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Abstract

The National Oceanic and Atmospheric Administration (NOAA) is a natural
resource trustee under a number of federal statutes. In 1989, NOAA began to de
velop a comprehensive program to address its natural resource trustee responsibil
ities. The program integrates the scientific, economic and legal disciplines into the
Damage Assessment and Restoration Program. This paper will focus on one
component of that program—restoration, the ultimate goal of the natural resource
trustee. The paper will provide a brief background on natural resource trusteeship. It
will then consider three aspects of restoration planning—program organization, role
of the Restoration Centerand restoration methodology.

Background

The National Oceanic and Atmospheric Administration (NOAA) serves as a
Federal natural resource trustee' pursuant to the Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA);* the 1988 amendment to the
Marine Protection, Research, and Sanctuaries Act (MPRSA);3 the Federal Water
Pollution Control Act (FWPCA);4 and the Oil Pollution Act of 1990 (OPA).s As a
natural resource trustee, NOAA must assess injury to trust resources caused by the
release of hazardous substances, the discharge of oil, or physical impacts for
resources located in national marine sanctuaries; pursue monetary recoveries for
suchinjuries andassessment costs from the responsible parties; anduse the money
recovered to restore, replace or acquire the equivalent of the injured resource.4

While these statutes define natural resources expansively,7 they do not
apportion them among the trustee entities. Rather each trustee determines its scope
of trusteeship based on resource statutes or other authorities that confer manage
ment, control or protective responsibilities for natural resources. Due to overlapping
statutory responsibilities, trusteeship for manyresources is sharedby several federal
and state trustees. Because of this shared trusteeship, NOAA coordinates closely
with its federal and state co-trustees. In cases of co-trusteeship, NOAA typically
proposes a memorandum of understanding that outlines the common goals and
procedures to be followed by the trustees and emphasizes consensus decision
making. NOAA believes that this cooperative approach is the most productive way to
achieve the common goal of the trustees, restoration of the injured environment
including its living marine resources.

Among the Federal trustees, NOAA is the principal trustee for the living and
non-living resources of the marine environment. Its trusteeship encompasses all
fishery resources of the exclusive economic zone (EEZ) of the United States, as well
as anadromous species and Continental Shelf fishery resources of the United
States, both within and beyond the EEZ; certain threatened and endangered species
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including designated critical habitat; certain marine mammals; and environmentally
sensitive areas.8

NOAA is actively involved in a number of cases on the East and West
coasts of the United States and the coast of the Gulf of Mexico. These sites

represent diverse habitats, resources and contaminants. NOAA works closely with
EPA at sites where remedial actions are underway in an attempt to have its natural
resource concerns addressed through that process. At sites where there is no reme
dial action underway or where the remedial action will not address NOAA's
concerns, NOAA first attempts to involve the responsible parties in the damage
assessment process. Should the responsible parties decline to participate, NOAA
will pursue litigation.

Organization

Although the role ofa natural resource trustee is nota newone for NOAA,9
it was not until 1989 that NOAA took the first steps to develop a comprehensive
program to implement fully its natural resource trustee responsibilities. In that year,
NOAA created the Damage Assessment Center (DAC) within the National Ocean
Service (NOS). The DAC is composed of natural scientists, economists and
administrative personnel. The DAC identifies sites of interest, assesses injuries to
trust resources and quantifies such injuries into monetary terms. In the same year,
the NOAA Office of General Counsel created a section of attorneys devoted solely
to natural resource trustee issues.

As settlement dollars became available, it became evident that NOAA
needed to refine its proficiency to implement the restoration mandated by these
recoveries. In 1991, NOAA established the Restoration Center within the National
Marine Fisheries Service (NMFS)which draws on the experience and expertise of its
scientists to provide the institutional focus necessary to identify and evaluate
restoration methodologies and research as well as to develop priorities and strat
egies for successful restoration. The Restoration Center became the final component
of NOAA's Damage Assessment and Restoration Program (DARP).

A multi-disciplinary team governs the DARP through a board of directors.
The board is composed of voting members from the NOS, the NMFS and general
counsel with advisory members from the Sea Grant Program, the Coastal Ocean
Program and the Strategic Policyand Planning Office.

While much of the DARP personnel is located in the greater Washington,
D.C. area, there is a growing emphasis on regionalization. Natural resource
attorneys are co-located with four of the five NMFS regional offices,10 and the DAC
scientists are located in two of the regions. The Restoration Center is in the process
of developing and building a network with the NMFS regional offices and science
centers in each of the five regions. Regardless of the geographic location, a team
composed of representatives of the Office of General Counsel, the Damage
Assessment Center, and the Restoration Center is assigned to each case. This early
integration of all of the relevant disciplines allows a comprehensive approach to all
stages at sites of concern from case development through implementation of
restoration.

Development of the DARP demonstrates NOAA's commitment to its
responsibility as a natural resource trustee. As part of this commitment, NOAA must
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develop more fully an understanding of the living marine resources, including their
habitats and provide information and technology to restore, replace and rehabilitate
injured natural resources. The newly established Restoration Center is crucial in
meeting this commitment.

Role of the Restoration Center

Through the process of identifying and understanding the successes,
failures, and limitations of habitat restoration activities, NOAA, through the National
Marine Fisheries Service, has been able to set the course for the future. This course
is NOAA's commitment to increase its in-house expertise in restoration and habitat
research to support NOAA's habitat conservation, enhancement and restoration
mandates. The mission of the Restoration Center includes:

Developing the national expertise and institutional focus required to address
research and development priorities now limiting the effectiveness of efforts to
restore, enhance, replace or acquire the equivalent of living marine resource
habitats;

Providing expert assistance in identifying and evaluating restoration
methodologies for specific cases during the damage assessment process which
is led by another NOAA component, the Damage Assessment Center;

Planning and executing the operational programs to restore NOAA trust
resources after successful settlement of natural resource damage claims by the
Damage Assessment Center and General Counsel; and

Providing advice and assistance to the NMFS Habitat Conservation Program's
process of reviewing applications for permits to modify coastal and nearshore
habitats based on state-of-the-science research and management information.

A concerted and coordinated effort by NOAA is particularly important now
with the increase in population development in the coastal counties; the requirement
of the NMFS to provide recommendations to habitat managers on permit appli
cations; the requirements of the Damage Assessment Center for information on
restoration methodologies; and the necessity to develop and implement restoration
plans after settling natural resource damage claims.

The Restoration Center is building on existing in-house expertise in the
area of restoration ecology. This program is not only designed to address the
shortcomings that are now being recognized in the science of restoration but also to
generate, implement and monitor restoration plans for sites associated with damage
assessment cases through interaction between co-trustees and the scientific com
munity. The Restoration Center will enhance the expertise within NOAA to conduct
research on restoration of functional values of critical living marine resource habitats
through augmentation of existing expertise and also through redirecting NMFS
research as appropriate. This emphasis on habitat function and restoration within
NMFS forms the basis of recommendations to habitat managers on permit review
activities and to the Damage Assessment Center on state-of-the-art restoration
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methodologies for restoration of areas injured by hazardous substances or oil. The
resulting strategy will lead to a policy of ensuring that responsible management
approaches and decisions will be based on the best scientific information available.

In addition to its goals to develop further its restoration expertise and to
apply such expertise to specific environments that have been injured, the
Restoration Center is developing policies that will guide the DARP as it approaches
restoration issues. The Restoration Center has emphasized to the DARP board of
directors the need for a comprehensive approach to working on cases, one that
begins when DARP initiates actions and continues to the point at which restoration is
complete. After the successful conclusion of a case, whether through litigation or
settlement, the leadership within DARP shifts from the Damage Assessment Center
and the Office of General Counsel to the Restoration Center. Nevertheless, the

involvement of each office is crucial throughout the process. This is critical from the
restoration aspect because the various methodologies and associated cost estimates
developed during the presettlement phase provide the bases for the development of
the actual restoration plan. The Restoration Center also intends to encourage public
participation throughout the restoration planning and implementation phase.

Restoration Methodology

Although NOAA has accepted the challenge to restore injured habitats, its
ability to achieve this goal successfully needs to be enhanced greatly. NOAA's expe
rience and the scientific data base in habitat restoration, which is extremely limited,
strongly indicates that although many techniques exist to create and restore coastal
habitats, the general process of habitat restoration and mitigation has not been
overly successful nor have there been many long-term evaluations of restoration
actions. Functional qualities of these habitats simply have not been restored
completely, and the stability of these resultant systems is unknown. This is
particularly the experience of the permit process with which NOAA and other
resource agencies interact with the U.S. Army Corps of Engineers." Sound, peer-
reviewed scientific information is required to propose effective restoration and
mitigation measures to minimize overall environmental impact. Further, restoration
and mitigation recommendations in the permit process must be enforced.

Many techniques for restoration and enhancement of physically damaged
habitat exist, and the development of new or replacement habitats is seeing greater
use. However, few of the techniques have been developed and implemented where
hazardous wastes have affected the habitat. Because there is a lack of basic

information on the functional values of major coastal estuarine habitat types, there is
no generally accepted definition of when a restoration action can be considered
functionally successful. Little effort has been devoted to restoration and mitigation
follow-up studies. Little information is available on the rates at which functioning
systems are restored, the influence of habitat type and geographic location on
recovery rates, and the resiliency of these restored habitats to natural and
anthropogenic stresses. Consequently, the success and existence of historic and
even current projects are poorly documented. Complicating this is the possibility that
approaches that have evolved historically for wetlands may not apply to areas where
there have been or are high levels of toxic contamination.
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A prerequisite for decision-making regarding habitat restoration and
success of these actions is a comprehensive knowledge of the functional value of
specific habitats. Intelligent management promoting production of living marine
resources is not possible without a fundamental understanding of how habitats
function to provide requisites for growth and survival orhow they differ in importance
between species under various circumstances. Such functional values need to be
soundly developed if resource agenciesare to make rational management decisions
regarding conservation of habitats, habitat loss and impacts, and restoration and
enhancement options.

The Restoration Center is structured to have direct input from researchers
in the development and implementation of its research plan. The NMFS has
identified the need for a coordinated research program of studies of estuarine and
coastal habitat restoration and mitigation that should attempt to address a number of
shortcomings. A primary objective is determining the ability of restored, enhanced, or
newly-created habitats to provide functional values that are equivalent to those of
natural habitats. The time-course for achieving this and the factors controlling the
process also are of interest. Data obtained from research on natural systems will be
used in establishing the variability of natural habitats, and in developing an
operational definition of successful restoration and mitigation. Restoration research
will incorporate experimental approaches in the laboratory, greenhouse, microcosm
andmesocosm, andinthe field, andwill be designed to address the development of
functional processes of restored habitats. This will require comparison with natural
systems and controlled conditions. Such research may require assessment of
physical, hydrologic and biological parameters. Initial field approaches will include
evaluating restoration and mitigated habitats over time and of varying ages and in
establishing experimental restoration sites. Long-term, nationwide observations will
be required. These research approaches also must be coupled with augmented
management evaluations on historic and current permit-related mitigation and
wetland loss rates.

To ensure a continued expertise in the field of habitat research, the NMFS
facilities will carry out research activities in specific areas of expertise and maintain a
current knowledge of research activities conducted by other recognized research
groups and institutions. The Restoration Center will be developing an information
database assimilating current activities as well as historic restoration activities.

To date, the Restoration Center has become an active participant in a
variety of programs and initiatives which are not directly related to the CERCLA or
the OPA cases but which have a direct impact on enhancing knowledge of habitat
restoration and understanding of the functional valuesof those habitats. In particular,
the Restoration Center is active with the NOAA/U.S. Army Corps of Engineers
Memorandum of Agreement which is designed to support restoration activities with
the possibility of conducting research at civil works sites. NOAA is actively involved
in the program developed pursuant to the Coastal Wetlands Planning, Protection and
Restoration Act (CWPPRA) which Congress enacted in 1990. This legislation,
commonly referred to as the Breaux Bill, establishes a Coastal Wetlands Trust Fund
and a CWPPRA Task Force to use the fund to develop a wetlands conservation
plan and projects to restore, conserve and enhance coastal wetlands in Louisiana.
The Breaux Bill also creates a wetlands conservation grants program for coastal
states which is administered by the U.S. Fish and Wildlife Service. Additionally,
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NOAA is an active participant in an Administration initiative called Coastal America,
which is designed to facilitate the communication and coordination of federal
agencies to work together and identify restoration projects that could be mutually
funded and implemented.

The end product of what has been presented is a NOAA effort that has
intermeshed the policy-making process with the research development. NOAA's
efforts to better understand the nation's coastal and estuarine habitats and marine

living resources today will enable NOAA to make responsible decisions tomorrow.
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Notes

1. The federal trustees are designated pursuant to Executive Orders 12580 and 12777 to carry
out natural resource trustee responsibilities under the CERCLA, the FWPCA and the OPA. In
those Executive Orders, the president has named as trustees the secretaries of Commerce,
Defense, the Interior, Energy and Agriculture. The secretary ofCommerce has delegated this
authority to the under secretary for oceans and atmosphere, who also serves as the
administrator ofNOAA. Department Organization Order 10-15. amend. 2, issued Nov. 8.1989;
Department Organization Order 10-15. issuedJan. 11,1988.
The CERCLA and the OPA also name Indian tribes and authorized representatives of each
state as trustees. In addition. OPA designates foreign governments as trustees "for natural
resources belonging to. managed by. controlled by. orappertaining tosuch country." 42 U.S C
9607(f)(1); OPA section 1006(a).
Under the CERCLA, the governor of each statedesignates stateofficials to act as trustees for
natural resources. Pursuant to the OPA. the governor also may designate local officials as
trustees. While the CERCLA does not address further delegation concerning Indian tribes, the
OPA authorizes the governing body of any Indian tribe to designate tribal officials: and the
head ofany foreign government to name atrustee. 42 U.S.C. 9607(f)(2); OPA section 1006(b).

2.42 U.S.C. 9601 el seq.

3.16 U.S.C. 1443.

4.33 U.S.C. 1321(0(4) and (5).

5. P.L. 101-380. The OPA replaces prospectively the natural resource provisions of the
FWPCA.

6. Money recovered under the MPRSA is handled differently from that recovered under the
CERCLA. the FWPCA or the OPA. The MPRSA provides that NOAA must setaside 20 percent
of a recovery to finance future response actions and damage assessments. The statute
establishes a list of permissible uses for the remaining 80 percent in the following order of
priority: to restore, replace or acquire the equivalent of the injured sanctuary resource; to
manage and improve the national marine sanctuary where the injured ordestroyed resources
were located; and to manage and improve any other national marine sanctuary. 16 U.S.C.
1443(d).

7.42 U.S.C. 8601(16); OPA section 1001(20); 16 U.S.C. 1432(8).

8. See, e.g., Magnuson Fishery Conservation and Management Act, asamended. (Magnuson
Act). 16 U.S.C. 1802(9) ("fisheries resource" includes habitat of fish) and 1852(i) (fishery
management councils authorized to make recommendations concerning habitat of fishery
resources under their jurisdiction); Federal Water Pollution Control Act. 33 U.S.C. 1344(c)
(authority to restrict siting of disposal areas where the discharge would have unacceptable
adverse effect on shellfish beds, fishery areas, wildlife); National Ocean Pollution Planning Act,
33 U.S.C. 1701, et seq. (NOAA mandated to study the Input, fates and effects of pollutants in
marine environment); Coastal Zone Management Act, 16 U.S.C. 1461 (authorizes NOAA to
designate estuarine research reserves).
In addition to the statutes listed above, NOAA derives its trusteeship from a number of other
statutes, including, but not limited to. Atlantic Tunas Convention Act, 16 U.S.C. 971. et seq.;
Tuna Conventions Act. 16 U.S.C. 951 ef seq.; Pacific Salmon Treaty Act, 16 U.S.C. 3631. et
seq.; Atlantic Striped Bass Conservation Act, 16 U.S.C. 1851 note; North Pacific Halibut Act.
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16 U.S.C. 773; Marine Mammal Protection Act, 16 U.S.C. 1361, et seq.; Whaling Convention
Act, 16 U.S.C. 916, et seq.; Fur Seal Act, 16 U.S.C. 1151, et seq.; Endangered Species Act,
16 U.S.C. 1531. et seq.

9. In 1983, NOAA, through the U.S. Department of Justice, filed the first Federal CERCLA
claim seeking damages for injuries to natural resources resulting from contamination by
polychlorinated biphenyls (PCBs) of New Bedford Harbor and adjacent waters. See, Acushnet
River & New Bedford Harbor Proceedings re Alleged PCB Pollution, CA No. 83-3882-Y (D.
Mass. 1983). Prior to that, NOAA assisted in the evaluation of the effects of the 1978 Amoco
Cadiz oil spilloff the coast of France.Work on that spillwas the first effort by NOAA to conduct
a damage assessment.

10. Those offices are located in Seattle. Long Beach, Calif., St. Petersburg, Fla.. and
Gloucester. Mass. The fifth regional office is located in Juneau, Alaska.

11. NOAA annually evaluates between 8,000 and 10,000 proposals for development in
estuarine and coastal habitats that have the potential to affect upwards to one million acres.
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ASSESSMENT AND RESTORATION OF DAMAGED RESOURCES
IN NATIONAL MARINE SANCTUARIES:

TWO VESSEL GROUNDINGS IN THE FLORIDA KEYS
Darlene Finch, Brian Julius and Rafael Lopez

Sanctuaries and Reserves Division, NOAA

Introduction

Under section 312 of the Marine Protection, Research and Sanctuaries Act
of 1972 (MPRSA, 16 U.S.C. 1431 et seq.), the under secretary for oceans and
atmosphere is authorized to claim damages against persons who destroy, cause the
loss of, or injure sanctuary resources in national marine sanctuaries. Sanctuary
resources include any living or non-living resource of the sanctuary that contributes
to its conservation, recreational, ecological, historical, research, educational or
aesthetic value. These resources range from coral reefs to fish to marine mammals
to sea birds. Under the statute, the National Oceanic and Atmospheric
Administration (NOAA) is authorized, among otherthings, to commence civil actions
to recover for response costs and damages. Damages include compensation for:

The cost of replacing, restoring, or acquiring the equivalent of a sanctuary
resource;

The value of the lost use of a sanctuary resource pending its restoration or
replacement or the acquisition of an equivalent sanctuary resource; or the value
of a sanctuary resource if the sanctuary resource cannot be restored or
replaced or ifthe equivalent of such resource cannot be acquired; and

The cost of damage assessments.

NOAA interprets Section 312 of the MPRSA to allow the agency to conduct injury
assessments for a varietyof incidentsthat affect sanctuary resources. These include
natural perturbations such as hurricanes and typhoons, and outbreaks of disease.
NOAA's Sanctuaries and Reserves Division, in cooperation with other interested
parties, conducts site-specificand resource-specific assessments.

Natural Resource Damage Actions Under the MPRSA

The 1988 amendments to the MPRSA added Section 312andstrengthened
NOAA's ability to pursue natural resource damage actions byexplicitly establishing a
regime for restoring resources of a national marine sanctuary that are destroyed,
injured or otherwise lost. The new provisions of the statute were modeled largely
after similar liability regimes under the Federal Water Pollution Control Act and the
Comprehensive Environmental Response, Compensation and Liability Act. To date,
the Sanctuaries and Reserves Division has pursued seven natural resource damage
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actions, two of which are still in litigation (Table 1). Prior to the 1988 amendments,
the following natural resource damage actions were pursued under the MPRSA:

Against the M/V Wellwood, a 400-foot Cypriot-registered vessel that grounded
at Molasses Reef within the Key Largo National Marine Sanctuary (KLNMS) in
August 1984;

Against the MA/ Mini-Laurel, a 215-foot Panamanian-registered freighter that
also grounded on Molasses Reef in the KLNMS in December 1986; and

Against the T/V Puerto Rican, a 632-foot U.S. registered vessel which spilled
over one million gallons of petroleum products that injured resources within the
boundary of the Gulf of the Farallones National Marine Sanctuary in November
1984.

Section 312 of the MPRSA specifically defined the term damages and
directed SRD to use the monies recovered as a result of natural resource damage
actions to support future damage assessment and response activities and for
restoration. So far, Section 312 authority has been invoked to pursue natural
resource damage actions in four instances:

Against the ApexHouston, a tankbarge that spilled oil off the central California
coast in January and February 1986 (This natural resource damage action was
referred to the U.S. Department of Justice in December 1988, after the
enactment of the 1988 amendments to the MPRSA.);

Against the 155-foot M/V Alec Owen Maitland, a domestic heavy equipment
freighter, that ran aground south of Carysfort Reef lighthouse in the KLNMS in
October 1989;

Against the 470-foot MA/ Elpis, a Greek registered vessel that ran aground near
The Elbow reef in the KLNMS in November 1989; and,

Against the Jacquelyn L, a 55-foot sport fishing boat that ran aground on
Western Sambo Reef withinthe Florida Keys National Marine Sanctuary in July
1991.

This paper will focus on two natural resource damage actions pursued
under section 312 of the MPRSA as case studies. We will review the M/V Alec
Owen Maitland and M/V Elpis cases and provide information on the assessment and
restoration of damaged resources in national marine sanctuaries.

Assessment of Physical Injury

To support emergency response and damage assessment activities in
national marine sanctuaries, section 312 includes a specific formula for distributing
funds recovered as a result of natural resource damage actions. Twenty percent (up
to a maximum balance of $750,000) is allotted to finance future response actions
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and damage assessments, including anthropogenic and natural disturbances, such
as hurricanes or outbreaks ofdisease. In general, the damage assessment process
in national marine sanctuaries begins with assessing the extent ofphysical injury.

Within KLNMS, SRD estimates that between 20 and 40 small vessels
(under 50 feet in length) run aground on coral each year. To date, SRD has elected
to use a civil penalty procedure for these groundings even though their cumulative
impact may be as extensive as the larger vessel groundings. Since the civil penalty
amount is related to the extent of injury, the biologists at the Key Largo and Looe
Key National Marine Sanctuaries have developed a standard procedure for
measuring the physical injury. The extent of partial and total injury is quantified and
the species affected are identified. NOAA biologists also provide information on the
distribution of floral and faunal resources in the affected area.

The procedure for assessing injury from small vessel groundings provides
the foundation for assessing injury from large vessel groundings, even though the
magnitude of injury is much greater. Medium vessel (between 100 and 250feet) and
large vessel (over 250feet) groundings typically produce injury that jeopardizes the
structural integrity of the coral reef. While smaller vessels generally affect the
organisms that grow on the surface of the reef, medium and large vessels typically
destroy the underlying reef framework.

In coral reef environments, the injury assessment needs to be initiated
shortly after the incident. Algae eventually camouflage the superficial injury to coral
colonies and the dynamic nature of the marine environment can lead to secondary
injury. In addition, mitigation and restoration efforts cannot be undertaken until
portions of the injury assessment are complete. Assessing injury in a marine
environment can be difficult since the resource is submerged and inclement weather
can interfere with assessment activities.

At the MA/ Alec Owen Maitland and MA/ Elpis grounding sites, SRD
biologists assessed the following physical injury:

MA/ Alec Owen Maitland
Partial Destruction 930 m2
Total Destruction 680.5 m*
Reef Framework Injury 8 m*
Reef Displacement Injury 82 m3

MA/ Elpis
Partial Destruction 468 m2
Total Destruction 2,604.75 m2
Reef Framework Injury 878 m2
Reef Displacement Injury 293 m3

The measurement of Partial Destruction encompasses those portions of the
reef that were struck by the vessel's hull or affected by the propeller wash but were
notcompletely destroyed at the time of the grounding. Thisincludes the partial burial
of benthic organisms as well as injury to corals where the entire colony is not
obliterated. The partial destruction category encompasses a very broad range, from
virtually untouched to near total devastation.
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The measurement of Total Destruction encompasses those portions of the
reef where the surface was completely denuded through the fracturing and grinding
action ofthe vessel's hull, large-scale movement ofreef substrate by the force ofthe
water driven by the ship's propeller, orburial of living reef by material displaced by
the vessel hull and propeller washout.

The measurement of Reef Framework Injury is encompassed in the
measurement of total destruction and includes the cracking, crushing, splitting or
fracturing of the naturally cemented matrix of living and dead coral, sediment and
other lime-secreting organisms that form the basic structure of the reef and provides
thefoundation for continued growth. The injury iscaused by the impact of thevessel
as it struck the reef, the weight of the vessel as it rested on the reef, and the
movement of the vessel while aground.

The measurement of Reef Displacement Injury refers to the excavation of
large quantities of buried reef material following the fracturing of the overlying reef
framework by a grounding. Large amounts of coral debris, cobble, boulders, rubble
and sediment were ejected from beneath the fractured framework surface by the
violent water turbulence created by the vessel's propeller. During the M/V Elpis and
M/V Alec Owen Maitland litigation, the close linkages between physical injury
assessment, the overall damage assessment and the development of a restoration
plan were apparent (Figure 1).

Damage Assessment

Choice of Assessment Methodology. Injuries to national marine sanctuary
resources pose a unique challenge in the choice of methodologies to assess dam
ages. The two assessment strategies outlined by Department of Interior (DOI) in
their regulations on measuring damages to natural resources, the Type Aand Type
Bstrategies (U.S.D.I., January 1987; U.S.D.I., June 1987), were not drafted to apply
to coral reef grounding cases where no spill occurs. The Type Astrategy is based
on a computer model that simulates the biological and economic losses associated
with spills of toxic substances and thus is not appropriate for valuing the losses
associated with grounding events. While applicable from a technical standpoint, the
Type Bassessment strategy is often rejected on the basis that it may violate DOI's
definition of reasonable costs ofassessment, which states that "the anticipated cost
of the assessment is expected tobe less than the anticipated damage amount" [43
C.F.R. 11.14(ee)]. For grounding cases, the size of the area affected, and thus, the
size of damages is often significantly less than is the case for a major oil spill or
waste site contamination, yet the costs of data collection and analysis as specified
by the Type B regulations do not decrease commensurately. Thus, the Type B
strategy may be less appropriate for estimating the damages resulting from many
grounding events relative to other types of injury.

As a solution, NOAA has developed a "hybrid" strategy for assessing
damages attributable to groundings that combines the technical applicability of the
Type Bstrategy with the cost effectiveness of the Type Amodel. This strategy relies
on existing data and literature values where possible, and employs original data
collection efforts where existing information is insufficient to accurately characterize
the extent or nature of the injury.
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Description of Assessment Methodology. The goal of this hybrid strategy is
to value the lost services associated with the injured portions of the coral reef(s).
The three major components of this valuation strategy are determinations of the
extent and nature of the injury; the extent and nature of the recreational services
provided by the reef prior to the injury; and the value of these services to recre
ational participants. The latter two components is discussed below in detail.

Extent and Nature of the Lost Services. The Florida Keys provide a wide
variety of recreational services which may be affected by a grounding event,
including scuba diving, snorkeling, boating and fishing. Recreational participation in
the affected area is estimated by analyzing entrance records for areas where such
data are maintained, such as John Pennekamp Coral Reef State Parkor Key Largo
National Marine Sanctuary. For areas where trustees do not keep regular
participation data, this information is obtained from private providers of recreational
services, such as dive shops and charter boat operators.

While lost recreational services account for the majority of interim lost use
damages in most grounding cases, other services provided by coral reefs, such as
scientific research, storm protection and aesthetics can be affected adversely by
grounding events. With sufficient data, estimates of the diminution in value of these
servicesas a result of grounding events can be incorporated intothe overall damage
assessment process.

Examining the effect of groundings on recreational services captures a
large portion of the lost use value, but this type of analysis fails to account for the
fact that people who currently do not participate directly in any recreational activities
associated with the reef system nonetheless may place a value on its existence.
Such individuals may wish to visit the resource in the future, preserve its beauty for
future generations, or simply may derive utility from the fact that the unique and
spectacular ecosystem exists and is protected in its natural state. NOAA currently is
exploring the use of contingent valuation to estimate the loss in non-use value
associated with an injury to the Florida reef system.

Value of Services to Recreational Participants. Once a determination has
been made as to the types of recreational servicesaffected by a grounding, the next
step in the damage assessment process is to estimate the value to recreational
users of these lost services. In economic terms, this value is referred to as "con
sumer surplus," since it is the amount that a recreational user would have been
willing to pay for a given recreational opportunity in excess of what he or she
actually had to pay. Consumer surplus, rather than total expenditures, is the relevant
measure for assessing damages.

A simple example illustrates this point. Bob is a scuba diverplanning a trip
to the Keys. Assume the trip will cost him $2,000, but the experience ofscuba diving
in this area is worth an additional $500 to him (his "consumer surplus"). Ifthere is a
grounding event that prevents Bob from diving in this area, his net loss is $500, not
$2,500since he still is able to spend the $2,000 on something else.

Consumer surplus values for recreational users in the Florida Keys have
been estimated using the travel cost methodology as partof an ongoing, nationwide
natural resource valuation project being conducted by NOAA's Strategic Envi
ronmental Assessments Division.

Readers interested in the details of the travelcost methodology should refer
to Bockstael, N.E. K.E. McConnell and I.E. Strand, "Chapter VIII: Recreation" in
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Measuring the Demand for Environmental Quality, John B. Braden and Charles D.
Kolstad (ed.), Elsevier Science Publishers, North-Holland, 1991.

Relationship Between Damage Assessment and Restoration. Despite the
tendency to view damage assessment and restoration as two distinct, sequential
phases in the process of protecting marine resources, restoration planning provides
a number of critical inputs to economic damage assessments. The nature of
estimating interim lost use value involves determining the value of services lost until
the injured resource is fully recovered. Estimating total damages is done first by
estimating annual damages and then discounting them over the recovery horizon to
determine the present value of damages. Note, however, that annual damages will
continue to decrease as the injured resource recovers over time. Restoration
planning is instrumental in determining the horizon over which annual damages are
discounted, and the pattern by which recovery takes place over time, thereby further
reducing annual damages.

Restoration

In the MA/ Alec Owen Maitland and MA/ Elpis litigation, our damage claim
included estimates for response costs, restoration costs and interim lost use. In
developing a restoration plan, we began with the assumption that it was not
technically possible to repair the reef to its pre-grounding condition. Nonetheless, it
was possible to undertake measures that would enhance the natural recovery
processes. The goals ofour restoration planwere:

To prevent secondary damage to the surrounding habitat (through removing or
cementing rubble at the grounding site);

To expedite natural recovery (through stabilization of the substrate);

and

To restore three-dimensional relief to the Injured area (habitat value).
SRD proposed to undertake four categories of restoration activities at the
grounding sites of the MTV Alec Owen Maitland and the M/V Elpis. Adescription
of the categories, listed insequential order, follows:

Monitoring. A long-term monitoring program is essential for providing baseline
data on the post-grounding/pre-restoration condition of the grounding site and
for evaluating the success or failure of restoration efforts.

Reef Displacement Repair. Excavations in the reef framework provide an un
suitable surface for natural recovery and must be filled in, either with exhumed
debris scattered around the grounding site orother fill material. The surface of
these filled holes must be stabilized, either through cementing or through the
placement of large pieces of limestone.
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Reef Framework Repair. Fractured reef surfaces do not provide a suitable
surface for long-term natural recovery and must bestabilized through cementing
and the removal of smaller, unstable pieces of debris.

Partial Restoration. This involves re-creating three-dimensional relief on leveled
reef surfaces through transplanting live hard corals orcementing coral rubble to
the reef substrate.

NOAA believes that monitoring is an integral component of restoration and
is fundamental to determining the recovery of the injured resources. The fact that
monitoring is spread over a long time period (at least 10 years in a coral reef
environment) may make the cost estimates appear large relative to the amount
spent on restoration.

Monitoring, reef framework repair, and partial restoration (coral
transplanting) techniques were all were employed at the grounding site of the MA/
Wellwood. The techniques proposed in the restoration plan for the MA/ Alec Owen
Maitland and MA/ Elpis included minor modifications to these techniques based on
the results of the monitoring effort.

A formal cost-benefit analysis was not conducted to select a restoration
plan for these grounding sites,although an informal analysis was done. Aconsensus
building approach among ourscientific experts and program staff was used to select
appropriate restoration techniques and to develop cost estimates that reflected the
"best professional judgement" of our scientific experts. We also relied on market
prices todetermine product prices and previous experience to estimate expenditures
of effort, which were then used to develop a reasonable restoration plan. In future
natural resource damage actions, we plan to undertake a more rigorous evaluation
process to select the most cost-effective restoration alternative.

The M/V Elpis and M/V Alec Owen Maitland natural resource damage
claims were settled in 1991. The monies received by SRD must be spent in
accordance with priorities specified in Section 312 ofthe MPRSA. Six categories of
activities are listed, including response costs, damage assessments, restoration, re
placement, management and improvement. Twenty percent of the monies recovered
must be used to finance response actions and damage assessments. Of the funds
remaining, they must be used, in priority order for:

Restoring, replacing or acquiring the equivalent of the sanctuary resources
which were the subject of the action;

Managing and improving the national marine sanctuary within which are located
the sanctuary resources which werethe subject ofthe action; and

Managing and improving any other national marine sanctuary.
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Conclusions

An examination of the M/V Alec Owen Maitlandand M/V Elpis litigation indi
cates the value of conducting research on restoration techniques, compiling
economic data, compiling resource data, and evaluating assessment techniques
prior to pursuing a claim. SRD is in the process of implementing a variety of efforts
(visitor use studies, habitat mapping surveys, contingent valuation studies, etc.) that
should assist with future damage claims.

The pursuit of natural resource damage actions in national marine
sanctuaries is simplified by the fact that SRD is often the only trustee involved. In
addition, since SRD has day-to-day management responsibility for these sites, we
frequently have baseline data on sanctuary resources and on the users of these
marine protected areas. This enhances our ability to conduct damage assessments
and to implement restoration plans. These strengths, combined with the expertise
contained in NOAA's Damage Assessment and Restoration Program, ensure that
the resources of national marine sanctuaries are protected from damage for future
use.
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Table 1. Natural resource damage actions under the Marine Protection, Research, and Sanctuaries Act of 1972.

Vessel Name

and Incident Date
National Marine

Sanctuary Affected

MA/ Wellwood

August 1984
Key Largo

T/V Puerto Rican
November 1984

Guff of the Farallones

Apex Houston
Jan.-Feb. 1986

Gulf of the Farallones

M/V Mini-Laurel
December 1986

Key Largo

Ga M/V Alec Owen Maitland
§ October 1989

Key Largo

MA/ Elpis
November 1989

Key Largo

Jacquelyn L
July 1991

Florida Keys

Primary Resources
Affected

Coral reef habitat

Sea birds

Sea birds

Coral reef habitat

Coral reef habitat

Coral reef habitat

Coral reef habitat

Amount

of Recovery1

$6,275,000
over 15 years

$718,000

In litigation

$30,000

$1,450,000

$2,275,000

In litigation

'In addition to amounts recovered under Section 312 of the MPRSA. settlements may also include civil penalty and forfeiture funds under
Section 307.



Figure 1. Progression of natural resource damage actions under the Marine Pro
tection, Research and Sanctuaries Act.
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CONSERVATION MONITORING OF BENTHIC COMMUNITIES
IN THE FLORIDA KEYS: ECOLOGICAL METHODOLOGY

Mark Chiappone
University of Miami

Abstract

A long-term monitoring project was initiated in 1989 on two nearshore hard-
bottom communities in the Florida Keys to document and assess changes in
community structure and spatial patterning of benthos. Conservation-level monitoring
included the application of specific survey methodologies for documenting changes
in hardbottom benthos, including species presence and absence lists and quantifying
density and area coverage of benthos utilizing belt quadrats. Undergraduate
students from the University of Miami Marine Biology Laboratory were trained by
advanced marine science students in terms of species identification and survey
methodologies. Survey sites were sampled during seven 2-day sampling periods
from 1989 to 1991. For each year this monitoring program has produced an annual
report summarizing data collected by students. This report has been distributed to
the Florida Department of Natural Resources (DNR), the Florida Institute of
Oceanography (FIO) and local universities.

Short-term results of specific community parameters suggest that the rate
of change in nearshore hardbottom communities is accelerated by coastal develop
ment and eutrophlcation from point and non-point sewage discharge. The cause or
mechanism ofthis change is not yet fully understood, but nutrient loading is clearly
evident along developed coastlines in the Florida Keys. Decreased water quality has
resulted in a reduction in the number of species of typical hardbottom benthos, as
well as decreases in density and area coverage of organisms, principally stony
corals (Orders Scleractinia and Milleporina), octacorals (Order Alcyonacea) and
sponges. In addition, nutrient loading has resulted in increased sedimentation and
area coverage of macroalgae at impacted sites. These findings, coupled with field
assistance from trained student surveyors, represent an important model for
conservation monitoring of hardbottom communities in the Florida Keys, both in
terms of applicable field methodologies for documenting changes in communities
and the incorporation and training of student surveyors for the collection of quality
data. This program further increases the documentation of the effects of coastal
development and eutrophication on nearshore hardbottom communities in the Florida
Keys.

Introduction

Ecological monitoring of the benthos requires the analysis of spatial
characteristics of community structure and temporal fluctuations in specific survey
parameters. An ultimate goal of conservation monitoring is the documentation of
changes in natural communities and the establishment of baseline values for
community parameters from which to assess changes. Conservation monitoring of
marine hardbottom communities is detail-driven, but there exist difficulties in
assessing the effects of specific disturbances from long-term fluctuations in
communities (Brown and Howard, 1985). Two features characterize all natural
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communities: they are dynamic systems and spatially heterogeneous. There is a
lack of adequate baseline data for tropical/subtropical marine hardbottom
communities, including reef areas, which makes management of protected areas
more difficult and provides for little historical information to assess long-term
changes in lieu of anthropogenic disturbances (Dahl, 1981; Dahl and Lamberts,
1977). Historical data can allow for the establishment of baseline values for specific
community parameters, which can be useful in determining the effects of
anthropogenic impacts on communities(Grigg and Dollar, 1990; Davis, 1982).

There exist few long-term databases on tropical/subtropical hardbottom
communities, although recently there has been an increase in the number of
monitoring programs initiated in specific areas in the Caribbean region (Rogers et
al., 1983; Hughes and Jackson, 1985; Dustan and Halas, 1987; Wittenberg and
Hunte, 1992). The lack of adequate data for hardbottom communities from which to
assess changes, whether natural or anthropogenic in effect, is due to the constraints
of cost and labor, lack of trained personnel and little uniformity in the utilization of
specific survey protocols and benthic parameters measured. As such, there exists
an overall deficiency in the focus of marine biodiversity and conservation compared
to terrestrial systems. Along the southeast Floridacoast, selected monitoring studies
on hardbottom communities, particularly reef areas, have documented changes in
community structure due to thermalstress (Porteret al., 1982), dredging (Marszalek,
1981), and natural destructive events, such as hurricanes (Shinn, 1976). The
majority of monitoring programs have focused on benthic distribution patterns of
stony coral (Scleractinia and Milleporina) on platform margin reef communities, but
very few studies have included other benthic components of hardbottom communi
ties, specifically octacorals, sponges and macroalgae (Brown and Howard, 1985). In
addition, other types of hardbottom communities found along the southeast Florida
coast, particularly patch reefs and livebottom communities, have been largely
ignored.

The establishment of the Florida Keys National Marine Sanctuary in 1990
has raised questions as to effective resource management of both terrestrial and
marine components within protected areas. In 1989 a conservation monitoring
program was initiated on two nearshore hardbottom communities in the Florida Keys
to assess differences in community structure of nearshore areas impacted from
coastal development and decreased water quality. Anecdotal accounts and
quantitative information from line transects from 1986to 1988suggested a decline in
species diversity of dominant benthic invertebrates, decreased area coverage of
stony corals and sponges, increased overgrowth of octacorals by filamentous algae
and loss of adjacent seagrass areas. Specific survey methodologies were
implemented to assess changes in these hardbottom communities in terms of
benthic patterning. The purposes of this study are: (1) to outline a sampling program
appropriate for characterizing and monitoring hardbottom communities in terms of
specific survey methodologies and (2) to present short-term results of alterations in
nearshore hardbottom communities that are due to anthropogenic effects.

Materials and Methods

Survey Sites. Two nearshore hardbottom communities in the middle Keys
were selected for study to document changes in specific parameters of benthic com-
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munity structure (Figure 1). Both sites were selected on the basis of shallow depth
(<2 m), low physiographic complexity and close proximity to the Keys Regional
Marine Lab on Long Key. Craig Key reef (CKR) is an 8-ha site located offshore
(<250 m) on the ocean side of Craig Key, an uninhabited island built primarily from
fill during the construction of the overseas highway. Fiesta Key reef (FKR) is a 1-ha
site located offshore (<150 m) on the bayside of Fiesta Key, an inhabited island with
a marina and a KOAN campground. Fiesta Key contains a point-source sewage
discharger (domestic facility) that discharges effluent into Florida Bay. In addition a
resort and the KOAN campground on FKR contain wastewater treatment facilities
and shallow injection wells (EPA, 1991).

Both study sites are characterized as low-relief hardbottom communities
(livebottom), in which these areas are typically nearshore, shallow (<2m) and adja
cent to tidal channels. Shallow-water communities in the Florida Keys are often
impacted by thermal stress, particularly during the winter months (Roberts et al.,
1962; Burns, 1985). Thesecommunities exhibit lower physiographic relief compared
to patch reefs and outer bank reefs found along the southeast Florida coast (Jaap,
1984). The faunal and floral elements of hardbottom communities are usually non-
consistent and are generally composed ofsponges and octacorals with a few hardier
stony coral species. Areas adjacent to hardbottom communities are typically
seagrass or sedimentary environments. In terms of area, low-relief hardbottom
communities are the dominant community-class found in the Florida Keys
(Marszalek, 1977).

Benthic Sampling Strategy. Students from the University of Miami
undergraduate Marine Biology Laboratory were brought to the Keys Regional Marine
Lab on Long Key for two-day trips. During this time, students were divided into
specific taxa groups (i.e., corals, sponges, etc.) and were trained in species iden
tification and survey protocols byhigher-level students, who had previously taken the
undergraduate marine biology course, in addition to advanced invertebrate biology.
Appropriate prescribed data sheets were given to each taxa group with specific
instructions as to the collection of data. During all field surveys, trained higher-level
students always accompanied newly trained students to assist in species
identifications and quantitative data collection procedures and were responsible for
data fidelity and all subsequent data analyses.

Both qualitative (presence/absence) and quantitative (belt quadrats) data
were collected. Species presence and absence data were collected for dominant
benthic macroalgae, sponges, stony corals (Scleractinia and Milleporina) and octa
corals (Alcyonacea) based onspecies (field-identifiable) lists that were compiled for
hardbottom communities along the southeast Florida coast (Jaap, 1984; Goldberg,
1973; Opresko, 1973; Woelkerling, 1976). Field guides and color photographs were
used and corrected for taxonomic consistency. Both study areas were surveyed for
any species that were present in the community that may not have appeared in the
belt quadrat sampling. Species identifications were made in situ, although unknown
specimens were collected and returned to the laboratory for subsequent identifica
tion. Taxonomic sources were used for benthic macroalgae (Littler et al., 1989;
Taylor, 1960; Woelkerling, 1976), sponges (Wiedenmeyer, 1977; Colin, 1988),
octacorals (Bayer, 1961) and stony corals (Smith, 1971).The method of data
acquisition was similar to those of Dodge et al. (1982) and Sullivan and Chiappone
(1992), in which belt quadrats were used. Fifteen-meter transect lines were randomly
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.2placed at each survey site and were used as a guide for the placement of 1-m
quadrats. Sampling adequacy was tested by plotting species-area curves, in which
the cumulative number of species was plotted as a function of area sampled
(Gleason, 1922). CKR and FKR were sampled during 14 two-day survey periods
from September to November each year.

For belt quadrat surveys, information was collected on substratum and
lifeform characteristics for each study site. For each 1-m2 quadrat sampled, the
substratum was scored according as: (SM) sand-mud, (S) sand, (RB) rubble and
(HR) hard reef. Lifeform cover was classified as: (AT) algal turf, (SG) seagrass, (SC)
soft coral-sponge and (HC) hard coral. Cover classes were delineated as follows:
<10 percent, 10to30 percent, 30to70percent and >70 percent. Percentage cover
classes were chosen based on easier discrimination in field surveys compared to
other possible cover classification schemes. For each quadrat surveyed, 100 percent
of the lifeform and substratum coverage was accounted for. In addition, for each
quadrat sampled, the species of sponge, octacoral and stony coral were identified
andcounted. Because ofthegreat variability in growth morphology anddifficulty with
in situ identifications, octacoral data were pooled for all species. For sponges and
stony corals, the number of individuals and colonies were counted and measured for
density and area coverage estimates. Acolony or individual was considered to be
any individual growing independently of its neighbors (Connell, 1973). In cases
where a colony or individual was clearly separated by the death of intervening
portions, each living part was considered to be a separate individual. Area coverage
(cm*) of sponges and stony corals was calculated from plan measurements of
colony or individual dimensions (diameter, length, width), which were subsequently
used in areal formulas for a circle or rectangle. Area coverage data were not
collected during 1989. Colony heights were measured for octacorals.

Data Analysis. For substratum/lifeform coverage data, plots were
constructed for each site from 1989 to 1991 based on coverage (cm2) (mean ± 1
SD) per m2. Original scoring for coverage classes for substratum/lifeform was
converted to cm2 of coverage for each quadrat. For speciespresence and absence
data, inventory lists were compiled for each taxon. Similarity values between sites
and within sites were computed for each taxon using the coefficient of Dice (Huba-
lek, 1982; Dice, 1945). This coefficient heavily weighs joint species presences
compared to joint species absences (Legendre and Legendre, 1983). Similarity
matrices were constructed separately for stony corals, octacorals and sponges, in
which inter-site andintra-site comparisons were made for CKR andFKR during 1989
to 1991. Similarity matrices were used to construct dendrograms based on the
UPMGA clustering strategy (Pielou, 1977).

For belt quadrat information, data were analyzed in two ways: (1) pooled
information for taxa groups and (2) species-level information. For pooled data, inter-
and intra-site comparisons were made for parameters measured using a one-way
Analysis of Variance and subsequent multiple comparison testing using Tukey's
Least Significant Difference (LSD) Test (Sokal and Rohlf, 1981; Zar, 1984). All
quadrat data (density, area coverage, height) were transformed to logI0 (x+1) based
on previous heteroscedasticity of variances' (Bartletfs test, p>0.05) (Zar, 1984).
Density comparisons were made for stony corals, octacorals and sponges based on
mean ± 1 SD values per m2. Area coverage and area per colony (mean ± 1 SD)
comparisons were made for stony corals and sponges, while height per colony
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values (mean ± 1 SD) were compared for octacorals. Size-frequency distributions
were constructed for dominant benthic invertebrates. Species-level data were utilized
for stony corals and sponges to compute similarity matrices for density and area
coverage based on each species percentage of the total density and area coverage
for stony corals or sponges (Field et al., 1982; Wolda, 1983). Dendrograms were
computed for each classification. In addition coral colonies and sponge individuals
were classified into logarithmic size categories. A percentage similarity matrix was
derived based on each size class's percentage of the total number of colonies or
individuals. A resultant dendrogram was computed for stony coral and sponge
species.

Results

Overview of Program. The incorporation and training of undergraduate
students for this monitoring study was successful in that students were able to
effectively learn species identifications, both in the laboratory and the field, and
quickly adapted to the benthic sampling program. To ensure data fidelity and quality
control, the presence of trained upper-level undergraduates ensured that accurate
information was being collected by the newly trained students, in addition prescribed
protocols and data sheets enabled students to concentrate on collecting the
information, which effectively eliminated confusion concerning what data to collect
and how to collect it. The incorporation of students significantly reduced the cost of
this study, particularly in terms of labor.

Substratum and Lifeform Characteristics. The substratum features at CKR
remained constant from 1989 to 1991, the period for which this community is
characterized by a low-relief carbonate platform with relatively little sediment
accumulation (Figure 2). Lifeform characteristics changed somewhat, as shown by a
decrease in algal turf coverage over a three-year period at CKR. In addition,
octacoral-sponge coverage and hard coral coverage have decreased since 1989. At
FKR the substratum features are similar, although sand-mud coverage has
increased since 1989. Lifeform coverage changes have been moredramaticat FKR,
wherealgal turf coverage has increased, while the coverageofseagrass, octacorals-
sponges and hard corals decreased over the three-year span.

Species Presence and Absence. At CKR the number of stony coral,
octacoral and sponge species remained relatively constant from 1989 to 1991 (Table
1). In contrast, the number of species of benthic invertebrates at FKR decreased
dramatically over three years. Similarity has decreased between CKR and FKR
since 1989 based on the reductions in species richness at FKR compared to CKR.
Figure 3 illustratesthis trend of decreasing similarity between the twosites based on
stony coral species presence and absence data. In 1989 there were seven species
of stony corals common to both sites, but by 1991 there were only three species
common to both communities; FKR has lost four stony coral species since 1989.
Similar results were documented for octacoral and sponge species. In contrast, the
macroalgal assemblages at both sites remained constant from 1989 to 1991,
although differences do exist in the macroalgal species composition between CKR
and FKR.

Belt Quadrat Data. In terms of pooled density values for taxa, CKR
exhibited significant (p<0.05) increases in the densityof stony corals, octacorals and
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sponges from 1989 to 1991 (Table 2). In contrast, FKR exhibited significant (p<0.05)
decreases in the density of octacorals and sponges, with a non-significant (p>0.05)
decrease in stony coral abundance as well. For example, Figure 4 illustrates that at
FKR there have been significant reductions in the colony numbers of octacorals
since 1989. In terms of density, CKR and FKR have become more dissimilar, with
CKR exhibiting significantly higher densities of benthic invertebrates by 1991. In
terms of areacoverage, stony coral coverage decreased significantly (p<0.0l), while
sponge area coverage increased (p>0.05) from 1990 to 1991 at CKR. At FKR, both
stony coral and sponge area coverage decreased significantly (p<0.01) from 1990 to
1991. By 1991,CKR and FKR were significantly different in terms of area coverage
of stonycorals and sponges. In terms of the size-frequency distribution of benthos,
CKR exhibited a significant (p<0.01) reduction in the mean (+ 1 SD) area percolony,
while the spongearea per individual slightly increased from 1990 to 1991. The mean
height per colony for octacorals at CKR has significantly (p<0.01) increased since
1989. At FKR the stony coral area percolony slightly Increased (p<0.05) from 1990
to 1991, while the spongearea perindividual significantly (p<0.01) decreased. CKR
and FKR have become more dissimilar in terms of the octacoral height per colony,
while the stony coral area per colony has become statistically (p>0.05) similar.
Figure 5 illustrates that in terms of stony coral species-level area coverage, inwhich
similarity is based on the relative coverage of each species, CKR and FKR have
become more dissimilar, principally due to the fact that FKR has exhibiteddecreases
both in density and area coverage, as well as a significant decrease in the number
of species. These two communities have become more similar in terms of the size-
frequency distribution of stony coral colonies, In that CKR has lost large (>100 cm2)
colonieswhile FKR has lost smaller (<10 cm2) colonies.

Discussion

The incorporation of student surveyors was successful in that a significant
amount ofquality information could be collected in a relatively short time period each
year. In addition, when students were given species lists and were instructed as to
the benthic sampling techniques used in this study, students were able to quickly
grasp the important concepts. Formatted and prepared data sheets eliminated the
collection of either unnecessary or erroneous data. The collection of data by 120
students each year has allowed for the construction of this monitoring database.
Even with supervised students collecting field data, it was clear that the pattern of
coastline development was having a significant impact on nearshore communities.

The methods and parameter analyses outlined in this report are not unique,
but the combination of specific community parameters may prove to be effective in
appropriately monitoring tropical/subtropical hardbottom communities. Monitoring of
natural communities is purpose-oriented, and clear objectives must be established
for assessing temporal changes in ecological systems. As such, ecological
monitoring is dynamic in philosophy, becauseall natural communities are subject to
differential intensities and directions of change (Usher, 1991; Hellawell, 1991; Sousa,
1984; Connell, 1978). Difficulties in monitoring concern the objectives of a particular
study, the selection of appropriate sites and specific parameters to be measured. In
addition, complications arise because of the need to select a standard norm with
which to assess changes. As such, the documentation of changes in natural
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communities does not necessarily constitute monitoring, for changes in community
parameters are expected based on disturbance events, life history strategies, abiotic
factors and stochastic events.

Presence/absence data, while only qualitative, provide information on the
complexity of hardbottom communities, and as applied to monitoring, provide a
coarser level of resolution on overall community structure. Presence/absence data
are limited, in that the method is not exhaustive and only dominant benthos are
taken into account, it could be hypothesized that, barring catastrophic disturbances,
hardbottom species composition would be less likely to fluctuate compared to more
specific parameters that take into account relative abundances. Quantitative data
provide for a more descriptive analysis of community structure, but survey
parameters (density, area coverage) are most effective when used in concert. This
may be particularly important for communities composed of clonal organisms.
Density data alone are useful to the extent that Information is provided on the spatial
patterning of organisms, but size and numerical abundance must be coupled to
assess the size-frequency distribution of benthos. The density of benthos may not
fluctuate as dramatically, but area coverage, based on the demographic
consequences of clonal growth, would be expected to change more frequently.

The application of clustering techniques allows for the tracking of
community parameters, but again these parameters are most effective when
coordinated. The pooling of data for any one taxon (i.e., stony corals or sponges)
allows for the monitoring of communities in terms of overall community parameters,
which provides information on changes in taxa relative to one another and may be
important in assessing stress events or anthropogenic impacts. Species-level
analysis provides data on relative species factors, such as density and area cover
age, which again may be important in assessing how communities change in relation
to one another, whereby communities may be similar in pooled community
parameters (i.e., density) but differ in relative species abundances. These
differences may be related to differential life history strategies and susceptibility to
stress.

For hardbottom communities in the Keys, appropriate questions for
ecological monitoring will include: (1) How much have communities changed?; (2) In
reference to these changes, how have communitieschanged relative to one another,
and; (3)What are these differences in direction and intensity due to? (Keddy, 1991).
Communities are expected to change, but how do similar community types (i.e.,
nearshore hardbottom) change as a function of different environmental factors?
These questions may be important in assessing human impacts inthe Florida Keys,
particularly as related to how these impacts manifest themselves in the rate and
direction of change in communities.

The results from this report suggest that the rate and direction of change at
FKR are being affected by coastal development, particularly nutrient loading. This
impact has clearly been manifested at FKR, particularly in terms of the loss of typical
hardbottom benthic species and the unnatural rate of change in community
structure. Neither CKR nor FKR is subjected to diving or fishing pressures, but
nutrient loading at FKR has seriously degraded this community. Preliminary water
quality data at FKR indicate that nutrient concentrations are at eutrophiclevels, while
at CKR water is oligotrophic. This change at FKR has been documented in light of
"natural" fluctuations in nearshore hardbottom communities (CKR) in the Keys. It is
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evident from the data that mortality events may be a frequent feature of these
communities, but the changes documented at FKR indicate that the direction of
change in this area is different that at CKR. The increase in sediment due to
increased area coverage of macroalgae, loss of area coverage of stony corals and
sponges, and decreases in the size-frequency distribution of benthos at FKR
suggest that this community is undergoing an alteration in the structure. Similar
findings have been reported for areas impacted from decreasing water quality, in
which increased sewage pollution led to sediment trapping by macroalgae, exposing
benthic organisms to increased sediment loads (Walker and Ormond, 1982; Moore,
1977; Babcock and Davies, 1991; Wittenberg and Hunte, 1992). Nearshore
hardbottom communities are susceptible to natural disturbances (e.g., thermal
stress), but anthropogenic disturbances will likely cause a permanent change to the
community. Subsequent recruitment of typical hardbottom benthos may be
prevented, prolonged or altered (Pearson, 1981; Endean, 1976; Loya, 1976; see
Margalef, 1975; Rappaport et al., 1985).

Comparatively little attention has been paid to nearshore hardbottom areas
in terms of human-induced stresses, such as anchor damage, commercial collecting,
fishing pressures and water quality. Not only are low-relief hardbottom communities
the dominant community class found in the Keys in terms of area coverage, but also
serve as an important recruitment base for fishery target species, such as the spiny
lobster (Panulirus argus) and grouper (Serranidae). In addition, little is known
concerning recruitment patterns, specifically of benthic invertebrates, such as corals
and sponges, between nearshore areas (inside of Hawk Channel) and the outer
bank reefs. If there is inshore-offshore recruitment of typical benthos, then the
destruction of nearshore areas will significantly affect the viability of offshore
communities. In addition, nearshore communities will exhibit immediate responses to
land use in the Keys, whereas offshore communities would likely experience
declines in typical benthic parameters only after nearshore areas are significantly
degraded.
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Table 1. Species presence/absence (+/-) and quadrat summary for CKR and FKR, 1989-91. For presence/absence data, the
number of species is given for dominant benthic invertebrates and macroalgae. For belt quadrat data, mean +1 SD values
are given for density, area coverage, area per colony or individual, and height per colony based on 1m. Coverage data not
collected in 1989 for CKR or FKR. Sample sizes (m2) aregiven, as isthe number of colonies orindividuals for each taxon.

CKR (1991) CKR (1990) CKR (1989) FKR (1991) FKR (1990) FKR (1989)
Sample size
Quadrats sampled, corals 26 50 50 44 20 db
Quadrats sampled, sponges 26 36 45 26 21 26
Stony coral colonies recorded (n) 122 206 97 61 91 69
Octacoral colonies recorded (n) 135 238 208 30 46 46
Sponge individuals recorded (n) 237 248 117 31 71 42

Species Presence/Absence
Stony coral species
Octacoral species
Sponge species

9 10 10 3 4 7
17 17 17 3 5 5

a__r 15 19 18 15 23 21
Macroalgae species 13 13 1316 16 16

Density (no. perm2) ,»„.,„,
Stony coral density 5.1 ±3.0 7.3 ±5.0 2.0 ±1.7 1.3 ±2.0 4.5 ±4.7 2.5 ±3.4
Octacoral density 5.9*2.8 5.3 ±2.5 3.6 ±2.4 0.7 ±1.7 2.6 ±2.5 1.5 ±1.7
Sponge density 9.1 ±4.8 6.9 ±3.0 2.6*2.7 1.2 ±1.2 3.4 ±1.9 1.6 ±1.3

Area coverage (cm* perm2)
Stony coral area coverage 46.9*81.5 388.1*544.2 N/A 12.7*27.3 34.5*37.8 N/A
Sponge area coverage 408.3*592.1 283.3*194.5 N/A 228.4*315.6 725.4*767.6 N/A

Colony or Individual sizes
Stony coral area per colony (cm2) 10.0 *30.0 67.5 *238.5 N/A 10.0 *20.7 7.6 *10.8 N/A
Sponge area per individual (cm2) 43.4 * 140.9 41.3 *78.7 N/A 178.5 *276.6 214.6 *414.8 N/A
Soft coral height per colony (cm) 45.9*22.4 45.5*20.8 36.1*19.4 37.0*10.8 44.2*14.8 44.5*27.8



Table2.StatisticalsummaryofbeltquadratdataforCKRandFKR,1989-91.AllANOVAtestswererejected(p<0005)and
subsequentmultiple-comparisontestingwasperformedusingTukey'sLSDtestfordensity,areacoverageandcolonyor
individualsizesforstonycorals,octacoralsandsponges.{*=p<0.05,"=p<0.01,ns=notsignificant}
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Figure 1. Map of southeast Florida showing location of survey sites inthe middle keys. In
addition, the location of sewagedischarge canals on Long Keyand Resta Keyareillustrated.
A circled numberrepresents the location of an injection well, while squaresand rectangles
represent locations with NPDES permits orother surface-water dischargers (from EPA. 1991).
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Figure2.Substratum/life-formcoverageplotsforCKRandFKR,1989-1991.
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Rgure 3.Cluster analysis based onthe UPMGA sorting strategy for stony coral (Scleractinia
and Milleporina) species presence and absence data (Pietou. 1977). The dendrogram is
based on similarity coeflicients computed from the coefficient of Dice.
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Figure 4.Size frequency distributions for octacorals at CKR and FKR, 1989-1991.
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Figure 4.(continued)
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Figure S.Ctuster analysis for species-level area coverage data utffizing the UPMGA clustering
strategy (Pietou, 1977). Values arebased on the percentage similarity matrix for stony coral
species area coverage and the relative coverage of logarithmic (base 10) size classification of
coral colonies.
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