. lane (1969) used several sweep net
technigues during summer and fall months and collected
134 species. Cameron {1972} used a clip-quadrat techni-
que and extracted insects using Berlese-Tullgren funnels
He collected 103 species of adult insects. Only about 10
percent of the insects collected in these two studies o
oceurred in Cameron’s and Lane’s samples. It the species
collected by lLane and Cameron are totaled, over 200
species were collected in two San Francisco Bay salt
marshes. Zedler (1982) reported the possibility of as many
as 1,200 species in one southern California sait marsh.
Clearly, insects far exceed in both abundance and diver-
sity all other macroinvertebrates of salt marshes.

Cameron {1972) concluded that spiders are the most
important predators of small insects in salt marshes. He
showed a close relationship between spider abundance
and insect herbivore abundance during spring months
and a relationship to the numbers of insect saprovores
available as prey in winter. Teal (1962} also identified
spiders as important predators of salt marsh insects in
Georgia. Despite their recognized importance in energy
flow, and as predators of insects, virtually nothing is
known of the taxonomy and ecology of salt marsh
spiders.

Fish

Few fish species are restricted to salt marshes along the
coast of California, in contrast to the large number of
species dependent on salt marshes along the Gulf and
Adlantic coasts of the U.S. (McHugh 1967). Collections In
and adjacent to Padific coast salt marshes contain large
numbers of larval fish (Eldridge 1977; Pearcy and Myers




Salt Marsh Faunas

77

1974), but the dependence of these larvae on salt marshes
is unknown. The most abundant larval fish taken are
Pacific herring (Clopea harengus pallasi), northern anchovy
(Enigraults mordax), and various goby larvae. These typi-
cally account for 90-98 percent of the larval fish caught
(Eldridge 1977; Pearcy and Myers 1974). MacDonald
(1977) lists several euryhaline species as characteristic of
salt marsh habitats, but none of the species listed are
restricted to salt marshes and are found in a vairety of
estuarine and marine habitats (Miller and Lea 1972; Hart
1973). Use of salt marshes by larval fish for feeding is
largely unknown, although an obviously important as-
pect of the significance of marshes in sustaining coastal
marine fish populations. The importance of salt marshes
as refuges from predation by larger fish is clearly im-
portant (Zedler 1982).

Birds

The number of bird species which are endemic to
Pacific coast salt marshes is low (MacDonald 1977a). Only
two species, both now quite rare (the clapper rail and
black rail), are obligately associated with salt marshes.
Neither species is found at Humboidt Bay, although the
clapper rail did apparently occur there before eradication
by man (Yocum and Harris 1975). Despite the lack of
endemic bird species, use of salt marshes by birds, espe-
cially shorebirds and migratory waterfowl, can be high.
More than 100 bird species use the Pacific flyway (Peter-
son 1961), many of which can be found loafing, resting, or
feeding in and near coastal salt marshes (MacDonald
1977a). These activities may involve many thousands of
birds during some parts of the year (Zedler 1982). Shore-
bird use of a marsh restoration site and adjacent mudflats
at San Francisco Bay was greatest during winter and
spring months (Cogswell 1981), in agreement with obser-
vations at Humboldt Bay, Stage of the tide has a marked
influence on bird use of marshes, with the greatest num-
ber of birds noted in marshes during periods when ad-
jacent mudflats are covered by water.

Several species, mainly herons and egrets, take fish and
larger invertebrates from the tidal creeks in salt marshes.
Unfortunately, there is little information available on the
direct importance of salt marshes to the feeding activities
of the many bird species which have been recorded in
Pacific coast salt marshes.

Other Vertebrates

Other vertebrates, usually encountered more frequent-
ly above the highest high water mark, may occasionally
be found in the marsh. The Pacific treefrog (Hyla regilla),
the southern alligator lizard (Gerrhonotus multicarinatus),
western fence lizard (Sceloporus occidentalis), and gopher
snake (Pituophis melanoleucus) move into and prey on the
insects or small mammals of salt marshes in southern
California {Zedler 1982). Around San Francisco Bay, the
endemic salt marsh harvest mouse (Refthrodontomys ravi-
ventris) is critically dependent on vegetation growing at
the edge of salt marshes, particularly Saficornia spp.

(Shellhammer 1982).

Monitoring the Establishment of the Salt
Marsh Fauna

The critical variables to be monitored in establishment
of the salt marsh fauna are the species composition and
population density of key species. Since a relatively well
known complex of species is characteristic of California
coastal marshes, restoration sites can be surveyed period-
ically and the presence of these species catalogued. Spe-
cies with different capacities for dispersal will obvipusly
arrive at different times in restoration sites, and the early
history of species occurrences may be quite different from
the pattern of species composition in established
marshes. The species occurring at a restoration site adja-
cent to Humboldt Bay were somewhat different from
those seen in a nearby established marsh (Table 1}. Jac-
card’s Coefficient of Stmilarity,

C

A +B +C

was applied to these species presence-absence data and
yielded a value of 35.7 percent, indicating a modest de-
gree of similarity after 9 months of tidal inundation at the
restoration site.

The differences between the two sites can be accounted
for by the presence at the restoration site of highly motile
species which are widely distributed throughout estuar-
ine habitats of the bay. The amphipod Anisogammarus
confervicolus and the spicnid polychaetes were taken in
benthic samples from the adjacent slough and both adults
and larvae were probably brought into the marsh by tidal
activity. These species were not collected in the estab-
lished marsh nearby, and probably reflect a transitional
stage in the establishment of characteristic marsh species.

The comparative measurement of population density is
a challenging and difficult task. Presence-absence data
(Table 1) are often a vast over-simplification in assessing
the establishment of marsh populations, At our restora-
tion site, the (usually) common marsh gastropods Assim-
inea californica and Ovatella myosotis occurred in single
samples collected over the 9-month sampling period (to-
tal of 75 samples taken). In 90 samples collected simul-
taneously at the established marsh, these species occur-
red in 80 percent of the samples taken. It appears that the
single animals recorded arrived in the restoration site by
clinging to floating vegetation, and that establishment of
population densities comparable to those of established
marshes will require years, rather than months.

Standardized sampling techniques for salt marsh ani-
mals are not available. Development of such standardized
methods should receive high priority in developing resto-
ration monitoring techniques, although several problems
are assoclated with attempting to adequately sample the
diverse kinds of populations found in salt marshes. Mac-
Donald (1969a) noted vegetation cover in a 0.19 m? area
and then sampled the moliluscan fauna from a 200 an?
area. In tidal creeks, he sampled an area of 25 cm®. In




78

Restoration Site Established Marsh
Gastropods Gastropads
Asstminea californica Assiminea califormica
Oratella myosofs Ovalella myosotis
Aldera modesta
Crustaceans Crustaceans
Anisogamimarus Orchest traskiana (A)

oonfervienius (A) Armadilfoniscus

Cargphium spinicome {A)  coronacapilalis (1)
Orchestia traskiana (A) Grorimasphaeroma
Grorimasphaeroma aregongnse (1}

oregonense (1) Littorophilescia

Porcelfo sp. {1} rchardsonae (1)
I=Is0pod A=Amphipod
Polychaetes Polychaetes

Ftenne califorica
Stretlospie benedict
Polydora lign:
Psewdopolydorg kempi

Eleone calitormea

Insects, arachnids, and oligochaetes were collected,
at both sites, but were not identified

Table 1: Invertelwate speces coliected from an established
arsh (Bay Street site) and restoration site (Park Street site)
from February 1981 — August 1981. Tidal inundation of
the resteration site occurred m November 19800,

established and restoration marsh sites at Humboldt Bay,
lused a coring device 163 cm* in area to remove the top 2-3
om of surface sediment and vegetation. These samples
were placed in plastic bags, returned to the lab, and all
organisms retained on a0.50 mm sieve were preserved for
later identification. Sample sites were established follow-
ing a stratified-random sampling technique. The number
of samples required to compare the densities of common
animals in the established marsh and restoration site was
estimated using the method of Sokal and Rohlf (1969):

V\l"l'l(:‘l'e":na:2 (/8P [t“(”ZJ + t'(l-p) (u)]l

n = number of replicates
¢ = true standard deviation
8 = the smallest true difference it is desired to
detect
v = degrees of freedom of the sample standard
deviation
a =desired significance level
p = desired probability that a difference will be
detected
tUsing data from the samples collected in the established
marsh, it was found that to compare the densities in the
two marshes at a 10 percent confidence level with 50

Boyd

percent chance of detecting a significant difference, jt
would be necessary to collect uver 300 samples per sam.
pling interval at both sites. The reason for this large
number of samples is, of course, the high standard devig.
tion scen in samples from populations which are aggre-
gated. Thus, it seems uniikely that sufficient resources
will be available to make statistical comparisons of popu-
lation densities at marsh restoration sites. Rather, more
imprecise methods of comparison may be required to
monitor the establishment of marsh faunas, espediaily
considering that a limited number of species are usually
involved, with the notable exception of insects. Presence.
absence information, combined with data on population
density {gastropods) and biomass (polychaetes) may be
quite sufficient to menitor establishment of salt marsh
faunas. The advantapes of sampling these invertebrates
to monitor establishment of the salt marsh fauna are 1)
their relatively early appearance ata restoration site and 2)
their perennial vccurrence in the marsh, Bird and fish
populations of salt marshes vary greatly on a seasonal
basis and from year to year (Zedler 1982).

Sarples can probably be taken at quarterly intervals,
and it may even be possible to monitor salt marshes only
during summer months, when population densities of
invertebrates (except saprovorous insects} are typicaily at
their peak. Standardized techniques would be desirable
in monitoring establishment ot faunas, but have not been

developed.

Recommendation

The significant species have been identified at marshes
in California and form a fairly homogeneous fauna. What
is now required is a standardized method for sampling
patterns of recruitment and establishment of the salt
marsh fauna. Ideally, this task should be accomplished at
once, preferably by a thorough investigation of the sam-
pling techniques needed to accurately estimate densities
of dominant species in established marshes.

Many of the smaller polychaete species are difficult to
identify without the help of highly trained individuals. it
may be necessary to group these animals together and
measure their abundance by some fairly gross method.
such as standing crop biomass through time, Traditional
methods of cellecting, sorting, and identification to
species level may be simply too expensive to contemplate
in monitoring establishment of faunas at salt marsh resto-
ration sites. Similar difficulties are likely to arise in mon-
itoring the establishment and abundance of insect popu-
lations. Although semi-quantitative methods for estimat-
ing insect abundance were used by Cameron (1972), it
seems unlikely that his methods will have wide applica-
bility in monitoring salt marsh restoration sites, agam
because of the extensive sampling effort required and
time needed for identification by gualified entomologists.

Some groups traditionally sampled (birds, fish larvae).
although they may be found at marsh sites in impressive
numbers, may not utilize directly the trophic resources of
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the marsh. Such animals are more dependent on the
marsh as a refuge fram predators found in deeper water
{fish), or as loafing and resting grounds dunng periods of
high water on adjacent mudflats {birds). The rclation-
ships of these animals to the trophic resouces of salt
marshes ts little known at present, and is another signific
ant area tar further study.

The frequency of sampling necessary to determine pat-
terns of establishment by salt marsh animals is cotically
important. My own studies of a restoration site at Hum-
boldt Bay suggest that sampling could have been con-
ducted at quarterly or even semiannual intervals during
the first year of tidal inundation without a syniticant loss
of resolution. Niesen and Lyke (1981 reported low den-

Panel Discussion

Paul Springer, Wildlife Research Field
Station, Eureka, CA:

The focus of this panel is on vancus technigues that
may be used in achieving, the restoration of different spe-
cies of groups of species of animals and the steps required
to measure their success. Toachieve this goal, Iwould like
to discuss, first, what research design and methodology is
needed and, second. what techniques are available. At
the outset, one needs to develop a study design. Ideally
this would involve: (1) conduct of a study betore and alter
restoration in order to measure what changes occur, {2}
provision for a treated arca (the tract on which restoration
is undertaken) and an untreated, or control, area {a rea-
sonably close, relatively undisturbed marsh that typifies
the original condition that is being strived for) so that one
can appraise the success of the restoration effort, {3) ar-
rangement for replicate treated and untreated areas, if
possible, to improve the chances of avoiding an individ-
val area that is atypical and to allow some degree of
statistical analysis. Also, unless gne can conduct a com-
plete census, one needs to take randomly selected sam-
ples, repeated in both space and time, and {4) provision
for a study (if the restorabon project involves mitigation
for a development project that will damage or destroy an
existing wetiand) to determine the magnitude of that loss
and how successful the restoration project is in compen-
sating for it.

This isa large order that usually cannot be achieved, not
only because of budgetary and time constraints but, per-
haps even mare importantly, because of the lack of com-
parable contro) areas. To the extent possible, however, 1
think one needs to consider the conditions that should be
strived for in designing and conducting the “ideal” study.
At the same time, though, one needs to be realistic en-
ough be able to fall back to a lesser level of sophistication
when he ideal design cannot be achieved.

) It cannot be stressed too strongly that the design is very
important if a study is to produce findings that will be
accepted. Too many times, and 1 am as guilty as anyone.

sitioﬁ of macroinvertebrates retaimed on a 2 mm sieve dur-
ing the first vear of quartedy sampiing at the Havward
marsh restotation site and high vanability in numbers of
invertebrates rotained on a (150 mm sieve.

Apencies responsible for assessing the effectiveness of
salt marsh restoration should consider monitoring, the
cstablishment of salt marsh faunas at intervals which are
J.ppmprintc to detect major changes in faunal composi-
tion. Singe it apprears that such changes may occur over
pen'ods ot vears, rather than months, signiﬁl.:ant changes
in traditional funding patterns may be requined. Modest
amounts of vearly funding, spread over several years,
may be the maost etfective way to ultimately iudg-;e the
success af restoration eHorts.

not enough planning goces into this phase, and one ends
up with results that are not as strong or revealing as they
could have been.

In regard to study methodalogy, | agree heartily with
Milt on the need to standardize research techniques in-
sofar as it is feasible, so results are comparable from one
study to anather. it is important to recognize, however,
that one should not be a slave to a particular methodology
that may be inappropriate for a given situation. Attimes it
may be necessary to use ather technigues or develop new
and better ones.

Milt makes a significant point that monitoring may be
conducted at quarterly or even semiannual intervals dur-
ing the first year of restoration without a significant loss of
resolution. Lintil we gain greater knowledge on this mat-
ter, however, | see no alternative but to acquire the base-
1ine data and then continue the study to determine what
important changes take place and why. Sometimes a criti-
cal or unusual event may occur, such as a storm, drought,
or disease outbreak. 1f one does not monitor closely en-
ough to witness these events, it may not be possible to
interpret correctly why something has happened that isof
significance to the restoration progam.

Miit, as an invertebrate ecologist and particularly a
benthic specialist, concentrated on defining some of the
study techniques that are available in that discipline, and
the findings that he and his colleagues have obtained. To
be fair and equitable, ] believe the paper should give
adequate attention to all forms of animal life that occur in
wetlands, including mammals which are not now men-
tioned. In this regard, it may be possible to focus attention
on key species or groups of species rather than attempt to
monitor all animal spedes.

As an ornithologist I noted some statements that need
ta be corrected. For example, there are i move
than 100 species of birds in the Pacific Flyway. Also,
although certain ones such as the dappermlandbhd:
railocmrinsaltmrshesmcahfotm’ ia, these species as a
whole are not obligately associated with only this habiiat;
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certain subspecies in other parts of the country frequent
fresh or non-salt marshes. These statements should be
modified accordingly.

As far as use of coastal marsh is concerned, it is true, as
has been stated, that some species of birds, such as short-
egged waders, use them only for resting end loafing at
high tides when the mud flats and lower parts of the
marsh are inundated. Contrary to the implication left,
however, it is also true that some species are resident in
marshes and make their livelihoods there, and depend on
such habitat to feed on a number of the invertebrates
mentoned.

[nregard to the use of marshes for feeding, documenta-
ton of the kind and number of birds engaged in such
activity is lundamental. Other aspects, however, such as
feeding eculogy and partitioning of food resources are
also important. Investigation of these subjects will even-
tually be needed it one is to better understand how a
marsh serves the needs of particular species, and, thus,
what the management strategies for them should be.

Finally, one gets back to the question of the various
technigues available for achieving restoration of different
species or groups ot species of animals. Some restoration
projects have incorporated construction and manage-
ment features based on knowledge already available.
They have involved construction of dikes, channels, and
islands; installation of tide gates or uther water control
structures; regulation of water levels; introduction of
plants by various techniques; and even manipulation of
animals, such as providing resting or nesting structures
for birds ur controlling pests. Depending on what is done,
these can be very expensive but may be essential and can
be justified costwise, particularly for endangered species
or in areas such as southem California where real estate
costs and human populations are high but wetlands are
limited and thus more valuable to the people there. These
projects, in particular, need to be evaluated adequately to
determine if they are etfective in terms of the results
achieved for the costs involved.

Thomas Niesen, San Francisco State
University, San Francisco, CA:

As Ray Krone pointed out this moming, development
of marsh restoration is a gradual progression of sedimen-
tation, plant estblishment, and marsh level build up. At
the Hayward Shoreline Project, we started from former
diked land and the initial substratum was barren, When
the dikes were breached, we were not immediately estab-
lishing a salt marsh but a mudflat. It's the mudflat or-
ganisms that we must address our initial monitoring ob-
servations, at least in these situations.

Pwould like to note several parallels seen in our studies
at Hayward with those mentioned by Milt Boyd at Hum-
boldt, and then, because our restoration site was a former
salt evaporator in the San Francisco Bay, | would like to
mention a few unique things that we saw.

First of all, a substantial and complex meiofaunal as-
semblage was observed at both locations. The meiofauna,

the organisms that fall through a .5 mm mesh, are prob-
ably very important in what 15 vstablished in terms of the
macroinvertebrate  populations. However, MONitoring
that Broup is almost impaossible on a cost-eftective basis.

Another sinnlarity between Havward and Humboldt
was the composition of the dominant pulychaetes, This
ISM'EL Surprising because the species observed are adapted
to handle disturbed estuarmne conditions. Another paral-
lel 15 the sporadiv or patchy pattem we saw in polychaete
settlement. As Mib mentioned 900 samples would be the
necessary number to get a valid sample for a comparison.
Nine hundred benthic samples would take a team of 20
graduate students five years to process. So this poses a
problem of sampling replication and the guestion of
whether it's cost etfective,

As an alternative to standard benthic monitoring meth-
ouds that Milt and | employed, one ot the technigques
employed by [r. Nybakkan at Moss Landing might be
applicable. They tovus on organisms that are known do-
minants of a particular habilat and follow them, particu-
larly it thev have tractable lite histories to get an idea of
what their reproduction is, what their growth is, and how
successful they are. This information can be used as an
indication of how successtul the restored habitat is in
terms of progressing to the end point that you wish, In the
case of a salt marsh, you can investigate the invertebrate
fauna ot a nearby, established salt marsh, and determine
which species are dominants. These species then can be
monitored as they come into vour restoration and their
progress noted as an indication of the health and the
success of the restoration,

A few vomments about monitoring in San Francisco
Bay, and particularly on a former salt evaporator. [n my
study of the Hayward Marsh, | was greatly aided by the
fact that students at Hayward had done much work on the
mudflats adjacent to the restoration. Also, Dr. Fred Ni-
chols, from the U.5. Geological Survey, had done exten-
sive work on the mudflats in the South San Francisco Bay.
Dr. Nichols has found that the mudflats in the South San
Francisco Bay are constantly in a perturbed state. There-
fore, the organisms that are found as dominants on these
perturbed mudflats. are organisms adept at colonizing
disturbed habitats. [t's not surprising that the same or-
ganisms that we found coming into our restoration site
were these same basic colonizing organisms.

Another interesting sidelight is that the majority of
these organisms were intreduced. They were animals
from other estuarine habitats—mostly from our East
Coast and from Europe and the Orient. San Francisco Bay
poses a unique problem in that we are a major port; we
have had waves of introductions of organisms and the
reasons they are successful in San Francisco Bay also
make them successfutl at being colonizers in our restora-
tion sites. Now, the question is, in tracking these highly
adaptable estuarine animals are we getting information
that is going to be valuable or necessary in terms of judg-
ing how our restoration sites are coming along?

Ferhaps another method to look at invertebrate popula-
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tions was alluded to by Dr. Howard Cogswell. who
watched the bird usage at our restoration site. Dr. Cogs-
well found that birds did use the marsh mudflats, but not
ta the same level that they used adjacent mudflats, Per-
haps there is a comrelation between the amount of bird
usage on 4 mudflat and the relative abundance of or-
ganisms that are building up, without going, through the
standard process of going out. conng, sampling, and
sortmng,.

Steve Balling, University of California
Berkeley, CA:

Before | assume my tule as an entomologist, 1'd first like
to play the devil's advocate. I'm concerned with our use of
the term “monitoring.” T agree that experimental designs
need tobe developed to establish marsh design and main-
tenance criteria. 1 agree that post-developmentdocumen-
tation of these systems is a very valuable point and seme-
thing to be considered. And in mitigation situations, 1
think monitoring it is alse a vital component. But often,
the concept of monitoring is that it is the search for sume-
thing going wrong. For example, pest managers in ag-
ricultural sitautions monitor insect populations to deter-
mine when they are reaching an outbreak level. Indus-
trics monitor their outfall to find out when contaminants
reach too high a concentration. Yector biologists try to
monitor mosquite populations to make sure that they
don't reach too high a level. In restored marshes, I don't
belicve that we really need to monitor animal populahions
to sec if the new marsh is exactly like the old marsh. [
think it's important to document successional changes.
However, the process of a marsh reaching equilibrium or
apparent equilibrium—since it's & naturally dynamic
habitat—is a slow process; one that will not be complete
in the first nine months of study.

My second point is that marshes exist along a broad
tidal continuum. Marshes begin about mean tide level
and extend to extreme high water. Along that continuum
are the obvious vegetational gradients, in addition there
are also salt marsh faunal gradients. Sampling such sys-
tems will of course lead to high vriability.

[ think Milton was probably discussing the characteri-
zation of several strata when he suggested 900 samples
were necessary, but we can decrease sampling variability
drastically by stratifying very carefully over the eleva-
fional gradients within a marsh. This presents a major
difficulty when comparing two different marshes. When
you are comparing an established marsh with a newhy-
restored marsh, they should be the same height o1 you are
going to find a very different faunal component. The tidal
frequency, i.c. the inundation frequencies, are very im-
portant in establishing faunal and floral composition.

Finally, as the panel's entomologist, I'd like to say that
insects really aren’t that difficult to study. There are ad-
mittedly over 200 species in San Francisco Bay marshes.
The two studies that Milton referred to were done in two
pickleweed marshes in the San Francisco Bay area. Came-
ron used a clip quadrat method, where he randomly
dropped the quadrat, took out the vegetation within and
them extracted the insects via Bedese funnels. Lane used

qeml methods. 15 no wonder they got ditferent results.
They were sampling, completely different faunal compo-
nents. k15 necessary to stratity in those instances too.

Insevts can be used 1o establish the effects of pecturbe-
tion. Fhere are ways ol duiny diversity analysis where we
don’treally need 3 constant umnting;]nd identification of
insects, For example, the Suquential'tomparimn Index is
an empirical method of establishing Simpson's index, and
is normally distibuted so that it can be easaly analyzed
statistically. Abso, there are domimants within the insect
community that can be casily sampled tor perturbation
analvsis.

Howard Shellhammer, San fose State
Unrversity, San jose, CA:

I will talk about a slighthy: different subiject—the design
of marshes so they will support certain species of small
mammals and birds. My remarks are restricted to the San
Francisco Bay Region. | have four points to make.

The first 15 that the upper zone of marshes is very
valuable to small mammals and birds. The zone of pen-
pheral, seldum-submerged halophytes acts asa refugium
during the highest tides and a bufter between the marsh
and upland vegetation or development. It has received
little attention during this meeting. Twa endangered spe-
cles, the salt marsh harvest mouse and the California
clapper rail. retreat to the zone of the peripheral halo-
phytes during the highest fides. In those marshes that
lack an upper zone, salt marsh harvest mice are seldam
present. The ruderal edge that constitutes the transition
nto upland vegetation is also an important refugium for
salt marsh harvest mice. Todav there is less than three
miles around the entire margin of the San FrandscoBay in
which there is 2 natural transition zone present. Through-
aut most ot the Bay, a dike replaces the upper zone of the
marsh, and there is no band of ruderal vegetation.

The rtestoration ot recreation of the upper edge of a
marsh is very difficult; it is very expensive. As Felix Smith
suggested yesterday, one of the ways that might be ac-
complished is by the use of spoils to change the grade of
the marsh so the halaphyte zone might re-establish itself.
[n some areas the dikes may have to be moved back, and
that is even a more expensive technique,

My second point concerns dike maintenance. It again
has to do with the upper zones of the marshes. In many
areasof the Bay, there is a broad band of pickleweed, orin
come cases alkali bulrush or cord grass, crowding against
the peripheral halophyte zoneat the base of the dike at the
rear of the marsh. As the average tide level and hence
marshes move upward, as Ray Krone has suggested, the
band of the peripheral halophytes will become even smal-
Jer. If we maintain our dikes poorly, we will impact that
latter zone from above as changes in sea level effect it from
belaw. In the case of two endangered species, the mnpact
will be exiremcly serious.

A third point concems the size and shape of marshes.
We need to design marshes so that most of them will
contain the channels that are very important in the life of
California clapper rails and similar marsh-dwelling birds.

My last point is that marshes should have a contimuity
of cover as most of the species restricted to salt marshes
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are cover-dependent. The salt marsh harvest mouse, ft_)r
example, is so cover-dependent that a smail break in
cover, be it a road or bare spot of ten feet of less, acts as a
functional barrier and cuts down the marsh into much

smaller units.

Robert Holmes, University of California,
Santa Barbara, CA:

1 have o disclaimer to make. Thatis, [ ama botanistand ]
don’t knuw what [ am doing on this pane!! So you'll have
to bear with me because much of the information and
comments 1 will make actually have evolved through time
in my very close association with Drs. Chris Onuf and
Millicent Quammen and graduate students in our re-
search work at Mugu Lagoon.

Prior to commenting specifically on certain items, |
would like to express my strong feeling that 1 think the
limitation of a discussion of wetlands that we've seen in
the last two sessions to the salt marsh is an injustice to the
subtidal zone. In terms of primary productivity, if we
wish to use this as a judgment for the value of the subtidal
and intertidal, we find that in terms of production of
carbon on an annual basis, the intertidal and subtidal are
about as productive as the marsh. So 1 feel alite unhappy
that the remarks have been restricted to the higher part of
the marsh, namely that in which the aguatic higher plants
exist.

Audience Participation

J™M McGRATH (California Coastal Commission):
Questions have been raised both about the utility of
changing one type of habitat into another, say, a fresh-
water to a saltwater marsh, and whether or not you can
ever effectively mitigate the loss of a healthy marsh,
Dt. Bayd’s infrared photographs show a dramatic lack
of activity in the restoration project. [t was rather
shocking to see. The Woodley Island Marina Project, a
controversial project, commenced in 1977. The resic-
ration didnt start antil 1980. Can you give us some
comments on the two issues I mentioned in relation to
this project?

DR. BOYD: You hit a critical issue here whenever
you consider mitigation. | don’t think that the evidence is
in to deal with that question. We're coming down to a
question of can we trade off one type of habitat {i.e.
maudflats, subtidal areas, marshes) for the other? I don't
think you can. [ think that they are fundamentally diffe-
rent in faunal composition, in patterns of productivity, in
dependent species. As a practical matter, [ suppose, at
times, it's what you have to accept.

Paul, did you want to respond further?

DR. SPRINGER: In the Woodley Marina mitigation,
we thought we would end up with fewer birds and maybe
a better habitat for fish, which we couldn't get into the
marsh originally because it was blocked off from tidal

Now, [ think that Milton clearly recognizes the problem
that we have in adequately assessing the population den-
sity and the identification of the organisms that we find in
salt marshes. Certainly the perception of the public prob-
ably doesn't coincide with that of the invertebrate biolo-
gist at this time. The public perceives the salt marsh
habitat as one in which birds and fish oceur and in some
cases in which edible mollusks occur, And L wonder inour
consideration of making evaluations of restorations,
whether we shouldn’t consider these very obvious com-
ponents of salt marsh habitat, as well as or perhaps in
place of such things as gastropods and polvehactes. That
touches me because [ work with algae, and the public
doesn’t give one hoot about algae, except they do comp-
lain that it forms messy, stimy things and that hurts my
feefings. But I certainly wouldn't try to justity or evaluate
the success of a restorabion as a common citizen based on
the algae that [ work with.

I was impressed, too, with the comments that were
made yesterday by a number of people concemning the
establishment of regional and/or local goals for restora-
Hon projects. What we want in Mugu Lagoon or some
place in San Diego may be very different from what is
perceived to be desired in other areas in the State of
{alifornia, and certainly the participation and active in-
volvemnent of the public and the private sector should be
sought in all of these projects.

achvity. We're still in an evolutionary stage. I'm not sure
what is going to happen, but we could have a poorer
habitat for birds than originally existed in the restoration
area. However, it's an open marsh now with fish entering
and leaving and a2 number of invertebrates. There is a
trade off and much depends on your sense of values. We
could by to get a consensus among the scientific com-
munity—is it a net gain or a net loss?

JOHN ZENTNER (California Coastal Commis-
sion}: Based on the data we have from the East Coast,
grazing is a very minor use of salt marsh productivity.
Have you seen any large amounts of grazing taking place
on newly-restoredt marshes and if not, what are the crit-
ters eating?

DR.BALLING: Ihave been working with the insects
in natural tidal marshes. There is very little grazing effect.
Mast of the insects are quite small and are not an im-
portant energy component. However, Chris Onuf made
an important point in a paper a couple of years ago that
Pacific Coast marshes do not provide a large amount of
detritus to the estuarine system as they do on the East
Coast. This concept has been used to support marshlands
for years. Marshes are important in their own right, but
on the West Coast many of the marsh areas reside at mean
high water, are not innundated very often, and don’t
supply a large amount of detritus to the estuary.




Salt Marsh Faunas

83

IR, BOYD: As far as | am aware, the invertebrate
species in the sediments are primarily detritus feeders.
They are not feeding directly on the plant production as
would be the case for insects.

DR. SPRINCGER: Birds du not appear to graze in
marshes to any signilivant extent.

MARTIN COHEN (State Coastal Conservancy):
The restoration and enhancement projects with which |
am familiar range from maybe six acres up to 160 acres, a
cost of $25,000 to $550,000. How can we make a coherent
monitoring program that will be propartional to the
public investment that's invelved in the actual restora-
tion? Should a monitoring program cost a fixed amount
or a fixed amount per acre regardless of the extent of
change that is actually taking place? [t seems to me that if
you are just increasing the tidal circulation, that's dif-
ferent than re-establishing tidal circulation, bringing on
an entirely new water source, revegetating, or changing
the land contours. Is there a way that we can balance
the monitoring study we do with the kind of work that
we have undertaken on the marsh?

DR. BOYIX [ think it depends on the goal for the
restoration. 1f that's clearly defined, then I think vou are
going to be at least halfway towards knowing what vou
should monitor. [n our particular case in Humboldt Bay. 1
don’t think there was ever any existing set of goals laid out
far the restoration project. And [ think that's a serious
weakness. Whether that's the case clsewhere, T don't
know. I'd invite others to comment.

DR. NIESEN: John Oliver hit a nerve in the earlier
panel when he said just that. There has tobe an objective.
He went on to say that you have to view these monitoring
projects as experiments. ¥What we need is an amay of
experimental data to say this is what happens in such and
such a situation. Monitoring should provide a framework
for the progression of successional stages that marshes go
through. Then we can say this marsh or this mitigation
project had this in place so this is what we can expect. But
we don’t have that information. We are just in the process
of experimenting every day.

DR. SHELLHAMMER: [t's a good question but |
think of the wrong panel. Ultimately, 1think that informa-
tion comes from the vegetation studies and not the animal
ones and probably will be much more effident and quitea
bit less costly.

JIM SWANSON (California Fish and Game): Most
restoration projects, particularly around San Francisco
Bay, are a result of mitigation or development. We feel
lucky just to get the projects. We very seldom get funds
even to design; consequently, we can't ever ask for funds
for monitoring. 1 ask the panel or anybody here how
would you propose ta get funds to do these desperately
needed monitoring programs?

DR.BALLING: Well, we were going to apply to Fish
and Game for it. 1 gather that was a chetornical question.

DR. JAMES SCHOOLEY {California State Univer-
sity, Hayward): 1have one distinction I'd like to make
conceming monitoring which attempts to determine
canse and effect relationships during marsh evolution or
simply asks the question: “Have we been successfial in
restoration?”” Does the panel have any recommendations
as to whether you can state a yes or no question, was this
a successful restoration project?

DR. SHELLHAMMER: { will repeat my response,
monitor the plants. Honestly, I think that’s where, in a
general way, we'te going tohave the best index. That's, in
etfect, what we set up nomally. We want to restore a
certain marsh; we don’t say we want 1o set up certain
isopnds.

ROBERT RADOVICH (California Department of
Fish and Game): It seems that the impertance of coastal
wetlands and fisheries resources, especially in Southern
California, is being underemphasized. It seems that sev-
eral fish species are very intimately involved in wet-
lands, like the California yellowfish, and need wetlands
basically for survival, and other fish are benefited by
wetlands, though not necessarily obtigatorily towards
wetlands, like white sea bass and California halibut. 1f
you look at comparative densities of these species, in
Southern Califonia‘s wetlands and adjacent estuarine
waters, youll find that the densities are astronomically
high in those areas as compared to open coastal waters.
Therefote, it is logical to assume that those areas are very
important to the life histories of these fish species, [
think that it’s misleading to state that fisheries resources
are not clearty supported by wetlands or there is no clear
evidence that they are supported. [ just wanted to make a

point.







Towards an Overall
Strategy in Designing
Wetland Restorations

Jens Sorensen, Jers Sorensen and Associates, San Diego, California

Introduction
he process for designing a wetland restoration

I strategy derives primarily from my consulting

work over the last year for the California State
Coastal Conservancy. The focus of the work was a pro-
gram for restoring and enhancing wetlands in Los An-
geles and Crange Counties. The project for the Coastal
Conservancy builds upon my prior 13 vears of research in
coastal zone management— which was largely supported
by the California Sea Grant College Program. The idea of
piadng the process in a flow diagram emerged from an
invitation to give a seminar last September on “Southem
California Wetlands Restoration” at Woods Hole Ocean-
ographic Institate.

As a long-time observer of the politics and environ-
mental policy making, 1 realize that information collection
and analyses on complex policy areas—such as wetland
management —do not usually follow a process that canbe
clearly illustrated by a flow diagram. There are usually
cross-overs, short-creuits, parallelisms, and feedbacks
that fuzz up a clear step-by-step process. A flow diagram,
however, does serve as a means to systematically assess
and discuss a dynamic and complex process such as wet-
land restoration,

The process diagrammed by Figure 1 1s designed to
develop a wetlands restoration plan for systems that pos-
s¢s55 the three following conditions:

¢ environmentally degraded in respect to its former
Pristine™ condition or in respect to other well-func
tioning wetlands,

® partly or entirely in private ownership

* not dikely to be restored without the infusion of
PAvate sector funds in a quid-pro-quo arrangement

betw : :
ve]og:;)?ubhc agencies and property owners {or de-

systeﬁere are approximately 110 discrete coastal wetland
the tOt:l ' California. It appears that at least a majority of
tions Weﬂnuma | ber of wetlands possess these three condi-
m fi .ds_i“ central and southern Califorrda par-
al “\"El:l.-my y situation. A state-wide inventory of coast-
_l‘lds -S-l.lo uld provide a good basis for assessing the
bﬂny Ofu‘epmssouﬁinedby this paper.

In a quid-pro-quo arrangement, property owners o
developers are allowed sufficient development potential
by government to provide both a reasonable return on
their investment and sufficient funds to underwrite the
costs of restoring and maintaining the wetlands at desired
levels of environmental quabity. Even if a degraded wet-
land systern is entirely in public ownership, given the lack
ot government funds for environmental enhancement
projects, a public and private sector quid-pro-quo ar-
rangement will become increasingly appropriate in the
vears ahead.

[t is clear that for any plan for wetlands management
or restoration which generates significant controversy,
the following groups are likely to be involved:

e property owners, developers, and their respective
consultants

 federal, stale, and local government agencies

® conservation organizations (it appears that every
major wetland system has a “Friends of ” ar-
ganization)

¢ educators and researchers (it appears that every ma-
jor wetland has at least one educational or research
institution regularly assessing one or more aspects of
the system}

o state legistators (side-line actors who usually stay
out of the game untit the stakes become large or are
drawn into the game by a court decision)}

» courts (usually come into play during the later stages
to resolve the taking issue or the public trust issue)

o God (unanticpated acts of nature such as: massive
flooding and sedimentation, earthquakes, and tsun-
arnis)

Numerous gaming simulations have been devised by
academicians or consultants as one means of educzhns
students and policy makers on the difficulties of resolvms
commen types of controversial issues. Wetland pimﬂl!%
and restoration ap{;p;ars to have a:lla t:znmm for
‘onstructing a use Ing S g
con Asafh%alinhodﬁmm potnt,lshmldnoteﬂlatﬂle
conclusions and recommendations in this paper are my
own and do not necessarly reﬂecttheposimdt_he
California State Coastal Conservancy or any other -
stiteton.
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A Process for
Developing
a Restoration
Plan

Q1

D1

What is the extent
of present wetland?
To what extent is

it degraded?

C2

Mapping of habitats,
mventories. What
resgurce values are
now provided?
Establish a base
line.

|

2

Determine the

What are the present

—_—

historical Internal and external

A " evolution of ] stresses to the |
the wetland. system?
Definition of
wetland planning —
area. What
constitutes the -

wetlands system
that is going to

be planned? a D3
Ownership Each property owner's
L] patternof percentage of wetlands  |—

the planning and developable uplands
area.

B

State-wide and

regional analysis

of wetland resources

fﬁigr:mrl: A ;auctprm! process for developing a wetlands
ration plan,
Coastal Conservancy will have the central Toies in de-

veloping and implementing a wetlands plan. However, it
Definiti . appears that in most cases the limits of the Coastal Com-
A. tis n;:o" 0{ Wetlarfd_ P f::’:;:g Area mijsiOn's jurisdiction do not extend inland far enough to
widely recognized that geographic ex- include most if not all of the area in which land uses could
:;t ?‘fi:s“"ﬂaﬂq plan should be the area in which land use ?igrﬁﬁcandy affect coastal wetlands. The prablem of the
on v m;}ﬂgm{i.cantly effect the present and future tnadequate extent of the Coastal Commission’s inland
l vﬂu:g:n qua]mes of the wetland system. Obvious- l“ﬂsfiicﬁon is most evident in central and northem Cali-
a):;aa o problem is defining tl'us'area. Assuming this  fornia because of both the large size of the watersheds and
Ci\:f defined, such as Dickert's work in the water- the large scale of potential impacts of the land use—
Basheds the Elkhorn Slough and Jacoby Creek (Humboldt  Pparticularly logging, agriculture, and second home de-
}‘): foﬂo“"ﬂﬂ pmbhm usually is the extent to which velopment.
this planning area is within the jurisdiction of the agencies
ot wil develop and implement the plan (Dickers, 1961).  B. State-wide and Regional Analyses
most cases the Coastal Comumission and the State Ieally this step should occur prior to the definition of
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the wetland planning area. Since there are no completed
state-wide or regional wetlands analyses this is a moot
point. There are at least four reasons why wetlands resto-
ration plans should be viewed from both a regional and
state-wide perspective.

Most wetland associated birds {and perhaps sorme
fish) move among a number of coastal wetlands—this is
true of both migrant and resident species. Optimal pro-
tection and enhancement of these mobile populations
Tequires a regional distribution of habitats among 2
number of wetland systems. In the case of migratory
species this means a linear series of wetland systems—
such as the Pacific Flyway. For resident species, a dluster
of wetlands within a region is necessary to provide al-
ternative habitats in order to accommodate daly and

monthly fluctuations in local environments—such as ti-
dal inundation, the evaporation of winter ponds, or the
seasonal change of vegetation.

Secondly, the relative scarcity and abundance of the
resoumeneedstobedetennmedonamgion-wideba#h
ordertosetprioﬁﬁesonthetypesmd Iomﬁm}o!hanhls
matshmddbepmvidedmamsmmionmeplm.h
setting priorities on habitats, consideration should not
mﬂybegiventoﬂmpmsentsca:dlyofaspmam
mnmentbutalsolnscardtyinmofﬂ!mvm
relative abundance in the .

Thirdly, comparative analysis among wetlands in a
region is necessary to determine the types and mix of
mvhmumnulhcmﬂmmww&&. )
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sists of comparing quantitative indicators of wetland re-
source values—such as diversity of species, population
counts, and intensity of use—with environmental mea-
surements of the related habitats.

Regional analysis of species populations and habitats
will also establish a baseline from which to measure
changes in resource values. A baseline is needed for two
purposes: (1) to determine natural fluctuation in en-
vironments and resources that occur in seasonal, annual,
and multiple vear cycles: {2) to monitor the extent to
which restoration and enhancement plans are collectively
increasing wetland resource values.

Defining the boundaries of a region is the first and
tmost basic problem to resulve, whether it be wetlands or
any other geographic phenomena. In the case of wetlands
there are three apparent criteria for setting regional
boundaries.

s The geographical limits of movement by migrant
fish and wildlife populations deemed to be a resource
value. Depending on the species, the regional bound-
ary for migratory waterfowl or shore birds can be set
from Alaska to South America.

e The geographic range in which a species is known to
inhabit. This criterion is most applicable to rare and
endangered species. For example, the Belding Savan-
nah sparrow’s range is from San Quintin, Baja Cali-
fornia to Santa Barbara County. Even if the species are
residents, the endangered status requires knowledge of
habitat availability within the entire range in order to
maintain or enhance the population.

 The biogeographical extent of a wetland type as dis-
tinguished by its flora and fauna. The southem Cali-
fornia hypersaline marsh can be distinguished as the
characteristic wetland type from Pt. Conception to San
Quintin in Baja (Zedler, 1981). This type is characteri-
zed by hypersaline scils and plants and animals as-
sociated with cordgrass and pickleweed dominance.

A study may also be termed regional if the geo-
graphic extent of analysis includes the jurisdictional area
of two or more governmental units. This is the case in the
regional analysis just completed for the coastal wetlands
within Los Angeles and Orange counties (Sorensen,
1982). Although the geographical scope of this two-
county study is defined by jurisdictional boundaries and
not biogeographic or species boundaries, the analyses
will assist, to an extent, in achieving the four objectives of
regional assessment just outlined.

There has been only one effort to map and measure in
a consistent fashion all the coastal wetlands in California.
This is the U.S. Fish and Wildlife Service’s National Wet-
land Inventory ("NWI"). The scale of the maps (1:24,000),
the ground truth, and the classification of environmental
types limits its applicability to a regional assessment of
southern California. These limitations are understandable
since this is a nation-wide inventory. Unfortunately mea-
surement of the various wetland classifications recorded
on the NWImaps will not be completed and released until
sometime later this year, if then.

No studies have been done in a consistent fashion for
California coastal biogeographic regions. Based on flora
and fana criteria there should be at least three biographi-
cal regional studies done to cover coastal California:

San Quintin, Baja California, to Pt. Conception
e P't. Conception to Cape Mendocino
» Cape Mendocino to Cape Blanco, Oregon

C1. Determine the present coverage of wet-
lands and the extent of degradation.

The preparation of the Coastal Conservancy’s first
major wetlands restoration project in the “quid pro quo”
context, the “Los Cerritos Enhancement Plan,” indicates
to me that the greatest impediment at this moment in the
restoration planning process is the definition of wetlands,
degraded wetlands, and uplands. It is understandable
that making these determinations will always be some-
thing of a sticking point in the process. This is where the
stakes are the highest in the wetlands game. The develop-
ment potential and associated property values at risk
{measured in the hundreds of thousands of dollars per
acre in southern California) hinge upon reching con-
sensus among, the state agencies, federal agencies and the
property owners {or developers} on the map that delin-
eates the acreage of wetlands, degraded wetlands, and
uplands. To fully describe the convoluted processes the
Department of Fish and Game, the Coastal Conservancy,
the Coastal Commission, the City of Long Beach, and the
property owners went through to hammer out an agree-
ment on the total amount of wetland and upland areas on
the 244-acre Los Cerritos site would probably require a
paper lenger than this one.

The Coastal Act’s provisions on wetlands and the
CCC’s guidelines on wetlands allow the Department of
Fish and Game and the Coastal Commission some degree
of flexibility and creativity in defining wetlands, degraded
wetlands, and uplands. Landowners and developers with
wetlands on their property as well as their consultants
have expressed concern that these two agencies have
tended to be too creative in their wetland definitions and
determinations. Wetlands and degraded wetlands appear
to be popping up all over the place. In the wetlands
restoration process landowners and developers have both
political and judicial means to limit the creative ability of
the state or federal agencies to find more and more ac-
reage of wetlands or degraded wetlands. If the private
sector perceives that agencies are not making wetland
definitions and determinations in a reasonable and con-
sistent manner, one or more of the following actions can
be expected:

» strongly worded, widely circulated letters question-
ing the reasonableness, inconsistency and legality of
DFG’s wetland definition

e direct pressure on state agencies to get their act
together

o litigation of a DFG wetland definition and de-
termination
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o direct lobbying of state legislators to amend the
Coastal Act to; (1) more precisely define wetlands,
degraded wetlands and uplands, and, (2) make ex-
plicit the roles and responsibilities of the various
state agencies in regulating and restoring wetlands.

It is understandable that state and federal agencies
mandated to protect and enhance wetlands will tend to
define the resource and determine its geographic extent in
a manner that will achieve the most acres of wetlands
possible. However, these agencies must recognize that
too zealous a pursuit of increasing and enhancing wet-
land acreage may provide the private sector with suffi-
cient ammunition to mount a successful frontal assauit
and change the rules of the wetlands game in favor of the
property owners and developers.

The Los Cerritos experience and review of Califormia
wetlands literature also indicates we know very little ab-
out the past condition of wetlands and how their func-
tioning has degraded over time. Determination of a de-
graded condition—as required by the Coastal Act and
Coastal Commision’s guidelines—assumes some knowl-
edge of how the system has changed over time. One
important dimension of this determination is assessing
the extent that fill or sediments contain wastes and debris
which may complicate or modify a restoration plan.

The determination of wetlands exercise usually elicits
the quantity versus quality debate. State and federal
agencies backed by respective legislation, policies, and
guidelines tend to blur the distinction between quantity
and quality. For example, the California Sena te’s Concur-
rent Resolution 29 in 1979 calls for a 50 percent increase in
the total acreage of coastal wetlands state-wide by the
vear 2000.

Increasing the total quantity will not necessarily pro-
duce a corresponding increase in the total quality of the
resource. With few exceptions, a thousand acres of in-
tertidal cordgrass has much greater aggregate resource
value than a thousand acres of non-tidal saltpans which
are periodically flooded every winter or so. The exception
would be rare and endangered species habitat, such as the
least tern or Belding Savannah sparrow. Itis understand-
able that agencies tend to rely on acreages in plan making
and permit letting. Acreage is easy to visualize and mea-
sure. It is also understandable that property owners, de-
velopers, and their environmental consultants argue that
restoration should be measured more by the quality in-
creases in the wetland resources than acreages. Their
argument is that a presently degraded wetland area can
be restored into a well functioning wetland system of a
smaller size which will produce far more resource values
{such as ducks, shorebirds, fish) than the larger degraded
wetland was capable of producing. For example, 100acres
of degraded wetland may support half the duck and
shorebird population compared to restoning 75 acres into
a well-functioning wetland and filling 25 acres for nten-
sive development.

Given the astronomic development values of coastal
property in southern California, [ expect that government

agencies will barely be able to keep the total existing
acreage of wetlands in that portion of the state. Substan-
tially increasing the total acreage of coastal wetlands in
southern California appears to be both politically and
economically unrealistic.

C2. Determine the historical evolution of the
wetland.

The major focus of this step is determining to what
extent the public trust doctrine regarding submerged
lands is applicable to the wetlands restoration plan. The
history of litigation on Bolsa Chica provides a textbook
example on the complexity and implications of public
trust determination in coastal wetlands.

C3. Analyze ownership of the restoration plan
area

Determining who owns the land within the restora-
tion planning area is usually a straightforward exercise.
The importance of this lies both in the pattern of owner-
ship and in the ownership conditions. Generally, the
restoration planning processes will become more difficult
as the following factors increase:

» the proportion of the restoration planning area in
private ownership

o the number of individual private ownerships

o the net cost to the property owner or developer of
holding the land in its present condition

o the impact of the net cost of holding the land in its
present condition in respect to the property owner or
developer’s financial stability

o the proportion of each property owner’s or develop-
er’s land that has been determined to be wetlands

D1. Determine existing resource values

As the diagram indicates, this step is a follow-on to
determining wetlands, degraded wetlands, and uplands.
The step consists of analyzing the site to determine the
existing resource values and establish the environmental
base line needed for the monitoring and evaluation as-
pects of the restoration planning process. There are at
least two major problems associated with this step. There
has not been a consensus either among the government
community or the academic community on: (1} uniform
system for classifying wetland environments and habitats
and (2) indicators to measure resource value.

One of my tasks for the Coastal Conservancy was to
review existing wetland classification systems. The U.S.
Fish and Wildlife Service’s “Classification of Wetlands
and Deepwater Habitats of the United States™ is the best-
knowr system (Cowardin et al. 1977). The USFWS system
was found to be too broad in its classifications for direct
application to California’s restoration planning. Although
it provides a good overall framework, the generality of the
classifications cannot adequately describe the important
environmental variations among California’s estuary and
wetland systems. For example, distinction is not made
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between regular fidal systems and systems whi‘ch areonly
periodically open to tidal exchange when barrier beaches
ate broken open. The review for the Coastal Cunservagc}'
also included reports that mapped and analyzed speaific
wetland systems in California. These included the De-
partment of Fish and Game wetland report senes, reports
by USFWS, and studies done by consuliants for wetland
pi'oper{y awners. As was to be expected, there was con-
siderable variation in clssification systems used.

It was concluded that a new system is needed for
California in order to both provide more specificity than
USFWS national survey and to guide the future inven-
tories that will be done of individual wetlands.

A new habitat and fauna classification system shouid
be designed with two primary objectives in mind:

o to indicate how types of fauna will be influenced by
the resturation site plan {or altermative plans).

# tu provide a set of measures on the extent to which
restoration site plans have changed the apgregate
amount of habitat types and associated fauna resources
within a region.

The fimst objective is based on the presumption that
public support fur wetlands restoration and enhancement
will largely depend on how the site plans will benefit
fauna of recreational and aesthetic significance—such as
sport fish, ducks, and shorebirds,

The second objective can best be met if all wetlands in
the region are mapped using the habitat classification
system. A regional inventory using the system propased
would indicate the distribution and relative abundance
and scarcity of habitats. This information would be the
basis for setting regional goals for wetlands restoration
and enhancement. For example knowledge of the amount
of habitat suitable for migratory waterfowl would indicate
where and to what extent waterfowl habitat types should
be expanded. Another regional goal might be the expan-
sion of habitats that are relatively scarce, particularly in
comparison to their histerical abundance.

The regional inventory would also facilitate the re-
cording of a continual count of how restoration plans are
changing the aggregate amount as well as the distribution
of habitat types. For example, such a system could show
that over a five-year period there has been a threefold
increase in intertidal habitats and a small decrease in both
non-tidal, intermittently flooded salt flats and non-tidal
intermittently flooded Salicormia and succulent habitats,

The proposed classification system was tested in
Mugu Lagoon, Los Cermitos Wetlands, and Tijuana Es-
tuary. These areas were chosen because of the quality of
existing information. The classification system is de-
scribed in the project report to the Coastal Conservancy
{Sorensen 1982).

The absence ofﬁmseﬁesdataonﬁlehmcmng' ing of
a wetland system is the second major problem in de-
lrn_nining existing resource values. The wetlands for
which we have good time series data—such as Tijuana
Lagoon, Mugu 1agoon, Elkhorn Slough, Tomales Bay,

and parts of the San Francisco Bay system-—are, unforty..

nately, the exception rather than the rule.

D 2. Assessment of present internal and exter-
nal stresses fo the system

In concept this is a fairlv straighttorward step of
impact assessment. However, as anyvone familiar with the
business of impact assessment knows, there are numer-
ous impediments such as inadequate base-line data and
inadequate models to assess cause and effect relations,

The product of this step should be 2 detenmination
of: (1) what is stressing the environmental quality of the
wetlands svstem {such as residential development in the
watershed stimalating erosion which vastly increases the
sediment input to the wetlands and {2) how these siresses
can be controlled (such as pertormance standards on site
preparation, check dams, and sedirnent traps).

D3. Calculating each property owner’s amount
of wetlands and developable uplands

As Figure 1 illustrates this step consists of overlaving,
the ownership map with the map indicating wetlands,
degraded wetlands and uplands. As previously pointed
out, the greater the percentage of developable land for
each property owner, the lower the difficulty in designing
a politically and economically acceptable wetlands resto-
ration plan.

E. Design of a restoration site plan

The three previous lines of analysis converge at this
point. This “bring-it-all-together” step is certainly the
most challenging and difficult step of the entire process.

One component of my project for the Conservancy
was the preparation of guidelines to assist in designing a
restoration site plan. These site plan restoration guide-
lines are based on: review of existing literatwre and con-
sultation with academicians, consultants and govern-
ment staffers who have conducted research or have been
involved in the management of California coastal wet-
lands. The final set of these guidelines is included in the
project report to the Coastal Conservancy (Sorensen
1982).

The Coastal Conservancy’s Los Cerritos Enhance-
ment Plan is serving as a prototype for developing and
testing the restoration site planning process. Itisexpected
that four discrete components will comprise the Los Cer-
ritos site restoration plan, as well as other restoration site
plans,

The: first and most basic component is a set of specific
objectives to be achieved by the restoration site plan. The
objectives should be sufficiently specific to clearly support
the other three components as well as to enable program
monitoring and evaluation {steps H and 1).

A second component should be a map indicating;

s the location of the different wetland habitat or en-
vironmental types {such as tidally-influenced pickle-
weed marsh)

s the location of the different types of activities that
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will be allowed in the wetlands

e the Jocation and type of butfer areas between the
wetland areas and developed upland areas

o the types and densities of land vse that will be pet-
mitted oo the aplands

A third component should be a set of pedomance
standards to control activities in the wetlands, the bufter
area, and the uplands so impacts will not be generated
that would adversely ettecl achieving the specific obyec-
tives at the restotation site plan,

A program {o implement the site plan should be the
tourth component. This program would include: the
roles of the institutions that will develop and implement
thue p]an, the anticipated budget necessary to restore the
site prd maintain the site. and local or state legislation that
may be necessary.

Figure 1 also indicates that in this step consideration
is given to oftsite creation of new wetlands in compensa-
tion for filling {and developing) degraded wetlands. This
provision of the Coastal Act and the Coastal Commis-
sion's guidelines allows additional flexibility in the design
of a restoration site plan. If a land owner has degraded
wetlands on the property (as determined by DEG) these
degraded wetlands may be completely filled provided
another site is converted into wetlands that provide grea-
ter resource values than those values lost by filling the
degraded wetlands. This is the approach now proposed
by Ponderosa Homes for 25 acres of degraded wetlands in
the City of Seal Beach. The most suitable offsite compen-
sation for the filling is creating at least 50 acres of new
wetlands adjacent to the Anaheim Bay wetlands system.

F. Assessment of the restoration plan

As the diagram iflustrates, this step assesses the plan
or plan alternatives from three perspectives:
# Resource values enhanced by the plan
» Cost tu government and other institutions to imple-
ment the plan
e Cost and benefit assessment by the land owners or
developers with vested interest in the restoration site.
This assessment step could be merged with the previ-
ous plan design steps since the two activities are expected
to be conducted as an interactive exercise. In other words,
in the design step, it is expected that those involved in

Panel Discussion

Margaret Race, Stanford University,
Stanford, CA:

First of all, I'd like to say that | view the presented
paper as one that seems to apply best to an individual
situation, a flowchart from the beginning of an individual
Project until its completion and evaluation. I'd like to step
back and take a view of the overall strategy of wetlands
restoration and interject some views as a biologist.

plannmg will take the throe assessment tactors into -
count in order o prsduce 3 realstic and workabile pro-
Jduct. s adso expected that a negative lindings in any une
ot these theee assessments would furce alteratwns i the
design of the plan

G. Public review and comment

It s anbicipated that there wall be a signiticant level of
public partwipation trom the veny outset b the process.
For example, the Long Beach Manning Department has
tormued a citizens advisory commuttee to review and com-
ment on the design ot the Los Cemites Plan. Step G
indivates the tormal poblic review and comment stage
required betore local and state {and in some cases federal
dgenaes) can take action o approving or denying the
restorabon plan.

H. Implement plan and monitor changes

Impiementation will have at least two stages: (1) re-
staranen and developmoent activities ta achieve the plan
objectives and (2) monitoring the wetland’s environmen-
tal quality indicators to determine if these ubjectives are
being achieved. Experience with the southern California
wetlands indicates that the restoration and developrment
stage will often be done in a seres of phases over a
number of yvears. This is parhculariy true in existing oil
field areas as lung as the price of ail and the field's supply
makes pumping uil more profitable than residential or
commercial development,

The diagram also illustrates that knowledge gained
from plan implementation and monitoring should be fed
into the ungoing state-wide and regional analyses of wet-
land resources.

I. Program evaluation

Implementation and monitoring also lead into pro-
gram evaluation. It is expected that state agencies in-
vulved in wetlands management will egtablish an ongo-
ing program to evaluate the success or failure of their
efforts. It is hoped that the academic community would
also be part of the evaluation program to both prevent or
minimize the biases that inherently occur when agencies
review their own effarts and to provide advances in the
state of the art.

First, some spexific comments about several propos-
als in the paper. Jens mentioned the imeportance of quid peo
quo exchanges of property, especially in light of all of the.
budget cuts that we have seen. He feels that private sector. .

exdungesandnﬁﬁgaﬁonmybemtwu&_ R
future. | would urge caution in the spplication of these .

memwmwmmmm
in Tampa Bay on other restoration projects.  ~ - -
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Panel Discussion

There have been conferences in Tampa Bay tor the
past eight or nine vears looking at wetlands restorai.mn.
Among the papers in recent vears have b‘-‘e_“ 1't‘P”"_“-‘ on
the lack of success of private sector restaration projects.
{Fehring cf ai. 1979). The more successiul prp]ects seem
to be those that were mitigation or restoration projects
undertaken by government agencies. Projects unde_r—
taken by individual developers have often resulted in
fatlure. The original wetland resource has been bartered
away during the mitigation and permitting process, ‘""d a
degraded habitat created at the new “restoration™ site.
One should be carefulin urging an exchange of habitats, a
quid pro gro treatment of these restoration sites. We must
distinguish between the difference in the private sector
and the government sector in their ability and effective-
ness o follow & project to completion,

Jens also mentioned the importance of both restoring
and maintaining these sites. What is required initiallv is a
clear statement of gnals. Are we trying to maintain the
static nature of a marsh or do we want ta incorporate
dynamics? Are we trying to set up a marsh tor maximum
species diversity? Maximum primary productivity? Are
we going to let storm damage remain unrepaired? What
should we do about succession that eventually mav
change the marsh? All of these questions have to be
discussed in the initial stages when project goals and
objectives are identified. To determine whether we have
met those objectives we really have to set up monitoring
programs. We have already heard the need for that. ]
agree with the other panels that monitoring of a one or
two-year nature is insufficient.

[t may be better to use our funds for long term moni-
toring studies. We don't need to document over and over
the first two vears of post-construction vegetation estab-
lishment. We should study restored marshes as thev ma-
ture to determine their long term success. Thatis, after all.
what we're after, If we're striving to replace one kind of
wetland with another, or if we're trying fo restore and
maintain wetlands for a leng period of time, we need to
ask the question about their long term persistence. And
wemust also address the quality vs quantty issue, as Jens
mentioned.

In the case of wetland restoration, it may be that the
management agencies are a quantum step ahead of the
saentists. There is a remendous lack of scientific infor-
mation on the technology of actually creating these sait
mar§hes on the l'acific Coast. Jens mentioned in the paper
the importance of guidelines that various agendies are
pu‘ttm_g together right now. | realize that many of these
guidelines are based upon our best information to date.
But we must be careful to distinguish between our best
educated guess on the technology, the experimental evi-
dence we have now, and compare that with what we
aMy know as fact. It does appear that hydrology is
very mnpertant. We know certain things about the re-
qmmmb of many species of plants and animals, But
mmyldfasaboutrestmaﬁunamnomoreﬂ:anbestgmg.
ses from past experience and to equate those ideas with

guidelines somchow makes it seem as 1§ we have a set of
rules, @ set of best wavs to approach the particula,
problem.

We mav. in fact. have that i some cases, But we
might find ourselves having many more experiments]
projects that don't waork as well. And if a developer can
come to us and sav, “ followed the guidelines and | did
evervthing vou said and I still failed,” what Pposition are
we in? Are we urging developers and individyal intetests
to toot the hiill for a VTV eapensive experiment? We have
to axk that question becanse we don't want to see the
backlash that could result. That waud cause 3 complete
loss of ali of the strides we have made in wetlands Pprotec-
tion. if people can turn back to us and say. “You have just
made us go through a very expensive experiment that
didn’t work: I'm not going to do it any more; let's change
the laws end regulations.” we mav all be in trouble.

Finallv, | will take the usual academic approach and
sav it's obvious to me there is a need for continued re-
search in various areas, continued communication and
transfer of information between academic institutions,
agendies, consultants ot all sorts. T think this conference
has made strides in that direction.

Nona Davis, ESA/Madrone Associates,
Novato, CA:

lens’ flowchart appears to be based on the Los Cer-
ritos case and his experience in that case. 1t is a hvbnd
flowchart which encompasses everything from setting
regional goals down to a specific progam on a specific
marsh. | don’t know whether he intended to encompass
such a broad planning framework. [ would like to com-
ment on three points concerning the overall flowchart,
and throw out a few ideas that may raise some questions
following the end of this session. _

First of all. with regard to the identification of candi-
date “wetlands” for enhancement or restoration [ feel that
the inventory that Susa presented vesterday is very com-
prehensive. We should bear in mind however that there
are many instances of marginal or transitional wetlands—
for example, some of the lands to which Howard Shell-
hammer referred that have value in their present unre-
stored condition. These marginal and frequently less tl‘_lan
optimum situations need to be considered in our setting
of regional goals for restoration. At the Riparian Sym-
posium last fall (UC, Davis) I referred to similar le§s than
optimal riparian sites in the Delta as*‘surrogate” ripanan
communities.

Perhaps we could apply the same term to some 155?
than optimal wetland sites that nevertheless are uSe{'U
wildlife habitats and should be part of comprehensive
regional goals and restoration planning. These 'T“Eh‘é“'
clude, for example, seasonally flooded agricultural lands.
in the Delta, that habitat is the closest approximation for
waterfow] to the pristine tidal marsh condition pﬂ(’_:j:’
reclamation. We could also include areas such as muul
tion ponds and ditches, although the mosquito con

p—
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ple wauld not want us toenhance ditches; in fact, they
{ditches} provide a very important adjacent wetland
habitat to coastal and estuarine transitional wetlands and
agﬁcullural lands. Flood basins, ruderal edges, and sea-
sonal marshes which are virtually isolated from any kind
of tidal connection; these are all examples of mairginal
wetlands and adjacent habitats that we need to keep in
mind when setting regional goals.

Incidentally, T have always objected to the term “de-
graded," which warked its way into the lexicon of marsh
restaraton as an absolute term. Degraded actually repre-
sents a wide range af conditions, many ot which can be
Exp](‘lih‘d in their present state and left as habitat adjacent
ta the wetlands that presently exist or are considered for
restorabion.

As a second point, I would like to comment on the
question of quality of restoration versus quantity. Prob-
ably one of the major difficulties that we face in dealing
with a speofic wetland and talking with the regulatory
agencies, the resources agencies, the landowners or the
applicants, local government planners and so forth, is
arniving at some kind of working consensus as to the
Jefinition of a wetland--what 15 "drv” and what is
“wet’” What constitutes, shall we sav, a “'quality restora-
ton' of habitat value? Until we resolve the question of
consistency in determining what is a weltland and what is
a dry land within a given area, and armive al a working
consensus ur basis for asking compensation for loss or
mitigation of damage, we are going to continuc ta frus-
trate the local planning agencies that have a direct and
broad public interest responsibility, in confrast to the
more specialized interest and responsibilities of the state
and federal agendies.

A third point. In the process of actually working an
development/restoration projects in transitional wetland
sites, with landowners, with applicants, and with local
govermnments {which in many instances are an i liewe appl-
icant), we have become increasingly familiar with the
responsibility of local governments to carmy out general
plans that are broad purpose rather than specialized.
Plans often contain conflicting policies with respect to use
of shoreline tands. You can understand that often the
adversary role that is set up is not between local govern-
ment and the applicant but rather it's a three or four-way
kind of confrontation, imvolving aiso state and federal
agencies with wetland programs and policies. A very
valuable educational process can be incorporated into the
actual planning of a restoration proiect——developing its
goals, planning the distribution of land use, and describ-
ing the functions of restorable areas. Bringing all the par-
ties into this and treating it as an educational process as
well as a negotiating process, providing them with a
range of altematives from which we can arrive at some
!(ind of working consensus, I feelisan essential part of the
implementation of wetland restoration.

James Schooley, California State
University, Hayward, CA:
g Ty o o
_ p regivnal guidelines and goals
that L would libe to expand upon,

l_“ Jens flowchart, ane of the middbe steps (E) was to
consider creating a new wetland “offsite’” to compensate
f})r the Alling of o degraded wetlind. 1t the “offsite” op-
tions are to be serivusly considered o planming, the need
to establish clear regivnal guals is extremely important. 1
would suggest that the “otfsite” dt‘higr'ldlitlt-'l bueexpanded
to include the entire state tather than just a region, 1
realize it may be politically difficult, but 1 would urge that
landowners who are required to finance an ptsite restora-
tion be required to fund the highest priority restoration in
the state. As anexample, a developer with a project inSan
Francisco Bay might be required to support a restoration
it Humbaoldt County. All of this would sequire very well-
defined state poals tor muaesh restoration,

The second puint | would like to make concems mon-
itoring costs. ] agree with many of the puints made by Dr.
Race. f we only have a small amount of money for moni-
toring, it should be stretched vut for long term studies,
Additionally, monitoring costs paid by the developer
should be povled to fund a few selected sites. Derhaps we
could coordinate our efforts and monitor selected sites,
considered to be critical marsh developmerits, on a long
termn basis. | believe we now spend extensive monies
monitoring many restoration sites for too short a penod of
lime to provide the data necessary to help design future
restorations,

And finally, it is extremely important for us to com-
municate within groups such as this, but also to let the
public know what we are trying to accomplish and how
decisions are made conceming the state wetlands. The
use of a flowchart, as Jens has developed, will be very
helpful in communicating with those who have a strong
vested interest in the wetlands as well as the generat
public trying to determine how we are protecting their
public interests.

Roger Bambhart, California Cooperative
Fishery Unit, Arcata, CA:

It is clear to me that biological input is necessary far
beyond collecting base-line data and monito:.ing changes
during the wetland restoration process. A biologist's in-
put in regional analyses is important. As Jens mentioned,
data on species diversity, population counts are needed.
Unique requirements of various organisms, rafe and en-
dangered, will also be needed to assess the quality and
quantity of habitat available, Jens Somnson mentioned 12
discrete wetland systems present in Los Angeles and
Orange countes alone. Biologists were needed to help
define these 12 systems and wi!lbeneede_d mradxerams
of the California coast. Of course, similar data will be
required to define the wetland system for a site specific

plan in more detail.
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Panel Discussion

Susa Gates’ inventory of the various wetland projects
in the state was very interesting. We do have a choice in
what we restore but we may not always want to restore
what was there historically. | was interested in Bob Jones’
comments about this subject and [ agree that although it
may not always be preferable to do so, in some cases it
may be possible to kev into a recreational or commercial
spedies and develop habits for that species to make proj-
ects more acceptable to the public,

[ was glad to see Jens Sorenson’s mention of “quan-
tity versus quality”” and 1agree that the two are not equal
when considering wetland resource values. Categories of
habitat units lost and gained and overall habitat produc-
tivity, perhaps expressed as net primary production at-
tained or lust should be emphasized not number of com-
pensated acres. Naturally, the biolegist will play an im-
portant part in these determinations—biological judg-
ments will be needed and certain biological decisions
required.

In wetland planning involving private ownership,
net costs to develop wetlands should incdude non-market
values for fish and wildlife as well as the usual econamic
values, I'm not sure we have acceptable procedures to
establish non-market values. Again, the biologist can pro-
vide information to aid in this process. There are some
attempts afready—the U S, Fish and Wildlife Service has
a Habitat Evaluation Procedures method which may be
adaptable to the marsh restoration process. Again, a hab-
itat and fauna classification system, to be of real value,
will have to include more than measures of amount or
quantity of habitat tvpes and associated fauna present,
but will newd to mclude some measure of quality.

| believe the biologist should be a member of the
multi-disctplinary team which designs the restoration site
plan for some of the reasons mentioned above. The biol-
ogist should be involved not anly in establishing base line
tnformation but in moenitoring changes which occur dur-
ing restoration 2nd providing information to evaluate the
success of the project. | must also mention the ever-oc-
curring probiem of time constraints. A good restoration
plan strategy should provide adequate fime to develop
baseline intormation and sufficient time to monitor en-
vironmental changes due to the project. Conversely, one
of the panelists mentioned that time delays do cost
money. But | am hoping that in most cases a compromise
that is suitable o both sides can be worked out. In Hum-
boldt Bay, for instance, we were able to delay the breach-
ing of the dike for about a year in order to develop more
baseline information with very little increase in cost.

Thomas Dickert, University of Califomia,
Berkeley, CA:

' have been conducting research on the linkage bet-
ween land use intensity in the estuarine watershed and its
impact on wetlands, There is a need to look at land use
intensity in a much ditferent way than as planners look at
it in units per acre. Units per acre is not a very good
measure of land use intensity as it relates 16 the hydro-
logric irnpacts on the estuarine regime. And there's a need
to ook tor measures of land use intensity and classifica-
tions of lard use that will allow one to look at the causal
linkages between land use intensity in the watershed and
the resulting impacts within the wetland area.

The importance of time is a critical factor in wetland
analysis, a vritical factor in impact analysis generally, and
has been neglected almost entirely. There is a necd to
establish a baseline over which to measure change. An
ideal baseline would be one which could be defined for
wetlands in California using fairly extensive coring and
sediment dating, but would be veryv expensive. It prob-
ably would have to be vonlined to small areas. A practical
baseline, which we have found useful in our work in
Elkhom Slough, and now on the north coast, is one which
i5 based on aerial photography and other records. Un-
fortunately, we have been unable to use anything in the
Elkhom case and the Humboldt case earlier than about
1930 because of the spurious nature of the plan maps that
accur prior to that date, but useful baseline data can be set.

Finally, I'd like ta reiterate one point that was alluded
to by the last speaker, concerning the guestion of values
and cost benefit analysis. | would be very cautious about
the use of cust benefit analysis in this area, primarily
because there has been no significant theoretical advances
made in this area of environmental economics for at leasta
decade. And generally, environmental economics still re-
lies mainly upen neoclassical economics as a theoretical
base Thus, try as they might, they are unable to come up
with a satisfactory answer as to how much the demands
of environmental protection have created economic
scarcity or slowed down economic growth. Further, ques-
tions of species loss cannot be fully costed out because of
questions concerning ethics, sensibilities, and other over-
nding concerns. Therefore, unless we are simply inter-
ested in values which can be transtated into, for example,
50 many pounds of duck meat, cost benefit analysis witl
probably not be a very useful technique in this instance.
The Caastal Act is not specific in terms of saying that we
have to show benefits in terms of resource value. It says
that the habitats will be protected.
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Audience Participation

MANUEL ROSALES (Cabrillo Marine Museum):
There seems to be a creeping assumption ‘thaf monitor-
ing is expensive. what component of monitoring makes
it expensive? Omee a reasonable protocol has been es-
tablished, an academician or someone 25 a co.nsultml is
only necessary for the interpretation and quality control.
The actual sampling itself can be dane by lay people and
by people of iesser expertise.

DR KRACE: [‘m not so sure thatitis expensive., Obvi-
ausly, 1ts labor-intensive. I think the problem is that
munitoring th s9en as an alter-eftect, not as something,
that's infeprated into the planning and the development
ot the project. As long as it remains separate, we feel
we've pot to keep detending the need for monitoring.

In the long tun, monitering is cost-effective. We
should be muonitoning so we an say, “Look, our best
empurical data shows that we are getting better.” Right
now maonitaring is not included in any of the initial plan-
ning vosts, and [don’t know why it's not inclirded.

DR. SCHQOOLEY: My point is that two years of a
monitoring program isn’t tremendously expensive except
vou have to pay for tool-up and tool-dewn time. To try to
pivce together a series of short term studies to provide a
long term look at what happens in marshes can be rather
inetficient, Long term studies of a few restorations might
be preferred.

WAYNE TYSON (Regrawth Associates): My ques-
tion is how can you be talking about converting de-
graded substandard wetlands to penmanent urbar uses
at the same time you have a directive from the state
legislature to increase wetlands by 50 percent.

D SORENSEN: First, we can create new wetlands.
For example, in the Anaheim Bay Area, we could easily
create 80 acres of freshwater marsh by floading agricul-
tural fields periodically.

The other proposition you're making is that the de-
velopers might fill a substantial amount of degraded wet-
fands. [ don’t see that happening. [ see a reconfiguration,
like in the Los Cerritos situation, where the uplands are
easier to develop, 50 you come owut with the same total net
acreage of wetlands. So | actually see the total wetlands
acreage being increased maybe by 10 to 15 percent. 1don't
see it shrinking in southern California.

. JAMES McGRATH (California Coastal Commis-
sion): 1would suggest that anything that happens in the
watershed and proximity of a wetland has an effect on
the wetland. [f that effect is adverse, it should be miti-
gated. The people who caused that effect should be made
topay. In that way, through economicstrategies that deal
with the development of the watershed and adjacent
PIOPerty you can generate sufficient funds o restore
W!ﬁ-\dsm Wwithout becoming invalved in the guid pro guo.

example is Los Penasquitos Lagoon, where the land-

owner owns the lagoon surface and the surrounding hill.
sides. In this case they intend to do restoration work in the
lagoon in exchange for high density development areas,

MR, TIEGER: Although there are alternatives. but
would you care to suggest which legislature is going to
pass the laws to give the authority to the agency to imple-
ment those strategies.

MR. McGRATH: 1 believe that the existing legisla-
tion provides the authority.

DR. DICKERT: The idea of compensation has been
brought up several times, which [ see as the difficuley in
our work in Elkhorn. Essentially, the problem is trying to
trace the drain back to the property vwner to find out
whose sediment got into the wetlands. | view that as a
totally impossible task and 1 would not encourage you to
pursue that course of action with respect to any hydro-
logic processs unless the entire watershed is owned by
one landowner.

KAREN GLATZEL (City of Eureka): Although I ag-
ree regional wetlands restoration goals are important, 1
have great concern for the methodology and more im-
portantly, the lack of a forum to deve lop these goals. You
can’t develop regional goals starting from the state fevel.
To effectively restore and erhance wetlands, we must
look at the land use development that is going to oocur at
the !ocal level and then project the type of wetlands that
will be impacted. That's the only way that 1 think that it
will work. This is a question put tn everyone here. What
kind of forum should we use to develop these goals?

DR. SORENSEN: In a report | am preparing for the
Coastal Conservancy, I'll be making recommendations on
the habitat and environmental priorities for 13 wetland
systems in L.A. and Orange Counties considering their
inherent resource characteristics, the mix of resources at
the regional level, what is scarce, what is relatively abun-
dant, what are the stresses on the system, and what are
the private ownership patterns—taking all that into ac-
count, { will develop specific recommendations for habritat
priorities. That then, would be used as a basis of a dialo-
gue. If Fish and Game does not like the priorifies, then
they can express that, hopefully in some other form than,
“Well, we don’t like it”. Why don’t they like it? Other
agencies —the Coastal Commission and Fish and wildlife
Service would also be involved. Because it’s based on the
regional inventory that [ have done, it forms a discussion
paper which state and local communities can ook at.

ANN SANDS {(Plankdonics): | am more Mﬁmﬁ"
with riparian areas, but [ question the concept that yost
can take a large marsh and let half of it go and
then have 50 percent of it be better than what you would
luvehadifymhadmd&em&il@hw
systems, the conoept applies that the smaller the paccel
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is, the less diverse and you begin to lose species that have
needs for large feeding areas. How can we justify the
destruction of a large parcel and trying to save just a little
bit, when we could save it all?

DR, SORENSEN: Margaret Race and [ were discus-
sing the concept of an island bivgeography and how this
applies to wetland prioritics, and maybe Margaret could
fullow up on this, about size versus quality.

DR. RACE: Tdon't know that we have any data to

look at that. No one has done the studies te look at species
diversity with different configurations of restored areas
and thal is obviously a very basic rescarch need.

What you brought up is consistent with my concern
for taking another Jook at the whole idea behind restora-
tion and mitigation. Are we in the long run doing the nght
thing? It may be the puolitical climate we have to deal with,
getting half cach time—bul is there any point at which
“Thou shall not take any nmore”? We need a lot more basic
data before we answer that question.
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Time is Running Out for New Chicago

Janet Carter and Mike Boylan, U.S. Fisit & Wildlife
Service, San Francisco Bay National Wildlife Refuge,
Newark, CA

New Chicago Marsh surrounds the Environmental
Education Center of San Francisco Bay National Wildlife
Refuge located in the Alviso district of San Jose. One of
the largest remaining, marshes in the south Bay, 200-acre
New Chicago has been diked-off for many vears and is
now badlv dessicated. Characteristic marsh species have
been displaced by upland species such as ring-necked
pheasants, burrowing owls, ground squirrcls and feral
dogs.

The U.S. Fish & Wildlife Service is considering pro-
posals to restore New Chicago as a healthy marsh. Its
inclusion within San Francisco Bay Mational Wildlife
Refuge provides great potential not only for wildlife en-
hancement but for environmental education and wildlife-
onented recreation opportunities such as birding and
photography as well.

Methods Used to Evaluate Fish Utilization of
a Salt Marsh Restoration Site
in Humboldt Bay, California

Robert Chamberlain, California Cooperative Fishery
Research Unit, Humboldt State University, Arcata, CA

Humboldt Bay is an important embayment in Cali-
fornia which provides habitat for approximately 96 fish
species and is a nursery area for many arganisms includ-
ing English sole, dungeness crab, Pacific herring and
northern anchovy. The 1979 construction of Woodley 1s-
land Marina disrupted approximately 3000 feet of mud
flats and adjacent salt marshes. A mitigation area adjacent
to Freshwater Slough consisting of diked pasture land
was selected to replace the lost habitat. [n December,
1980, the 16-acre pasture was returned to tidal fiushing by
breaking the existing dike.

The research and methods presentd by slides and
tape in this poster session intends to estimate the fish
abundance, density and species composition at the resto-
ration site and to compare the results to an undisturbed
salt marsh and to the waters adjacent to Woodley Island in
order to determine if adequate mitigation has been ac-
complished. The project received its original support

from Sea Grant and s now tunded by the California
Cooperative Fisheries Research Unit. Preliminary sampl-
ing began in December, 1980; the major tield effort started
in mid-July, 1981 and will continue through July, 1982,
The marshlands are covered with a dense vegetation
making non-destructive sampling difficult. To sample
these marsh flats, three portable 2m x 2m drop traps were
constructed. These traps take ¢ quantitative sample by
tapidly enclosing a 4m- area of water which is then seined
with a spedally designed plankton net that filters the
entire trapped water column. Drop trap sampies indicate
that the duominate species in the restoration marsh is the
threespine stickleback, Gasterosteus acculegtus, As many as
63 larval, juvenile, and adult fish have been collected in a
single sample in the restoration marsh. To date, no fish
have been collected in the comparative marsh by drop
traps.

The channel, created where the dike was breached, is
being sampled bimonthly during high tide for larval and
juvenile fishes moving into and out of the marshes. This
sampling was conducted using a modified channel net
with a %2 meter plankton net sewn into the center, This
same method is also employed in the second slough at the
comparative marsh. During sampling, water flow and
physio-chemical measurements are made to later assist in
determining how they relate to fish density. As many as
1500 larvae and juveniles have been collected ina single 45
minute sample at the restoration site. ‘

In August 1981, a monthly seining program was in-
itiated in the restoration marsh using a fine-mesh beach
seinc. Many short-hauled seines are made at various loca-
tions throughout the marsh and one monthly standard-
ized seine to facilitate comparison. The short-hauled
seines usually collect javenile and adult threespine
stickleback, juvenile arrow gobies, Clevelandia ios, and
tidewater gobics, Eucyclogobius newberry. Staghom scul-
pin, Leptocottus armatus, have also been collected. The
standardized seines have captured juvenile topsmelts,
Anthernops affinis, juvenile smelts, Osmerids, and other
unidentified juveriles. In September 1981, gut content
analysis of fish collected in the restoration marsh by beach
seining was begun by marineadvisory agent ClmsTooleﬂ;e

The adjacent source water for the marshes and
channel in front of Woodley Island are sampled monthly
with a 16-foot otter trawl and 2 1.0m plankion net fitted
with a flow meter. Both devices are towed a standard,
timed, 1000 feet to enable comparison and assist In
evaluation. IR

e
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Wetland Treatment System Design for
Surface Runoff Pollution Control

Emy Chan, Gary 5. Silverman, Taras A, Bursztynsky,
Association of Bay Area Governments, Berkeley, CA;

Peter Koos, East Bay Regionul Park District,
Qakland, CA

Welland treatment syslems for surface runuff pollu-
tion cuntrol are an attractive management option that can
combine multiple uswes such as poltutant removal, flood
control, wildlife habitat and recreation into a single facil-
ity. Many existing wetlands currently provide vne or
more of these uses; however, few such systems have been
spedifically designed on a larpe scale to optinuze pollutant
remuaval and maintain all of these multiple uses. Tm-
portant design considerations are the hvdraulic capacity,
pollutant removal capability, plant-sediment-water rela-
tionships, cost effectiveness and apphication constraints.

The Cayote Hills Marsh/Treatment Facility is being
designed to demonstrate urban runoff treatment through
wetlands creation. [t forms the current focus of the San
Francisco Bay Arcawide 208 Water Qualty Management
Program to show local junsdictions that wetlands treat-
ment systems can be more cost-effective than conven-
tional public works practices and at the same time provide
multiple benefits to the local community. The facility is
being designed over a 24 ha. agricultural open space area
adjacent to San Francisco Bay in Fremont. It drains ap-
proximately 11 km?® of completely urbanized land and the
marsh van be expanded as further lands become urban-
ized. It contains four marsh systems of various lengths,
configurations and depths to test the effectiveness of vari-
ous detention times and depths,

Design and operation parameters for ¢ marsh/treat-
ment feility were drawn from an extensive nationwide
literture survey on the use ot wetlands for water pollution
control. Data were compiled on the ratio of wetland size to
contributery watershed area, pollutant removat versus
various wetland detention-contact times, optimum flow
patterns and water depths, selection of vegetation types
for pollutant removal and habitat creation, critena for
waterfowl enhancernent and mosquito abatement, man-
agement technigues and wetlands construction costs.

Environmental Resource Management:
Wetland Protection and Restoration

Michael G. Clayton, EDAW, Inc,, San Francisco, CA

Wetlands are one of nature’s most fragile of ecosys-
tems constituting an invaluable resource. They provide
fisheries and wildlife habitat, recreational areas and open
space. By their very nature, wetlands are often found near
the highly urbanized coastal areas and thus are subject to
a disproportionate degree of environmental stress and
deterioration. In the 20 years between 1947 and 1967,

approximately two-thirds of the estuanine wildlife habi-
tats in the State of California were lost due to dredginy,
and filling.

EDAW'S goal in Environmental Resource Management
is to achieve a balanve between the competing needs of
rUsouUrce preservation and recreational/educational use.
The translation of this paal Inte resource management
plans provides the means essential tor the effecive pro-
tection and administration of our shrinking wetland re-
sources. The lhree case studies presented here are in-
tended to demonstrate the role of this process in woetland
protection and restoration.

San Franci<co Bay National Wildlife Retuge Maserr Pl

The Refuge encompasses over 16,000 acres of salt
ponds, tidal mudflats, salt marshes, open water and up-
lands of suuth San Francisco Bay. Its location s especially
urique in that it provides a nesting and feeding area on
the Pacific Flyway wilhin one of the largest metropolitan
regions in the United States. The Refuge plan has three
objectives: (1) preservation and enhancement of wildlife
habitats; (2) objectives ot migratory waterfowl and other
wildlife; and (3} provision tor recreation and enviranmen-
tal education opportunities. Achievement of these goals
depends on balancing habitat sensitivities wilh proposed
spedific uses and facilities. The planning process com-
bined assessment methodology with the constraint-op-
portunity approach in order to arrive at an appropriate
balance.

Swisun Marsh Protectionr Plan

Suisun marsh comprises almost ten percent of the
remaining natural wetlands of California. [t provides
winter habitat for waterfowl and a number of rare and
endangered species. This study focused on the land use,
topography and climate of the area as part of the develop-
ment of a plan to protect the marsh ecosystem and its
wildlife values. The land use inventory included zoning,
existing land uses, and a composite of general plans,
potential development and Jand ownership. All environ-
mental factors were mapped and synthesized to develop
the initial Fish and Wildlife plan. The finat land use ele-
ment and protection program was completed by the De-
partment of Fish and Game and the San Francisco Bay
Conservation and Development Commission.

Nisgually National Wildlife Refuge Conceptual Plan

The Nisqually National Wildlife Refuge is situated at
the southem end of Puget Sound in Washington State.
The Refuge contains 3,700 acres of primarly flat river
delta within the Pacific Flyway and offers a diversity of
unique ecosystems particularly beneficial to migratory
waterfowl. The conceptual development plan for the re-
fuge focuses on safeguards to protect the ecological, re-
creational, cultural, scientific and economic values of th-
ese game and non-game migratory birds and their habi-
tats. The plan both modifies the existing refuge habitat
and provides spedial features such as trails, interpretive
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stations, observabdon stabons, an environmental educa-
tion center and a hunters’ check station, designated for
both educational and recreational uses.

Selected Restoration Strategies in San
Francisco Bay: Four Exampies

K.C. Cuneo, £E5A/ Madrone Associafes, Novato, CA

The historic tidelands of San Francisco Bay have un-
dergorne modification of tdal regime and land torms in
varving, degree as a result of diking and other buman
actions and Jand uses in diked lands. Restoration strat-
egies, to be successtul, must respond not only to specitic
sets of conditions governed by locahion on the Bay shore-
line and history of use, but also to regional habitat objec-
Hives and to local political and planning constraints. Four
current and propased wetland restoration projects dem-
onstrate some of the diverse conditions and issues which
are evident in the San Francisco Bay shoreline. ([liustra-
tions drawn trom Muzzi Marsh; Mardn Country Day
School Shoreling; FHayward Marsh: E. San Rafael ]\“litigaﬂ—
tion P'lan. )

Considerations for Restoration of an
Endangered Species: Salt Marsh Bird’s Beak,
Cordylanthus Maritimus ssp. Maritimus

Patrick Vance Dunn, Department of Biology, San Diego
State University, Sun Diego, CA

Salt marsh bird's beak, Cordylanthus maritimis ssp.
maritimus, should be included in the revegelation-res-
toration of southern California coastal salt marshes, be-
cause it is an endangered species with dwindling num-
bers. Cordylantiius is also one of only three native halo-
phytic annals occurring in southern California marshes.
Cordylunthus is unusual in several aspects; it is a hemni-
parasitic plant and its distribution is patchy bath spatially
and temporally, as represented by the failure of three
established colonies at the Tijuana estuary in 1981

My study of Cordylanthus at Tijuana Estuary during
1981 identified several aspects of the basic ecology of the
plant which are important for any attempt at restoration.
The three colonies studied occurred within an extremely
namow elevational range of 0.9 ., from 6.3 to 7.2 ft.
above MLLW, which is near the high exzeme of tl'g,e
marsh at Tijuana. The mean densities of seedlings @5 m’)
and mature plants were also determined, (190 m”). sug-
gesting seeding and transplanting densities.

Germination requirements and other life history
characteristics were also investigated in an attempt to
determine factors limiting the distribution of Cordylan-
thus. Two explanations were developed, limitation by
dispersal or by a restrictive habitat. These ideas led to 2
model for upper marsh functioning based largely on the
large seasonal variation in soil salinity found in the Cor-
dylanthus colonies. The fresh water input of winter rains
lowers the upper marsh soil salinity to brackish levels

which allows the gernunaton and seedling, growth of
Cordyfantits in the early spring. Through sunmimer there is
a steady mnwrease i saib salinaty caused by tidal inund.lh-
bon and evaporation of ses water. At this time Condyl-
inHis probably benefits most trom beingra h-.'mi}mmsi-lc_

Big Canyon Marsh Restoration
Upper Newport Bay

EDAW, Inc., Newepart Bech, CA

Under contract ta the County Sanitaton Distrcts of
Orange County, FDAW, Inc. prepared the conceptual
desipgn fur the restoration ot a 7-acre freshw ater marsh at
the mouth of Big Canyon adpacent to the Lpper Newport
Bay Eculogical reserve in Qrange County, Califurnia. His-
torically, the project site was belicved to have been a sait-
and brackish marsh complex to which tidal flow had been
interrupted by the construction of & diked road across the
canyon muuth. More recently, the site had been used to
deposit and stockpile spoils dredyed from the Bay tollow-
ing severe floods and sedimentation thal occurred in
1969,

The testoration project was the tum-key clerwnt of a
mitigation program required for a Coastal Commission
permit ta construct a gravity line sewer in the same area as
proposed by the Sanitation Districts. Marsh restoration
was primarily intended to enhance and expand available
habitat for the lipht-footed clapper rail, an endangered
species occurring in the Upper Bay. Recent investigations
had found freshwater marshes adjacent to saltmarshes to
be important foraging areas for this speces. Sigrificant
benefits to many other wildlife, particularly migratory
waterfowl and shorebirds, are also expected.

in addition to the jurisdictional involvement of the
Calijornia Coastal Commission, the project site is owned
by The Irvine Company and is within the City of Newport
Beach. Throughout the project’s planning, ciose contact
and coordination with these entities, as well as the State
Department of Fish and Game, U.S. Fish and Wikllife
Service and public interest groups was required and
maintained.

Subsequent to agreement of all parties involved to
the conceptual design, predse engineering drawings
were prepared by the Sanitation Dislricts and sent out for
bid. A contractor was selected and construction began in
carly September, 1981. Marsh construction, whidh inc-
luded reconfiguration of the dredge spoils pile and mod-
ification of on-site drainage, was completed in early Nuv-
ember 1981 and the area is now functioning as viable
wildlife habitat. Revegetation has been allowed to oocur
on its awn. .

In its present form, the area is a shallow pond with
dense marsh vegetation on one side only. Consequm_ﬂy,
its use is limited to foraging and loafing birds, Recoloniza-
tion and the establishment of a more extensive vegetative
cover representative of complete restoration is expected
to occur within 3 to 4 years.
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Muzzi Marsh Restoration,
a Mitigation Project

Phyllis Faber, California Wetland Coalition,
Mill Valley, CA

Tn 1976 a 20-acre parcel of diked and partially filled
marshland on the San Francisco bayfront was purchased
by the Golden Gate Bridge, Highway and Transportation
District as o mitigation for development of a nerby ferry
terminal facility. 135 acres were restored to tidalactivity to
rutigate dredging 83 acres of mudflat necessary to deepen
a ferry access channel: 65 acres were used as a spoils
disposal site. Four yvars after the dikes were breached
natural recovery of the marsh was impressive: pickleweed
Salicoru virginicn, covered over 5 percent of the site and
in one 20-acre study area, cordgrass, Spartma folivsa, in-
creased by 790 percent between the third and fourth year
of tidal activity, Avtivee feeding of large flocks of shore-
birds, herons and eprels indicate increases in invertebrate
and fish pupulations.

Salt Marsh Restoration From Salt Evaporation
Ponds: Vegetation Establishment
and Sediment Properties

Michael Josselyn and Rick Perez, Departiment of
Biological Sciences, San Francisco Stafe University,
San Francisca, CA

The Hayward marsh restoration is a 200-acre site in
south San Francisco Bay that has been created on the site
of a former solar evaporation pond system. Prior tu dike
breaching, sediment salinities ranged between 9 to
181 ppt and small patches of Salwornia virginica were pre-
sent along drainage canals. Following tidal flooding, sur-
face sediment salinitics dropped within ten months,
ranging between 10 and 22 ppt. Vegetation establishment
occurted by three mechanisms: airbom seeds, floating
seeds, and vegetative growth from drift plant fragments.
Examples of these dispersal mechanisms are found in
Cotula coronopifolia, Spergulana maring, and Salicornia vir-
ginica, respectively. Establishment of new plants is lim-
ited by sediment scouring, adequate seed or fragment
stock, distance of seed dispersal, and season,

Naturally Restored Wetlands

Paul R. Kelly, California Department of Fish and Game,
Yountville, CA;
Roy W, Lowe, Fish and Wildlife Service, Newark, CA;
Thomas E. Harvey, Biosystems Analysis, Inc.,
San Francisco, CA

Salt marsh restoration plans should first consider the
simplest, most inexpensive means of regaining maximum
productivity, i.e. the natural restoration of tidal influenwe.
Many former tidelands have the potential for rapid regen-

eration of flora and fauna without the “benetit” of water
control structures, excavation, dikes, designers or biol-
ogists. Examples of naturally restored wetlands and their
wildlife values are reviewsd.

Cabrillp Salt Marsh Construction

Los Angeles Harbor Department and EDAW, Inc,,
Newport Beach, CA

The Los Angeles Harbor Department will construct a
5-acre salt marsh in the proposed West Channel/Cabrillo
Beach Recreational Complex (WCCBRC) of the Port of T.os
Angeles, The conceptual plan for the salt marsh was de-
veloped by EDAW, Inc. in association with Santina
Thompson as a cooperative effort with the WCCBRC Citi-
zens Advisory Committee, state and federal wildlife
agencies and the Los Angeles Harbor Department,
EDAW, Inc./Santina Thompson have prepared the pre-
liminary design, construction drawings and development
specifications for the salt marsh construction.

Creation of the sait marsh is required by the U.S.
Army Corps of Engineers as biological compensation for
filling of two slips in the Port. Additionally, the overall
goals of the construction of the Cabrillo salt marsh in-
clude:

# To enhance fishery resources by providing viable
fishery habitat.

o To develop and enhance an intertidal wetland
ecosystem.

« To protect and enhance native plant and wildlife
species.

& To improve the public's understanding and ap-
preciation of wildlife and tideland ecology.

» To provide an area for in sifu studies of wildlife
and marsh management techniques.

¢ To develop the salt marsh as an integral part of
the new Cabrillo Museum educational experience
and as an integral element of the proposed Recrea-
tional Complex.

Presently the site supports vegetative eiements of a
salt marsh without a well-developed community charac-
ter. Additionally, the shore-water interface is very
limited. As planned, the project will involve a total recon-
figuration and expansion of the existing marsh area. Ma-
jor features of the planned marsh include: an inlet/outlet
which allows tidal influence and flushing: maximum sc-
reening and limited access from adjacent areas; an obser-
vation platform to permit interpretive use; a bird istand
surrounded by a permanent tidal lagoon; and the distinct
zonation of intertidal and subtidal habitats.

A unique feature of the projectis the attempt to apply
standard commercial landscaping methods, which permit
the project’s construction to be bid and built by commer-
cial contractors using common labor procedures. Com-
merdal landscaping methods have been adapted to the
salvaging, storage and transplanting of native salt marsh
species. The use of hydroseeding and provision of a tem-
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porary supplemental irrigation system are eapected ta
tesult in the rapid development of the salt marsh.

The Cabrillo salt marsh project is scheduled to begin
construction in Spring 1982 and to be completed by the
end ot Summer 1962

Fish Utilization of Tijuana Estuary:
Applications for Wetland Restoration

Chris Nordby, Department of Biology, San Diega Stake
University, San Diego, CA

[n an attempt to determine preference of fishes tor
spawning habitat, fish eggs and larvae were sampled
bimonthly at Tijuana Estuary in main channels, tidal
crecks and nearshore waters. Larval composition ditfered
among the three habitats. Greater than 90 percent of the
larvae collected from the main channel were gobies. Siaty
percent were of a goby com plex composed of three
species: arrow goby, shadow goby and checkspot poby.
Longjaw mudsucker comprised the remaining 3D percent.
Less abundant in (he main channels were silversides and
queenfish. Tidal crecks were dominated by longjaw mud-
suckers, silversides, northern anchovy and the goby com-
plex. The nearshore habitat was dominated by the gobv
complex, gueen fish, white croaker, northermn anchovy
and silversides.

Eggs were more abundant in nearshore waters buai all
threc habitats were similar in percent relative abundance.
Main channel dominants included croakers. Pacfic sar-
dine, narthern anchovy, sanddabs, topsmelt and Cali-
fornia tonguefish. Northern anchovy, croakers, topsmelt
and sanddabs were the most abundant taxa collected from
the tidal creeks. In the nearshore habitat croakers, Pacific
sardine, sanddabs, northem anchovy and Pacific mack-
crel were dominants.

Comparisons of community similarity based on rela-
tive abundance showed larval similarities of 35 percent for
tidal creeks and main channels while main channels and
nearshore were 50 percent similar. The comparisen for
eggs revealed tidal creeks and main channels to be 45
percent similar while main channels and nearshore were
90 percent similar.

It is suggested that channel morphometry and sub-
strate-type affects the spawning preference in adults and
the subsequent distribution of eggs and larvae. Straight,
steep-banked dredged channels were assodiated with in-
creased tidal velocities. The increased tidal velocties can
inhibit burrow construction and maintenance of the dom-
inant gobies. Firm substrates also inhibit burrow forma-
tion. High tidal velocities have been associated with tran-
stocation of eggs and larvae, a major cause of mortality in
these species (Brothers 1975). Topsmelt eggs and larvae
were posilively assodated with aquatic algae mats, par-
ticularly Enteromorpha species. These algae were more
dense in low tidal velocity channels. It is suggested that
longjaw mudsucker, topsmelt, northemn anchovy and
staghom sculpin utilized the tidal creeks as spawning
areas and that longjaw mudsucker and staghorn scuipin

used such habitals A% nurseries 3< well, Devper cnphe
appeared to be atilized boa greater extent than f-h.llln::\.‘\
Ued“ Ax fishes appear ko demonstrate prelerenges Iu:
different wnbstrates and chanpel morphometrios these
EflCtl.\Th should beconsidered m planning wetland re\mr..,
ton projects. . .

Bolsa Chica— A Coastal Wetland Restoration
Project

Harold Novick and Ren Hein, Culifornta Department of
Fish and Game, Long Beach, CA

The Bolsa Chica wetland is located near the city ot
Huntington each in southemn Cahtornia. Hlistorically . it
was an estuary comprisimyg about 2300 acres of sattwater
marsh with an adjacent larpe treshwater marsh of unde-
termined size. For approvimately 80 vears, hunwun ac-
Hivities have alterid and destroved this coastal wetland
The mast signiticant alteration was the construction of a
dam with one-way tidepates across the major tributary,
Freeman Creek, by owners of the Bolsa Chica Gun Club in
1899, This dam prevented tidal waters from nowrishing,
the lowlands except for approximately S0 acres in Quiter
Bolsa Bay. With this altered water regime, marsh com-
munities changed in the lowlands with a few areas transi-
tioning 1o uplands and most others to high salmarsh
community dominated by pickleweed, Saelicontia virgince.
Farming, oil development and later urban development
encroached upon this historic wetland of which only 52
acres NOWw remain.

In 1973, the State received title 1o 327 5 acres ina land
trade agreement with the private landowner. The Depart-
ment of Fish and Game dedicated the area as the Bolsa
Chica Feological Reserve and is responsible for its man-
agement, In 1978, the Department constructed contain-
ment levees, least tern nesting islands and public use
facilities and restored tidal influence to 150 acres of this
historic wetland. This project, in addition to 50 acres of
relativelv undisturbed sattmarsh in Quter Bolsa Bay com-
prises a 500-acre tidal system. Presently, an additional 85
acres of non-tidal wetlands are in the planning stages for
restoration to tidal influence.

The restoration project has been most succ.essful for
fish and wildlife. Before the project, three species of ﬁ-"h
were found in the area; now three years later 32 species
have been observed and numbers continue te inwrease.
Species utilizing the Reserve for spawning and f‘“a?f:rg
indude topsmeit, California killifish, yellowtin croa¥c
round stingray, striped maullet and others. BudSP‘-'C‘:l’S
diversity and abundance have increased sigrificanty

. . . : 7(m in m)dwmti“l'
with daily populations exceeding 74 .
Similarly, endanigered species use has umaseddzift:cw
larly brown pelican and California least e,
now nesting here. )

While tgi)e status of the Bolsa Chica Ecological Reserve
is secure, those remaining histonic
State ownership are not.
expressed a strong desire $0 develop
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fornia Coastal Commission and local government will
ultimately determine the allowable land-uses for Bolsa
Chica.

Restoration of Estuarine Habitat at the Mouth
of Redwood Creek, Humboldt County,
California

Cindy L. Ricks, Oregon State University and Redwood
National Park, Arcata, CA

The mouth of Redwood Creek is located approxi-
mately 4.0 river km west of Orick, California. The rela-
tively narrow floodplain is periodically inundated due to
steep basin gradients, intense storms and rapid runoff
characteristic of the region. The series of damaging fleods
in 1950, 1953, 1955, and 1964 prompted channelization of
Redwood Creek in the vicinity of Orick. The downstream
portion of the levee bypasses the last meander and diverts
the flow directly to the ocean. Deleterious effects of re-
structuring the channel include loss of riparian vegeta-
tion, accumulation of sediment in areas which were previ-
ously viable fish-rearing habitat and isolation of produc-
tive slough areas.

Prior to channelization, high flows kept the south
meander open and created an eddy against the cliffs on
the north side of the mouth. Presently, sand is trans-
ported into the sloughs under conditions of high ocean
swells during high tides. Waves propagate into the north
slough and wash over the sand spit into the south slough.
Aggradation of 1.3 -2.7 meters of sand has been measured
along a transect in the south slough since the 1966 survey
by the Army Corps of Engineers. The crest of the sand spit
or berm has grown by 1.4-1.8 meters. This barrier pre-
vents saltwater intrusion by overwash across most of the
spit. Estuarine conditions develop only following periods
of high ocean swells in late summer or early fall when
saltwater enters through the mouth outlet or washes over
the low berm on the north side.

High summer swells may also cause migration of the
mouth outlet and effectively close the estuary. The vol-
ume of water increases, flooding backwater areas and
adjacent pasturelands. Frequent backwater flooding is a
relatively recent problem and may be a direct result of
aggradation in the sloughs. High water levels induce local
ranchers to break the sand berm prematurely, sweeping
fish and invertebrate fauna out to sea. Thus, peak juverile
salmonid migration does not coincide with high inverte-
brate productivity which is dependent on estuarine con-
ditions, substrate stability and algae growth.

Sediment which has accumulated in the sloughs
must be flushed out or excavated in order to aid restora-
tion of the natural aquatic habitat. Interdisciplinary
studies will provide baseline data on water quality, an-
andromous salmonid migration, distribution and abund-
ance of fish food organisms and histeric and present
patterns of inundation, sediment accumulation, and gen-
eral estuarine morphology. Upon the conclusion of these

studies, Redwood National Park will consider the feasibil-
ity of developing rehabilitation alternatives for the
estuary.

Salt Marsh Restoration: Handmaking a

Natural Habitat

Douglas Spicher, Department of Biological Sciences, San
Francisco State University, San Francisco, CA

A salt marsh restoration usually involves retuming
natural tidal flow to an area which has been diked or
restricted in some way. A major goal of a restoration is the
reestablishment of plants within a marsh, and the restora-
tion design should begin with a comprehensive plan
which recognizes all geologic, hydrologic, and biclogic
problems and attempts to resolve them as they relate to
each other. Since marsh plants are adapted to a certain
range of conditions, early consideration must be given to
soil elevations within the planned restoration and the
types of soil conditions, particularly salinity and pH,
which will be found at those elevations. Circulation and
sedimentation patterns will affect both soil conditions and
elevation and, depending on the hydrological design, the
diversity of the marsh. These variables dictate which of
the various planting methods, seeds, seedlings, sprigs, or
plugs, can be used, and since each method has its own
associated cost these methods should perhaps be con-
sidered in the beginning plan.

This poster reviews information regarding California
salt marshes and considers varables affecting plant es-
tablishment such as hydrology of the marsh, soil sub-
strate conditions, marsh diversity, and planting methods
as well as planting costs. Each of these are explained in
further detail as to how they are important to marsh
plants; culminating with identifying methods of planting
Spartina foliosa and their related costs and assessing proce-
dures involved when confronted with various marsh
conditions.

Examples of Marsh Restoration Design
Practice in San Francisco Bay: A Controlled
Level Marsh in Corte Madera

Philip B. Williams, Philip Williams & Associates, San
Francisco CA

H. Thomas Harvey, Harvey & Stanley Associates,
Alviso, CA

The Hahn Corporation is presently planning to con-
struct a shopping center on an area of diked wetland
between U.S. Highway 101 and Muzzi Marsh. Mitigation
required for the filling of approximately 20 acres of the site
is the restoration of the remaining 34 acres as a healthy salt
marsh. Severe hydraulic design constraints on marsh re-
storation included the use of the area as a floodwater
retention basin, subsidence of the marsh plain surface,
future sedimentation, poor quality urban runoff, and a
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constricted half mile long channel linking the marsh to the
Bay.

The poster display describes an integrated marsh
management design prepared for and adopted by the
Town of Corte Madera under the direction of Dr. Williams
with the assistance of Professor Harvev, Tito Patri, princi-
pal of the Planning Collabyrative, landscape architects,
Gary Page, ornithologist for the Pont Reyes Bird Ob-
servatory, and Ted Rust, principal of Rust & Weinstein,
economical and environmental policy planners. The over-
all design conwcept for the marsh restoration is to integrate
the use of the marsh as a flood basin and as # means of
improving water quality, while restoring the salt marsh
vegetation and enhancing wildlife and watertowl habitat.
It achieves this by utilizing the marsh as a flood basin
during the winter months and then allowing limited tidal
inflows during the summer, regulated by an automatic
slide gate to restrict water levels to those suitable for
extensive growth of cordgrass on the existing marsh
plain. Other features of the design include grading to
restore a more natural tidal drainage system, provision of
open water and mud flat fringes tor waterfowl, landscap-
ing and design of tidal channels to control intrusion onto
the marsh, separation of 3 acres of the marsh to act as a
stormwater runoff poliutant trap during the winter
manths, and upgrading of pump station and outlet
structures.

An interesting feature of the design is the projection
of ultimate siltation within the marsh and in the connect-
ing slough using ‘regime’ plots for fidal slough channel
geometry based on surveys of adjacent natural sloughs.
These plots relate tidal prism to slough depth and width.

The restoration plan also identifies an implementa-
tion program, schedule, and costs. The restoration is ex-
pected to begin early in 1982.

Examples of Marsh Restoration Design
Practice in San Francisco Bay: A Brackish
Marsh on Coyote Creek Slough

Philip B. Williams, Philip Williams & Associates
San Francisco, CA

H. Thomas Harvey, Harvey & Stanley Associates,
Alvise, CA

The development of 532 acres of former marshland
for the Warm Springs Intermational Park at the southern
extremity of San Francisco Bay will require the filling of
areas of seasonal wetland. As mitigation for this loss, the
developer is proposing to manage approximately 265
acres of the site as a marsh. The site is unigue in San
Frandsco Bay in that it offers the opportunity for creating
an extensive contiguous area of tidal alkali butrush marsh.
This is because it is located upstream of Artesian Slough,
which is the discharge point for the San Jose Sewage
Treatment Plant, and salinity levels in Coyote Creek
Slough are typically Jess than 6 ppt. The site is also notable
for its extreme tidal range and high siltation potential.

e ——

Major design constraints on the marsh restoration des;
include the desire by the developer to use much of :E:
diked area as a borrow pit; the need to preserve and
enhance an existing 25-acre pickleweed area that i 4
potential habitat for the salt marsh harvest mouse; ang the
need to provide sufticient stormwater retention Capacity
for the development’s tlood protection. ’

The poster display describes a conceptual design pre-
pared for the developer, Fremont International Partners
by Cathy Merrill and Tony Wright of Thompsan an(i
Wright, architects and planners, Dr. Williams, and Pro-
tessor Harvey. The design separates the marsh restora-
tion into two areas: approximately 200 acres of the site
will be opened to unrestricted tidal action to ultimately
create an alkali bulrush marsh. Initially, the area will be
excavated and then graded so as to provide an extensive
perimeter around thre separate basins at a suitable eleva-
tion for the establishment of alkali bulrush, As the con-
structon of the development proceeds, these three basins
would be opened in turn. The very high siltation rates will
establish mud flats and a tidal slough system in the bas-
ins, so that the alkali bulrush will invade onto the mud-
flats from the surrounding perimeter. About 65 acres of
marsh will be excavated as a flood retention basin, sup-
plemented by an existing 25-acre pickleweed area which
will be kept undisturbed. Penodic inundation of the 65
acres will take place during the summer by manually
operated slide/flap gates.

The conceptual plan also includes landscaping and
requirements for public access,

The plan is now in the process of being submitted for
approval to regulatory agencies. Following this, a detailed
design will be prepared.

Habitat Considerations for Light-Footed
Clapper Rails in Marsh Design

Richard Zembal, LLS. Fish & Wildlife Serpice,
Laguna Niguel, CA, and
Barbara W. Massey, Long Beach, CA

The recovery of the endangered Eght-footed clapper-
rail Rallus longirvstris levipes) (LFCR) is totally dependent
on restoration, creation, and proper management of coastal
wetlands.

Censusing of the known populations throughout the
state revealed 203 pairs of LFCR distributed in 11 marshes
from Carpenteria to Tijuana Estuary in 1960 and 173 paurs
in 15 marshes in 1981. The observed dlsmbﬂtlﬂﬂ d
relative densities of the LFCR along with more iensive
study (initiated in 1979) of the populations at
Bay and Upper Newport Bay led to some 0O v
mr{cemingpg Spel:':};? habitat requirements with obvi-
ous implications for marsh design and ¢

LECR were found in order of decreasing abundanc®
in marshes with abundant derse cordgrass (P77
foliosa), in pickleweed (Salicornia W)M

ith li , and in brackish ¥
marshes with litle or no cordgrass e -
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freshwater marshes with dominant freshwater reeds
(Scirpus spp. and Typha spp.). Dense cordgrass providesa
highly preferred habitat but all of a marsh and its environs
are utilized, incuding adjacent upland slopes. A most
productive situation 1s apparently provided by a large
marsh comprised of numerous habitats as exemplified at
Upper Newport Bay, where nearly half of the LFCR in the
state were detected in 1980 [ FCR do occur, however, In
very small marshes with nearly menotypic vegetational
cover.

A large portion of the LFCR's diel is apparently pro-
vided via the high invertebrate productivity associated
with most marshes, particularty those with a good tidal
prism, It appears, however, that ample water-free forag-
ing habitat must be available on a regular. possibly daily,
basis. Populations of LFCR have disappeared from sev-
eral marshes that were (and mostly still are) periodically
subjected to closed ocean entrances and subsequent pro-
jonged flooding. Additionally, LFCR have not been de-

tected in those coastal brackish to freshwater marshes
comprised totally of emergent needs.

Nesting sites must be densely vegetated and high
enough to atford protection from high tides and isolated
enough in the marsh to he effectively protected from
upland predators. Tidal crecks are effective nesting site
isolators and also provide important foraging habitat and
major thoroughtares. Nests arc placed preferentially in
tall cordgrass but large rumbers are also located in upper
saltmarsh vegetation and stands of freshwater reeds, par-
ticularly during years of poor growth by cordgrass. The
scarcity of suitabie nesting habitat appears to be a major
limiting factor for several populations of the LFCR.
Further development and implementation ol techniques
for establishing curdgrass and encouraging lush growth
are needed along with the provision ot protected upper
marsh hummocks and’or fnging stands of freshwater
reeds. A pilot project for establishing nesting hummocks
at Anaheim Bay has been inifiated by the authors.
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