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Introduction

Coastal wetlands along the Pacific Coast, especially Southern California,
have undergone a substantial decline during the past 100 years. This dramatic de
cline in historically thriving coastal habitat has been due primarily to urban develop
ment and the introduction of human activities, including recreational opportunities,
transportation corridors, coastal harbor structures, and other influences. Approxi
mately 75 percent of the coastal wetlands in Southern California have been lost due
to development activities in the last 50 years alone. As a result of the lost coastal
wetlands, associated marine, wildlife and vegetation resources have been
substantially altered. Federal and state resource agencies have assessed the
potential of the numerous Southern California wetlands and have identified those
sites with the greatest opportunity for enhancement.

The purpose of the Batiquitos Lagoon Enhancement Project located in
Carlsbad, Calif., is to restore continuous tidal action within the lagoon at the same
time balancing existing vegetation, habitats and wildlife populations that use the
lagoon. Restoration of tidal action would enhance the resource value of the lagoon
by restoring a marine ecosystem within the lagoon, providing a diverse range of
intertidal slopes; maintain the existing coastal salt marsh and brackish marsh
vegetation; and provide suitable nesting habitat for special endangered species.

The Batiquitos Lagoon Enhancement Project involves the participation of 16
federal, state, regional and local government agencies and has been the subject of
countless meetings, public hearings, work study sessions, concept plans, and a
varietyof other examinations. In 1987, a comprehensive memorandum of agreement
(MOA) was signed by the six principal government agencies involved with the
project, outlining the agencies' roles and responsibilities, and the general objectives
of the project. In 1990, the project Environmental Impact Report/Statement was
certified under the California Environmental Quality Act (CEQA) and the National
Environmental Protection Act (NEPA). As of February 1992, the project has secured
the majority of the numerous public agency permits and approvals required to
facilitate initiation of construction tentatively scheduled to begin in early 1993. The
project has not been without controversy. The National Audubon Society and the
Sierra Club have filed suit challenging the underlying project concepts, the standing
of the participatory agencies, and the entire environmental review process for this
project. This issue continues.

This paper will examine the current direction of federal, state and local
agency management practices of coastal wetland mitigation projects focusing upon
the proposed Batiquitos Lagoon Enhancement Project. This project has been viewed
by both public agencies and the environmental community as a landmark example of
man's attempt to resurrect and enhance degraded coastal wetlands. This project has
also been characterized as an example, potentially national in scope, of off-site
mitigation for development impacts.
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Project History

In 1985, the California Coastal Conservancy established the Batiquitos
Lagoon Enhancement Group, consisting of local citizens, officials, and members of
the long-standing non-profit Batiquitos Lagoon Foundation. The purpose of the
Enhancement Group was to create a series of goals and recommendations for the
enhancement of the lagoon, which culminated in the draft Batiquitos Lagoon
Enhancement Plan (California Coastal Conservancy, 1987) released in October
1986.

Concurrent with the development of the Batiquitos Lagoon Enhancement
Plan, representatives of state and federal agencies were meeting with
representatives of the City of Los Angeles to discuss the possibility of jointly
pursuing enhancement of Batiquitos Lagoon as off-site mitigation for Port of Los
Angeles development and landfill activities scheduled for the Los Angeles Harbor
District. The Port of Los Angeles is a major Pacific Rim port development with
numerous facilities and landfills to be constructed in the outer harbor areas to satisfy
future cargo-handling requirements. Habitat replacement or creation of new habitat
within the boundaries of the Port of Los Angeles had been considered impractical
because of the lack of available space and quality of the existing port environment.
Creating new or enhancing existing fish and wildlife habitats inside the port's
boundaries was considered to be severely restricted due to incompatibility with future
development plans as determined by involved public agencies including the U.S.
Fish and Wildlife Service, the California Department of Fish and Game, and the
National Marine Fisheries Service. The primary in-kind mitigation measure for port
development projects is now considered to be the creation of new tidally influenced
waters and wetlands, or alternatively, the restoration of tidal flows to suitable low-
lying coastal areas located off-site.

The designation of Batiquitos Lagoon as a potential Los Angeles Harbor
District mitigation site was first made during the environmental process for the future
Pacific-Texas (Pac-Tex) Pipeline Project scheduled for the Los Angeles Harbor. The
identification of Batiquitos Lagoon as a potential off-site mitigation target area
evolved after several years of evaluation involving a multitude of public agencies.
Subsequently, the Final EIR/EIS for the Pac-Tex project was certified in November
1985, followed by the California Coastal Commission's approval of the required
Coastal Development Permit in 1986. In 1989-90, the Pac-Tex project was delayed
indefinitely due primarily to economic influences.
Discussions began in January 1987 between the Port and the City of Carlsbad,
within whose jurisdiction the lagoon lies, regarding the joint development of a project
to enhance Batiquitos Lagoon and provide off-site mitigation for Port development
impacts. Thereafter, a detailed preliminary engineering study was undertaken, titled
Preliminary Design Report (CH2M Hill Inc., 1988), funded in full by the port to
determine the feasibility of the enhancement project from an economic,
environmental and engineering standpoint. In particular, the feasibility study sought
to determine the following:

Compatibility with resource and wildlife agency mitigation policy to provide in-
kind compensation for project impacts;



Cost/benefitanalysis to implement the enhancement project;

Compatibility with future Port of Los Angeles development plans;

Technical feasibility;

Ability to implement the enhancement plan as a mitigation project within the
project timeframe.

The original Pac-Tex project, as well as the port's own development plans,
involved filling a substantial subtidal area within the port boundaries. Because the
fills would constitute a permanent loss of marine habitat, the port was required to
compensate for the loss of habitat under federal and state statutes and permit
processes. It was determined very early in the feasibility study phase that adequate
space existed at Batiquitos Lagoon for the development of a mitigation area
sufficient to provide compensation for the port's development plans. Because the
resource and wildlife agencies had long ago targeted Batiquitos Lagoon as a high-
priority enhancement opportunity, formal discussions began in late 1986 among all
concerned parties to target Batiquitos Lagoon as a recipient of off-site mitigation
required by future Port development activities.

in November 1987, the MOA for the Enhancement of Batiquitos Lagoon
was signed by the port, City of Carlsbad, California State Lands Commission, Cali
fornia Department of Fish and Game, U.S. Fish and Wildlife Service, and the
National Marine Fisheries Service. This unprecedented agreement marked one of
the first times in which federal and state resource and wildlife agencies formally
participated in the implementation ofenhancement opportunities and obligations for
an off-site mitigation project.

Lagoon Environment

Batiquitos Lagoon is located ontheSouthern California coast approximately
40 miles north of San Diego. Entirely within the jurisdiction of the City of Carlsbad
and immediately adjacent to the Pacific Ocean, the lagoon is elongated and extends
approximately 2.5 miles inland from the ocean. Approximately 0.5 mile in width, the
steep canyon slopes along the southern border contain at their toe La Costa
Avenue, a major regional arterial highway separating the boundaries of the City of
Carlsbad to the north and the City of Encinitas to the south. Along the northern
shoreof Batiquitos Lagoon are more gradual slopes thatbuffer ongoing intense land
development including the Aviara Resort complex and several surrounding housing
developments. Immediately to the east of the lagoon is the world-renowned La
Costa Resort and Spa,a 300-acre resort, golf and tennis, and health spa complex.

Figure 1 depicts Batiquitos Lagoon, identifying three distinct basins; West,
Central and East, which are dissected by transportation corridors including two
bridge structures on U.S. Highway 101, the Atchison, Topeka, and Santa Fe
Railroad bridge structure, and two bridge structures along Interstate 5.

Beginning in the 1920s, the periodic construction of bridge structures
interrupted the hydrological connection between the lagoon and the Pacific Ocean.
Historically, tidesenteredthe lagoon and extended their influence to the eastern por-



tions of the lagoon, resulting in tidal flushing of suspended sediments from two
freshwater streams to the east. As a result, the tidal inlet to the lagoon has been
closed. The frequency and duration of inlet closure substantially increased over the
last 60 years to the degree that the tidal inlet is now virtually closed continuously.
Ocean tides no longer influence the lagoon, and the predominant flow of water into
the lagoon is from the freshwater sources to the east.

Flows into Batiquitos Lagoon vary according to the season and local
storms. Water in the lagoon varies considerably from relatively shallow conditions to
relatively full conditions after a series of storms. In the past, when the lagoon
surface water elevation rose to a height that might jeopardize adjacent roadways
and utilities, local public agencies manually removed a portion of the cobble berm
closing the lagoon to the ocean. The lagoon thereafter drains until ocean currents
and wave action close the cobble berm. Water quality within Batiquitos Lagoon
varies according to the amount of inflow from upstream drainages and the
temperature associated with each season of the year. Because the lagoon is no
longer connected to the ocean on a continuous basis, the lagoon has become, in
essence, a depository of nutrients, sediments, and other materials contained within
the freshwater inflow. The Preliminary Design Report indicates that the salinity of the
lagoon varies seasonally from approximately 15 ppt to more than 40 ppt. Samples
taken from Batiquitos Lagoon have measured salinity in excess of 2.5 to 4 times that
of seawater. Additionally, salinity varies with the amount of freshwater inflow, which
decreases salinity, and the amount of evaporation of lagoon water, which increases
salinity.

The marine environment within Batiquitos Lagoon has essentially been
eliminated with the termination of tidal influence. This environment has been
replaced with nontidal fresh-and brackish-water systems that contain a limited
number of aquatic species. Only those capable of tolerating extreme variation of
water quality survive in the lagoon.

The lagoon is also the home of a variety of wildlife, including the federally
listed endangered California Least Tern, the Western Snowy Plover, the State of
California listed endangered Belding's Savannah Sparrow, and a multitude of diving
water birds, dabbling ducks, and other shorebirds. The lagoon contains a wide
variety of habitats, including open water, nontidal flats, nontidal coastal saltmarsh,
brackish marsh, and brackish woodlands. Because of the wide range of
environmental quality on a seasonal basis at Batiquitos Lagoon, the overall quality of
the lagoon for both fish and birds ranges from excellent to poor based upon climatic
conditions and the lack of tidal influence.

Project Description

Following the completion of the feasibility study, a Draft Environmental
Impact Report/Environmental Impact Statement, was undertaken to establish project
alternatives that would subsequently be evaluated as a joint environmental impact
analysis under the California Environmental Quality Act and the National
Environmental Protection Act. The overall construction objective of the Batiquitos
Lagoon Enhancement Project is to restore tidal action to the lagoon through the
installation of a non-navigable tidal inlet structure and by dredging the lagoon to



produce adequate subtidal and intertidal zones that would create an adequate tidal
prism to ensure tidal flushing. Other secondary objectives include:

The disposal of approximately 3.5 million cubic yards of dredged lagoon sand
on two adjacent beach sites in an attempt to renourish these currently sand
depleted beaches;

Construction of nesting sites for the federally endangered California Least Tern
and other shorebirds that would be available during a variety of lagoon surface
water level conditions;

Replacement and/or rehabilitation of those bridge structures impacted by tidal
flushing and increasing currents;

Installation of a pedestrian and emergency accessway over the proposed tidal
inlet to provide continual lateral beach access.

An expanded evaluation of alternatives to enhance Batiquitos Lagoon was
prepared in the Draft EIR/EIS. The alternatives described a wide range of lagoon
enhancement proposals that would meet the objectives of both the resource and
wildlife agencies and the general public. The alternatives are described below.

The No Project Alternative involves no enhancement of Batiquitos Lagoon.
The lagoon would continue to be closed to the ocean except when breached for
flood control or by storm conditions. Extreme changes in physical conditions within
the lagoon would continue to occur on an annual cycle. The overall condition of the
physical environment would continue to degrade overthe next 40 to 50 years.

Alternative A involves a fully tidal lagoon with substantial dredging of
materials depending upon the selected disposal alternative. Over-dredging the
Central Basin would be required to create a disposal area for the deposit of finer
sediments and other materials not suitable for beach disposal. Dredging quantities
for Alternative A range from 3.1 to 5.2 million cubic yards. The mean diurnal tidal
prism associated with Alternative A is approximately 70 million ft3. The West and
Central Basins would be excavated to -5.5 feet MLLW. The East Basin would be
excavated to a general depth of -2.5 feet MLLW. Intertidal slopes would be created
generally steeper than the other project alternatives ranging from 1:10 to less than
1:20, with most slopes steeper than 1:100. A4-acre California Least Tern nesting
site island with an elevation of 10.0 feet MLLW would be created in the West Basin
with three other sites totaling 30 acres in the East Basin.

Attemattve B involves a fully tidal lagoon with dredging and disposal
quantities rangingfrom 2.6 to 4.1 million yd3. The conditionsof the West and Central
Basins would be the same under Alternative B as Alternative A. In the eastern half
of the East Basin, the width of the subtidal area would be approximately 200 feet
narrower. Lagoon bottom slopes would average steeper than 1:230. The number
and size of the proposed California Least Tern nesting sites would be the same as
proposed for Alternative A. The mean diurnal tidal prism associated with this
alternative is approximately 64 million ft3.

Alternative C involves a fully tidal lagoon with dredging and disposal quanti
ties ranging from 2.4 to 3.6 million cubic yards. The conditions of the West and



Central Basins would be the same under Alternative C as Alternative A. In the East

Basin, the floor of the lagoon at elevation -2.5 feet MLLW would average
approximately 150 feet wide. Lagoon bottom slopes would average steeper than
1:230. The number and size of the proposed Least Tem nesting sites would be the
same proposed for Alternative A. The mean diurnal tidal prism associated with this
alternative is approximately 61 million ft3.

A tidal prism of 60 million cubic feet is considered the minimumsufficient to
maintain a continuously open tidal inlet at Batiquitos Lagoon. Consequently, several
other alternative designs, referred to as Alternative D (Intermittent Tidal Alternative),
Alternative E (Managed Inlet Alternative), and Alternative F (Water Level
Management Alternative) were determined to have an insufficient tidal prism and
therefore judged not to meet Enhancement Plan goals.

The Preliminary Design Report and the Final Environmental Impact Re
port/Environmental Impact Statement for the project outlined the equipment,
materials and construction schedules expected for the development of the proposed
project. Project construction sequencing will be essential to the potential success of
the project. Dredging activities could vary from six months to two years in duration
depending on the equipment and scheduling outlined during final design and
subsequent construction. Construction would proceed in phases so that only limited
portions of the lagoon are subjected to disturbance at any one time. A conceptual
18- to 24-month construction schedule was developed utilizing the following critical
path components:

Equipment Mobilization. Equipment mobilization would begin during the
summer months. Activities associated with this effort include establishing con
struction staging sites and installing required support facilities; establishing the fuel,
oil, and other equipment related fluids storage site and necessary containment
facilities; establishing the tidal inlet and bridge construction/rehabilitation staging
areas; and installing required administrative, management, safety, and related
support facilities.

Tidal Inlet The construction of the jetty and tidal inlet structures constitutes
a primary work activity. This construction would be initiated in the fall to avoid high-
use periods by the general public on adjacent public beaches.

Dredging. Dredging of the West and Central Basins would begin in the fall
and continue until March of the next year when it would be terminated to preclude
disturbance to local Least Tern nesting areas. It is anticipated that a floating dredge
with a 12-inch- to 14-inch-diameter nozzle would be suitable for dredging operations
in the West Basin. With equipmentof this size, dredging of the West Basin could be
completed in approximately one to two months. Dredging of the Central Basin is
anticipated to require two floating dredges with 20-inch-to 24-inch-diameter nozzles.
The Central Basin would be over-dredged to accommodate the disposal of fine
sediments subsequently dredged from the East Basin. The East Basin can be
dredged in several ways, depending upon the preference of the contractorselected
for the project.Twosmall floating dredges operatingconcurrently with other dredging
operations in the Central Basin could accomplish East Basin dredging, although it
would take longer. Another way to dredge the East Basin would require multiple
larger dredges moving in a west-to-east direction. This operation would occur
simultaneously with the operationof a single smallerdredge operating in the eastern
portion of the East Basin. Dredged sand materials from the western portion of the



East Basin could be deposited directly to the beach disposal site. The collection of
finer sediments would be transferred from the eastern portion of the East Basin to
the Central Basin disposal site during all dredging operations. A water elevation
control structure and silt curtains would be required under any dredging scenario.

Bridge Reconstruction and Rehabilitation. Construction of a new west Carls
bad Boulevard (U.S. Highway 101) bridge and rehabilitation of the four remaining
bridge structures would require completion prior to lagoon opening. Work on these
structures would be performed separately to allow traffic on U.S. Highway 101 to
use one for crossing while the other is under construction. Work associated with the
bridgeconstructioncould likely extend intothe California Least Tem nesting season,
because there are no sites near any of the bridge structures.

Special Areas Including Nesting Sites. Following the beginning of dredging,
two California Least Tern nesting sites totalinga minimum of 20 acres would need to
be constructed and available during the nesting season. The balance of the newly
created nesting site acreage would be constructed as dredged materials are
available and scheduling permits.

A number of other construction activities are associated with the project
including:

Fuel, oil and materials storage;
Fuel, oil and materials transfer station;
Inletand jetty construction materials storage;
Water intake structures;
Dredge launching ramps;
Bridge revetments;
Pipeline route for beach sediment disposal;
Bridgeconstruction materials and equipment on public beach; and
Public information, trafficcontrol and safety.

The specifics of these and other construction activities are the subjects of
both final design and conditions of approval of the various regulatory and wildlife
agency permits and approvals required of the project.

Environmental Process

The Preliminary Design Report was completed and published in early 1988.
The Cityof Carlsbad and the U.S. Army Corps of Engineers, as lead agencies under
the California Environmental Quality Act and the National Environmental Protection
Act, respectively, initiated the project EIR/EIS process, including formal public
scoping in July 1988. Public workshops on the Draft EIR/EIS content were held from
July through October 1988 with the formal Draft EIR/EIS document released for
public review in early May 1989. A 75-day public comment period on the draft
document closed in late July 1989.
The public comment period on the Draft EIR/EIS resulted in 45 letters with 1,195
individual comments. Publiccomments, as well as those received formally from the
regulatory and wildlife agencies, assisted in determining the scope of the Final
EIR/EIS. During the period of January through April 1990, several meetings were
held with various agencies and public interest groups to discuss the approach*,



content and progress of the Final EIR/EIS. In association with those meetings,
responses to all of the comments were completed and the Final EIR/EIS was
published in June 1990. Thereafter followed two local agency public hearings
resulting in the certification by the City of Carlsbad of the Final EIR/EIS in August
1990.

Mitigationand Monitoring Plans

The mitigation plan developed for the Batiquitos Lagoon Enhancement
Project was designed to be implemented with the mitigation monitoring plan. The
mitigation plan describes the measures that would be employed in order to minimize
or eliminate each impact resulting from project implementation. These mitigation
measures apply to all of the project alternatives considered in the Final EIR/EIS. The
mitigation measures address anticipated impacts resulting from the three stages of
project construction including:

Preconstruction planning and site preparation;

Construction activities; and

Post-construction activities associated with termination of construction and
restoration of the site.

As the lead agency for the project, the City of Carlsbad will be responsible
for managing the implementation of the mitigation plan for the Enhancement Project
through the creation of a Mitigation Monitoring Group. This group will implement the
plan and be responsible for its monitoring and documentation in accordance with the
plan as outlined in the Final EIR/EIS. Those impacts identified in the Final EIR/EIS
requiring mitigation include:

Structures;
Water quality;
Air quality;
Fish and wildlife;
California Least Tern;
Western Snowy Plover;
Belding's Savannah Sparrow;
Coastal resources;
Recreation;
Transportation and circulation;
Noise;
Public health and safety; and
Post construction restoration.

An important mitigation measure for several of the existing resources at
Batiquitos Lagoon is the timing of construction activities to minimize the extent of
disruption and to avoid critical time periods for wildlife at the lagoon. Continuous
monitoring of construction activities to ensure that significant resource elements are



not inadvertently damaged or destroyed will be required. The mitigation monitoring
plan will provide a vehicle to monitor and document the effectiveness of the
mitigation measures for the project. This plan was prepared conceptually to comply
with the requirements of the interested resource and wildlife agencies' responsibili
ties to monitor the implementation of the mitigation measures identified in the Final
EIR/EIS. The mitigation monitoring plan's objectives include:

To establish a framework for supervising and monitoring the implementation of
planned mitigation measures;

To provide a mechanism for initiating corrective action if mitigation measures
are deficient, omitted or not implemented properly; and

To ensure that both the implementation of mitigation measures and the outcome
of corrective actions are fully documented.

The Mitigation Monitoring Group will consist of five individuals who will be
responsible for ensuring that the mitigation measures are implemented or, alter
natively, documenting deviations in the plan. The group will include:

Representative of the City of Carlsbad;
Construction manager;
Construction contractor;
Environmental consultant; and
Environmental monitor.

The group will, collectively, certify as to the implementation of the mitigation
monitoring plan to both the City of Carlsbad and the resourceand wildlife agencies.
Upon completion of both construction and the monitoring plan, the project will
become the responsibility for the purposes of maintenance and operations of the
California Department of Fish and Game, as stipulated in the project MOA. The
MOA additionally established a maintenance fund sufficiently capitalized to ensure
funding for the perpetual maintenance and operation of the Batiquitos Lagoon
Enhancement Project.

The Future of the Batiquitos Lagoon Enhancement Project

On March 21, 1991, the California Coastal Commission approved the
Batiquitos Lagoon Enhancement Project, finding the project to be consistent with the
California Coastal Act, and concurrently approved the required Coastal Development
Permit. On Sept. 11, 1991, the California Coastal Commission amended its approval
of the Enhancement Project by adopting what is referred to as the "Mitigated
Alternative B" project alternative.

As of March 1, 1992, issuance of the Section 404 Permit was pending from
the U.S. Army Corps of Engineers, Los Angeles District Office. As of this date, final
permit conditions were being drafted.

In May 1991, the Sierra Club and the Buena Vista Audubon Society
petitioned the County of San Diego Superior Courtfora writ of mandate, the petition



of which was subsequently amended in November 1991. The petition alleges several
causes of action challenging the underlying project concepts, failure to adopt the
"least environmentally damaging alternative," inconsistencies with the California
Coastal Act, and a number of other alleged violations of the California Public
Resources Code. Without discussing the merits, as of March 1992 negotiations
between the petitioners and the various respondents were underway. The current
litigation has suspended final design engineering activities and other project
development tasks necessary to implement the "Mitigated Alternative B" at Batiquitos
Lagoon.

The proposed Batiquitos Lagoon Enhancement Project represents one of
the first multi-agency mitigation and restoration projects of a coastal wetland along
the Pacific Coast. The project is intended to be an example of off-site mitigation
resulting from impacts caused by major infrastructure development which would
otherwise be incapable of on-site mitigation. Cost estimates for the "Mitigated
Alternative B" project approach $40 million, including the establishment of the
ongoing maintenance fund for the completed Enhancement Project. Resolution of
the current litigation is anticipated during 1992, with construction tentatively
scheduled to begin in 1993.

References

California Coastal Conservancy. 1987. Batiquitos Lagoon Enhancement Plan. Draft 1986,
revised draft.

CH2M Hill Incorporated. 1988. Preliminary Design Report for Batiquitos Lagoon Enhancement
Project. Revised draft.

CH2M Hill Inc. 1989. Batiquitos Lagoon Enhancement Project Draft EIR/EIS. Prepared for City
of Carlsbad. California, and U.S. Army Corps of Engineers. Los Angeles District.

10



11

o
o
a

3



REGULATED DEVELOPMENT IN COASTAL WETLANDS:
AN ANALYSIS OF TRENDS

IN THE SECTION 10/404 PERMIT PROGRAM
IN PORTIONS OF THE UNITED STATES
Michael Ludwig, Susan Mello and Tamra Faris

National Marine Fisheries Service

In the past two decades federal, state and local government regulatory
communities have developed and implemented progressively more conservative
wetland protection programs. These programs have evolved largely in response to
declining habitatand resources, escalating pressure to protect those dwindling com
modities and legal action. They have been legislated, Implemented, adjudicated and
revised in a cycle of action and response by the environmental and development
communities. This process of action and reaction has fostered ill-will, misunder
standing and court actions even in the same branches of government. The conflict in
the federal government over the U.S. Army Corps of Engineers and the
Environmental Protection Agency's (EPA) Memorandum Of Agreement (MOA) on
Mitigation and the release of the Bush administration's Comprehensive Plan for
Wetlands along with the associated revised Wetland Delineation Manual are
examples.

In 1988 President Bush made a campaign promise that under his
administration there would be no net loss of wetlands. This statement was made in
response to findings, including the 1988 Conservation Foundation report, that the
United States has lost approximately half of its pre-colonial wetland acreage. Today
a stressed economic climate and the belief that environmental protection must be
restrained is limiting our ability to protect the remaining half. However, it is widely
held that loss of habitat, like vegetated wetlands, is a major cause of the decline of
most of the U.S. fishery resources.

One of the National Marine Fisheries Service's (NMFS) responsibilities is
the application of the Fish and Wildlife Coordination Act (16 U.S.C. 661 et seq.) to
federally authorized activities. We are joined in these efforts by the U.S. Department
of the Interior and our counterparts at state fish and wildlife agencies. This
coordination group, in turn, is typically joined by representatives of the EPA.
Routinely, our collective mission is assessment of the public interest and envi
ronmental impact of construction in waters of the United States. The "lead agency"
role in the review process is the responsibility of the local district unit of the
Engineers (Executive Order 11574). The NMFS has found that this regulatory
processis considering virtually all of the activities in the coastal zone (Mager, 1987).

Corps of Engineers' permit requests are typically activities regulated under
Section 10 of the Rivers and Harbors Act (33 U.S.C.A. 403), Section 401 and 404 of
the Clean Water Act (33 U.S.C. 466 et seq.). Section 103 of the Marine Protection,
Research and Sanctuaries Act (33 U.S.C. 1401 ef seq.), the Magnuson Fishery
Conservation and Management Act (16 U.S.C. 1601 et seq.) and the Coastal Zone
Management Act (16 U.S.C.A. 1451-1464). The Corps reports that in 1989
approximately 44,000 permit requests were processed. In 1990 and 1991 those
values rose to about46,000and 48,000 respectively. In all three years slightly more
than half of the requests were dealt with under the Nationwide Permit (NWP)
Program (USACE, 1992). The method of counting these actions varies from region
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to region. The variation has some aspects of the recollections of recreational
fishermen in that the size and difficulty of the catch varies with the telling.

Over the past two decades the level of regulatory involvement in wetland
issues has been shaped by legislative and judicial action. However, there is no
unified method of interpreting or applying the regulations. Compounding these
problems are the effects of decentralized command and control and a reluctance by
all of the regulatory agencies to apply environmentally conservative interpretations to
the regulations. Although there have been some attempts to provide a more uniform
regulatory process (including the Corps of Engineers Regulatory Guidance Letter
program), no action to date has been a complete solution to the inconsistencies of
application review. However, a recent expansion of the regulatory monitoring role in
the Office of the Chief of Engineers does show potential value. On the negative side,
draft language for the revised 404(Q) interagency MOA for regulatory conflict
resolution appears so restrictive that, if accepted, this avenue will be virtually
unusable. Additionally, the nature of the final revisions to the Wetlands Delineation
Manual remain unclear.

Mitigation of adverse impacts has always been a portion of construction
activities. It gained favor and increased importance with the passage of the National
Environmental Policy Act (42 U.S.C.A. 4371 et seq.). Almost immediately,
proponents and opponents of mitigation began the process of evolving implementa
tion procedures in regulatory actions. Success, initially measured by the amount of
"green" on a site at selected times, quickly proved an elusive goal. Generic attempts
to provide construction guidance suffer from a lack of specificity and continue to rely
on the faulty, amount of green at time x.

By the mid-1980s mitigators were receiving mixed messages: develop site-
specific wetland-creation plans. But success applying such plans was unlikely. This
conflict reached its zenith in 1989 when wetland biologists across the United States
released technical and grey literature reports filled with adverse findings on the
success of earlier mitigation attempts. Most notable were the determinations that
long-term success, in terms of vegetative survival, can be measured only after the
third or fourth growing season and that full establishment of functional values may
not be visible within 50 years. Additionally, the crucial role of hydrology in marsh
management procedures was identified.

The Atlantic Coast and Southwest are particularly focused hot-spots of
mitigation investigation. As a result of the adverse publicity, wetland mitigation pro
posals began a decline that has almost swept them from applicant's options list.
NMFS still seeks wetland mitigation but with a more cautious approach. Atlantic
states continue to seek wetlands creation but often require use of a recognized
wetland expert and a thorough mitigation plan (see NWP #27). Success has yet to
be defined. Never a significant component of Alaska regulatory action, wetland
mitigation remains a novelty.

In an attempt to track the regulatory activities occurring across the nation,
NOAA/NMFS began a data-gathering effort during the past decade. We have been
able to determine such things as the frequency of incorporation of our recommenda
tions in permits and identify potential habitat losses by NMFS region. In some areas
we can subdivide our data by individual Corps of Engineers districts. With these data
we are able to identify, to some degree, how each of the 38 Corps districts within
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the nine divisions that NMFS deals with apply the national regulations and our
recommendations to their local situations.

Portions of the NMFS data collected from 1988 to 1991 were selected for a
viewof the nation's regulatory actions. In 1988 and 1989a variety of developmental
and innovative measures were espoused, authorized and implemented across the
nation. The use of large platforms rather than fill for residential and commercial
space in harbors, barge-mounted prisons, helicopter and vehicle holding areas and
wetland creations that incorporated a full mixture of possible species were all being
considered. In 1990and 1991, overdevelopment, slumping oil exploration, mitigation
implementation problems and the need to maximize the return on investments were
contributory to a marked downturn in these applications. Coastal development as
recently as early 1990 included a moderate level of wetland creation/enhancement
as mitigation for real and perceived impacts on the construction site.

Mitigation is often made possible by the availability of land that is not
integral to the development. By late 1989, waterfront real estate had become so
valuable and the market so stressed that to achieve a return on investment,
activities without economic benefit were precluded. Bymid-1990 projects were being
abandoned and unnecessarycomponents of those actions advancing to construction
were often postponed. The postponed elements routinely included the mitigation
measures. Occasionally, the mitigation features were not done because the property
where it was to occur became needed to enhance the profit margin. These actions
shifted the work from environmentally compatible or even beneficial toone requiring
regulatory enforcement.

In many residential areas, once waterfront property has been secured,
access to deep water becomes the most frequent permit request. Dredging access
channels, boat basins and the construction of pile-supported piers across wetland
and shallow-water habitats creates the largest block of individual and cumulative
development activities along the East and Gulf coasts. The topography andoceanic
nature of the coastline in the West, as well as the commercial focus of harbor
development, has limited private, recreational expansion. In the Southeast,
impounding wetlands in Louisiana is the largest single sourceof habitat modification.

Two actions are limiting the ability to protect wetlands in Alaska. Because
of a limited availability of development property in population centers, the focus has
been on filling wetlands and nearshore zones for increased space. However, the
most insidious problem is the failure to apply the wetland analyses required under
Section 404 (b)(1) of the Clean Water Act. The latter problem is allowing coastal
wetland destruction to occur in a manner unlike anywhere else in the country. As a
result of the pressures anddisregard of regulations as well as the novel applications
ofstatistics, it is in Alaska that environmental consideration is receiving minimal lip-
service and even less application.

In 1988 the northeast region of NMFS responded to 1,511 requests to
modify more than 3,250 acres of aquatic habitat. By 1991 the number had declined
to 1,138 requests affecting approximately 830 acres. Mitigation proposals peaked in
1989 at more than 300 acres. Today it stands at less than 20 acres per year. In
1988 Alaska received 410 requests to fill 3,174 acres. In 1990requests remained at
almost 400 but acreage of impact had declined to approximately 1,850 acres as the
economic downturn settled in and NMFS recommendations were occasionally
accepted. There were no obvious requests to mitigate for wetland destruction in
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Alaska. In 1988, 3,935 projects were reviewed in the southeastern states. The
involved acreage was approximately 360,000. Mitigation proposals accounted for a
modest 1,827 acres. By 1991, requests had fallen to 3,341 and acreage to 20,753.
However, unsolicited mitigation had risen to approximately 4,100 acres.

Repair of the transportation infrastructure has become a major component
of both state and federal budgets. With the passage of the 1991 Intermodal Surface
Transportation Act renewal of interest in the pooling of wetland mitigation is
occurring throughout the country. This action builds on the concept of consolidated
mitigation. Because of the flexibility inherent in "marsh banking," it is preferred over
the more environmentally desirable options of on-site/in-kind and on-site/out-of-kind
mitigation.

Since the "need for green" mentality is still present, off-site/in-kind and off-
site/out-of-kind mitigation will probably be the dominant choices for linear projects for
the near future.

These regional data indicate also that there is a wide disparity in the
manner in which the Section 10 and 404 regulations are implemented. The disparity
is expected. Local issues and the need to determine site-specific impacts limit the
utility of generic concerns, i.e., while we agree that habitat protection is important,
the types receiving that protection vary from region to region. Polling a variety of
agency representatives we find regional or more local attitudes dominate the
decision process. In the Northwest, Northeast and portions of the Southeast and
Southwest, where environmental conservation has become institutionalized, the
regulatory community generally shapes decisions reflective of those attitudes. In
other parts of the Southeast and some parts of the mid-Atlantic, Southwest and Gulf
coasts environmental appreciation continues to be secondary to economic forces. In
the broad expanse of Alaska there is little evidence of regulatory commitment to
environmental considerations. Review of recent legislative and regulatory history is
most telling in this regard. Of particular concern is the "one-percent rule." Elements
of both EPA and the Corps of Engineers have indicated theirdesire to allow a much
more liberal wetlands destruction policy in states which have less than a one-percent
loss of their wetlands. Alaska is such a state.

Perhaps no region of the United States suffers more from the use of
statistics than does Alaska. With estimates of more than 170 million acres of
wetlands it is easy to state that humans have impacted less than 0.05 percent.
However, many of these millions of acres are tundra. If we focus solely on coastal
wetlands, where much of the development has occurred, we are looking at a re
source of approximately 21 million acres. Comparing impacted acres to this more
representative acreage causes the percentage of loss to rise. If the coastal wetlands
are divided into vegetated and non-vegetated acreage, the vegetated, nearshore
areas at risk are some 357,000 acres. However, these nearshore habitats are the
first to be filled owing to the minimal cost involved.

While it is inappropriate to suggest that all wetland loss in Alaska has been
in coastal vegetation, it is possible to infer from these data that the development
impact has occurred disproportionately in this habitat and has resulted in a loss of
around 10 percent. In Juneau, the loss since 1948 exceeds 13 percent. The
Anchorage area habitat loss is estimated at approximately one-third of the original
vegetated coastal wetlands. Applying the "one-percent loss" concept to Alaska
means that all coastal vegetated wetlands could be forfeit without approaching the
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magical action point. Coastal systems are vital to the well-being of the Alaskan
fishery resources. The impacts of habitat destruction are, in all likelihood, being
experienced. Evidence of this impact is available from landing statistics that reveal a
marked decline in stocks.

The national perspective, viewed from the regional level, appears equally
gloomy. The recent activities regarding the Wetlands Delineation Manual, the
proposed use of categorization of wetland "values," the shift in reasoning in the draft
404(Q) MOA and the special interest espousal that environmental regulations are
regressive during this economic period all bode poorly for the institutionalization of
protective wetland policies. Because the social costs of habitat degradation are not
directly experienced or readily perceptible, individual actions by regulators and
developers may appear to have minimal environmental harm. Having a history of
authorizing all but the most egregious encroachments has sustained those
perceptions. Nationwide, about 20,000 acres of coastal wetlands are lost annually
through these authorizations and natural forces (Alexander et al., 1986). Now, when
22 states have lost the majority of their wetlands, the fishing industry no longer
provides even 50 percent of the seafood consumed nationally and flood damage
occurs more frequently and with greater cost to society, it is disheartening to see
that even the modest measures of conserving aquatic resources over the past two
decades are under attack.
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Abstract

The shoreline of the Galveston Bay estuary is eroding at an average annual
rate of four feet. The Galveston Bay National Estuary Program has identified shore
line erosion and the subsequent loss of wetland vegetation as two of the four priority
problems in Galveston Bay. Loss of wetland habitats and coastal erosion will
continue unless low-cost effective measures are developed and implemented for
shoreline erosion control and habitat enhancement. Once established, smooth
cordgrass, Spartina alterniflora Lois, provides an effective means of shoreline
erosion protection.

The Texas A&M University Marine Advisory Service and the USDA Soil
Conservation Service initiated a project in 1989 with funding from the Galveston Bay
National Estuary Program to study the impacts of vegetative shoreline erosion
control measures in Galveston Bay. Smooth cordgrass was transplanted in three
sites in Galveston Bay. Each site has different shoreline configurations, salinity
regime, and soil types. Transplant survival data were documented by site during the
study. Baseline erosion rates and fisheries species abundance data were collected
at the three sites during the study prior to wetland creation. Data collected during
this study represent only preliminary findings. A monitoring program throughout the
term of the grant may indicate other significant long-term impacts of wetland crea
tion. Species of fishes and shellfish mentioned in this paper are listed in Table 1.

Introduction

Coastal salt marshes are a very valuable resource. They serve as a
nursery for over 90 percent of coastal marine organisms in the Gulf of Mexico.
Under favorable conditions, they will produce more vegetation than almost any
ecosystem on earth. The production will far exceed the production of any intensive
agricultural crop. Tidal marshes are also important in the storage and assimilation of
nutrients from the surrounding estuarine waters. They are also very important in
trapping sediment and reducing turbidity in runoff water. Marshes are important in
reducing flood control impacts by storing floodwater and releasing it slowly after
peak flow. In many situations these coastal wetlands also stabilize shorelines and
afford protection to upland areas during storms by absorbing and dissipating wave
energy.

Coastal wetlands in the Galveston Bay complex are rapidly disappearing.
Channelization, salt water intrusion, pollution, shoreline erosion and the possible
impact of sea level rise are contributing factors to the loss of coastal wetland
habitats (White et al., 1965).Wetland surveys conducted in Galveston Bay between
1956 and 1979 indicate that approximately 25,000 acres or 16 percent of its coastal
marshes have been lost (Paine and Morton, 1966).
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Transplanting vegetation to re-create lost wildlife habitat and mitigate
impacts of shoreline erosion has been used with success in Louisiana wetlands
(Cutshail, 1985) and in Galveston Bay (Webb and Dodd, 1976).

Vegetative shoreline erosion control methods will not work in all cases
along the Texas coast. Conditions where steep banks and/or deep water
predominate are not conducive to vegetative treatment. However, where bay
bottoms have a gradual slope, suitable soils and proper salinity range, this
vegetative method can be applied.

The objectives of this study are to:

Demonstrate to local landowners, organizations, and state and federal agencies
an alternative to traditional expensive shoreline erosion control measures
through a vegetative transplant method using smooth cordgrass which has been
proven to effectively halt shoreline erosion.

Test vegetative shoreline erosion control measures under different shoreline
and environmental conditions.

Document transplant survival at three sites in Galveston Bay.

Document fisheries abundance and utilization by site.

Description of the Study Area

The authors identified three sites to be treated vegetatively during the first
year of the study.

Trinity River Delta. The Trinity River delta is eroding at an average annual
rate of five feet. Records from the Trinity River delta from 1935 to 1980 show a
continuous decline in the suspended sediment load beginning in 1950, coincident
with the increased dammed reservoir capacity (White et al., 1985).
The site chosen has a southwestern exposure with a fetch of 20 miles. The present
vegetation consists of alligator weed, Alteranthera philoxeroides Griseb. and
Common Reed, Phragmites australis Trin. There is no intertidal vegetation but there
are numerous plant roots and crowns exposed that give support to a rapidly eroding
shoreline.

The soil is classified as a Harris clay at Site 1. The substrate is a soft,
freshly accumulated alluvial clay. The slope of the bottom is very gentle with
approximately 20 feet of exposed mud at low tide. There is a small amount of
California bulrush (Scirpus americanus Pers.) in the emergent zone but it does not
appear to be spreading.

Little Cedar Bayou (City of LaPorte, Texas). Site 2 is located approximately
one-half mile south of Sylvan Beach Park in LaPorte, Texas. The shoreline along the
bay is protected by concrete rip-rap and bulkheading. No erosion protection exists
for the mouth of Little Cedar Bayou.

It is the opinion of the authors that ship wakes generated by vessel traffic
on the Houston Ship Channel contributes to most of the erosion problems at this
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site. Fetch is less than one mile and water currents originating upstream are
minimal.

The soil is classified as a Vamont clay. The substrate is a sterile yellow
clay. The slope is approximately three percent and the exposure at low tide is
approximately 20 feet. No vegetation exists on the shoreline. Numerous trees have
recently washed into the bayou as a result of the sloughing bank. The estimated
erosion rate is approximately eight feet per year (City of LaPorte Parks and
Recreation Department, pers. comm.).

Taylor Lake. Taylor Lake is a tidal lake associated with the waters of Clear
Lake on the west side of Galveston Bay. Site 3 has been impacted heavily in the
past by subsidence and shoreline erosion. Numerous tree trunks seaward of the
shoreline indicate evidence of recent subsidence and erosion. The authors estimate
the erosion rate at Site 3 to be three feet per year. The bottom slope is very gentle
and the tidal range is very slight. The soil series at TaylorLake is Vamont clay with
a very dark clay substrate.

The site has a northern exposure of about one mile. All sides of the lake
appear to be eroding at approximately the same rate. Emergent vegetation is not
present at this site. Taylor Lake appears to have been a fresh water swamp at one
time but has been dramatically altered by salt water intrusion and subsidence.

Materials and Methods

U.S. Army Corps of Engineers General Permits and easements from the
General Land Office were obtained to carry out demonstration plantings of smooth
cordgrass at each site in the study.

Wave Barrier Construction. Prior to conducting transplanting efforts at all
sites in the study, an artificial wave barrier was constructed approximately 50 feet
from the mean high tide elevation (Figure 1). Strips of used cargo parachutes and
plastic barricade fencing materials are attached to three-inch diameter wooden fence
posts. The installation of the wave barrier protection increases the success for
smooth cordgrass establishment. The barrier dissipates some of the wave energy,
thus protecting the cordgrass transplants until they are rooted and well-established.

Single stems of smooth cordgrass were transplanted between the natural
shoreline and the wave barrier in the intertidal zone. All transplants were spaced on
three-foot centers. A planting unit consists of a single plug containing from one to
four culms.

Transplants obtained for the study were sprigs or plugs from native plants
growing in the general area. Transplant harvesting was randomly spaced across the
area to avoid damage to the natural stand.

Fisheries Collection Methods. Fish and shellfish were collected during this
study using a 20-foot "common sense" minnow seine with one-eighth-inch mesh.
Two 50-foot seine hauls periodically were conducted at each site adjacent to the
transplant plots to determine initial species diversity and relative abundance. Fish
and shellfish collected at all sites were identified, enumerated, recorded and
released.
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Results and Discussion

Trinity River Delta. A single plot of smooth cordgrass was placed along the
bay side of the west bank of the Trinity River delta. The plot measures approxi
mately 0.14 acres. The wave barrier protection method used at this site consisted of
plastic snow fence completely encircling the plot.

There were a total of 721 plants transplanted at this site. As of October
1991, only 141 plants had become established for a 20-percent survival rate (Figure
2).

Significant unforeseen problems with predators occurred at Site 1. Evidence
of high nutria, Myocaster coypu Molina, predation was present. The authors recently
began documenting large concentrations of nutria estimated at over 30 per acre
consuming not only the transplanted plot, but also all native vegetation. Because of
this predation, Site 1 will require re-transplanting and extra predator protection.

White shrimp and brown shrimp numbers dominated the catch at Site 1
with 53.2 and 12.5 percent of the catch, respectively (Table 2). Other species cap
tured at Site 1 include Atlantic croaker, sheepshead minnow, bay anchovy, Gulf
menhaden, Gulf killifish, spot, blue crab, and striped mullet.

Little Cedar Bayou. A single plot of smooth cordgrass was transplanted
along the south shore of the mouth of Little Cedar Bayou in LaPorte. Wave barrier
methods implemented were a double row of used cargo parachutes. Several fallen
trees had to be removed from the transplanting site to prepare the site for
transplanting.

A total of 497 smooth cordgrass plants were planted at Site 2. To date, 428
plants or 86 percent are surviving (Figure 2). Regular maintenance of the wave
barrier protection is necessary to minimize the impact of ship wakes on the newly
established plants.

Significant pressure has been exerted on the parachute barrier causing
periodic wave barrier failure. Cross-section reference benchmarks have been placed
on treated and untreated shoreline to determine erosion rates and the long-term
effectiveness of vegetative shoreline treatment.

Bay anchovies dominated the catch at Site 2 with 36.2 percent (Table 3).
White shrimp (19.2 percent), Atlantic croaker (18.5 percent), and spot (10.9 percent),
were also captured at Site 2. Site 2 proved very difficult to collect fisheries samples
because of numerous underwater obstructions. Therefore, the sample size at Site 2
was significantly lower than other sites.

Taylor Lake. Four plots of smooth cordgrass totaling 0.66 acres were estab
lished at the Taylor Lake site. Plastic snow fence was placed around the transplants
to serve as wave barrier protection and to protect plants from unanticipated predator
problems. Single stem transplants were placed on three-foot centers.

A total of 1,333 plants were planted at the four plots at Site 3. A total of
1208 plants were alive at the end of 60 days for a survival rate of 91 percent (Figure
2).

Predation from whitetail deer, Oidocoileus virginianus Zimmermann, was
significant at Site 3 initially. Two plots required re-transplanting efforts due to the
predation.

Overall success of plant survival at Sites 2 and 3 was sufficient to assure
wetland creation. The most significant problems encountered in the study were
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related to herbivore predation. Natural vegetation is absent from most of the
severely eroding areas in Galveston Bay. The authors believe that this not only
contributes to the problem of shoreline erosion but to a decline in the productivity in
the bay and a deterioration in the overall water quality.

White shrimp were most abundant at Site 3 with 28.2 percent of the catch
(Table 4). Tidewater silversides and Gulf killifish were also abundant in the catch,
having 18.1 and 13.0 percent of the catch, respectively. Although it is too early to
confirm, the authors have recently noted increased utilization of the newly created
plots of smooth cordgrass particularly at Site 3 by fish and shellfish.

Future efforts should include better methods to protect young transplants
until established. It is felt that once established, the created wetlands will survive
assaults by predators and chronic wave energy. Another long term objective will be
to use the benchmark data to document the erosion rate for each site. Additionally,
the authors plan to collect additional fisheries abundance data over time to
determine if fish and shellfish species increase utilization of these newly created
plots of smooth cordgrass.
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Table 1. Scientific names of fishes and shellfish used in this paper.

White shrimp
Brown shrimp
Blue crab

Grass shrimp
Sheepshead minnow
Gulf killifish

Longnose killifish
Rainwater killifish

Sailfin molly
Bay anchovy
Tidewater silverside

Rough silverside
Striped mullet
Gulf menhaden

Atlantic croaker

Sand trout

Spotted sea trout
Red drum

Spot
Sea catfish

Spadefish
Bay whiff
Pinfish

Hog choker
Bluefish

Penaeus setiferus Linnaeus

Penaeus aztecus Ives

Callinectes sapidus Rathbun
Palaemonetes pugio Hoithuis
Cyprinodon variegatus Lacepede
Fundulusgrandis Baird and Girard
Fundulus similis Baird and Girard

Lucania parva Baird
Poecilia latipinna Lesueur
Anchoa mitchilli Valenciennes

MenidiaberyllinaCope
Membras martinica Valenciennes

Mugil cephalus Linnaeus
Brevoortia patronus Goode
Micropogonias undulatus Linnaeus
Cynoscion arenarius Ginsburg
Cynoscion nebulosus Cuvier
Sclaenops ocellatus Linnaeus
Leiostomus xanthurus Lacepede
Ariopsis felis Linnaeus
Chaetodipterus faber Broussonet
Citharichthys spllopterus Gunther
Lagadon momboides Linnaeus
Trinectes maculatus Bioch and Schneider
Pomatomus saltatrix Linnaeus

Table 2. Relative abundance of fish and shellfish captured at Site 1.

Species No. captured Relative abundance (%)

White shrimp 328 53.2

Brown shrimp 77 12.5

Sheepshead minnow 61 9.9

Bay anchovy 40 6.5

Spot 39 6.3

Striped mullet 28 4.5

Atlantic croaker 16 2.4

Blue crab 15 2.4

Gulf killifish 8 1.3

Gull menhaden 4

N = 616

0.6

24



Table 3. Relative abundance of fish and shellfish captured at Site 2.

Species No. Captured Relative Abundance (%)
Bay anchovy 96 36.2
White shrimp 51 192
Atlanticcroaker 49 18.5
Spot 29 10.9
Striped mullet 22 8.3
Sea catfish 11 42
Blue crab 5 1 g
Spadefish 1 q.4
Bay whiff 1 0.4

N = 265

Table 4. Relative abundance of fish andshellfish captured at Site 3.

Species No. Captured Relative Abundance (%)
White shrimp 215 28.2
Tidewater silverside 138 18.1
Gulf killifish gg 13.0
Sheepshead minnow 57 7,5
Brown shrimp 38 5.0
Grass shrimp 36 4.7
Rainwater killifish 29 3.8
Atlantic croaker 29 3.8
Blue crab 26 3.4
Spot 23 3.0
Bluefish (juv.) 16 2.1
Striped mullet 15 2.0
Bay anchovy 14 1,8
Gulf menhaden 5 0.7
Pinfish 3 0.4
Rough silverside 3 0.4
Sand Trout 2 0.3
Red Drum 1 0.1
Hog Choker 1 0.1
Sailfin molly 1 0.1
Spotted sea trout 1 0.1

N = 762
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Abstract

Satellite and airborne remote sensors have been used for several decades
to map the acreage of wetlands lost to natural processes and human activities.
Determining only the area of marsh lost, however, may not give an accurate
description of the total degree of environmental degradation. For example, a marsh
may have lost only 20 percent of its area, yet if the hydrology has been seriously
disturbed, the productivity of the remaining 80 percent may be onlya small fraction
of its previous level. In response to this and other needs, new remote sensing tech
niques have been developed that enable researchers to determine not only the
change in marsh area but also the marsh's biomass production and other indicators
of condition and functional health.

We have used Landsat Thematic Mapper and SPOT images to quantify
and map the distribution of live aerial biomass of tidal marshes along the East Coast
of the United States. Such biomass estimates were within 13 percent of those de
rived from ground-gathered radiance and harvest data. Above-ground and below-
ground biomass of Spartina altemiflora was harvested during the period of peak
aerial biomass from six sites along a latitudinal gradient from Georgia to Nova
Scotia. An equation relating live above-ground to live below-ground biomass for
short-form plants was formulated using data collected in Delaware marshes. When
data from the other sites were substituted into the equation, the mean live below-
ground biomass it predicted was within 15 percent of the value determined by
harvesting at four of the five sites.

Even though remote sensors can directly detect only the floral component
and not the faunal component of marsh productivity, we expect that these tech
niques will significantly enhance our ability to determine marsh condition and
functional health over large areas and at various repeat intervals. Biodiversity
(defined by the variety of species inhabiting the wetland) and sustainability (defined
as wetlands persistence over long periods of time) are two other condition indicators
that appear amenable to remote sensing.
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