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1.0 PREFACE

This fishery management plan for coral and coral reefs is unique in many respects and shouid be
approached with that understanding. The management unit Is composed of some 400 species, many of
which have no common names. Much of the descriptive material is necessarily technical., Data on
growth and potential production are scant, and a maximum sustainable yleld is Incalculable, Harvest
presently is at a very low level, and the principal value of this resource Is determined to be in non-
consumptive uses. Such uses include the use of coral as habltat by many other important recreationa!l
and commercial species of fish and shellfishe The coral reefs are also important econamicaliy to the
tourist and recreational industry as a major attraction for divers and other nonconsumptive users.
Because the growth of many corals Is siow (Oculina thickets may be a century old) the "fishery" In
many Instances must be considered as a nonrenewable resource,

Corals in the FCZ, which Includes much of the Florida reef tract, were protected by a federal agency
until 1979 when a court ruling restricted this authority., Although harvest of coral and destruction
of reefs is at a low level at this time, large scale harvest of corals could begin as 1t becames
general ly known that this resource is no longer protected by law.

The thrust of this plan therefore is to conserve this resource at the present low level of harvest.

1.1 Preparation:

The Initial draft of this plan was prepared in 1979 by the Center for Natural Areas under contract to
the Gulf of Mexico and South Atlantic Fishery Management Councils (Contract No, C-97-6A),

List of Preparers:

Center for Natural Areas:

Alfred G, Zangrl, Vice President, Director of Economics
Thomas E. Bigford, Marine Affairs Speclalist

Joel Blumstein, Legal Assistant

Glenn Hazelton, Cartographer

David W, Laist, Coastal Ecologist

John B, Noble, Vice President, Director of Law

Kermit L. Rader, Legal Assistant

William C, Reed, President, Program Director

Brian J, O'Sulilvan, Environmental Planner

George W, Robertson, Resource Management Specialist

Shephen D. Calrns, Department of Invertebrate Zoolégy, National Museum of Natural History,
Smithsonian institution.

Walter M, Goldberg, Associate Professor, Department of Biological Sciences,
Florida International University,

Terrance R, Leary, Bliologist, Gulf of Mexico Fishery Management Council.

Each of the listed people contributed to the drafting of the fishery management plan, Since this is
truly a cooperative effort coordinated by the Councils, no individualis can be listed as authors of

separate sections or chapters,

Appreciation is extended to the several federal and state agencies, academic Institutions, and individ-
uals who contributed helpful information, advice, and suggestions.
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Special appreciation is extended to the members of the Special Coral Sclientific and Statistical
Committee, the Coral Advisory Subpanel and Jennifer Wheaton Lowry, whose suggestions, insights, and
data facilitated preparation of this plan,

Cover drawing of Eusmilia fastigiata by Chuck Messing.
1.2 Review
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Environmental Defense Fund
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Audubon Society of Texas
Houston Sportsman Club
Houston Audubon Socliety
Houston Regional Group of the Sierra Club
Lone Star Chapter of the Sierra Club
" Harbor Branch Foundation



- Environmental Impact Statement for The Fishery Managment Plan for
Coral and Coral Reefs of the Gulf of Mexico and South Atlantic

( ) Draft (x) Final Environmental Statement
Responsible Agencies:

Gulf of Mexico Fishery Management Council
Contact: Wayne Swingle
Lincoln Center, Suite 881
' 5401 W. Kennedy Boulevard
Tampa, Florida 33609
(813) 228-2815

South Atlantic Fishery Management Council
Contact: David Gould
Southpark Building, Suite 306
1 Southpark Circle
Charleston, South Carolina 29407
(803) 571-4366

National Marine Fisheries Service
Contact: Jack Brawner
Acting Regional Director
9450 Koger Boulevard
St. Petersburg, Florida 33702
(B13) 893-3141

1. Name of Action: (x) Administrative

2. Description of Action:’

The proposed action is to adopt and implement a fishery management plan for coral and coral reefs
within the geographical area of authority of the South Atlantic and Gulf of Mexico Fishery Management
Councils. The primary objective of this plan is to optimize benefits while conserving the management
unit. This goal is supported by specific objectives to generate sufficient data to assess the feasi-
bility of harvest of coral, to minimize adverse human impacts, to provide special management to par-
ticular habitat areas, to increase public awareness of the resource, and to provide a coordinated
management regime. This fishery plan covers over 400 species of coral distributed throughout the
management area. The size and diversity of this unit is exceedingly complex, including species
ranging from shallow water, muddy sediment sea whips to deepwater precious corals, and from hard
bottom solitary species to outer bank reef corals. Among the most significant and unique stocks are
the Flower Garden Banks on the Texas/Louisiana outer continental shelf and the Florida reef tract.
Elsewhere, much of the coral occurs in hard bottom communities where it contributes habitat and food
" to many other species, with established recreational or commercial value, e.g., snapper, grouper,
shrimp. In certain areas, particularly southern Florida, corals also help support important busi-
nesses such as diving and charter-boats.

3. Date by Which Comments Must Be Received: gF? 151383




This integrated document contains all elements of The Fishery Management Plen and Environmental Impact
Statement. To aid the reviewer a table of contents for the EIS elements is provided separately
referencing corresponding sections of the FMP,
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2.0 SUMMARY

2.1 The Fishery

The fishery for coral and coral reefs as addressed in this plan Is located in the Gulf of Mexico, and
the waters of the Atlantic Ocean from the Texas~Mexico border through North Carolina,

2.2 The Management Unit
The management unit consists of the coral and coral reefs of the flshery conservation zone (FCZ) of
the Gulf of Mexico and South Atiantic Fishery Management Counclis, Management measures in this plan

wil! be recommended to adjacent states where appropriate,

2.3 The Species Included

Included in this management unit are:

A. Corals: the corals of the class Hydrozoa (stinging and hydrocorals) and the class Anthozoa (sea
fans, whips, precious corals, sea pen and stony corals).

B. Coral Reefs: the hard bottoms, deepwater banks, patch reefs and outer bank reefs as defined in
this plan,

2.4 Problems in the Fishery

1. Degradation of the stocks through natural and man-made impacts.

2. Limited scientific information on many species and many sections of the management unit,
which includes the inabllity to assess the impact of coral harvest,

3. Susceptibility to stress because of corals being located at the northern {imit of their
distribution,

4. Inability of corals to escape stress because of their sedentary nature,
5. Complexity and inconsistency of management regimes.
6., Lack of adequate public understanding of the importance of coral and coral reefs,

7. Present lack of jurisdiction over most coral and coral reefs by a federal agency which has
traditional ly executed authority and jurisdiction,

2,5 Statement of Maximum Sustainable Yield, Optimum Yieid, Expected Domestic Annual Harvest, and
Total Allowable Level of Foreign Fishing

2,5.1 Maximum Sustainable Yield

With the existing data, a single maximum sustainable yield (MSY) for the entire management unit is
incalcuiable., An estimate of MSY for select species at Biscayne National Park gave an MSY range of
0.0026 to 0,0158 kg/mz/yr for three hard corals and 0,0026 to 0.0132 kg/mz/yr for six soft coral
genera. Those estimates are based on mortality and living tissue biomass data that are subject to
widespread speculation (see FMP Section 5.4.9 and Tables 5-18 and 5~19).



2,5.2 Optimum Yield

OY for all corals is the level of harvest specified or as may be authorized pursuant to the permitting
criteria established In this plan. Based on avallable data it Is the Counciis! intent to allow the
existing level of legal, reported harvest consistent with the objectives of this pian,

OY for stony corals is to be zero (0) except as may be authorized for scientific and educational pur-
poses. The current and expected level of harvest for this purpose is estimated to be about 140
kilograms per year,

0Y for .octocorals is the amount of harvest which Is authorized pursuant to this plan, It is to be all
octocorals (except sea fans) that are harvested by U.S. fishermen. Octocorals, except for sea fans,
are identified as presently being harvested without apparent stock damage (Section 8.2.6). Present
and expected directed level of harvest is estimated to be about 5,845 colonies, 1,463 of which come
fram the FCZ. '

Because of the value of some species of octocorals as a source of hormones, there exists the potential
for locallzed or even widespread overfishing. For this reason, the Councils are proposing that the
condition of the stocks and the harvest be monitored so that the Secretary of Commerce may take
appropriate action should there be an Iimpending threat of overfishing.

2.5.3 Estimated Domestic Annual Harvest

The Estimated Domestic Annual Harvest (EDAH) is to be equal fo OY,

2.5.4 Total Allowable Level of Foreign Fishing

The Total Allowable Level of Foreign Fishing (TALFF) is to be zero.

2.6 Specitic Management Objectives

PRIMARY MANAGEMENT OBJECTIVE

Optimize the benefits generated from the coral resource while conserving the coral and coral
reefs,

SPECIFIC_MANAGEMENT OBJECTIVES

1. Develop scientific information necessary to determine feasibliity and advisablility of harvest
of coral,

2, Minimize, as approprlate, adverse human impacts on coral and coral reefs.

3. Provide, where appropriate, special management for coral habltat areas of particular concern
(HAPCs) .

4, Increase public awareness of the importance and sensitivity of coral and coral reefs,
5. Provide a coordinated management regime for the conservation of coral and coral reetfs,

2.7 Management Measures

1. Catch Limitations
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2,

Tota! Allowable Level of Foreign Fishing = none. The expected domestic annual harwest
wil! equal the optimum yield.

Types of Catch Limitations:

A.

B.
(1)
(2)
(3)

Permits

Prohiblt the taking of stony corals and sea fans (Gorgonia flabellum or G. ventalina)
or the destruction of these corals and coral reefs in the FCZ of the Gu!f and South
Atiantic Fishery Management Counclils' geographical area of authority, except as pro-
vided for in this plan,

Stony corals and sea fans taken incldentally in other fisheries must be returned to
the water in the general area of capture as soon as possibie. An exception is pro-
vided for the groundfish, scallop, or other similar flisheries, where the entire
unsorted catch is landed. In such instances the stony corals and sea fans may be
landed but may not be sold.

Should harvest of octocorals become accelerated which in the Counclis' judgement is
threatening the habitat In localized or widespread areas, the Councl!is may request
the Secretary to take aweilable measures designed to eliminate such threat of damage
to the resource and fishery habitat, On the advice of its Scientific and Statistical
Commi ttee or other sources that one or more species of octocorals may be endangered
from widespread or localized depletion from overharvest or threat of owerharwest, the
Counclis may notify the Secretary of the threat and recommend that he take one or
more of the following actlions,

a. Restrict by regulation amendment or through promulgation of emergency regulations
the harwest of one or more species of octocorals to a recommended leve! or
amount,

be Restrict by regulatory amendment or through promuigation of emergency regulations
the area from which one or more species of octocorals may be taken.

c. Restrict by regulatory amendment or through promuigation of emsrgency regulations
the method of harvest by which one or more species of octocorals may be harvested.

d. Utilize any procedures other than regulatory amendment or promulgation of
emergency reguiations which may be within the realm of authority of the Secretary
and which will achleve the resuits of action proposed in options (a) through (c)
above.

Establish a permit system for:

A.

B.

the use of toxic chemicals in taking flish or other marine organisms which inhabit coral
reefs,

for taking prohiblted corals for scientific and educational purposes.

3. Time and Area Restrictions

See Section 13.5 for special regulations applicable in habitat areas of particular concern,
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4,

5.

Types of Vessel, Gear, and Enforcement Devices

Prohibit the use of toxic chemicals in taking fish and other marine organisms which inhablt
coral reef areas except under permit as may be specified in this or any other fishery manage-
ment plan,

ldentify habltat areas for corals which may be threatened or subject to degradation and pro-
vide a management program for them. These habltat areas of particular concern (HAPCs) are
recognized as providing habitat to valuable or special assemblages of corals or coral reefs,
Some of these areas are presently under jurisdiction of management programs, some are under

. consideration for Inclusion in such programs, and others are presently without management.

tdentified coral habltat areas of particular concern:
A, Measures proposed for the coral HAPCs:

(a) East and West Flower Garden Banks (nominated National Marine Sanctuary). Within the
HAPC defined as belng that portion within the 50 fathom contour, the taking of all
corals is prohiblted except as authorized by permit, The use of bottom longiines,
traps and pots, and bottom trawls, and anchoring by vessels 100 feet or more In
registered length are prohibited within the HAPC,

(b) Florida Middle Grounds - the northermmost hermatypic (shal low reef-type) coral com-
munity in the Gulf of Mexico. The taking of all corais is prohibited except as
authorized by permit, Within the HAPC defined in Section 12,4, Measure 5b, the use
of bottom longlines, traps and pots, and bottom trawls is prohiblted,

(c) Oculina Bank - Within the four by 23 nm HAPC of Florida's central eastern coast as
defined in Section 12,4, Measure 5¢, the use of bottom trawls, bottom longiines,
dredges, fish traps and pots Is prohibited in order to protect the cora! from damage.

B. Coral HAPCs presently under management programs:

(a) Ory Tortugas (Fort Jefferson National Monument)., Management is provided by the
National Park Service.

(b) Looe Key Reef National Marine Sanctuary. Designated in 1981, thls sanctuary con-
sists of five square nautical miles, Sanctuary regulations prohibit or regulate
anchoring, coral collection and damage, wire trap fishing, lobster fishing, tropical
specimen collecting, spearfishing, and discharge of certain substances,

(c) Biscayne National Park, Management is provided by the National Park Service
(Department of interior),

(d) Key Largo Cora! Reef National Marine Sanctuary. Designated in 1975, this sanctuary
consists of a one hundred square nautical mile section of the upper Florida reef
tract, Regulations prohibit, among other activities, removal or destruction of hard
and soft corals within the boundaries of the sanctuary,

(e) Gray's Reef National Marine Sanctuary, Designated in January, 1981, this diverse
coral line hard bottom encompasses about 17 square miles of f Sapelo Island, Georgla,
Regulations prohiblt alteration of seabed, discharge of certain substances, bottom
trawling and dredging, wire fish ftrapping, and marine specimen collecting.
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2.8 Speclal Recommendations

2,9

The

1.

2,

Recommended that the Secretary establish a communication program to inform the public of the
reasons for coral management and regulations which protect corals and coral reefs,

Recommended that the Secretary establish a procedure to coordinate coral management activities
in the FCZ and territorial sea within the Councils! geographical area of authority,

Recommended that the states and NMFS monitor at least at the present level of effort the con
dition of the octocorals and report damage or threat of damage to thelr habitat. The Councilis

. believe under existing monitoring regime, these agencies can effectively carry out this request

without a significant increase In current expenditure.

Data Needs for Management

Councils identified the following needs for data and research:

1.

2.
3.
4.
5.
6.
7.

Determine and monitor level of harvest of octocorals,

Survey of distribution and abundance of corals in the management area,

Study of growth, mortality, reproduction and other blological data on which fto base MSY.
Effects of other fisheries and fishing gear on coral,

Effects of natural and human impact on coral,

Analysis of import and domestic price structure of harvested corals,

Comparison of value of coral in its nonconsumptive use vs, harvested coral,
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" 4,0 INTRODUCTION

While the scientific |lterature provides only limited data on coral growth, most researchers agree.
that growth of many species of coral Is very slow. The natural beauty of coral specimens makes them
vulnerable to unreguiated harvest by commercial and amateur collectors.

Among the states only Florida provides some protection to living stony corals and two species of sea
fans, It is of limited effect because the prohibition of possession is restricted fo uncured speci-
mens, and curing can be a simple, on—board process of dipping in bleach,

Harvest of corals in federal waters was regulated by the Bureau of Land Management (BLM) under the
Outer Continental Shelf Lands Act until September, 1979, when in United States v. Alexander, the Court
held that BLM's authority was restricted to activities connected to the administration of mineral
leases. This action has recentiy left most cora! and coral reefs in the FCZ without management or
protection, Thils includes much of the Florida reef tract which lies just beyond the state's terri-
torial sea. This lack of protection to this waluable resource Is not yet generally known, but harvest
and destruction of the coral reefs could legally occur at any time,

The Fishery Conservation and Management Act (FCMA) of 1976 (Public Law 94-265), signed into law April
13, 1976, provides for exclusive United States fishery management authority over fishery resources
inhablting the fishery conservation zone (FCZ) that area bounded by the seaward |imit of state juris-
diction and an equidistant line 200 nm or 370 km from shore with exceptions for international
treaties. The responsibility to prepare fishery management plans (FMPs) was vested in a network of
eight Regional Fishery Management Councllis. The FCMA also delegated research and enforcement duties

to the National Marine Fisheries Service in the U.S. Department of Commerce and enforcement powers to
both the U.S. Coast Guard and NMFS, ‘

The Gulf of Mexico and South Atlantic Fishery Management Councils determined that & need does exist
for immediate management of corais and that this may best be provided in the development of a joint
fishery management plan, the thrust of which is:

1. To provide immediate protection to what is, for the most part, an unprotected and important
nonrenewable resource.

2., To acquire additional information on the resource.
3. To prevent any sudden devastation of the resource that could be brought about by:
(2) Sudden intensive harvesting.

(b) Sudden intensive destruction of the resource by man, e.g., a quantum jump in the use of
roller rig trawls or bottom longlines.

The fishery for coral as addressed in this plan Is located in the waters of the U.S. Gulf of Mexico
and Atlantic Ocean from the Texas-Mexican border through North Carolina. The management unit includes

the coral! and coral reefs of the FCZ (see definition In Table 5-1) under the jurisdiction of the Gulf
of Mexico and South Atlantic Flishery Management Counclls. Management measures in this plan will be
recommended to ad jacent states where approprilate,

The Councits' primary management objective is to optimize benefits generated from the coral
resource whiie conserving the coral and coral reefs.



4Very l1ttle published data exist on many aspects of corals and coral reefs in the management area,
Most existing data and many on=going studies tend to concentrate on a |imlted number of species in a
very few localities within the area, Hence, much of the study area and many speclfic subjects are
unavoidably lightly addressed in this plan, Certain blological, socio~cultural, and econamic data are
especially limited. While many people recognize the existence of numerous valuable consumptive and
nonconsumptive uses of the resources, that recognition is based largely upon intultive observations
rather than hard research data.

The existence of these data gaps is reflected and documented throughout the FMP, In attempting to
utilize the best avalilable data several sections of the plan rely heavily upon informal interviews
with knowledgeable professionals, users, and user groups. While this approach has contributed to the
preparation of the FMP, it has also emphasized the need to develop more and better data to fulfiil the
management objectives (Section 12.1) of the FCMA and the two Councils.
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S.0 DESCRIPTION OF STOCKS COMPRISING THE MANAGEMENT SYSTEM

To clarify the presentation of Sections 5.1 and 5.2 of the FMP, corals have been divided into deep-
water and shal low-water species, with the 200 m (660 ft) isobath or depth contour arbitrarily chosen

as the dividing line since It approximates the edge of the continental shelf,

This fishery management plan manages the fol lowing species: the corals of the class Hydrozoa,
{stinging and hydrocorais), and the class Anthozoa (sea fans, whips, precious corals, sea pen and
stony corals), Figure 5-1 illustrates several of the more cammonly observed and/or researched corals,

Table 51, Definitions of selected terminology used throughout this FMP,

Coral: Species belonging to the Orders Stolonifera, Telestacea, Alcyonacea (soft corals), Gorgonacea
(horny corals, sea fans, sea whips), and Pennatulacea (sea pens) in the Subclass Octocoral lia; Orders
Scleractinia (stony corals) and Antipatharia (black corals) in the Subclass Zoantharia; and the Orders
Milleporina (fire corals, stinging corals) and Stylasterina in the Class Hydrozoa.

Phy lum Coelenterata

Class Hydrozoa
Order Milleporina (fire, stinging corais)
Order Stylasterina (hydrocorails)

Class Anthozoa
Subclass Octocoraliia
Order Stolonifera
Order Telestacea
Order Alcyonacea (soft corals)
Order Gorgonacea (horny corals, sea fans, whips, precious red coral)
Order Pennatulacea (sea pens)
Subclass Zoantharia
Order Scleractinia (stony corais)
Order Antipatharia (black corals)

Stony Corals: For the purpose of this plan, Includes species belonging to the Class Hydrozoa (fire
corals and hydrocorals) and Class Anthozoa, Subclass Zoantharia (stony corais and black corals),

Octocorals: For the purpose of this plan, includes species belonging to the Class Anthozoa, Subclass
Octocoral lia (soft corals, horny corals, sea fans, sea whips, sea pens, and others),

Hermatypic (Corals): Corals that contain symblotic, unicel lular zooxanthel iae in their endodermal
tissue, Always found in shallow (0 to 100 m; O to-330 ft), warm (15 to 35°C; 60 to 95°F), sun=lit
waters, Usually colonial but may be solitary, Often referred to collectively as reef corals, however
some species are small and are never found on reefs, Within the discussion in Sections 5.1 through
5.2 on sha! low-water corals, this definition has been qualified to exclude some corals with aberrant
zooxanthel lae relationships, e.g., facultatively symbiotic species (Boschma, 1925; McCloskey, 1970;
Duclaux and Lafargue, 1973) and those which appear capable of "bank-building" without the benefit of
symbionts (Avent, et al., 1977).

Ahermatypic (Coralis): Corals that do not have zooxanthellae, Their distribution is not restricted by
depth, temperature, or light penetration, Found from O to 5,880 m (0 to 19,000 ft), and 0 to 35°C (32
to 95°F). Both colonial and noncolonial (l.e., single polyp) species In about equa! number. Although
often referred to as "deep sea" or "solltary" (see next definition) corals, they often occur in

shal low water and many are colonial, Their distribution overlaps that of the hermatypes and is exclu~-
sive In waters deeper than about 100 m (330 ft),.
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FIG. 5-1. Line drawings of selected corals from the management area. A, Muricea nuricata;
B. Pseudopterogorgia bipinnata; C. Pseudopterogorgia acerosa; D. Gorgonia flabellum;

E. Pseudopterogorgia americana; F. Gorgonia ventalina; G. Pterogorgia anceps;
H. Pterogorgia citrina; 1. P. guadalupensis; K. Renilla mue]leri. (A-K from Voss
1976.7)
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FIG. 5-1, cont. Line drawings of selected corals from the manage-
ment area. L. Briareum asbestinum; M. Plexaura
homomalla; N. Plexaura flexuosa; 0. Eunicea
palmeri. (L-0 from Voss, 1976.)
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FIG. 5-1, cont. Line drawings of selected corals from the management area. P. Acropora
S. Ssaerastrea

cervicornis; Q. Acropora palmata; R. Agaricia agaricites;

radians; V. Porites porites; W. Porites astreoides; X. DiEloria clivosa; .

Y. Diploria labyrinthiformis; Z. Manicina areolata. (P-A from Voss,




U. Porites porites

FIG. 5-1, cont. Line drawings of selected corals from the
management area. T. Eusmilia fastigiata;
(from Messing in Taylor, 1977); U. Porites
orites, formerly P. clavaria; (from Rathbun,
%8875.
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Line drawings of selected corals from the manage-

ment area. AA. Montastraea cavernosa; BB. Oculina_
diffusa; CC. Dichocoenia stokesii; DD. Mussa;

. )Dendrogyra cylindrus. (AA-EE from Voss,
1976).
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Sol itary coralé: A coral organism camposed of a singie polyp,

Colonial corals: A coral organism with more than one polyp and which may be part of a cora! reef or
some other another coral assemblage, This may also be referred to as a colony, unit, or individual
coral, -

Coral Reefs: For purposes of this FMP, coral reefs are defined as the hard bo'r'rans, deepwater banks,
patch reefs and outer bank reefs as described below:

1) Patch reef: Irregularly distributed clusters of corals and associated biota located in the manage-
memt area only along the seaward (southeast) coast of the Florida Keys. Occur as dome—type
patches on the leeward side of outer bank coral reefs (see definition below) or as |inear-type
patches that paraliel bank reefs in acuate patterns, The latfter support flora and fauna, includ-
ing elkhorn coral (Acropora paimata), which more nearly resembles the bank reefs, Patch reefs
include hermatypic reef-building corals plus ahermatypic species. Most patch reefs occur 3 to 7 km
(1.6 to 3.8 nm) of fshore between Miami and the Dry Tortugas on the inner shelf (iess than about
15 m or 49 ft depth). Vertical relief ranges from less than | m to over 10 m (3 to over 33 ft),

2) Outer bank reefs: Includes ahermatypic and hermatypic species in a complex assemblage often with
greater vertical relief than patch reefs. Located in the Florida reef tract primarily shoreward
of the 18 m (60 ft) isobath and on two hard banks (East and West Flower Gardens) on the
Texas-Louisliana shelf in much deeper water., Biota always exhibits zonation, with the number and
type of zones dependent upon the height of the coral substrate, the location of the reef, and the
stresses present, Also referred to as the "outer reef arc" (Davis, 1928) and a "fringing
barrier® (Milliman, 1973).

3) Hard bottoms: Coral communities lacking the density, reef development, and coral diversity of
patch and outer bank reefs, Some hard bottoms are more appropriately termed hard banks, organic
banks or simply banks since they may occur atop "topographic highs" in the Gulf of Mexico. Hard
bottoms may include some hermatypic corals, Widely distributed in the management area, Biota
usual ly include a thin veneer of live corals, often covering a rock outcrop or a relic reef, and
associated benthos (e.g., sponges, tunicates, holothurians) in an assemblage with low reifef.
Also called {ive bottoms (Struhsaker, 1969), hardgrounds, or pinnacles (when found in a nonbank
setting)., Hard grounds Is not used herein since the term connotes a particular geological sedi-
ment structure rather than a biotic community,

4) Deepwater banks: A structure composed primarily of surface~hardened crusts of submarine muddy to
sandy carbonate sediments supporting a comparatively diverse assemblage of benthic animals. The
ahermatypic corals (Enallopsammia profunda and Lophella prolifera) may provide framework and pro-
mote entrapment and accumulation of sediments and skeletal debris, Similar structures may be
called haystacks, deep sea mounds, or i thoherms.

5.1 Species or Groups of Species and Their Distributions

5.1.1 Shallow-water Species

5.1.1.1 Octocorallia (sea fans, sea whips, etc.)

The shelf waters of the southern and southeastern United States contain a considerable diversity of
octocorals (see Appendix A), Among those listed for the shelf regions of the western Atiantic bf
Bayer (1961), only 19 have not been reported from the management area (four species are reported which
require confirmation). However, 36 species of primarily deeper-dwel ling species have been added to
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Bayer's list since 1961, bringing the total shelf octocoral fauna of the present study area to 113
species, Of that total, 18 species appear to be endemic, and an additional three species find their
principal distribution here (Table 5-2).

Octocorals in the Gulf of Mexico can be divided into three groups: 1) a deepwater element, most
notably from the Paramuriceidae; 2) a disjunct Carolinlan element, represented by the genera
Leptogorgia and Muricea; and 3) tropical Atlantic and Caribbean species or forms (see Appendix A).
The north and nortiwestern Gulf of Mexico (Texas to Florida) lacks the latter, but has a weli~-
developed deepwater fauna which becames local ly prominent on the continental shelf. The paramuriceids
and the el lisel lids are more common there than elsewhere. )

The region from North Carolina to south Florida contains no distinctive octocoral elements. Typica!
there are Leptogorgia virguiata, L. setacea, Lophogorgia hebes, Muricea pendula, and Titanideum
frauenfeidii, all of which are represented in the Gulf of Mexico as Carolinian fauna.

The area from Palm Beach south to the Dry Tortugas contains a tropical Atlantic fauna, which appears
to be fairly homogeneous. Some faunal differences occur along the Florida reef tract in response to
water temperature ranges, substrate availability, and other variables,

The distribution of octocorals in the Gulf of Mexico has been thoroughly investigated by Giammona
(1978) and summarized in Appendix B. Cairns (1977a) published a field guide to the more common gorgo-
nians of the Gulf of Mexico, Caribbean, and Florida.

5.1.1.2 Milleporina and Scleractinia (the fire corails, stinging corais, and stony corals)

Sixty-eight species of stony corals are known from the continental shelves of the study area
(Appendix C), 62 of which have been noted from the Florida Keys and the Dry Tortugas alone, This is
a remarkably high number, considering that the most diverse locale in the Caribbean (Jamaica) lists
only 66 species (Goreau and Wells, 1967; Wells and Lang, 1973)., Twelve Jamaican species are absent
from Filorida waters and an additional seven species are known from the Florida reef tract but not
Jamaica: Madracis asperula, Ocuiina tenel!a, O. robusta, Cladocora debilis, Caryophyllia horologium,
Flabellum fragile, and Favia gravida, The latter species had been considered as endemic to Brazil
until their identification from Florida by Jaap (1979, personai communication) and Avent, et al,
(1977), respectively. Three colonial scleractinians are endemic to the study area, and two more have
their main distribution here, Most of these are members of the Oculinidae and include those listed in
Table 5-3.

Unlike octocoral distribution, stony corals show |ittie separation by subregion (Appendix C). The
only notable stony coral group other than the oculinids are the occasiona! specimens of Madracis
myriaster, M. asperula, and M, bruegemanni found in the Gulf of Mexico, Madracis mirabilis is also
apparently quite common in the Gulf and south Atlantic regions. There are several other species of
stony corals found in the Florida Keys or on the west coast of Florida and the Tortugas which are
typical Caribbean forms, The data show that for the most part, the outlying areas of the Guif of
Mexico and the southeastern coast of the U.S. are accurately described as sparsely developed exten—
sions of the scleractinian fauna found in the Florida Keys and the Dry Tortugas.

Selale3 Antipatharia (black corals)

Black corals are not wel| represented in the management area with the exception ot Cirripathes sp.
(probably C, lutkeni) which occurs on shelf-edge hardbanks (usually below 60 to 80 m) throughout the
Gulf of Mexico (Bright and Rezak, 1976), and rarely in the Florida Keys (Goldberg, 1979, personal
communication), The species appears to be quite cammon below 20 m (66 ft) on the southeast Florida
coast (Goldberg, 1973a). An unidentified species of Antipathes has been recorded from the northern
Gulf (Bright, 1978), Additiona! records are listed in Table 5-4,
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Table 5-2. Endemic elements of the octocoral fauna from the shai iow-water continental shelf regions
(less than 200 m or 660 ft) of the southern United States.

Telestacea Alcyonacea Gorgonacea (Scleraxonia) . Pennatulacea
Telesto flavuia Pseudodrifa nigra Anthopod ium rubens Virgularia presbytes
. T.sanguinea Anthothela tropicalis Stylatula antillarum
T. fruticulosa *Titanideum frauenfeidii Acanthoptilum agassizili
*T.nel leae (Holaxonia) A. ollgacis
- : Thesea cirtina
T. plana

Swittia casta
Trichogorgia viola
Euriicea paimeri
Eunicea knighti
Muricea pendula
Leptogorgia medusa

*Lophogorgia cardinalis

* Indicates species with principal distribution within study area but also reported from Cuba.

Table 5-3, Endemic elements of the scleractinian fauna from the shal low-water continental shelf
regions (less than 200 m or 660 ft) of the southern and southeastern United States.
(References as |isted)

Oculina robusta Pourtale$. West coast of Florida. Recorded from the Dry Tortugas
(Pourtales, 1871), Hourglass and the Florida Middle Grounds
8 to 55 m (26 to 180 ft) (Jaap, 1979, personal communication),

Oculina tenella Pourtale$. Same geographical distribution as above, 36 to 73 m (117 to
240 f1).
Oculina varicosa Lesueur, Rare of f Florida Keys at 72 to 90 m (236 to 295 ft) (Pourtales,

1871; Verrill, 1901), Found at Looe Key fram 5 to 30 m (16 to
100 ft) (Antonius, et al,, 1978). Common on the continental
shelf and shelf edge north of Paim Beach (Avent, et al,, 1977;
Reed, 1978, personal communication), Known as far north as
Cape Hatteras, North Carolina from subtidal to 152 m In depth
{Reed, 1980b), Also known fraom Bermuda in 5 to 22 m (16 to 72
ft) (Verriil, 1901), Ludwick and Walton (1957) include a
questionable report of this species from the northern Gulf of
Mexlico.

Ocu! ina arbuscula Verrill, Cape Hatteras, North Carolina, to Charleston, South Carolina
(McCloskey, 1970), Reportedly cammon of f Savannah, Georgia,
3 to 25 m (10 to 82 ft). Porter (1978, personal communication)
reports this species from Bermuda.

Flabellum fragile Cairns, Eastern Gu!f of Mexico and the Florida Keys (Cairns, 1977b).

Caryophyliia horologium Cairns, West Florida coast (Cairns, 1977b) and Florida Keys (Cairns,

1979, personal communication), 55 to 91 m (180 to 300 ft).
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Table 5-4, Shallow-water Antipatharia fraom the continental sheives of the southern United States,

SPECIES LOCAT {ON/DEPTH . - ) REFERENCE
Cirripathes desbonni (D. & M.) Sand Key, 81 m (267 ft) Jef fs Reef Pourtales, 1878; Reed, 1979,
(Vero Beach, Florida), 80 to 90 m personal cammunication;
(265 to 300 ft). Goldberg, 1979, personal

commun ication,

Anﬂpafhes pennacea (Pal las) Crocker Reef, Florida, 28 m (93 ft), Goldberg, 1979, personal
commun ication,

Alligator Light, Florida, 29 to 38 m Opresko, 1974,
(96 to 125 1),

Antipathes lenta Pourtales Carysfort Reef - Dry Tortugas, Florida,
45 to 67 m (149 to 221 ft), Opresko, 1972,

Parantipathes columnaris (Duch.) Dry Tortugas, Florida, 183 m (604 ft); Cairns (1979, personal
East Flower Garden Bank, 91 m (300 ft), = communication; Smithsonian
Institution records).

5¢1e1.4 szlas‘ferlna

Some Stylasterina have been reported in waters less than 200 m (660 ft) deep (Boschma, 1957):
Stylaster duchassaingi P, from Dry Tortugas at 78 m (257 ft); S, punctata P. nortiwest of Dry Tortugas
at 185 m (600 ft+); Distichopora foliacea P, from Key West at 183 m (595 ft) and of f Vaca Key (Marathon)
at 152 to 244 m (500 to 720 ft); and Plibothrus symmetricus P. from American Shoal at 179 m (585 f1),
Each of these records probably represents unusually shal low occurrences of deeper water species,

Sele1.5 Potential Commercially important Shallow-water Specles

Within waters shal lower than 200 m (660 ft), corals have been Identified as having potential commer-
cial value, defined herein as a monetary value for use in research, industry (e.g., jeweiry), or
unusual art value., Although nearly all corals could conceivably be, and have in the past, been
marketed as curios, only species with major potential for exploltation are acknowiedged as commer-
clally important.

At least nine species of soft corals are currently being harvested for use in marine aquaria, These
are Leptogorgia virguiata, Briareum asbestinum, Telesto riisei, Reniila mulleri, Diodogorgia noduli-
fera, Nicella schmitti, Swiftia exserta, Lophogorgia cardinalis, and Lophogorgia hebes., Approximately
25 percent of this current harvest comes from the FCZ white 75 percent is taken fram state waters
according to members of the Councllis' advisory panels,

Species which have had commercial value in the past are Plexaura homomalla (black sea rod),
Cirripathes lutkenl (black coral), and Manicina areolata (rose coral)., As detailed in Appendix D,
these species could continue tfo have value in pharmacology research, jewelry, and tropical fish
businesses, respectively., Dendrogyra cylindrus (pillar coral) is used in Haiti In the jewelry and
furniture businesses but is uncommon in U,S. waters (see Gelster, 1972, for ecology).
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' 5.1.1.6 Protected Shallow-water Species

Aside from state and federal laws and regulations protecting corals in general, 14 species have been
Identiflied as worthy of special protection (Table 5-5). Antonius, et al. (1978) noted that piltar
coral (Dendrogyra cylindrus) has been recammended for Iisting as an endangered species under the U.S.
Endangered Species Act; no formal action has yet been taken on that motion (Roe, 1979, personal
communication), A conference sponsored by the Atlantic Reef Committee on June 15, 1979, determined
the species To be threatened in the management area but not endangered throughout its range (defined
by the Endangered Species Act as worldwide for invertebrates), Jaap (unpublished) produced a summary
document on systematics, distribution, stratigraphy, and ecology of the pillar coral for the meeting.
The Florida Committee on Rare and Endangered Piants and Animals (a private group that supplies infor-
mation to state agencies) has listed as endangered throughout the Florida reef tract (in ail unpro-
tected areas, i.s., outside Biscayne National Park and other areas) an additional 13 species,

All of the corals listed as continental shelf fishery resources in the Fishery Conservation and
Management Act of 1976 that may occur in the management area are found deeper than the 200 m (660 ft)
confour,

Table 5-5, Corals categorized as endangered by the Florida Committee on Rare and Endangered Piants
and Animals.*

Common Name Scientific Name

Eikhorn coral " Acropora palmata (Lamarck)

Staghorn coral Acropora cervicornis (Lamarck)

Fused staghorn coral Acropora prolifera (Lamarck)

Pillar coral Dendrogyra cylindrus Ehrenberg

Large flower coral Mussa angulosa (Pal las)

Flower coral . Eusmilia fastigiata (Pallas)

Lettuce coral Agariclia agaricites (Linnaeus)

Starlet coral Siderastrea siderea (Ellis and Solander)
Brain coral Diploria clivosa (Ellis and Solander)
Braln coral Dipioria labyrinthiformis (Linnaeus)
Brain coral Diploria strigosa (Dana)

Smal | star coral Montastraea annularis (Ellis and Solander)
Large star coral Montastraea cavernosa (Linnaeus)

Braln coral Meandrina meandrites (Linnaeus)

* Although this Committee (FCREPA) is a private group of scientists and conservationists, the lists
they prepare do contribute to efforts by the Florida Game and Fresh Water Fish Commission (GFWFC)
in thelr own Endangered Species Program., However, since the GFWFC addresses only vertebrate
animals, the FCREPA |ist constitutes the only state listing of marine invertebrates, including
corals. These species are not necessarily rare or endangered at this time,

Source: Layne, 1979, personal communication; Simon, 1979, personal communication).
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. S.1.2 Deepwater Corals

As a group, deepwater corals (found deeper than 200 m or 660 1) are among the most poorly understood
corals considered in this ptan, Flield and laboratory observations of deepwater species are lacking.
Collecting expeditions have been fair to adequate; the best available sources of data are the coral
specimens -scattered at research institutions such as the Fiorida Department of Natural Resources
Marine Lab, the Smithsonian institution, the Museum of Comparative Zoology at Harvard, the University
of Miami's Rosenstiel School of Marine and Atmospheric Sciences, and Texas ASM University. Cairns
(1979) has comprehensively reviewed the deepwater Scleractinia but the deepwater Gorgonia remain
relatively unstudied, especial ly outside the Gulf of Mexico; Giammona (1978) has surveyed octocorals
in the western Gulf,

The work of Cairns (1979) on deepwater scleractinian coral zoogeography revealed seven species to be
endemic (i.e,, !imited) to the temperate region off the eastern United States. Five of those species
have a primarily warm temperate distribution (Concentrotheca lsevigata, Cyathoceras squiresl,
Thecopsammia socialis, Bathypsammia tintinnabulum, and B. fallosoclialis), two are found In cold tem
perate waters (Enallopsammia profunda and Dasmosmilia Iymani).

General iy, Caribbean waters have more deepwater species than ad jacent waters, Forty-two species of
scleratinlans are known in the Gulf of Mexico. In the warm temperate western Atiantic, 28 species
occur, Of those species, 14 are tropica! and do not occur north of Cape Hatteras, seven are endemic
to the temperate region north of Florida and Cuba, and seven species are more cosmopolitan, North of
Cape Hatteras, 12 species have been reported, six of which also occur in warm temperate waters,
Distribution maps and tables of these corals are Inciuded in Cairns (1979).

Giammona (1978) studied the taxonamy and distribution of octocorals in the Gulf of Mexico, emphasizing
the Texas continental shelf region but also covering waters deeper than 220 m (660 ft). Brief taxono-
mic descriptions are written for 58 species and distributional maps are presented for 152 species.
Gorgonian palaeontology was also discussed.

In tight of the inadequate data base, separate sections discussing the other major taxonamic groupings
of deepwater corals are not attempted. Appendix E, however, provides a species list including orders
and families of the deepwater corals fram the management area,

5.1:2.1 Distributions

Within the management area there are at least 183 species of corals collected from deeper than 200 m
(660 ft) (Appendix E)}s Although information from deepwater collections is far from complete, the

areas of highest coral! concentration aiong the Atlantic coast appear to be between the 600 and 800 m
(1,960 to 2,600 ft) contours of the continental slope where deepwater banks are found (see Table 5-1 and
Section 6.2.1.3). Although a camplete listing of c¢oral species associated with such structures is
impossible at present, at least 23 species of coral have been collected from them (see Appendix F),
including some species of potential commercial value (see Appendix D).

5.1.2.2 Potential Commercially Important Deepwater Species

Due to the distance from shore and the inconvenience of co!lecting corals in waters deeper than 200 m
(660 ft), projections of commercial value must be based on use of simllar species elsewhere,
especial ly Hawalli,. :

Eight deepwater corals found off the Gulf of Mexico and south Atlantic U.S. coasts have been iden—

tified as having potential commercial value. The skeietons of each species are very hard and amenable
to cutting and polishing for jewelry., As described in Appendix D, these corals are: the precious red
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corals Corallium medea and C. niobe; the bamboo corals Acanelia eburnea, Keratoisis flexibilis, K.
ornata, and Lepidisis caryophyllla; the black coral Leiopathes glaberrima; and the hydrocoral
Distichopora follacea,

In addition to these elght species, an additional seven have been noted in Appendix E as having some
possible commercial market, Those seven species Include six gold corals (gorgonians) and one
hydrocoral, all with potential vaiue In jewelry manufacture. None of these species are presentiy
exploited due to the risky and expensive nature of deepwater harwesting. Collections by submersible,
as employed In the Hawalian precious coral industry, have not been applied to the western Atiantic or
Gulf of Mexico stocks, :

5.1.2.3 Protected Deepwater Corals

No deepwater speclies have been |isted as endangered or threatened by the Endangered Species Act nor
are any under consideration for listing (Roe, 1979, personal! communication).

Of the seven deepwater species recognized in Appendix D as having commercia! potential, Corallium
(precious red coral) and Keratoisls (bamboo coral) are listed as fishery resources in the Fishery

Conservation and Management Act of 1976.

5.2 Abundance and Present Condition

5.2.1 Shallow-water Species

Information concerning relative abundance of sha!low-water corals must be gleaned from a large number

of papers, reports, and personal unpubiished observations of specific coral habitats and communities.

Since these studies/observations were aimost always conducted at different times by different Investi-
gators using different methods, the composite data base incomplete and inconsistent and does not pro-

vide a thorough assessment of the present condition of the coral stock,

However, avallable data do allow an overview of the resourse, For purposes of discussing relative
abundance of shal low-water corals, the management unit may be subdivided Into seven reglons based on
general species composlitions (see Figures 5-2 and 5-3)., Each of these regions Is discussed indivi-
dually below. As an overview of major shallow-water coral communities surwyed in the following,
Figure 5-4 locates the major hard bottom and coral reef areas of the Guif of Mexico and south
Atlantic.

5.2+.1.1 North Carolina to Cape Canaveral

The cora! fauna along the edge of the continental shelf from Cape Hatteras, North Carolina, to Cape
Canaweral, Florida, remains imperfectty known., Studies by Menzies, et al. (1966) and Macintyre and
Milliman (1970) indicate that Pleistocene algal accumulations account for the ledges, small terraces,
and slight rises of the continental margin off North and South Carollina, while oolitic deposits predomi~
nate in the more southerly sector, O. varicosa Is present on the inner and mid-shelf (3 to 40 m) as
small discrete colonies (<30 cm dlameter, usually <15 cm), and on the outer shelf and upper slope to
depths of 152 m elther as Individual colonies {1 to 2 m diameter), thickets, or banks. Distribution

is unknown from Cape Canaveral through north Florida except mention by Macintyre and Milliman (1970}

of large clusters off north Florida. |t seems possible that further study will reweal a patchy
distribution of Oculina communities eisewhere in this region.

Corals on the outer continental shelf proper are characterized by patches of low. reljef hard bottoms
also referred to as "live bottoms" (Struhsaker, 1969), Hard=-bottom communitles throughout this shelf
area have been reviewed by Continental Shelf Associates (1979). NOAA's Office of Coastal Zone
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FIéURE 5-2. Shallow-water (less than 200 m or 660 ft.) coral regions discussed in Section 5.1ii.
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Management (1979d) cited reports that three to 30 percent of the shelf region Is covered by "live
bottom" habltats. These areas are Inhabited by tropical and subtropical fishes, coralilne algae,
sponges, hydrolds, and warious species of other invertebrates and coral. They hawe been described at
depths of 20 to 40 m (66 to 132 ft) from Onslow Bay, North Carolina, by Macintyre and Pilkey (1969)
and Huntsman and Macintyre (1971), Figure 5~5 depicts the distribution of the stump coral,
Solenastrea hyades (Dana), and the starlet coral, Slderastreas siderea (Eliis and Solander), in the
bay. Four other species of scleractinians were noted: Balanophyl|la fioridana Pourtales; Phyliangia
americana Milne~Edwards & Haime; Astrangla danse Agassiz (= A, astreiformis M.=E. & H.); and the eye
coral, Ocullna arbuscula Verrill. Additional scleractinian records for the North Carolina continental
shelf Include a number of smafl, mostiy solitary species: Rhizosmilia maculata (reported as
Bathycyathus maculiatus), Dasmosmilia iymani; Rhlzofrochus_j:ggjlls (reported as Monomyces.jgggjlls);
Paracyathus defilipii; and Cladocora sp, (Cerame-Vivas and Gray, 1966).

Reports from South Carolina and Georgia waters (Powles and Barans, 1979; Reed, 1978, personal
communication, respectively) indicate that the coral .fauna is targely the same as off North Carolina,
except that coral patches are even more sparsely distributed (Barans, 1978, personal communication).
One particulariy Interesting hard bottom community known as Gray's Reef occurs approximately 33 km
(18 nm) east of Sapelo Island, Georgla (Figure 5-4; Section 6.3). This complex rises from a depth of
22 m (72 1) to a crest at 18 m (59 ft). |t is approximately 6 km (3.2 nm) long and 2 km (1 nm) wide.
The geology of Gray's Reef has been studied by Hunt (1974), but nothing has been published regarding
Its coral fauna. Although the area Is not a true coral reef (see Table 5-1), a number of corals and
their assoclates are found there. Porter (1978, personal communication) noted that the biomass is
dominated primarily by a large pink ascidian (probably Eudistoma sp.), secondly by the gorgonlan
Leptogorgia sp. (probably L. virguiata), and thirdly by scleractinians, Oculina vericosa ldentified
by J. K. Reed and eye coral, Oculina arbuscula, Iif confirmed, this identification extends the range
of O, arbuscula from Charieston to Savannah (McCloskey, 1970), Other speclies noted by Porter inciude
stump coral (Solenastrea hyades), star coral (Montastraea annularis, uncommon), Cladocora arbuscula,
Astrangla (astreliformis = danae), and Phyllangia americana.

Bayer (1961) stated that the shelf octocora! fauna from the east coast of Florida north of Cape
Canaveral Is indistinguishable from the fauna from Georgla and the Carolinas., Reports from North
Carolina (Menzies, et al., 1966; Cerame-Viwvas and Gray, 1966), South Carolina (Powles and Barans, 1979),
and Georgia (Reed, 1978, personil communication) appear to conflirm this conclusion for both octocorals
and scleractinlans (Appendices A and C),

5.2.1.2 Central Florida to South Florida (Cape Canavera! to Paim Beach)

This shelf region (Figure 5-2) represents a transitional z2one for coral fauna and deserves special
consideration, The shelf edge contains a conspicuous band of plinnacles, benches, mounds, and troughs
(here collectively referred to as hard bottoms) which are often capped by the ivory tree coral,

Ocul Ina varicosa Lesueur, Although the species occurs at least as far north as Cape Hatteras, North
Carolina (Reed, 1980b), Its structural development Is greatest in this region; thickets 1=2 m (3-6 ft)
high are found on pinnacles with up to 25 m relief (Avent, et ai., 1977; Reed, et al., in press), A
ma jor portion of the shelf edge Is |ittered with Oculina debris (Macintyre and Milliman, 1970),

The Oculina community harbors a rich vertebrate and invertebrate fauna which includes other sclerac-
flhlans (Astranglia astrelformis, Balanophy!!lia floridana, Cladocora debiiis, Psracyanthus pulchellus,
and Coenocyathus species) and octocorals (Telesto nelleae, and Titanldeum frauenfeidii) (Awent, et
al., 1977). Two hundred specles of moliuscs, 47 species of amphipod crustaceans, 21 species of echi-
noderms, and 50 specles of decapod crustaceans hawe been found directiy associated with Ocullna.lgsl:
cosa (Reed, et al., in press).
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Although shelf=edge Oculina communities seem not to persist south of Jupiter, Florida, the species

Is found on coquinold rock ledges scattered over the shal iow shelf south to St. Lucie Inlet and
Stuart, Florida (27° 10'N) where Ocuillna is associated with decidedly Carolinian octocorals such as
Loghggorgla and Leptogorgia spp. In spite of the Antlil lean ecological character of other groups which
persist north fo Cape Canaveral (Avent, et al., 1977; Briggs, 1974), the scleractinian and octo-

coral lian fauna become Antillean only south of St. Lucle Intet (in a similar fashion to the Mollusca
studied by Work, 1969). The coqulnold ledges here possess the same species noted above, but mixed .
with tropical genera such as the Diploria (brain corsl), Isophyl!lia (cactus coral), Montastraea (star
coral), and the octocorals Eunicea, Pseudopterogorgia, and Gorgonia (Reed, 1979, personal

commun ication),

5.2.1.3" Southeast Florida Coast (Palm Beach to Fowey Rocks)

South of 27° north latitude to near Miami, the continental shelf narrows to 3 to 5 km (1.6 to 2.7 nm)
and the warm waters of the Florida current become the.most dominant hydrographic feature (Lee and
McGuire, 1972). Thus, in the vicinlty of Paim Beach, Florida, Carolinian corals are replaced by 2
diverse hard-bottom community, tropical in character, zoogeographical ly similar to that of the Florida
Keys, but less wel| developed than the majority of the Florida reef tract.

The hard-bottom community found in this region Is dominated by gorgonian corals. The antipatharian
black coral Cirripathes lutkeni 1s prominent below a depth of 22 m (72 £t) but the scleractinians are
less abundant at the northern end (Wheaton-Smith and Jaap, 1976) and In the vicinity of Miami
(Courtenay, et al., 1975) than in the central Florida coastal region (Goldberg, 1973a,b). The
underlying substrate is a Holocene elkhorn coral, Acropora paimata, and staghorn coral,

A. cervicornls, relic reef which lies 15 to 30 m (50 to 100 ft) below present sea level, The reef
;pparenﬂy has not been active for the tast 7,000 years (Lighty, et al,., 1977). Presentiy, the domi-
nant hermatypes are the large star coral Montastraea cavernosa, the sma!l star coral M. annularis, the
lettuce coral Agaricia lamarcki, and the braln coral Diploria clivosa, Other stony corals known from
the southeast Florida coast are summarized in Appendix C.

The deeper zones of this community (20 to 30 m; 66 to 100 ft) are characterized by the presence of the
scleraxonian gorgonian lciligorgia schrammi as described by Goldberg (1973a), Wheaton-Smith and

Jaap (1976) and Courtenay, et al. (1975) have confirmed the existence of the same zonation off Pailm
Beach and Miami Beach, respectively, Other octocoralilans from this area are summarized in Appendix A.

5.2.1.4 Florida Keys (Fowey Rocks to the Dry Tortugas)

With the exception of reefs of Bermuda and the northern Bahamas, the Florida Keys represent the
northermmost 1imlt of coral reefs in the western Atlantic, Many well developed patch and outer bank
reefs, such as Carysfort Reef and Key Largo Dry Rocks, occur shoreward of the 18-m (60-ft) Isobath and
are dominated by Acropora paimata (elkhorn) and Mitlepora complanata (encrusting fire coral) at the
crest, followed by A. cervicornis (staghorn), Montastraea annuiaris (smal! star coral), and M. cavernosa
(large star coral), in successively deeper zones (Shinn, 1963)., There is fittle speclfic Information
on the distribution and abundance of corals on these reefs in spite of thelr position as the northern-
most Acropora reefs in the western At:antic. The outer bank reefs of Biscayne National Park to the
north have been described by Yoss, et at., (1969) but quantitative data on distribution and abundance
of corals on a single reef were not included. Ongoing research at the Park should fiil this data gap
(Jaap and Wheaton Lowry, in preparation; Tliimant, 1979, persona! communication),

The only outer reef system presently described in detail Is Looe Key Reaf, in the lower Florida Keys
(Antonius, et al., 1978). Hence, although Looe Key Is only one of many outer bank reefs, most of this
discussion is limited to this representative area, The reef crest at Looe Key Is dominated by
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Millepora compianata (encrusting fire coral); Acropora cervicornls (staghorn) is not prcvalenf.s Ih;
crest is transected by valleys, some of which extend seaward as a system of spurs and grooves ( :
perpendicular to the Keys'! general coastline. The S & G system at Looe Key Is roughly 80(‘) m (;620 1)
long, 300 m (990 1) wide, and slopes sharply from the surface to a sand bottom at 9 1‘? 1 r: ( (<)

36 ft), The spurs are composed of a framework of A. paimata (e!khorn) capped by colonies od very
)arge, |iving Montastraea annularis (small star coral), Diploria strigosa (brain coral); a:f ¢ the
Colpophy!lia natans (moon coral). Montastraea cavernosa (large star coral) becames domina :he
deeper ends of the spurs, Montastraea spp. and Acropora paimata are numerical ly dominant on spwrs,
accounting for 54 percent of the scleractinians, The gorgonian fauna are dominated primarily by
Pseudopterogorglia americana and Gorgonia ventalina which comprise 19 percent of the fauna, Secondary
dominants are Plexaura flexuoss, Pseudopterogorgia acerosa, Muricea atiantica, and Erythropodium
caribasorum which account for an additional 18 percent of the gorgonians found In this zone,

The end of the spur and groove zone at Looe Key is marked by 2 sandy plain at 10 to 12 m (}3 to 40
£1), which grades into a deeper reef zone, particulariy toward the west. A second tier of deep spurs
and grooves continues to a depth of 30 to 35 m (100 to 115 ft), Octocorals Such as the rough sea
plume (Muriceopsis flavida, eleven percent of deep reef gorgonians) are cammon but are replaced by
Psuedopterogorgia bipinnata (the bipinnate sea feather) and Icl!ligorgia schrammi (13 percent) with
increasing depth. The scleractinians of the deep reef are similar in composition to the shal iower
zones but contain a relatively greater abundance of branching forms such as Eusmiila fastigiata (star
or flower coral), Porites porites, and Madracis spp. (finger coral), The larger scleractinians of the
deep reef are Agaricia (lettuce coral) and Mycetophyltia.

The zone landward of the reef crest at Looe Key is the reef flat zone. Coral diversity there Is
limited and individuals present are usually small and encrusting. Dominant species inciude the
mustard hil! coral Porites astreoides (27 percent of reef flat Scieractinia), the brain coral Diploria
clivosa (17 percent), the fire coral Millepora squarrosa (14 percent), and the starlet coral
Siderastrea siderea (11 percent). Gorgonians are the most conspicuous element here and consist prin-
cipally of two species, Gorgonia ventalina (common sea fan; 27 percent) and Pterogorgia citrina

(yel low sea whip; 43 percent),

Antonius, et al. (1978) also described the patch reef zone closest to Looe Key. This area contains
the same scleractinian species as described for the reef fiat, except that an increased abundance of
Acropora cervicornis Is noted. Twenty-six species of gorgonians were found in this zone, but only one

species, Pseudoplexaura flagellosa (flagel late false Plexaura; nine percent), accounted for more than
six percent of the individuals.

Patch reefs of the Florida Keys have received the most camprehensive treatment as far as ecology and
systematics of corals in the management area are concerned, Comparisons between reefs and areas,
however, are complicated by envirommental variables which fluctuate with the location of the patch,
wave and current exposure, exposure to Florida Bay water thermohaline and turbidity fluctuations,
distance from shore, and depth ail play a role in quantitative and qualitative cora! devel!opment,
General ly, patch reefs found in the lagoon between the outer reefs and the Florida Keys may include
star corals Montastraea spp., fire corals Millepora spp., regular tinger coral Porites porites (P, furcata
or P, divaricata), mustard hill coral P, astreoides, stariet coral Siderastrea spp., brain cora!
Diploria clivosa, and staghorn Acropora cervicornis, Acropora paimata (elkhorn) is almost always
absent, Antonius, et al, (1978) found that five species composed 50 percent of the stony corals
found on the patch reefs at Looe Key; Millepora compianata, the star corals Dichocoenia stellaris,
Siderastrea siderea, and Montastraea annularis accounted for eight to ten percent each, whiie
staghorn coral Acropora cervicornis dominated with 15 percent of the total,

Inshore waters in the Immediate vicinity of the Keys are dominated by hardy corals (including the
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brain coral Dipioria clivosa, Favia fragum, Porites porites, P, astrecides, Siderastrea radians

S. siderea, rose coral Manicina areolata, and Cladocora arbus:ula), which appear to have a greaJ'rer
tolerance to silt, thermohaline changes, and unconsolidated bottom (Vaughan, 1919; Kissiing, 1965)
Voss and Voss (1955) have described such an environment in the vicinity of Soldier Key, the norfhe;n-
most of the Florida Keys, as have Turmel and Swanson (1976) at Rodriguez Bank, near Tavernier,
Florida. The dominant scleractinian in both focations is Porites porites (Porites divaricata), found
in a distinct seaward band associated with the coralline alga Goniolithon Sp. and turtie grass
Thalassia testudinum,

Quantitative information dealing with distribution and abundance of gorgonians is available for severa!l
back reef areas in the Florida Keys. Opresko (1973) has analyzed gorgonian data for Boca Chita Pass,
Soldler Key, and Red Reef (Table 5-6 and Section 5.4), The first two locations lle on the seaward
side of Biscayne Bay and are subject to fluctuations In salinity, temperature, and turbidity. Boca
Chita Pass is the least oceanic in character and not surprisingly possesses the lowest diversity and
density of gorgonians. Red Reef is a lagoonal patch reef located on Margot Fish Shoal, approximately
4 km (2 nm) east of Elliott Key and about 3 km (1.6 nm) west of the outer reef arc (Long Reef)

(Figure 5-6); this location displayed the greatest diversity and density of the areas studied by
Opresko (Table 5-6). ’

Comparative information Is avalilable for the gorgonian fauna on other lagoonal patch reefs. Bagby
(1978) has studied three sites off Key Largo, Florida, chosen to provide a view of the influence of
increasing oceanic conditions, The patches, hereafter referred to as Five, Seven and Nine Kilometer
Reefs, are named for their respective distances from Key Largo, Florida. Nine Kilometer Reef is imme-
diately shoreward of the outer reef arc just south of Molasses Reef (Figure 5-6). Table 56 compares
distribution and abundance records of gorgonians from both Opresko (1973) and Bagby (1978). It is
apparent that Pseudopterogorgia americana (slimy sea plume) and P. acerosa (porous false Plexaura) are
the most widespread species, being found at every station. In agreement with the conclusions of
Opresko (1973), P. acerosa is most common inshore, while P, americana is more dominant at of fshore
patch reef stations. Equally widespread, but numerically less dominant, are the species Plexaurella
dichotoma (double~forked Plexaureila) and Plexaura flexuosa (sea rod). The former is present at all
stations but is abundant only at Soldier Key and Five Kilometer Reef, Two species, Eunicea succinea
(amber Eunicea) and Pterogorgia citrina (yellow sea whip), are distributed in abundance at both
Soldier Key and Nine Kilometer Reef, but not in intermed!ate areas. Pseudoplexaura porosa was dominant
on Five Kilometer Reef and Plexaura homomalla (black sea rod) was of considerabie importance on Red -
Reef, but neither was prominent elsewhere in the areas studied.

Species with patchy or widespread distributions are apparentiy the rule rather than the exception.
Goldberg (1973a) noted that of fshore patch reefs near the 9 m (30 ft) isobath of f the southeast
Florida coast could be dominated by either Pseudopterogorgia americana or P, acerosa. Plexaura
flexuosa was equally abundant along with Eunicea calyculata (warty Eunicea) and Muricea muricata
(spiny Muricea), Reefs at 14=~to 20-m (46-to 66~ft) depths off Palm Beach are dominated by Plexaura
flexuosa and Pteroqorgia citrina (Wheaton-Smith, 1976)., Plexaura flexuosa and Pseudopterogorgia
amer icana dominated the shal low reefs at Long Key, Dry Tortugas (Wheaton Lowry, in preparation).
Thus, any or all of these species can be found praominently on inshore or of fshore reefs, in

shal low water or on outer reefs at depths up to 20 m (66 ft). Their relative abundance on a given
reef must therefore be Interpreted with caution,

Shal low ‘patch reefs near the outer reef tract display a number of clear-water indicator specles.
Gorgonia ventalina (common sea fan), Muriceopsis flavida (rough sea piume), Briareum asbestinum (corky
sea finger), and Pseudopterogorgia bipinnata all fall in this category, in decreasing order of con-
sistency (Opresko, 1973; Bagby, 1978). However, only the sea fan G. ventalina showed any correlation
between abundance and reef position. At Red Reef and Five Kilometer Reef, this specles accounted

5=21




TT-S

TABLE 5-6. Comparative daminance diversity of Gorgonacea in shoal waters of the Florida .

Keys, A - after Opresko (1973), B - after Bagby (1978).

A, SOLDIER KEY OCA CHITA PASS RED REEF

SPECIES £ OF POP, CUMILATIVE % SPECIES % OF POP, CUNULATIVE % SPECIES < OF POP. CUMILATIVE 2

Eunicea succinea 41.2 41.2 Ps ter fa 45.1 45.1 Brisreus 21.4 21.4
orma succined dceérosa asbestinm

Pterogorgta 7.3 78.5 P. smericana 12.6 51.7 Plexaura 14.3 3.7
cltr%m - “"homoma ! 1a ‘

Pseudopterogorgia 4.7 83.2 Muricea 9.9 67.6 Ps ter 1a 13.0 48.6
aceross atlantica pinna

Plexaurells 4.5 87.8 Pterogorgia 9.9 77.5 Erythropodium 12.2 60.9
dichotoma ahceps $p.

Enicea 3.3 91.0 Muricea 1.2 84.7 Plexaura 1.9 68.8
calyculata elongata eXuosa

Colontes Sampled: 703 Colonfes Sampled: 111 Colonies Sampled: 736

No. of Specles : 16 No. of Species : 10 MNo. of Specles : 26

Colonies/m? : 113 Cotontes/m2 : 6.9 Colonfes/m? s 21.1

B,.XEY LARGO PATCH REEF (5m) KEY LARGO PATCH REEF (7m) KEY LARGO PATCH REEF (9m)

§PECIES X OF POP. CUMULATIVE £ SPECIES £ OF POP, CUMILATIVE % - SPECIES 1 OF POP, CUMULATIVE %

Pseudoplexaura 13.2 13.2 Mric%ssis 213 21.3 Eunfcea succinea  42.6 2.6
porosa av orms

Pse terogorgia 12.0 26.0 Pseudopterogorgfa 26.9 54,2 6ol 1a 12.8 §5.4
americana F!E‘mh vennﬁhm

Briaress 8.8 N9 P. smericana 13.5 61.7 Ps t 1a 1.2 ~ 66.6
asbest inum americand

Plexsura 7.5 42.3 Gorgonia 6.4 n.2 mrlc%;ls 10.6 ) n.1
Tlexuosa ven%a"m av

Plexayrella 7.1 49.4 Briareum 4.2 78.4 Pte 1a 9.8 86.9
dichotoma asbestinum = L___-?%?"v%’; '

Muriceopsis 1.1 56.5
ﬂlvl&

Colontes Sampled: 949
No. of Species : 33

Colonies/m2 :  26.4

Colonies Sampled: 1138
No. of Specles : 25
Colonies/me : 3.6

Colonfes Sampled: 634
No. of Specfes : 20
Colontes/m2 s 16.7
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The Florida Keys with localities mentioned in the text.
indicate major passes for bay water exchange (after Shinn et al.,

1977).
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for 2.7 to 4.1 percent of the total fauna. At Seven Kilameter Reef this fligure increased to 6.4 per-
OF Ze .

cent, and at Nine Kilometer Reef 11 Increased again to 12.8 percent.
’

5.2.1.5 Northeastern Gulf of Mexico

This reglion includes the waters off the west coast of Florida fram the Everg lades norfhf:: 2:p: :::,n
Blas on the Florida Panhandie (Figure 5~2). Fram +he standpoint of coral communities, S )

and most important area in this region is a 1,536 km?2 (338 nm2) hard bottom nortiwest of Tampa noun'as
‘the Florida Middle Grounds (Figure 5-4). The Florida Middle Grounds is characterized by steep-profile
| imestone escarpments and knoils rising 10 fo 13 m (33 to 43 f1) above the surrounding sand and sand-
shell substrate, with overall depths varying from 26 to 48 m (85 to 157 1) (Smith, 1976). Brooks
(1962) attributed the rellef to underlylng Pleistocene relic reefs which flourished during the last

inter-glacial epoch.

At present, live corals contribute little fo the contiguration of the area (Smith, 1976), so that it
is best to use the term hard bottom rather than coral reef to describe it, This point is underscored
by the absence of the hermatypic star and brain corals Montastraea and Diploria (Smith, et al., 1975
characteristic of the Flower Garden Reefs described in Section 5.2.2.7 below.

The dominant scleractinians in the Florida Middle Grounds include Madracis decactis, Porites
divaricata, Dichocoenia stellaris, D. stokesii, and Scolymia lacera. Octocorals, a relatively minor
component of other Gulf reefs considered below, are prominent on the Middie Grounds; dominant forms
Include Muricea elongata (orange Murlicea), Muricea laxa (delicate Muricea), Eunicea calyculata (warty
Eunicea), and Plexaura flexuosa (sea rod) (Grimm and Hopkins, 1977). Additions to the latter paper
have been made by Wheaton Lowry (in preparation) and are Included in Appendix A. It is of Interest to
note that several genera of octocorals (Plexaura, Eunicea, Pseudopterogorgia, etc.) usually conslidered
typical of tropical areas occur this far north,

A species zonation pattern exists on the Florida Middle Grounds with overiap between ad jacent zones.
Grimm and Hopkins (1977) describe a Muricea-Dichocoenia-Porites zone at 26 to 28 m (85 to 92 ft).

From 28 to 30 m (92 to 100 ft) the dominant forms are Dichocoenia (eye coral) and Madracis. Miilepora
(tire coral) dominates from 30 to 31 m (100 to 103 ft) but becomes codominant with Madracis from 31 to
36 m (103 to 118 1),

A second shelf region with notable corat communities is bounded by the waters off Tampas Bay on the
north and Sanibel island on the south and has been investigated and reported by the Florida Department
of Natural Resources in their Memoirs of the Hourglass Cruises. The so-called "Hourglass region"
(Figure 5~4) consists of a variety of bottom types. Rocky bottom occurs at the 18 m (59 ft) contour-
where sponges, alcyonarians, and the scleractinians Solenastrea hyades (stump coral) and Cladocora
arbuscula are especially prominent (Joyce and Williams, 1969). Smith (1976) noted additional "patch
reefs" (hard bottoms according to the definitions in Table 5-1) which occur off Sarasota, Florida.
Calrns (1977b) published an analysis of the ahermatypic stony corals of the Hourglass samples; Jaap Is
currently preparing a report on the other scleractinians, While it is apparent that the distribution
of corals in this reglon is irregular, a considerable diversity of scleractinians and octocoraliians
occur here and are |isted among those recorded from the eastern Gulf of Mexico (see Appendices A and
C). Dominant species were Siderastrea radians, Cladocora arbuscula, Solienastrea hyades, Phyliangia
americana, Oculina diffusa, and Oculina tenella; twelve other species were rare (Jaap, 1979, personal
communication),

As in the Florida Middie Grounds the Hourglass region octocoral fauna incliude Carolinian and West
Indian species, This Leptogorglia/Lophogorgia assemblage is found in some abundance to the vicinity of

Naples, Florida, (Wheaton Lowry, in preparation) and persists sporadically to Cape Sable, Fiorida
(Tabb and Manning, 1961),
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In addition to the Florida Middle Grounds and Hourglass areas, the eastern Gulf reglion also includes
abundant hard bottom communities (Causey, 1979, personal communication), Woodward-Ciyde Consultants

(1979) described the biological associations of these areas, in which Oculina robusta is particularily
abundant,

5¢2.1.6 Northern Gulf of Mexico

This region Is bounded on the east by Cape San Blas, Florida, and on the west by the Mississippi Delta
(Figure 5-2)., The shallow nearshore zone in this area appears to be a transition zone between hard-
bottom communities to the east and southeast and locallzed hard-bank communities to the west. The
area is influenced by the Mississippl River outflow. Although some corals [Manicina areolata rose
coral; 34 m (112 ft) depth; Jaap, 1979, personal communication] and inshore hard bottoms have been
reported 3 to 11 km (1.6 to 5.9 nm) offshore between Panama City, Florida, and the Choctawatchee Bay
entrance (Brooks, 1974), most coralline areas are restricted to the outer edge of the continental
sheif in this region.

The shelf edge lying in the area between the Mississippl Delta and northwest Florida contains a number
of discontinuous mounds, hills, and pinnacies at depths of 80 to 168 m (262 to 550 ft). Ludwick and
Walton (1957) studied a section of these prominences off Mobile, Alabama, (depth, 80 to 110 m or 262 to
360 ft; mean temperature, 18.3°C or 63°F) which were found to be Pleistocene rock camposed chiefly of
calcareous algae, Their relief averaged 9 m (30 ft) above the surrounding terrain, and although no
evidence of modern reef construction was found, a number of scleractinians and octocorals (in addition
to the antipatharian Cirripathes sp.) were obtained by dredge and grab (Table 5-7).

Table 5-7, Shelf-edge corals from the northern Guif of Mexico. (After Ludwick and Walton, 1957)

Octocorallia Scleractinia
Nidalia occidentalis Gray *Oculina varicosa Lesueur
Neospongodes agassizi Deichmann (reported as O, disticha)!
*Nicella guadalupensis D. & M. *Madracis mirabilis D. & M.2
Riisia paniculata D, & M, *Bathycyathus sp.
Ellisella sp. (funiculina?) Anomocora fecunda Pourtales
*Thesea rubra Deichmann Balanophyilia sp.
Villogorgia nigrescens D. & M, Deltocyathus agassizi Pourtales

Desmophy!|jum caillet] D. & M,

* Indicates most commonly encountered species.
! Probably O. robusta

2 Perhaps M. decactis or M. asperula

Additional species of Octocorallia from this region are listed in Appendix A from Bayer (1961) and
Giammona (1978), but with no indication of whether they are associated with hard-bottom communities,

Cairns (1977a) had published 2 field guide and taxonomic key to the commoner octocorals of the Gulf of
Mexico, Caribbean, and Florida.

5.2.1.7 Northwestern Gulf of Mexico
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The principal communities in the norttwestern Gulf of Mexico (west of the Mlssls:r:ZEI:L;:rﬁ:l:::r;re
localized on the hard banks occurring on the shelf (see Figure 5-4). Numerous T' e o warars
discovered as topographic studies continue on the Gulf shelf, These banks usui: y g

40~ to 100-m (131=- to 330-f1) deep and include filamentous and leafy algae (Br*g L or oeial
Bright (1977) had grouped these banks into three categories based on their biota a Ba:ks v o ;
as described in Table 5-8 and Figures 5-4 and 5-7. Only East and West Flower Gard;;o o B;i, P
peak at depths less than 25 m (82 £1); the other banks peak at 58 40 70 m (190 to : . s
these banks fall into at least six biotic zones, combinations of which are found on di fferen nks

(Bright, 1977).

Table 5-8. Classification of Gulf of Mexico banks based on depth of origin. (After Bright, 1977),

Group 1 - Origin between 50 and 60 m (163 to 196 ft) contours
Stetson Bank Claypile Bank
Sonnier Bank (Three Hickey Rock) 32 Fathom Bank

Group 2 - Origin between 60 and 80 m (196 to 262 1) contours

Mysterious Bank North Hospital Bank
Blackfish Ridge Aransas Bank

Big Adam Rock South Baker Bank
Smal | Adam Rock Baker Bank

Dream Bank ' 29 Fathom Bank
Southern Bank Fishnet Bank

Hospital Bank

Group 3 - Origin between 100 and 200 m (330 to 660 ft) contours

East Flower Garden Bank Ewing Bank
West Flower Garden Bank Parker Bank
Bright Bank 18 Fathom Bank
Bouma Bank 28 Fathom Bank

Two banks (Stetson and Sonnier) In the first group (those originating between the 50 to 60 m [163 to
196 ft] contour) are dominated by the fire coral Millepora alcicornis and various sponges (Giammona,

1978; Bright, 1977). Stetson Bank, in particular, has been described in some detail by Bright and
DuBois (1974) (Figure 5-8). This bank occupies about 4 ha (10 acres) of bottom composed primarily of
a soft claystone which rises fram a mud bottom at roughly 49 m (161 ft) to a peak at about 20 m

(66 tt). A wide variety of benthic organisms are common on the bank, including the sponge
Neoflbularia sp. and the rock-boring bivalve Jouannetia quiilingi,

Few scleractinian and no gorgonian corals are found at Stetson Bank, Stephanocoenia michelinli (also
reported as S. intersepts by some researchers) occurs with occaslonal encrustations of Madracls

decactis (Bright and DuBois, 1974). Edwards (1971) reported the presence of Siderastrea sp. (stariet
coral), and the star coral Montastraea annujarls, brain coral Diploria strigosa, and Madracis asperula

ht, 1977; Giammona, 1978), ~

on Stetson Bank, but these were not encountered by the former authors despite extensive SCUBA and sub-

mersible operations, E, A. Shinn (personal communication) reports Millepora sp. as having been fairly
common there in 1973,
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Another bank within Group 1 is the Sonnler Bank (f

ormerly known as the Three Hi
Is a mid-shelf structure camposed of siltstone outcrops., The peak at 20 to 21 :k:;6R::‘;; fI?':sbank

almost entirely encrusted with Millepora sp. (fire coral) which persists to 40 m (132 f1) along with

the sponges Neofibularia nolitangere and Ircinia SPe Although a specimen of Agariclia sp. (lettuce

coral) was recovered at 52 m (170 ft), the only common scleractini
an was Steph N
41 m (118 to 135 ft) (Figure 5-9). 2105008 <P AT 36 To

The base of Sonnler lies at about 52 m (170 ft), where rubble gives way to a mud bottom at 58 m

(190 ft). The antipatharian black corals Cirripathes sp. and Antipathes sp. were noted fram 47 to 58 m
(153 to 190 ft) adjacent to the bank but not on it. Bright (1978) considers the structure, environ-
ment, and biota of Sonnier to be similar to Stetson Bank (described above).

The second group of banks, of which Southern Bank (Figure 5-10) is typlcal, does not rise as close to
the surface as most banks and is characterized primarily by antipatharians of the genus Cirripathes.
Also present are scattered encrustations of coralline algae and gorgonians of the genera Hypnogorgia
(Muricea ?) and Thesea (Bright and Rezak, 1976). It is worth noting that nearby Dream Bank (aiso in
group 2) has a more diverse octocoral fauna when campared with the rest of the South Texas Banks.
Bebryce cinerea Deichmann, Scleracis gquadalupensis Duchassaing and Michelotti, Thesea nives Delchmann
and T, parviflora are all| known from here at depths of 63 to 83 m (207 to 271 ft) (Giammona, 1978),
In addition, Muricea pendula Verril| has been taken on Baker and Aransas Banks (60 to 62 m; 196 to
203 t1), Nicella flageltum (Studer) Is known fram Hospltal Rock (depth unspecified), and Placogorgia
tenuis Verril| has been recovered from South Baker Bank at 76 m (250 ft) (Giammona, 1978). Additional
Octocoral lia from this region are listed in Appendix A,

Scleractinian corals, while not abundant, are represented by populations of Agaricia sp. (lettuce
coral), Madracis brueggemanni, and an unidentified sollitary species (Bright and Rezak, 1976). Cairns
(1978) lists several additional ahemmatypic corals from the sheif banks of this reglon (see Appendix C).
The physical conditions which characterize these hard banks are not conducive to the development of
coral communities. The South Texas Banks, in particular, are subjected to frequent intrusions of
coastal water masses with their attendant thermohaline fluctuations. Bright and Rezak (1976), for
example, state that bottom temperatures can vary fram 12 to 16°C (53 to 61°F) and salinities can
change abruptliy. In addition, the upper levels of the banks are subjected to periodical inundation by
turbid water layers which overlie the predominantly soft bottom of the Texas~Loulsiana outer continen—
tal shelf (Bright, 1977). The community characterized as the "antipatharian zone" is apparently
adapted to these conditions although the tops of the banks, which are frequentiy above the nephelold
layer, are biotically more diverse than the lower parts of the banks (Bright, 1977),

The third group of Gulf banks classified by Bright (1977) are the outer sheif structures originating
at depths of 100 to 200 m (330 to 660 ft), These are typified by the East and West Flower Garden
Banks except for the large number and diversity of scleractinians which are found in abundance only In
their shal lowest zones, located in clear, oceanic waters over 200 km (108 nm) south-soutiwest of
Galveston, Texas, these two banks bear the most canble‘re and complex coral communities on the north-
western Gulf of Mexico continental shelf, Zonation patterns at the banks resembles patterns observed
Iin the Florida reef tract but begins at much greater depths,

~ Geologically, the Flower Garden Banks are salt-dome structures which have been colonized by coralline
algae and reef-bullding corals (Levert and Ferguson, 1969). Because at least some of the relief has
been contributed by hermatypic corais, it seems appropriate to refer to these salt-dome structures as
a special variety of coral reef., Accordingly, Bright and Pequegnat (1974) classify the Flower
Gardens as a submerged reef-bank with coral prominences cresting at a depth of approximately 20 m

(66 1),

West Flower Garden Bank Is camposed of large, closely spaced coral heads up to 3 m (10 ft) or more in
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nd
The resultant topography is quite rough with much growth in the forfm ::u:‘:dg::raan aros of
ST BTGt o o 49 m bdtholesl ol zo::do:; *;:n:ee*:'aoa annularis (small
1o 160 ft), Is domina Y as
40 ha (100 a) at a depth of 24 to 49 m (78 e onyl i
P g Montastraea cavernosa (large star coral), LOIpOpnyi 1 1a
tar coral), Diploria strigosa (brain coral), ; >
ia:an: (moo; coral), and Porites astreoides (mustard hill coral), in that order of abur]u‘l:nceTh Brig
and Pequegnat (1974) refer to this as a "Dlplorla-Mcnfasfraea-Porlf::eZon;"‘:Ft?:r;a:bbe;n a:e
‘ | reefs in the southern Gulf a »
acroporids, the dominant hermatypes in other cora v ol
tocalitles in the Gulf north of Vera »
entirely absent from the Flower Garden Reefs and other .
Mexico IMoore, 1958). The reasons for the absence of +his and other groups ?f hemafyplc.:Fcorglj ::y
include greater peak depths, the seasonal temperature range between 20 to 30°C (68 to 86 .)",( rF"g '
and Pequegnat, 1974), or recrultment difficulties presented by the great distance between the Flow
Garden Banks and other coral gene pools of south Florida and the southern Gulf,

diameter,

East Flower Garden Reef Is somewhat smaller (28 ha or 70 a) than West Flower Garden, and has a simllar
pattern of zonation (Figure 5-12), in addltion to the Diploria-Montastraea~Porites zone, however, the
eastern bank also possesses a blotic zone of Madracis mirabilis and a zone of fleshy algae on the
uppermost peaks (Bright, 1977),

The deeper portions of both banks contalin an algal-sponge zone (dominated by coral line algae) followed
by a deeper (70 m or 230 ft) antipatharian zone similar to, but deeper than, that found on the south
Texas fishing banks described above in group 2 (Bright, 1977), On the Flower Gardens, gorgonian
corals of the type characteristic of West Indian reefs are not present on the reef cap (Bright and
Pequegnat, 1974), Giammona (1978) 1ists a number of deepwater gorgonian species taken {argely below
the zone of active reef growth (Table 5-9).

Table 5-9. Gorgonacea from West Flower Garden and 28 Fathom Banks.

Depth in m (ft)

Family Gorgonidae

Leptogorgia virgulata (Lamarck) 82 (270)
Lophogorgia punicea (M.-E. & H.) ?

Family Ellisel lidae

Ellisella atiantica Toeplitz 100 (330)
E. barbadensis (D. & M,) 100~115 (330-375)
Nicella americana Toeplitz 100 (330)
Rilsea paniculata (D, & M,) 100 (330)

Famlly Paramuriceidae

Callaclis nutans (D, & M,) ’ 100 (330)
Trachymuricea hirta Dichmann 105 (345)
Scleracis guadalupensis (D. & M,) 35-50 (115=165)

Giammona (1978) lists four additional species fram nearby 28 Fathom Bank taken at 100-106 m
(330-348 f1):

Nidalia occlidentalis Gray
Bebryce cinerea Delchmann
Siphonogorgia agassizii (Delchmann)
Nicella flagelium (Studer)

Source: Bright and Pequegnat, 1978,
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- Several other topographic highs on the Louisiana continental sheif also fall in this third group:
Bright, Bouma, Ewing, Parker (not figured), and 18 Fathom Banks (Figures 5-13, 5-14, 5-15, and 5-16)
(Bright, 1978). Al five are shelf-edge features supporting a communlty structured largely by popula-
tions of coralline algae. All possess features of zonation, generally similar to those seen at
Flower Garden Banks (except for the noted lack of scleractinian diversity and number)., The algal-
sponge zone (coralline algae - Neofibularia sp.) at 50 to 70 m (165 to 230 ft), is developed on all
five banks, usually associated with Madracis sp., followed by an antipatharian zone at 70 to 80 m
(230 to 263 ft) (Cirripathes sp. and Antipathes sp.). In addition to these zones, 18 Fathom Bank is
‘capped with a zone composed of the scleractinians Montastraea cavernosa, Stephanocoenia sp,, and
Agaricia sp., plus the hydrozoan Miitepora sp. (Figure 5~16). This coral zone, the only one of its
kind in the banks described here, is found in patches between 43 to 47 m (140 to 154 f+). It is worth
noting that lettuce coral Agaricia sp., Is also found on Bright and Bouma Banks, M. cavernosa is known

from Bright Bank, and the solitary coral Oxysmilia sp. Is reported from both 18 Fathom and Ewing Banks
(Bright, 1978).

Octocoral lians are only preliminarily described for these regions, but 18 Fathom Bank is reported to
have four species: Bebryce cinerea, Nicella flagellum, Nidalia Spe., and dense populations of a
whiplike Ellisella sp, at 62 to 73 m (203 to 240 ft) (Bright, 1978), Nicella schmitti and Nidalia
occidentalis are reported from Ewing Bank,

A final Gulf bank not fitting the above blotic classification is Sackett Bank (Bright, 1978). The
area in which this bank is located is chronically beset with stresses associated with variations in
turbidity and salinity due to its proximity to the Mississippi River. 1T is not occupied by extensive
cora! or coraliine algae communities, except that at 70 to 80 m (230 to 263 ft), the Cirripathes zone
becames developed (Figure 5-17)., At 80 to 88 m (263 to 288 ft), Antipathes sp., Nidalia occidentalis,
and unidentified paramuriceid, and the solitary scieractinlan Oxysmilia sp. are all found, but disap-
pear below 90 m (225 ft) due to the development of a mud surface.

5.2.2 Deepwater Corals

As noted in Section 5.1.2, -information concerning deepwater corals is exceedingly sparse. In most
instances, the information is too incomplete to make assessments as to the abundance of the stocks.
With respect to the condition of the stock (i.e., mortality versus replacement rates) and overal |
stock stability, It is not possible to make an informed assessment. |n one sense of the word
"condition", however, the lack of exploltation and other damaging development activities in deepwater
areas (except for limited collection and damage by research dredging) infers that the stocks should be
in a pristine state,

For the Gu!f of Mexico, the two principal studies of deepwater corals are, Giammona (1978), Cairns
(1978); additionaliy, Moore and Bullis (1960) published a short note on these corals. Cairns described
the zoogeography of scleractinians throughout the management area; Giammona reviewed available infor-
mation on Octocoraliia in the Gulf of Mexico (Appehdix E relates his distributional information to
habitat types); and Moore and Bullis (1960) reported a "deepwater coral reef" between 420 to 510 m
(1,350 to 1,700 ft) on the continental slope 70 km (37.8 nm) east of the mouth of the Mississippl
River. In the first such area reported from the Gulf (other areas mentioned below have been reported
in the Atlantic), a single trawl produced about 100 kg (220 lbs) of corals, including Lophelia pro-
lifera (Pallas) and Caryophyllia sp. (Moore and Bullis, 1960).

In the Atlantic, similar structures have been reported along the margins of the Straits of Florida off
Miami, Palm Beach, and'polnfs farther north (Squires, 1963; Neumann and Ball, 1970). One such mound
observed from a submersible in 825 m (2,700 ft) of water on the Miami Escarpment was described by
Neumann and Ball (1970) as "small| mounds of muddy sand capped by thickets of branching, deepwater
ahermatypic corals.™ The uncollected species were possibly of the genera Lophelia, Madrepora, and
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FIGURE 5-16.
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FIGURE 5-17. SACKETT BANK
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Dendrophyllia., Cairns (1979, personal communication) reviewed unworked collections at the Smithsonian
Institution and has hypothesized that deepwater banks may possibly occur commonly along the Atiantic
continental slope within the coral management area -- particularly around the 600 to 800 m (1,980 to
2,640 ft) depth contour. |f this is true, assoclated deepwater corals including Enallopsammia (which
Cairns believes to be the Dendrophyllia reported by eariier investigators) and Lophelia may be relati-
vely abundant in many localized areas.

Also identified within the Atlantic coral management area are "bump areas™ (Stetson, et al., 1962;
'Squires, 1963) located in a broad area about 370 km (200 nm) southeast of Charieston, South Carolina,
in 720 to 970 m (2,350 to 3,200 ft) of water, Here, a 5,145 km? {1,130 nm?) area contains thousands
of "bumps" (hummocks of low relief) hypothesized to represent accumulations of coral material. As in
the Stralts of Florida, the corais were predominantiy the branching corais Lophelia prolifera and
Enallopsammia profunda.

in both the Gulf and Attantic portions of the management area, solitary corals may also occur along
the shelf fiank, slope, and plain, Although solitary deepwater corals have occasional ly been
collected from a single trawl in numbers exceeding several hundred individuals, such collections are
rare and fit no discernable pattern,

5.3 Ecological Relationships

Most coral assemblages are so compiex that holistic approaches to community metabolism are useful pri-
marily for the purpose of comparison with similar measurements made elsewhere. Therefore, most of the
attention on coral reef systems has focused on metabolism and interactions of component parts, Lewis
(1977) has reviewed the components which contribute to the we!l known high production rates on coral
reefs,

Although summarized here, supplemental information on ecological relationships is included in
Appendices G and H.

5.3.1 Coral Ecosystems as a Special Resource

The importance of coral ecosystems and associated habltats has been wall|l documented by numerous
studies, reviews, and symposia (e.g., Jones and Endean, 1973, 1976; Bright and Pequegnat, 1974;
Taylor, 1977; Bright, Jaap, and Cashman, 1981). Many of those documents emphasize the complex struc-
ture of coral ecosystems, the importance of coral for habltat, the sedentary lifestyle and its impli-
cations, the wide geographic and bathymetric distributions, and the many behavioral, physiological,
ecological, and physical associations that cambine to yield an exceedingly infricate functional unit,
The Fishery Conservation and Management Act recognizes these values and listed several corais as con-
tinental shelf fishery resources subject to exclusive U,S. use beyond the FCZ.

Ecosystems which include coral (solltary corals, hard bottoms or banks, |ithoherms, and coral reefs;
see below, Section 6.2,1) often represent unique arrays of plants and animals in a balanced, highly
productive system. The key to many of these systems, if there can be one most important link, is
often coral Itself, since the corals provide habitat and/or food for most of the other members of the
ecosystem. Connell (1973) and Grassle (1973) have studied aspects of population ecology and diversity
within coral reefs (see below, Section 6.2.1)., Individual biotic components have also been studied -
among them, microbes (DiSalvo, 1973), algae (Cribb, 1973), holothurians (Bakus, 1973), shrimps and
prawns (Bruce, 1976), echinoderms (Clark, 1976), fishes (Goldman and Talbot, 1976), and others, The
resultant coral community is exceedingly complex and productive. Helfrich .and Townsley (1965), Odum
(1971), DiSalvo (1973), Sorokin (1973¢c), and others have attempted to quantify and qualify the produc-
tivity of corals and their associated biota (e.g., microorganisms) compared to other marine and
terrestrial communities, ’
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Because of thelr vast species diversity, trophic compiexity, and productivity, mature coral com-
munities possess numerous mechanisms that enable them to resist normal disturbances, especial ly those
biological In nature (Endean, 1976), As classified by Sanders (1968), coral reefs may be termed
biological ly acconmdated communities with interspeciflic competition and predation major determinants
of stabliity. Shallow reef areas (less than 2 m or 6 ft) may be more appropriately termed physically
controlled. Numerous other factors also play major roles in coral health (see below, Section 6.,2.2.1
and 6.2.2.2), It is many of those other factors that potentially threaten the continued viability of
domestic corals,.

The special nature of corals as a fishery Is further highlighted by their sedentary attached
existence, which separates them from the subjects of many other fishery plans, Protection via escape
or camouflage Is limited by the design of coral skeletons and polyps, Although some protection is
afforded by polyp withdrawi, strict energy budgets restrict the use of such behavior, Hence, in the
midst of persistent adversity, (e.g., water pollution, cold temperatures, sedimentation), corals
appear precariously susceptible, -

Part of the uniqueness of the corals covered by this FMP is thelr position at the northermmost limits
of most hermatypic corals In U.S. waters, Although the Solenastrea (stump coral) and Siderastrea
(starlet coral) occur off North Carolina where bottom temperatures reach 10.6°C or 50°F (Macintyre and
Pilkey, 1969), the majorlty of hermatypic corals and coral reef growth is limited to south of Fowey
Rocks, Florida, where the temperature minimum has been recorded as 15.6°C or 60°F (Vaughan, 1918),
Patch reef, hard bottom, and solltary corals do occur north of Fowey Rocks and of f west Florida, but
not to the extent seen off the Florida Keys, northeast of Key Largo, or soutitwest of Big Pine Key
(Figure 6-2). Most corals Inhabiting our nation's continental FCZ, especially the hermatypic species
which are less temperature tolerant, are at the very limit of their geographical range,

5.3.2 Value as Habitat

Perhaps the most valuable contribution made by corals to the marine enviromment is as habitat for
numerous assocliated organisms. As described by Jones and Endean (1973, 1976), Antonius, et al. (1978),
and many other researchers, a coral assemblage within the management area may support rich populations
of invertebrates (corals, sponges, tunicates, echinoderms, crabs, lobsters, gastropods, etc.), ver-
tebrates (primarily fish but possibly turties, birds, and marine mammalis), and plants (coralline
algae, fieshy algase, eelgrass, turtiegrass, etc.)., Wells (1957) emphasized this habitat value iIn
defining a coral reef as ",., fauna and flora ... [thatl ... provide the ecological niches essential
to the existence of all other reef dwelling animals and plants.," Undoubtedly coral is a primary pro-
vider of niches, As two examples, consider the utitization by reef fish and spiny lobsters of coral
reefs or hard bottom zones., The Florida Sea Grant College (1979) reported an annual commercial catch
of reef fish in the Gulf of Mexico of about 19 miliion pounds (8,482 metric tons); Centaur Associates,
Inc. (1979) developed a maximum sustainable yleld of 7.3 mililon pounds (3,259 metric tons) for spiny
lobsters for U.S. Gulf and south Atlantic waters. -While the total catch cannot be attributed to the
presence of coral reefs, the reefs do serve as an important source of habltat for these species,

The habitat diversity within a coral community Is usually proportional to ecosystem diversity.
Compiex reef systems usually provide greater types and quantities of habltat than the more uni-
dimens ional hard bottoms, Of considerable significance in assessing vajue as habltat are the {iving
and nonliving components of the ecosystem. Corals and associated benthos, e.g., sponges, tunicates,
and algae, contrlibute most of the living habltat, Dead corals, perhaps parts of relic reefs, coral

| imestone, or |Ithifled coral rock, are a most Important abiotic component. Regardless of the type of
substrate or source of protection, the coral community offers space for organisms ranging from epi-
benthic Invertebrates to large fish, Those animals in turn contribute to the food chains of the
entire ecosystem,
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Octocorats (specifically gorgonian octocorals) are very important in the ecological batance of the reef
ecoysystem, They have numerous interactions with other animals, including: functioning as a hold-
fast for numerous other intertebrates; as a substrate for encrusting fire coral (Millepora); a host
for parasitic organisms and symbiotic zooxanthel lae; a food source for snalls and marine worms and a
refuge for fish and shrimp, Additionally, octocorals contribute to the general reef bulld-up, adding
over a ton of limestone in the form of spicules per acre per year to a reef habltat (Cairns, 1977).

Data from a recent five-year study at Biscayne National Park (BNP) support the importance of octocoral
habitat., Average octocoral density was as high as 58 colonies/m2 for eight patch reefs studied within
BNP (Wheaton Lowry, unpublished) whereas stony coral density averaged oniy 8.5 colonies/m (Jaap,
unpublished), Maximum |inear density of octocorais was 544 for 20 m in contrast to a stony coral
maximum of only 44 colonies, Tilmant, et al. (1979) reported 214 fish species from these same octo-
coral dominated reefs., This exceeds 134 species for Tortugas and 146 species for Pennekamp reported
by Jones and Thompson (1978). These octocoral dominated reefs are thus rich in reef fish and serve
not only as habitat and a focal point for a great number of important species but probably as a

recrul tment area for the fore reef,

Some coral assemblages in the Gulf of Mexico may be adjacent to habitat for marine turties that have
been acknowledged as threatened or endangered species by the Endangered Species Act of 1973, as
amended. A January 17, 1979, listing of protected species [Federal Register 44(2):3636-3654] included
the green (Chelonia mydas), Kemp's Atlantic Ridley (Lepidochelys kempii), leatherback (Dermochel!ys
coriacea), hawksbill (Eretmochelys imbricata), and loggerhead (Caretta caretta) sea turtles from the
management area.

5.3.3 Economic Values

Due to the Florida law prohibiting coral taking and the subsequent shift of supply to foreign sources,
such as the Phillppines, India, and Halti, much of the current econamic value derived fraom corals in
the management area cames from the nonconsumptive recreational uses of living corais or collection of
other reef resources. However, should these foreign sources decline, the monetary value of corals may
rise and increase demand for harvesting corals in the management area.

Throughout the management area but especially in the Florida Keys, dive shops, glass bottom boats, reef
tishing tours, snorkel trips, boat ramps, and/or tropical specimen collecting companies, emphasize the
importance of corals to many local economies (see Section 10.1). It has been estimated by Davidson
(1979, personal communication) that the area from Ohlio Key to Sugarioaf Lodge near Looe Key, Florida,
generates about eight to ten million dollars annualiy in marine-related incame, much of 1t coral
related. In 1978, the town of Key Largo had 13 dive shops, 22 dive boats, John Pennekamp Coral Reef
State Park (including a large boat ramp and hoist, small marina, and numerous daily tours to reets),

34 boat ramps, and 22 marinas (Office of Coastal Zone Management, 1979b). An estimated 400,000 people,
many of whom visit the reefs, visit the park at Key Largo each year through the turnstiles. Park
officials estimate total usage including boats from private docks and rentals may double this figure
(Gitlen, 1979, personal communication). Most of the users who visit the reef concentrate around Ory
Rocks, Molasses Reef, and a few other select locations, not the entire park. In the norttwestern Gulf
of Mexico, divers pay as much as $100 each to visit the Fiower Gardens coral reefs by dive boat even
though the reefs are over 200 km (about 110 nm) offshore (Blood, 1978, personal communication),.
Industries such as tropical specimen collecting and glass bottom boat tours are aiso dependent on
corals.

These brief examples, and the more detailed information In Sections 8,0, 9.0, and 10.0, reliterate the
dependence of the coastal regions on viable coral ecosystems. AlThough short-term benefits may be
galned by harvesting corals from the reef, extreme care must be taken to protect the long-term
viabitity of the reef and the closely related economics of coastal counties, particulariy Monroe
County, Fiorida.
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The key fact in the above discussion Is the derivation of value fram living corals in the natural
environment rather than fram any col lected corsl specimens (see Sections 8,1, 8,2 and 9,1 through 9.3),
Collection of coral-associated biota constitutes another value that is related to corals. |f managed
appropriately, both consumptive use of assoclated blota and nonconsumptive uses of corals and coral
reefs should not be detrimental to the enviromment or any user group's econamic wel I-being.
Preservation of existing fisheries that are related to corals should be of vital econamic concern,

For example, the reef fish and spiny lobster harvests In the Gulf of Mexico FCZ were valued at
approximately $9,832,000 (Florida Sea Grant College, 1979) and $8,636,000 (Centaur. Associates, Inc.,
1979), respectively,

5.3.,4 .Buffer Values

Coral reefs occurring along southern Florida, and indeed throughout the world, are markediy affected
by patterns of water circulation. The most highly developed reefs in the management area are the
Florida reefs, confined to the windward or southeastern margins of the land masses (Glynn, 1973;
Shinn, 1976). Less developed coral communities and other distinguishable biotic assemblages, e.g.,
grass beds, frequentiy occur leeward of the reef barriers (see location of reefs and grass/algae beds
in Figure 6-4).

The protection of fered by land from cross-platform currents (Ginsburg and Shinn, 1964) is mirrored by
the buffer provided islands by relic and/or live coral reefs, Offshore reefs help dissipate storm
energies and serve to minimize impacts of storms, wave action, and other physical stresses.

The net result of these two buffering systems Is a peculiar, abliotic "symbiosis"™ -~ Is{ands protect
corals by shlelding away cold water and low salinity fiows from the Florida Bay and eastern Gulf and
the corals protect land masses and nearshore communities from oceanic effects, As a result, the
distribution of coral reefs parallels the distribution of islands (Shinn, et al,, 1977),

Protection of fered by corals may be crucial to the existence of other shal iow-water, continental shelf
communities, Coastal Florida, and elsewhere in the management area, is represented by a band of grasses
shoreward of the coral reefs, These beds of turtle grass (Thalassia testudinum), manatee grass
(Syringodium filiforme), and shoal grass (Halodule wrightil) represent highly productive communities
(Helfrich and Townsley, 1965), on which numerous species, e.g., spiny lobster (Herrnkind, 1979, per-
sonal communication; Davis, 1979, personal communication) and commercial finfish (Weinsteln and Heck,
1979), depend for development and recruitfment, Fishes and other species also use the beds as prime
foraging grounds. Another coastal cammunlity protected to a lesser extent by the corals are mangroves,
which along with grass beds, are crucial to nutrient flows In the coastal enviromment, Lastly, many
less developed coral communities, categorized as solitary corals or hard bottoms (see Section 6,1.1,1
and 6.1.1.2), shoreward of the coral reefs are also spared from storm damage., Although not as promi-
nent as massive coral reefs, grass beds, mangroves, and sma!| coral assemblages are ali important
components of the coastal ecosystem, Without the buffer of coral reefs, those three zones would be
exposed to unusual ly destructive forces. Also, without grass beds and mangroves to assist in
filtering sediments, coastal waters would deposit particulates on corals and other bottom dwel lers.

5.3.5 Sources of Energy

Scleractinian and alcyonarian corals derive energy fram several sources including fram suniight
through their photosynthetic, symbliotic zooxanthel lae (algae living in the coral tissue), from con-
sumption of zooplankton, from bacteria (which act as blochemical recycling agents), from consumption
of detritus, and perhaps even directly from dissolved organics., Antipatharian corals such as
Cirripathes apparently rely heavily upon stinging nematocysts to feed upon animal tissuves, although
ptant material has been noted in the gut of black corals. These energy sources are detailed in
Appendix G.
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5.3.6 Predators and Assoclations

As described In detail in Appendix H, corals are subject to the ecological pressures of predation (by
fish and invertebrates), competition for space, and other interactions with associated organisms. In
some instances, such as the symbiotic relationship of corals to zooxanthel lae, the association is
mutually beneficial. At the other end of the spectrum, however, are predatory pressures such as those
applied by certain reef fishes and invertebrates that eat corals. ‘

5.4 Blological Factors and Maximum Sustainable Yield

Maximum sustainable yield (MSY) is the largest average catch or yield that can continuousiy be taken
fram a stock under existing environmental conditions. Calculation of MSY depends upon catch and
effort. data, or biological data on growth rates, mortality rates, abundance, density, and biomass
among other |tems.

Two facts concerning this coral FMP -= over 400 species and a lack of data - necessitate grouping
similar corals to yield an MSY for a type of coral. ‘Hence, biological factors and MSY are discussed
below for two general coral groups: octocorals (gorgonians, precious corals, etc.) and stony corals
(fire coral, rose coral, branching corals, brain corals, etc.).

MSY is Incalculable except as MSY* at Biscayne National Park (see Section 5.4.9).

Se4.1 Growth and Slze

Se4.1.1 Octocorals (Gorgonians, Precious Corals)

The published data on gorgonian growth has been determined from work on the black sea rod (Plexaura
homomalla). Kinzie {1974) calculated a range of growth rates of 1.0 to 40 mm (0.05 to 1.6 in) yr-!
with a mean increase in height of 20 mm (0.8 in) yr"‘. in that same study, Kinzie also noted that
colonial growth in terms of height need not be mirrored by growth of new branch tips., Mature P,
homomal la colonies are 25 to 35 om (10 fo 14 in) high with multiple branches arising fraom a singie
stem (see Figure 5-10); other gorgonians In the management area attain sizes averaging 18 cm (7 in) up
to 2.25 m (7.4 ft) (Calrns, 1977a). These measurements paral lel data colliected by Wheaton Lowry (in
preparation) off Biscayne National Park.

Research on the precious black, bamboo, and pink corals (see Table 5-~10) has been restricted because
of their occurrence in deep waters, Other than Cirripathes lutkeni, which lives at 20 to 174 m
(66 to 535 ft), most other corals in this category occur below 200 m (660 ft),

As shown In Table 5-10, growth and size data for the precious corals in the management area is repre-
sented oniy by the work of Goldberg (1977) on Cirripathes lutkeni.

5.4.1.2 Stony Corals (Fire Corals, Branched Scleractinians, Brain Corals, etc.)

Growth data for stony corals is concentrated on the scleractinian species, especially the branched
reef corals (Acropora spp.) and the head corals (Montastraea and others), Limited information Is
available on deepwater species and the hydrocorals, Growth in terms of stock size and number of colo- -
nies Is not limited to new corals initiated by settling larvae; Shinn (1979, personal communication)
and others have noted that many stony corals including the branched corals (Acropora spp.) may rege-
nerate fram small pleces remaining after damage to or destruction of a larger colony.

Much of the growth data on the branched scleractinians comes from Acropora paimata (elkhorn),
A. cervicornis (staghorn), and A. prolifera (fused staghorn). Generally, these corals have different

growth rates dependent upon temperature (A. palmata and A, prollfera), placement in the reef zone
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TABLE 5-10. Growth rates and sizes of precious black, pink, and bamboo corals.

in the management area and in the Pacific.

SPECIES

In Management Area:

Cirripathes liitkeni
(BTack coral}

Corallium medea
(Pink coral)

Corallium niobe
(Pink coral)

Leiopathes glaberrima

{BTack coral)

In Pacific Waters:

Corallium secundum
(Pink coral)

Gerardia sp.
old coral)

Lepidisis sp.
Eﬁaﬁﬁoo coral)

GROWTH
RATE

(mm/yr)

50-100

COLONY SIZE
(Height in m)

up to 7
~ 0.5
~ 0.5

up to 1.2

up to 0.6
up to 0,25

up to 0.30

References as noted.

GROUTH
MEASUREMENT
TECHNIQUE

skeletal ring
analysis

skeletal ring
analysis

Data presented for species

REFERENCE

Goldberg (1977)
Cairns (1979, personal
communication) :

Cairns (1979, personal
communication)

Cairns (1979, personal
communication)

Grigg (1976)

Western Pacific ﬁishery
Management Council (1979)

Western Pacific Fishery
Management Council (1979)




(Ao paimata), and geographic area (A. cervicornis) (Gladfelter, et al., 1978)
Acropora in the management area and on Caribboan reefs range fr ; "

™ Growth rates of
om to 266 mm per year for A,
cervicornis, 47.3 to 105 mm per year for A. paimata, and 59.2 to 81.8 mm for A. prolifera, Those
rates are lower if expressed solely for corals in the management area (Table ;;ll) i

Gladfelter, et al. (1978) found that calcification rates (the amount of calcium carbonate depos i ted
per unit branch perimeter) in Acropora paimata were independent of temperature yet dependent upon
zonation; 0.85 g per cm per year in the backreef, 1,66 in the shal iow forereef, and 1.35 in the
deeper forereef were typical,

The data of Shinn (1966) and Gladfelter, et al. (1978) indicate that Acropora spp. growth rates in
terms of linear extension are higher in the warm fall months than In cooler spring months, Similariy,

corals in the management area may exhibit sliower growth rates than the same species In warmer climates
(see, e.g., A. cervicornis data in Table 5-11),

Growth data for other shal low-water scleractinians (brain corals and finger corais) has been sum
marized by Bright, et al, (1981) and Gladfelter, et al. (1978). General ly, growth rates for these
species (see Table 5-12) are only ten to 20 percent that of Acropora SpPp.

Most growth rates for Montastraea, Porites, and Diploria summarized in Table 5-12 are less t+han 10 mm
(0.2 in) per year, excepting the work of Lewis, et al. (1968) in the Caribbean. Rates between
geographic areas are more consistent than observed in Acropora. Also, rates recorded by Gladfeiter,

et al. (1978) at the backreef (2 m) and deep forereef (10 m) of Buck Isiand, Virgin Islands, indicated
that depth did not affect growth; both portions of the reef had identical average growth rates of 7.6 mm
(0.3 in per year based on colonies ranging in size from 9.63 cm? to 138 cm? (1.5 to 23 in2),

Highest density bands of Montastraea annularis seem to be deposited in the warmest months of the year
(Hudson, et al., 1976).

Although not quantified, several references to Miilepora and Manicina aerolata growth rates have con-
veyed the preliminary conclusion that growth rates on suitable hard surfaces are quite high., Recentiy
discarded bottles, rocks, and other debris may be covered by Millepora alcicornis or other stinging
corals within several months to a year. Prior to the existing Florida coral law, several collectors
have suggested rapid recolonization in the rose coral M, aerolata in Florida Keys waters. Limited
data indicate that growth may be rapid in the first three to four years and much slower thereafter

(Vaughn, 1911, 1916).

Data on growth rates of deepwater scleractinians within the management area are practically non-
existent. Hence, to provide a source of comparison, growth data on corals from other geographic areas
are presented (Tables 5-13 and 5-14). One species in the tables, Lophelia prolifera, is located in
the management area on deepwater banks. )

In general, growth rates observed in these limited reports are significantly lower than growth rates
reported above for shal low-water corals in the management area. In the absence of area-specific data,
the growth and weight information In Tables 5-13 and 5-14 may be assumed to be a fair approximation of
deepwater scleractinian growth in the south Atlantic and Gulf of Mexico.

5.4.2 Mortality Rates

Most of the information on natural or human-related mortalities of corals in the management area is in
accounts of destruction related to storms, groundings, etc. These quaiitative reports relay limited
information on death of a cora! area (e.g., "many head corals near the grounding were overturned and
smashed”) and occasional ly certain species (e.g., "the 13°C water killed 90 percent of the staghorn
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Growth rates of branched scleractinians {Acroporidae) based on research done on the species ‘
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Table 5-11,
throughout the Carlbbean and south Atiantic. Retferences as noted. Growth measured as .
| inear extension, l.e., growth in iength,

GROWTH
LOCAT 1 ON RATE TEMPERATURE STUDY MEASUREMENT :

SPECIES (DEPTH) (mm/yr)  RANGE (0°C) DURATION _TECHNIQUE CITATION

Acropora Key Largo Dry 109 20 - 30.5 2/61-1/62 Plastic-banded Shinn (1966)

cervicornis Rocks (2 m) branches,

et measured in situ
transplant to 43 17.2-32.8 2/61-2/62 Plastic-banded Shinn {1966)
coral patch branches,

Key Largo (3.5 m) measured In situ
transplant to 34 13.3-33.8 2/61-2/62 Plastic~-banded Shinn (1966)
nearer shore branches,
Key Largo {1 m) measured in situ
Dry Tortugas 40 Removed and mea- Vaughan (1915)
sured, then returned
Buck island, n 26 2/10/77- - Atlzarin Red § Gladtelter, et al,
Virgin islands 4/5/77 stain procedure (1978)
Barbados (10 m) 146 - full year Direct Lewls, et al,
(1968)
Jamaica 266 - full year Direct Lewis, et al,
(1968)
Bahamas 45 - -- Direct Vaughan (1915)
Eastern Sambo 115 - - Direct Bright, et al,
Reef, Florida (1981)
Acropora Backreef, Buck 58.5 29,5 8/5/17- Allzarin Red S Gladfelter, ot al.
palimata Island, Virgin 9/30/77 stain procedure (1978)
Islands (0.5 m) 55.4 26.0 2/10/77-
4/5/17
Shal low forereef, 82,7 29.5 8/3/11- Atizarin Red S Gladfelter, et al.
Buck Istand, 9/30/77 staln procedure (1978)
Virgin Istands 47.3 26.0 1/20/77-
(0.5 m) 4/5/717
Deep forereef, 99.3 29.5 8/3/717- Alizarin Red § Gladfelter, ot al,
Buck Isjand 9/30/77 stain procedure (1978)
Virgin Istands 65.4 26,0 - 1/20/77-
(9 m) 4/5/77
Curacao 88.0 - - Direct Bak (1976)
76.0 - - Direct Bak (1976)
Eastern Sambo 105 - - Direct Br
ight, et ail,
Reef, Florida (1981)

Acropora Backreef, Buck 81.8 29,5 9/15/77-  Alizarin Red S Gladfelter, et al

prolifera Istand, Virgin 11/16/77 stain procedure (1978) ’
Islands (2 m) 59.2 26,0 1/11/717-

4/5/717
e:::l::a ’ET;':alerce,w m) 1.3 13,7-31 6/718 - Tie wrap banded Jo Reed (1981)
— (8om 16.0 7.4~ o718 AT raenes,
. e4-26,7 Alizarin stain



Table 5~12.

Growth rates for unbranched scleractinians,

References are listed.

Growth measured as |inear

extension, l.e., growth outward from base (stain, splke, etc.) in diameter,
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GROWTH
LOCATION RATE TEMPERATURE STUDY MEASUREMENT
SPECIES (DEPTH) (mm/yr) (0°C) DURAT |ON TECHN1QUE . REFERENCE
Montastraea Backreef, Buck
annularis Island, Yirgin 8.3 29.5 8/12/77- Alizarin Red S Gladfelter, et al.
Islands (2 m) 11/10/77 stain procedure (1978)
Same (2 m) 6.6 - 1/13/7?- Alizarin Red S Giladfeiter, ot al.
5/6/77 stain procedure (1978)
Deep forereef. 7.0 29.5 8/12/77- Alizarin Red S Gladfelter, et al.
Buck Island 11/5/77 stain procedure (1978)
Ve 1o (10 m)
Same (10 m) 8.9 26.0 1/18/77- Alizarin Red S Gladfelter, et al.
5/5/77 stain procedure (1978)
Carys fort Reef 8.4 - 12/11/60- |Imbedded splke Shinn (1976)
Key Largo, Fla. 8/6/71 In skeieton
(10 yrs. 8 mos.)
Carys fort Reef 10.7 -- 3 years Direct Hof fmeister and
Florida (3 m) Multer (1974)
Florida 5.0-6.8 - - Direct Vaughan (1916}
Curacao 8.0 - - Direct on Bak (1976)
intact colonies
Jamaica (10 m) 6.7 Alizarin Red S Dustan (1975)
Barbados (10 m) 19,2 - - Direct Lewis, et al.
(transplanted) (1968)
Jamaica 25.0 - - Direct Lewis, et al.
(transplanted) ’ (1968)
Buck Island, 7.3-8.8 - 18 years of X-radiography Hudson and Shinn
virgin Islands corings - (unpublished) in
Gladfelter, et al.
(1978)
Forereef, back- 8.0-9.7 16=-32 75 years of X-radiography Hudson (1981)
reef, patch reef data
Key Largo, Fla.
(2-10 m)
East Flower - 6.5-9.0 18-26 50 years of X-radiography Hudson and Robbin
Garden Bank data (1980)
St. Croix, 9.2-10.4 -- - X=radiography Baker and Weber
virgin Islands (1975)
(3~7 m)
Jamaica 6.2-8.8 -- - X-radiography Al ler and Dodge
(0-15 m) (1974




Table 5-12 (continued)

GROWTH NT

LOCAT10N RATE TEMPERATURE STUOY lf_g?:‘:?;ﬁE

SPECIES (DEPTH) (mm/yr) (0°C) DURATION
) - - - jograph

Montastraea British 6.6-8.7 X-radiography
annularis Hondorus and
(continued) Filorida

East Sambo 7.0 - - ==

Reef, Florida

Near Key West, 9.0 - - ==

Florida

Fort Jefferson, 7.0 - - -

Dry Tortugas, Florida

Bermuda 8.0 - - -

Bahamas, Goulding 6.0 - - -

Cay

Jamaica 8.8 - - -

Jamaica 16,0 - - -
Porites Backreef, 3,53 29.5 9/9/77- Alizarin Red S
astreoides Buck Island, 11/15/77

Virgin Islands 3.36 26.0 1/13/77-

(2 m) 5/6/717

3,36 26-29.5 9/76~5/717

Deep forereef 3.00 26.0 1/26/77- Alizarin Red S

Buck Island, 5/5/17

Virgin islands (10 m)

Caribbean 3.,0~3.4 - - -
Porlites Carlibbean . 36 - - -
porites
Porites spp. Caribbean 20~40 - - -—
Diptoria Carys fort Reef 5.0 - 12/11/60- Imbedded spike
strigosa Florida 8/6/1 in skeleton
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(10 yrs 8 mos)

REFERENCE

Macintyre and
smith (1974)

Bright, et al.
(1981)

Agassiz (1890)
Bright, et al.
(1981)

Vaughan (1914)

lams (1969)
Bright, et al.
(198%)

Vaughan (1914)

Dodge, et al. (1973)
Bright, et al.
(1981)

Lewis, et al. (1964)
Bright, et al.
(1981)

Gladfelter, et al,
(1978)

Gladfelter, et al.
(1978)

Lewis, et al, (1968)

Lewls, et al, (1968)

Lewlis, et al, (1968),

Shinn (1976)
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TABLE 5-13. Deeper-water scleractinian growth rates based on colonies attached to
undersea cables near Norfolk Island, Australia (29920'00"S, 168007'35"E;
800 nmi or 1480 km east of Brisbane). Legend: A = based on data from a
17-year old cable; B = from a 30-year old cable. Weights based on dry
weight of cleaned corallum (i.e. skeleton). (From Sauires, 1960).

A B
HEIGHT WEIGHT HEIGHT WEIGHT
SPECIES (mm/yr) (gms/yr) (mm/yr) (gms/yr)
Caryophyllia profunda :
Specimen A 2.02 0.57 1.15 0.32
B 1.55 0.42 0.88 0.24
c 1.96 0.39 1.11 0.22
Average 1.84 0.46 1.05 0.26
Goniocorella dumosa 2.94 0.77 1.67 0.44
Culicia australiensis 0.46 ——— . 0.26 ——
Tubastrea aurea
"~ Specimen A 1.82 1.16 1.03 0.66
B 3.16 4.50 1.79 2.52

Average 2.49 2.83 1.41 1.59
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TABLE 5-14.

SPECIES

Caryophyllia
electrica

Caryophyllia
arcuata

Lophosmil ia
telegraphicus

Summary of qrowth data from deepwater scleractinians on undersea cables.
(Adapted from Squires, 1960).

noted.
CABLE
DEPTH (m)
2000-2800

2000-2800

2000-2800

Lophelia
prolifera

Lophelia
EV‘O era

Desmophyl lum

cristagalli

Solenosmilia
variabilis

1139-1200

1139-1200

1139-1200

CABLE

LOCATION -
Mediterranean
Mediterranean
Mediterranean
Off Spain
North Atlantic

North Atlantic

North Atlantic

*These data are based on a cable age of 2 years.

the growth rates reported by Milne-Edwards are probably too high.
two years of growth, the values may be reclaculated for 3 years:

and Lophosmilia telegraphicus - 3.33 mm/yr.

CABLE
AGE

(yrs)

D%

[

2%

NO. OF
SPECIMENS

10

GROWTH
RATE
(mm/yr)

2,5%

5.0*%

7.5

6.8

7.1

However, the cable age was actually 3 years.

References as

REFERENCE

Milne-Edwards
(1861)

Milne-Edwards
(1861)

Milne-Edwards
(1861)

Pratje (1924)
Duncan (1377)
Duncan (1877)

Duncan (1877)

Therefore,

Assuming the rates are a average of

Caryophyllia electrica - 1.67 mm/yr




corals, Acropora cervicornis, at Dry Tortugas," Davis, 1979, personal cammunication). Such conver=
sational data represents the best avalliable Information. General aspects of coral mortality are
discussed in the work of Antonius (1975, 1976, 1977, and in press).

One quantitative study was that of Antonlus, et al. (1978) at Looe Key, Florida. Dive transects

and inspections of the reef-building corals were transformed in to a "percent dead™ number: patch
reefs (ten percent); reef flat (25 percent); fore reef (ten percent); and deep reef (22 percent), The
total at the Looe Key study area was 13 percent dead. These data are presented by species in the
report,

Grigg (.1976) calculated the annua! instantaneous natural mortality rate of pink coral (Corallium
secundum) in the Makapuu Bed of f Hawali to be 0,066 or 6.6 percent,

Natural massive mortalities of staghorn coral (Acropora cervicornis) at Dry Tortugas have been
observed on two occasions: 1878 when neariy 100 percent of the colonies died because of unidentified
"black water' (Vaughan, 1911) and in 1976 to 1977, when a winter cold front killed about 90 percent of
the staghorn corals (Davis, 1979, personal communication),

The work of Jaap (1979, personal cammunication) at Biscayne National Park also provides some insight
into coral mortalities, By measuring recruitment, Jaap has quantifled net changes in 4 m2 quadrants,
Negative net changes (see Table 5-16) show mortality,

Other discussions of mortalities are reflected In the description of the present health of corals
(Section 6.2).

5.4.3 Abundance and Density

Insufficient data exist on which to base calculations of the total amount or percent coverage of
corals in the management area, At best, estimates may be made by extrapolating from small scattered
studies, such as the work of Walter Jaap and Jennifer Wheaton Lowry at Biscayne National Park, however,
their data are not representative of the entire management area, Qualitative statements on the
distribution and abundance of corals may be made under similar confidence limits. Cora! reefs are
very limited in distribution, perhaps to less than one percent of the total management area; patch
reefs cover siightly more area than outer bank reefs, Deepwater banks again account for less than one
percent, probably less than the coral reefs, Most of the corals In the management area ocaur in hard
bottom areas or as solltary specimens,

5.4.3.1 Octocorais

Wheaton Lowry (in preparation), Opresko (1973), and Goldberg (1973a), have detalied abundance and
diversity for octocorals in the southeastern Florida and Florida reef tract areas, Very limited
information exists for the remainder of the management area,

At Biscayne National Park (Schooner, Elkhorn, Star, and Dome reefs), Jaap and Wheaton Lowry (in press),
surveyed octocoral abundance and density by transect, species count, and photographic analysis,
Octocoral colfonies usual ly comprised more than half of the total coral colonies (Table 5-15),

l.8., octocorals were more abundant than stony corals in a 1977 survey,. In 1978, a similar pattern

of octocoral predominance was found but the total number of species was slightiy lower, The five most
abundant species (53.9 percent of total octocorals) were Plexaura flexuosa, P. homomal la, Gorgonia
ventalina, Eunicea succinea, and Pseudopterogorgia americana,

Mean numbers of octocoral colonies counted along a 20 m (66 ft) fransect of the eight reefs listed In
Table 5-15 in 1977 and 1978, respectively, were 102,81 and 155,17 (Wheaton Lowry, in preparation).
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Octocoral densities were surveyed by Wheaton Lowry (in preparation) by dive counts and photographic
analysis at Biscayne National Park., The 1977 results, as dive counts per quadrant, were 27.41
colonles/m? (range 16.00 to 46,50); in 1978, photo plot counts were 26.28 colonies/m? (range 9,75 to
50.00)., By both methods, Schooner Reef and its contro! exhlbited highest densities compared to the
other three reef pairs, :

Opresko (1973), based on field study at Soldier Key, Boca Chita Pass, and Red Reef, calculated mean
densities of gorgonians of 11,3, 6.9, and 27.1/m2 respectively., Most common genera at the three areas
were Eunicea, Pterogorgia, Pseudopferggorglh, Briareum, and Piexaura; densities of those species are
listed in Table 5-17, '

The only other density Information for octocorals is fram of f Palm Beach County, Florida. Goldberg
(1973) reported an average density of 25.1 colonies/m2, No data were given on abundance in that area.
Several researchers noted the high numbers of sea pansies (Renilla) taken in trawis in the north-
eastern Gulf of Mexico but no quantitative data exists. Holland, et al. (1977) reported the species
to be abundant in patches at 30 m (100 ft) off the Texas coast.

5.4.3.2 Stony Corals

Data on abundance and density of stony corals Iin the management area are presented in Bright and
Pequegnat (1974), Bright and Abbott (in Bright and Rezak, 1978), Jaap (1979), and Jaap (in
preparation). As listed in Table 5-15, stony corals comprise only about 21 to 22 percent of the coral ~
biota at eight reefs in Biscayne National Park. The most common five species are Porites astreoides,
Miilepora aicicornis, Porites porites, Montastraea annularis, and Siderastrea siderea,

Based on 25 m (80 ft) diver transects, stony coral abundance at the Biscayne reefs in 1977 and 1978
averaged 25,06 and 26.95 colonies, respectively (Jaap, in preparation),

Stony coral densities recorded at Biscayne National Park at eight locations were 7,53 colonies/m in
1977 (quadrant sampling; range 0 fo 23) and 6,16 colonies/m in 1978 {photographic analysis; range 2
to 16) (Jaap, in preparation)., At the Dry Tortugas, Wells (unpubiished) gave densities of shal iow~
water stony corals ranging from 2.79 to 9.15 colonies/m2,

In the northwest Gulf of Mexico, Bright and Pequegnat (1974) reported 30 to 40 percent live stony
coral cover at the peak of West Flower Garden Bank., Bright and Abbott (in Bright and Abbott, 1978)
observed 60 to 65 percent live stony corals at East Flower Garden Banks.,

5.4.4 Diversity

5.4.4.1 Octocorals

Once again, most of the data on diversity has been done by Wheaton Lowry (in preparation) in Biscayne
National Park, Highest octocoral diversities along a single 20-m (66~ft) transect were 3,2 at
Schooner Reef Control in 1977 and 3.98 at the same reef in 1978, Calculations using the H'n
Shannon-Weaver species diversity index were relatively high, mostly above 3.00.

5.4.4.2 Stony Corals

Species diversity for stony corals at Biscayne Nationa! Park (Table 5-16) was comparably lower than
that for octocorals (Jaap, in preparation; Jaap, 1979). Whereas many transects revealed octocoral
diversities of over 3,00, the highest stony coral diversities (Shannon-Weaver H'n) were 2,80 at Star
Reef in 1977, 3.33 at Dome Reef in 1978, and 3.06 at Schooner Reef in 1979; diversity values remained
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TABLE 5-15.

Reef Name

Elkhorn

Elkhorn control
Schooner
Schooner contro?
Star

Star control
Dome

bome control
TOTALS

AVERAGES

Octocoral and stony coral abundance and percent composition per n? quadrat at
four experimental reefs and adjacent control reefs in 1977 and 1978 at Biscayne

National Park. Variability between years attributed to inconsistency in
sampling techniques (after Jaap and Smith, in preparation).

Octocoral Stony Coral Total of Percent
Colonies Colonies all Corals Octocorals
1977 1978 1977 1978 1977 1978 1977 1978
66 39 28 20 94 59 70.2 66.1
186 86 42 33 228 119 81.6 72.3
149 61 38 21 187 82 79.7 74.4
182° 100 36 14 218 114 83.5 87.7
70 77 54 15 124 92 56.4 83.7
67 110 9 16 76 126 88.2 87.3
64 H/A 16 23 80 N/A 80.0 —---
877 473 241 119 1118 592 m——— -
- -- -- -- -- - 77.9 18.6

Percent

Stony Corals

1977

29.8
18.4
20.3
16.5
43.6
11.8
20.0
16.2

22.1

1978

33.4
27.7
25.6
12.3
16.3
12.7

21.4




under 3,00 in all but four cases for the three years combined. Compared to other reglons (see Loya,
1972; Porter, 1972; Ott, 1975), these diversities are lower for stony corals. At the 96 m surveyed
in Biscayne National Park, H'n ranged fram 0.47 to 3.06, H'max fraom 1.58 to 3.46, evenness J' fram
0.30 to 0.94 (Table 5~16), :

5.4.5 Age

_Age data on corals include scattered reports on the age of living corals and reiic reefs, In the
relic reefs underiying the Florida reef trect, Shinn, et al. (1977), catculated accumulation rates and
ages (+ standard deviation) by Carbon-14 dating of drill cores fram six reef sites {see Figure 5-6
for map): :

Accumulation Rate Age

Site (m/1,000 yrs) (yrs)
1. Bal Harbor 0.38 6,300 + 120
2. Sewer Trench 0.74 4,930+ 70
3¢ Long Reef 0.65 5,630 + 120
4, Carysfort Reef

- 4,0 m depth 0.86 4,570 + 85

= 7.3 m depth 1.39 ’ 5,250 + 95
5. Marker G Reefs

= 3.1 m depth 0.49 6,170 + 80

- 4.6 m depth 0.56 7,160 + 85

- 8.2 m depth - - 37,480 + 1,300
6. Ft. Jefferson National Monument

(Dry Tortugas)

= 9.1 m depth 1.91 4,762 + 85

~13.7 m depth 2,28 6,017 + 90

These data confirm the thickness and ages of coral rock in relic reefs, The corals present varied
between sites but Inciuded Slderastrea, Monstastraea annularis, M. cavernosa, Colpophyllia, and
Diploria. Acropora palmata, long considered a major reef-builider in Florida, was absent in most reefs
drilied.

Shinn (1979), in a coring survey at the Greclan Rocks of f Key Largo, stated that the growth rates of
Montastraea sp. indicate 1 m (3.3 ft) of upward growth in less than 150 years,

In Makapuu Bed, Hawali, the Western Paclfic Fishery Management Counci! (1979) calcutated the "critical
age" at which coral growth gains are overtaken by natural mortality losses, For the pink coral

(Coraliium secundum), that age was 31.4 years, which corresponds to an average colony weight of 237 g
(8.2 oz).

5.4.6 Reproduction and Recruitment

Reproductive and recrultment capabilities of corals in the management area have been studied at
Biscayne National Park and the Flower Garden Banks., Ongoling research on eight reefs in the Park has
quantified changes in marked plots between the summers of 1978 and 1979 (Jaap, 1979, personal
communication), Data campliled for Pacific corals are also presented.
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Table 5-16. Preliminary data on recruitment (1978 to 1979) for elight reefs In Biscayne National
. Park, Including four reefs at mooring buoys (see Figure 6~6) and four control reefs
near the buoys., Data based on changes In colonies and specles In 4m? (four
1l ad Jacent pilots) as determined by di ver examination. Range, mean, standard
deviation, and diversity data are calculated from the four Individual Im? and
expressed for the entire 4mZ plot. H'n = Shannon-Weaver Index; H'max = number of

specles x log basel; J' = evenness; NC = no change. (From unpublished data of Jaap,
1979, personal communication.)

Reef Sampled and TOTAL CHANGE RANGE MEAN STAND. DEVIATION

Plot Number Colontes Specles Colonies Species Colonies Species Colonies Species Colonies Species H'n H' max Jd'
Elkhorn Plot 1-1 26 6 -3 -2 3-10 3-5 6.50 4.00 2.89 0.82 223 2.58 0.8
Elkhorn Plot 1-2 45 7 +10 +1 8-17 1-6 11.25 3.25 4.03 2.22 1.61 2.81 0.5
Elkhorn Plot 1-3 34 3 +14 NC 6-13 1-3 8.50 2.00 3.1 0.82 1.04 1.58 0.6
. ETkhorn Plot 1-4 26 3 -1 -4 4-11 2-3 6.50 2.50 3.32 0.50 1.20 1.58 0.7
Elkhorn Control Plot 1-6 69 7 +20 NC 8-37 3-7 17.25 5.00 13.52 1.63 2.28 2.81 0.8
Elkhorn Control Plot 1-7 67 6 +34 -2 7-24 3-5 16.75 4.00 7.50 0.82 1.78 2.58 0.6
Elkhorn Control Plot 1-8 49 6 +33 NC 7-17 3-5 12.25 3.50 4.27 1.00 1.79 2.58 0.6
Elkhorn Control Plot 1-9 40 9 +24 +5 5-16 3-7 10.00 4,50 4.55 1.91 2.03 3.17 0.6
Schooner Plot 2-1 29 5 -1 -2 2-12 2-14 7.25 3.00 4.27 0.82 2.06 2.32 0.8
Schooner Plot 2-2 27 7 +7 +2 5-9 3-5 6.80 3.80 . 1.71 0.96 2.36 2.81 0.8
Schooner Control Plot 2-6 27 10 +4 + 4-10 4-6 6.75 5.00 3.20 1.15 3.06 3.32 0.9
Schooner Control Plot 2-7 26 3 +6 -1 5-11 1-2 6.50 1.50 2.00 0.58 0.47 1.58 0.3
Star Plot 3-1 29 8 +7 NC 5-10 2-6 7.25 4.25 2.06 1.71 2.57 3.00 0.8
Star Plot 3-2 3o 9 +4 NC 6-9 3-6 7.50 4.50 1.29 1.29 2.77 3.17 0.8
Star Plot 3-3 35 8 +12 +1 6-11 3-5 8.75 4,25 2.06 0.96 2.31 3.00 0.7
Star Control Plot 3-6 25 5 +2 MC 2-12 1-5 6.25 2.25 4.35 1.89 1,32 2.32 0.5
Star Control Plot 3-7 25 7 -10 -3 4-8 2-5 6.25 3,50 2.06 1.29 2.18 2.81 0.7
Star Contrd! Plot 3-8 26 6 +11 HC 5-10 1-4 6.50 2.63 2.38 1.19 1.66 2.58 0.6
Dome Plot 4-1 22 9 +8 +1 2-9 2-6 5.50 4.00 2.89 1.83 2.99 .17 0.9
Dome Plot 4-2 26 7 He NC 4-8 2-5 6.50 3.75 1.73 1.26 2.26 2.81 0.8
Dome Plot 4-3 20 6 -1 -3 2-10 2-3 5.00 2.50 3.46 0.58 1.91 2.58 0.7
Dome Control Plot 4-6 22 5 +7 HeC 4-7 2-5 5.50 .25 1.29 . 1.26 1.86 2.32 0.8
Dome Control Plot 4-7 32 11 +4 +2 4-12 3-6 8.00 5.00 3.27 1.41 2.92 ' 3.46 0.8
Dome Control Plot 4-8 35 8 +19 +3 3-15 2-7 8.75 4.25 - 4,92 2.06 2.39 3.00 0.8
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Preliminary results of the research of Walter Jaap at Biscayne National Park are presented in Table
5-16. Recruifment can be caiculated from the "change™ column, which quantified dlfferences in the
numbers of colonies and species between the summers of 1978 and 1979. The results are variabie,
ranging from an addition of 34 colonies at Elkhorn Plot 1-7 or five speclies at Elkhorn Piot 1-9 to a
loss of ten colonies at Star Plot 3=7 or four specles at Elkhorn Piot 1-4, Generally, recrultment did
not appear to differ between control and experimental reefs. However, some plots (e.g., Elkhorn
Controls 1-6 to 1-9) did have exceptionally high changes,

Spawning In rose coral, Manicina aerolata, apparentiy occurs In late spring to early summer in Florida
waters (Boschma, 1929; Yonge, 1935), : '

Pink corals in Hawallan waters apparently reach sexual maturity at a height of about 12 cm (4,7 in) or
an age of 13 years ((Grigg, 1976). The reproductive cycle Is annual with spawning taking place in
June and July,

Based on the assumption of steady state recruitment of the Makapuu Beds of f Hawali (Western Pacific
Fishery Management Council, 1979), an estimate of recruliment was obtained by calculating the quantity
of coral lost via mortallity. In a system in equliiibrium, the rates should be equal. The estimate of
annual recruitment to Makapuu for pink coral was 5,227 colonies (Western Pacific Fishery Management
Counci!, 1979). Fluctuations between year classes are probable., There is some indication that the
assumption of an equilibrium state may not be valld in coral reefs.

S5S«4.7 Distribution

Data on the areal distributions of corals in the management area are lacking. Isolated collection
records pinpoint locations of certain species but convey littie information on the area of a stony
coratl bed. This fact in combination with the pauclty of abundance data in many regions prevents a
realistic calculation of standing stock and biomass,

5.4.8 Blomass

Biomass calculations are possible where data for a particular area are available for: 1) total area
(A) of the coral bed; 2) density (D) as colonies per mz; and 3) average weight (W) per colony, This
Information may be used to estimate living biomass (By) of an unfished stock,

Bo=AxDxW

Several assumptions are inherent In calculating By.. First, weights per colony vary greatly depending
on the species and its age. In recognition of this problem, typical weights have been deduced from
the {iterature (Table 5-17), Second, since weights include both living and dead tissues, an estimate
of percent living tissue in a colony must be made.” This again Is dependent upon species and size but
is herein restricted to a colony of typical weight. Hence, 1t has been assumed that three percent of
the weight of typical stony corals and four percent of typical gorgonians are alive. Using the esti-
mated typical weights and the data of Jaap and Smith (in preparation) and Opresko (1973), total and
Ilving biomass calculations have been made for several communities in the Florida reef tract (Table
5-18),

By comparison, the Western Paclfic Fishery Management Council (1979) determined the total biomass of
pink coral (Corallium secundum) to be 43,500 kg for the Makapuu Bed (3.6 km in area, or about 20
times the area of Elkhorn Reef) or 0,01 kg/m2 total blomass. The iower biomass in the Hawaiian bed
reflects the great differences in colony weight between the stony corals and gorgonians,
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Table 5-17, Summafy of dry welght data used to determine typical weights per coral colony,

AVERAGE TYPICAL
SPECIES OBSERVED WEIGHT RANGE WEIGHT WE IGHT SOURCE
(kg) (kg) (kg)
Diploria cilwvosa <1 to 100 or higher - 4.0 Jaap (1979, pers. comm.)
Porites proltes 0.00t to 1.0 0.10 0.10 Jaap (1979, pers. comm.)
Porltes astreoldes 0.001 to 0,797 ‘ 0.10 0.10 Jaap (1979, pers., comm.)
Eunicea succinea succinea maxe. 0,23 0.06 Opresko (1973)
E. s. plantaginea max. 0.02 ’ 0.01 Opresko (1973)
E. tourneforti tournefortl max. 0.36 0.17 0,22 Opresko (1973)
E. 1. atra max. 1.45 0.73 Opresko (1973)
E. calyculata subsp. with ip max. 0.39 0.13 Opresko (1973)
E. calyculata without Lip maxe. 0.67 0.46 Opresko (1973)
Pterogorgia cltrina " mex. 0.12 0.03 0'07 Opresko (1973)
P. anceps max. 0,23 0.08 * Opresko (1973)
Pseudopterogorgia acerosa max. 1.27 0.32 0.28 Opresko (1973)
P. americana max. 0,80 0.10 * Opresko (1973)
Briareum asbestinum max, 0,28 0.05 0.05 Opresko (1973)
Plexaura homomal |la max. 2.38 0.15 0.16 Opresko (1973)
P, flexuosa max. 0.94 0.18 ) Opresko (1973)
Pseudopterogorgia bipinnata max. 0.08 0.01 Opresko (1973)
P, riglda max. 1.99 0.67 0.13 Opresko (1973)
P. acerosa max. 0.24 0.06 Opresko (1973)

P. americana max. 0.86 0.09 Opresko (1973)
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TABLE 5-18, Calculations of tissue (skeletal and living) and blomass (total and per ) for gorgonians at three reet locations and stony
corals at Elkhorn Reef. See text for discussion of calculations and assumptions,

TYPICAL TOTAL LIVING TOTAL
AREA DRY TOTAL LIVING BIOMASS BIOMASS
SURVEYED DENSITY WE IGHT BIOMASS BIOMASS  per n? per w
LOCAT ION SPECIES (m2) (colonies/m?) (kg) (kg) (kg) (kg) (kg) SOURCE

Elkhorn Reef Diploria cllwsa 16 0.50 4.0 32.0 9.6 0.6 2.0 _ Jaap (in prep.)
Porites porltes 16 1,00 0.10 1.6 0.5 0.17 0.1 Jaap (In prep.)
Porites astreolides 16 1.25 0.10 2.0 0.6 0.17 0.1 Jaap (In prep.)
Soldier Key Eunicea spp.‘ 64 5.70 0.22 80,3 32.1 0.5 1.3 Opresko (1973)
Pterogorgia spp.2 64 4,18 0.08 21.4 8.6 0.1 0.3 Opresko (1973)
Boca Chlta Pass Pseudopterogorgia spp.3 16 4,00 0.28 17.9 7.2 - 0.4 1.1 Opresko (1973)
Red Reef Briareum spp.4 . 64 5.82 0.05 18,6 7.4 0.1 0.3 Opresko (1973)
Plexaura spp.5 64 6,02 0.16 61.6 24.f 0.4 1.0 Opresko (1973)
Pseudopterogorgia spp.® 64 4,40 0.13 36.6 14,6 0.2 0.6 Opresko (1973)

Footnotes:

V' Includes E. succinea, E. tourneforti, and E. calyculata

includes P, cltrina and P. anceps
Includes P. acerosa and P. amerlcana
Includes only B, asbestinum

Includes P, homomallia and P. flexuosa

includes P. biplnnata, P, rigida, P. acerosa, and P. americana

L Y - Y B Y N N ]

Quantity actually less than 0.1 kg



5.4,9 Maximum Sustainable Yield (MSY)

The lack of sufficient data on biomass and mortallty, and the absence of a fishery from which catch
and ef fort data may be obtained, prevents any calculation of MSY for the entire management area., An
estimated MSY (MSY*) has been determined for several species at specific reefs in the Florida reef
tract, but cannot be expanded to other corals due to great differences in species, density, growth
rates, and other factors, Using the data presented in Table 5-18, an approximation of MSY may be
calcuiated for several communities. The calculation uses the method deveioped by Guliand (1970), and.
applied by the Western Pacific Fishery Management Counci! to its coral resources:

MSY®# = 0,4 M x By

0.4 = a constant with no units attached
M = mortallty

By = living biomass = A x D x W

Applicabliity of MSY* for Gulf and south Atlantic corals generated from this equation is remote. The
probability of error in the estimates of MSY are enhanced by using mortality data framn Hawaiian pre~
cious coral, biomass data for Floridian stony and gorgonian corals, and a constant derived for
fisheries quite different than corals, This constant may range in value from 0,17 to 0.95; 0.4 was
selected to be consistent with the Western Paclfic Council's pian. To show how alternate mortality
and biomass values could affect MSY¥, sensitivity analyses were run on the corals for which MSY* was
calculated (Table 5-19), The sensitivity test examines the changes in MSY* when mortality or biomass
are reduced by one quarter (-.25y), one half (-.5y), or three quarters (-,75y), or Increased by one
hatf, 100 percent (ly), or 200 percent (2y).

As shown in Table 5-19, MSY* per m for corals varies dependent upon the.different M and B, vaiues. No
one set of values may be selected as more reafistic than others with the existing data, Hence, a
range Is the most appropriate way to state MSY* per m2, The range may be derived fram the first and
last columns in Table 5-19,

Table 5-19, MSY* calculations standardized as kg/mz/yr dry weight and sensitivity anaiyses for alter-
nate mortallties (M) and biomasses of living tissue (Bj). Symbols x and y refer to
B, and M for each species from Table 5-18, Due to the equation, vaiues of MSY* are iden-
tical within one sensitivity ievel for one species regardless of which variable, B, or M,

Is altered, l.0., «25x(y) equals .25y(x).

Bo: X X X % X x X
SPECIES M: ~-+ 75y -«50y -+25y y +.50y +y +2y
Diploria cllivosa (brain coral) 0.0040 0,0079 0.0119 0.,0158 0.0237 0.0316 0.0474

Porites astreoides (finger coral) 0.0007 0,0013 0,0020 0.,0026 - 0,0039 0.0052 0,0078

Porites porites (finger coral) 0.0007 0.0013 0,0020 0.,0026 0,0039 0.0052 0,0078
Eunicea spp., (octocoral) 0.0033 0.0066 0,0099 0.0132 0.0198 0.0264 00,0396
Pterogorgia spp. (octocoral) 0.0007 0.,0013 0.0020 0.0026 0.0039 0.,0052 0,0078

Pseudopterogorgia spp. (octocoral) 0.0027 0.0053 0.0080 0,0106 0.0159 0.0212 0.0318
(Boca Chita Pass, Florida)

Pseudopterogorgia ssp. (octocoral) 0.,0007 0,0013 0,0020 10,0026 0,003 0.0052 0,0078
(Red Reef, Florida)

Briareum spp. (corky sea finger) 0.,0027 0.,0053 0,0080 0.0106 0,0159 0.0212 0.0318
Plexaura spp. (black sea rod) 0.0013 0.0027 0.,0040 0,0053 0,0080 0.0106 0,0159

Source: From data of Jaap (in preparation) and Opresko (1973).
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Very few data exist on MSY* for corals outside the management area, Generally, other areas suffer
fram the same lack of information encountered in this FMP, MSY® has been calculated by the Western
Paciflc Fishery Management Council (1979) for three corals in Makapuu Bed, Hawail (Table 5-20).

Table 5-20. Estimates of MSY* (landed dry weight) via the Gul land method for three corals in the
Makapuu Bed of Hawall (area of 4,500,000 m2),

SPECIES Total MSY® . - MSY®
{kg/yr) (kg/mz/yr)
Corallium secundum (pink coral) 1,148 0.000255
Gerardia sp., (gold coral) . 313 0.000070
Lepidisis sp. (bamboo coral) 285 0.000063

Source: Western Pacific Fishery Management Council, 1979,

5.5 Probable Future Conditions

The Information available on productivity and health (see Sections 5.4 and 6.1) enable several cursory
statements to be made:

1) Coral growth rates are so slow in most species that recovery rates following large-magnlitude
harvest, human impact, or natural stresses are far slower than observed in most other
living resources. In most respects many corals may be considered as a nonrenewable resource,

2) Human impacts that have been identifled as possible limiting factors in coral health, do not
appear to be subsiding. Many chronic problems such as shipping bilge discharges, industrial
and recreational pollution, and sewage could became larger problems in the future even with -
implementation of this plan,

3) Natural stresses continue to act on portions of the management area where species occaur at or
near thelr geographical (imits,

Despite the data gaps already mentioned, several recent efforts have generated preliminary data for
use in indicating any future trends. Coring studies at Key Largo National Marine Sanctuary indicate
that coral growth rates have increased in the past decade (Hudson, 1981), Whether or not that impro-
vement is attributable to management practices is masked by the discovery by Hudson in the same study
that cyclical coral growth may be normal, Studies at Biscayne National Park have shown concentrated
damage to coral immediately adjacent to several mooring buoys (Tilmant, 1979, personal cammunication).

Perhaps the approach of directing users to particular areas may be defrimenta! to objectives of pre-
serving corals, Converseiy, |imited damage in high use areas may decrease damage to other areas and
enhance overall| coral management ef forts. Quantifying these impacts is difficult. The variability In
apparent impact is summerized in Tabie 5~16; total counts of corals and diversities between buoyed and
control plots reveal no pattern in all 24 plots.

One future determinant of coral heaith in the management area Is the status of stocks in natlons that
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export corals to the United States, i.e., the Phliippines and a few others, The possibiiity that coral
exports fram the Philippines may be curtailed or even stopped could redirect resource pressures to
domestic stocks. A Phllippine law may have severely restricted the exportation of corals since 1977
(see Section 7.1.1 of this plan). Thus far, the law appears not to have been enforced.

To allow a realistic assessment of future conditions, |t appears mandatory that a multiyear survey of
coral growth, stress factors, and management practices be initiated on a species~ and area-specific
basis. These data are a minimal base from which estimates of future conditions could be made and
supported. This subject Is discussed below In Section 14.4,

Because corals in the FCZ have unti! recently been protected and managed by the Bureau of Land
Management and the fact that they are now unprotected is not generally understood; the stocks are pre-
sently in a good but precarlious position, Massive harvest of stony corals and destruction of coral
reefs could occur at any time,

A recent expansion of the ef fort for snapper and grouper has Introduced various types of bottom
fishing gear directed at those fishes closely associated with hard bottoms and reefs, Roller trawls,
bottom longlines, and fish traps are used in this fishery frequently in proximlty to coral and coral
reefs where the fish congregate, Although gear may be lost when it becomes entangled in coral, the
competition among fishermen for a finite resource has Increased fishing effort in all areas thus
increasing the Iincidental damage to corals and coral reefs. Similarly the high recreational tishing
level Increasingly subjects coral bottoms to injury from anchoring by small boats and vessels,.

Octocorals other than sea fans are being harvested for aquarium use in a small fishery off Florida
without apparent damage to the stocks. Because they are a rich source of hormone material, the possi-
bility exists for harvest of substantial amounts for experimental or even commercial purposes. One
American pharmaceutical company estimated !|ts annual need to be ten tons per year of Plexaura
homomalla for use In extraction of prostaglandin for medical researche This material was harvested in
the Cayman islands. On Bache Shoal in Biscayne National Park about four acres would be needed to
yield ten tons of this coral, but if selectively pruned to allow (rapid) regrowth, the amount of reef
area required might be increased by tenfold or more (Bayer and Welnheimer, 1974). The stocks can most
likely provide adequate material for experimental research purposes, but may not be able to sustain an
extended commercial market should one develop. In elther case, local depletion could occur as the
result of localized harvest of large numbers of colonies,
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6.0 DESCRIPTION OF HABITAT

6.1 Geographical Range of Habitat Types

Coral reef canmunities or solitary specimens exist throughout the geographical areas of authority of
both Councils, This wide distribution places corais In oceanic habltats of corresponding variabillty,
fram nearshore enviromments to continental slopes and canyons, including the intermediate shelf zones.
Habi tats supporting corals and corai-associated species are discussed below in groupings based on
thelr physical and ecological characteristics.

Dependent upon many variables {see Sections 5.3 and 6.2.2), corals may dominate a habltat (e.g., coral
reefs), be a significant component (e.g., hard bottoms), or be individuals within a community charac-
terized by other fauna (e.g., solitary corals). Geologically and ecologically, the range of coral
assemblages and habitat types is equally diverse (see, e.g., James, 1977). The coral reefs of shal iow
warm waters are typically, though not always, bullt upon coralline rock and support a wide array of
hermatypic and ahermatypic corals, finfish, invertebrates, plants, and microorganisms. Hard bottoms
and hard banks, found on a wider bathymetric and geographic scale, often possess high species diver—
sity but may lack hermatypic corals, the supporting coralline structure, or some of the associated
biota. In deeper waters, large elongate mounds called deepwater banks, hundreds of meters in length,
often support a rich fauna compared to adjacent areas., Lastiy are conmunities Including solitary
corals. This category often lacks a topographic rellef as its substrate, but instead may use a sandy
bottom, for example,

This discussion divides coral habltats (i.e., habitats to which coral is a significant contributor)
into five categories -~ solitary corals, hard bottoms, deepwater banks, patch reefs, and outer bank
reefs (defined in Table 5-1). The order of presentation approximates the ranking of habitat
compiexity based upon species diversity (e.g., zonation, topographic relief, and other factors).
Although attempts have been made to generalize the discussion info definable types, it must be noted
that the continuum of habltats Includes many more than the five distinct varieties discussed below.
However, in campliance with existing knowledge, the fol lowing categories wil| suffice.

6.1.1 Solitary Corals

Throughout much, if not all, of the management area, research has located bottom communities which
Include corals as a minor camponent of biotic diversity [for example, Giammona (1978) in the Gulf of
Mexico and Cairns (1979) in the Atlanticl. Although these solltary corais (see definition in Table 5-1)
contribute benthic relief and habitat to communities throughout the fishery conservation zone, they
apparentiy comprise a minor percentage of the total coral stocks In the management area.

6.1.2 Hard Bottoms

Hard bottoms (see definition in Table 5-1) constitute a group of communities characterized by a thin
veneer of llve corals and other blota overlying assorted sediment types, Hard bottoms on banks are
topograhic highs or salt domes created by geoiogic uplifting; they have vertical relief measured in
tens of meters (Bright and Rezak, 1978), Hard bottoms are usually of low relief and on the continen-
tal shelf (Bright, et al,, 1981); many are associated with relic reefs where the coral veneer Is
supported by dead corals,

This grouping of coral habltats is one of the most widely distributed of the five categories iden-
tified above, being common throughout the management area. Hard bottoms or banks have been described
by Hopkins, et.al, (1977), and Giammona (1978}, in the Gulf of Mexico; Goldberg (1973a) and Bright, et
al, (1981), off southeastern Florida; off the coasts of southeastern states (Johnston, 1976); off
Georgia and South Carolina (Stetson, et al., 1962; Porter, 1978, personal communication; Thomas, 1978,
personal communication); and North Carolina (Huntsman, In press; Macintyre and Pilkey, 1969).




Ecologically and geologically, hard bottoms and hard banks are two diverse categories. Both habltats
include corals but typically not the carbonate structure of a patch or outer bank coral reef nor the
lithified rock of lithocherms, a type of deepwater bank (see discussions below), Diverse biotic zona-
t+ion patterns have evolved in many of these communities because of their geologic structure and
geographlc location. Hard bottoms are cammon on rocky ledges, overlying relic reefs, or on a variety
of sediment types. In each case, specles compositions may vary dependent upon water depth and asso-
clated parameters (light, temperature, etc.). Hard banks nearly always exhibit zonation patterns, as
depicted in the Figures 5-8 to 5-17, and a much larger vertical relief than hard bottoms (Bright and
Rezak, 1976 and 1978).

Shel f-edge banks occur of f central eastern Florida at depths of 70 to 100 m, with relief up to 25 m

and covered with massive, contiguous colonies of Q. varicosa (1 to 2 m in height). Some of the pinnacles
are covered entirely with dead Oculina debris. At 3 to 50 m depths solitary colonies (<30 cm diameter)
of O, varicosa grow on limestone ledge systems (i to 3 m rellef) that parallel the coast ot Florida
(Reed, 1980b).

Hard bottoms and banks in different geographical areas support different coral assemblages. In the
Gulf of Mexico, where water temperatures and other factors affect hermatypic coral growth, ahermatypic
corais prevall, Agaricia (lettuce coral) and Madracis bearing zooxanthel lae are abundant in the algal-
sponge zones of "group three" banks identified in the nortiwestern Gulf of Mexico (see Table 5-8 and
accompanying discussion). Some hermatyplic species have been collected in hard bottoms in the Florida
Middle Grounds; Hopkins, et al. (1977) categorized those assembliages as "hermatypic coral communities.”
Grimm and Hopkins (1977), described the scleractinian and octocorallian diversity of that region while
Bright and Rezak (1978) described the hard banks in the northwez“ern Gulf, The only hard banks reported
in the northeastern Gulf were the "deepwater coral structures" iocated by Moore and Bullis (1960) east
of the Mississippl River Delta in 390 to 505 m (1,280 to 1,650 ft). Near the Filorida Keys, hard bot-
toms co~exist as underdeveloped reefs nearshore and seaward of the outer bank reef tract. North of
Fowey Rocks of f southeastern Fiorida, hard bottoms inciude all types of corals, though hermmatypic
species are near their northern limit (see, for example, Goldberg, 1973a)., Coral conmunities fram
Florida north to North Carolina, are dominated by ahermatypic species (gorgonians, Oculina), although
some hermatyplic species do occur off North Carolina (Macintyre and Pilkey, 1969), and Georgia (Hunt,
1974), The corals on the hard banks of f North Carolina near the 720 and 990 m (2,230 to 2,970 ft)
isobaths consist primarily of Lophelia prolifera and Enallopsammia profunda, but also Bafhxgsamnia
Spp., Caryophyilia clavus, and Balanophyllia spp, (Stetson, et al,, 1962),

6.1.3 Deepwater Banks

The existence of deepwater banks called Iithoherms In the Straits of Florida off Littie Bahama Bank
has been reported in the literature by Moore and Bullis (1960), Neumann, Keller, and Kofoed (1972) and
Neumann, Kofoed and Keller (1977). As defined by Neumann, et al. (1977), lithoherms are deepwater
structures composed of surface hardened layers of Ilthified sandy carbonate sediments supporting a
regional ly diverse array of penthic fauna. Other types of deepwater banks may not be hardened but do
support varying amounts of corals,

True lithoherms are located predominantiy beyond the outer edge of the continental shelf on the con-
tinental slope. Although their distribution is stil] being delineated, these structures have been
identified only in the western south Atiantic region, especially within Bahamian national waters
(Figure 6~1). Some |ithoherms do, however, occur near the outer edge of the FCZ. Neumann, et al.
(1972, 1977), encountered !ithoherms at 600 to 700 m (1,988 to 2,310 1) in the northeastern Straits
of Florida, along the base of the Littie Bahama Banks; Wilber (1976), analyzed the petrology and
environmental setting of some banks on the flank of the Little Bahama Bank.

Neumann, et al. (1977), In describing a lithoherm in the Sfral;rs of Florida, listed the shermatypic
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branching corais, Lophelia prolifera and Enallopsammia profunda, as the chief contributors to struc-
ture and habitats. As noted by James (1977) and others, sponges and other invertebrates also add to
bottom relief, species diversity, and total avallable habitat, Wilber (1976), emphasized the roles of
corals, alcyonarians, sponges, and crinoids In baffling, binding, and trapping sediments to the

|1 i thoherm, .

Deepwater banks may occur In a variety of shapes. Among the formations observed are rocky mounds 30
to 40 m (100 fo 133 f1) high and hundreds of meters long (Neumann et al., 1977); or Individua! mounds
or "haystacks" (Hurley, Siegler and Fink, 1962). Because of accumulated sediments, seismic profiies
are often necessary to unmask the true lithified interior of some ‘I 1 thoherms (Wilber, 1976).

Banks have been found to vary greatly in vertical and horizontal dimension., Depending upon age, rates
of sedimentation and Iithification, currents, and species composition, banks may show a topographical
expression ranging from a few meters fo as much as 144 m (475 ft), as quoted by Stetson, et al.
(1962), These differences alter water flow over the structure and hence blotic zonation (Lang, 1979,
personal communication). Within this category of coral assemblages, the word |ithoherm is often con-
fused with other terminologies. The precise definition of Iithoherm Identifies banks accumulated by
sustained chemical precipitation, l.e., lithification, that is thought to be facititated by upward-
moving, deep, cold water, as on the eastern side of the Straits of Florida. In contrast, most hard
banks in the Gulf of Mexico are actually salt domes with a different origin, Bioherms, ancther term
applied to rock structures resembling |lthoherms, may appear similar to lithified structures, but are
actual ly quite different, )

6.1.4 Patch Reefs

As defined in this FMP (see Table 5-1), patch reefs are diverse coral! conmunities typified by the pres-
ence of hermatypic (reef-building) and ahermatypic species. Patch reefs differ from consolidated
outer bank reefs by their smaller size and lower scale of vertical relief,

These are usually distributed Irregularly In clusters nearshore in warm waters like the Florida Keys,
(Marszalek, et al,, 1977). However, as defined in Table 5-1, many coral assemblages occurring at the
Dry Tortugas, in the Keys, or north of Miami, are more appropriately called hard bottom communities,

In south Florida, patch reefs as defined herein, have been the subject of studies by Marszalek, et al.
(1977) and Jones (1977), among others, More than 6,000 patch reefs occur in the Florida reef tract
between Miami and the Marquesas Keys, (Marszalek, et al., 1977); most of those patches occur between
Hawk Channel and the outer bank reefs, i.e., in a general strip 3 to 7 km (1,6 to 3.8 nm) oftshore
(Figure 6-2)., Typically, patch reefs form on coralline rock or ancther suitable substrate such as
coral rubble (Marszalek, et al., 1977).

Geotogically, patch reefs tend to form In two pattérns - dome and linear - although transitional
shapes occur, (Marszalek, et al,, 1977). Dome-type reefs are roughiy circutar to eliptical as viewed
fram above. Most reefs of this type exhibit well-developed sandy bottom halos around their fringes.
[Randal | (1965), Ogden, Brown and Salesky (1973), Jones (1977), identified sea grass grazing around
coral assemblages by sea urchins (for example, Diadema antiliarium), parrot fish (family Scaridae) and
other biota, plus current scouring as possible causes of halo formationl. From above, a trend toward
clustering with limited territoriality Is easily perceived, i.e., although the domes are grouped, some
distance is maintained between individual patch reefs. Most dome patch reefs have less than 5 m (17 ft)
of topographic relief, but some as high as 9 m (30 ft) do occur. Linear<type reefs are usually
situated seaward of dome~type patch reefs paralle! to the outer bank reefs, In top view, |inear patch
reefs appear acuate to linear, much |ike the true outer coral reefs of the Florida reef tract. Hence,
Instead of forming clusters, these patch reefs often occur end-to-end. i
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The distribution of patch reefs, dome- and |inear-type, Is not uniform in southern Florida waters,
Due to the clustering of dome~type reefs, the relationship of the linear-type reefs to coral reefs,
and numerous stresses (water temperature and sewage effluents, for example; see Section 6.2.2), patch
reefs are most abundant in the upper Keys (Table 6~1; Figure 6-2).

Table 6-1; Patch reef distribution in the Florida reef tract,

Area Approx. no., patch reefs
Fowey Rocks to Broad Creek (Key Largo) 3,975
Broad Creek to Tavernier Creek 1,590
Tavernier Creek to Big Pine Key 50
Big Pine Key to Marquesas Keys . 420
Total 6,035

Source: Marszalek, et al,, 1977,

Patch reefs also exhibit ecological variability, Dome-type assemblages support a diverse array of
scleractinians and octocorals, plus numerous benthic invertebrates, algae, and fish (Marszalek, et al,,
1977). Except for the noticeable absence of elkhorn coral, Acropora palmata, the biota of dome
patches resembles that of consolidated outer bank reefs, but usually lacks coral zonation, At
Biscayne National Park, however, dome patch reefs display biotic zonation believed related to relief
and sedimentation, (Jaap, 1979, personal communication), Octocorals dominate the top Iinterior zones
whereas M. annularis, Diploria spp., and Colpophyllia natans dominate western margin. The dominant
coral In this type of patch reef is the small| star coral, Montastraea annularis, which is often pre-
sent in single enormous colonies, (see also Shinn, 1963). Linear-type patch reefs support corals and
other marine life much like dome-types with the frequent addition of A. paimata, When found on a
linear patch reef, A, palmata colonies are usuaily smaller, more widely spaced, and oriented dif-
‘ferently than when found on an outer bank coral reef (Marszalek, et al., 1977), Of the two types of
patch reefs, the linear-type is probably the ecoiogic transition form between dome patch reefs and
outer bank reefs (Marszalek, et al., 1977).

One hypothesis classiflied patch reefs of both types according to their presumed developmental stages
of youth, maturity, and senescence (Jones, 1977):

Youth (early develiopment) -- Young patches consist primarily of pioneering scleractinian and
‘alcyonarian specles capable of attachment to the sediments. The young patches grow in size by outward
expansion and by upward growth on living and dead pioneering corals., Corals in young assemblages on
solid substrates are dominated by the star corals Montastraea annularis and M, cavernosa, and the
stariet corals Siderastrea siderea and S. radians. On less stable bottoms, the brain coral Dipioria
(especial ly D, labyrinthiformis) and the moon coral Colpophyllia natans, are major patch forming
species. Smaller colonies of Porites (P, astreoides and P. porites), Favia fragum, Agaricia
agaricites, Dichocoenia stokesil, and Mussidae corals, may grow between coral heads. Mi!lepora

(M, alcicornis and M. complanata) aild in cementing the components into a patch reef.

Maturity -~ Mature patch reefs are characterized by vertical relief of several meters and a diameter of
10 to 20 m (33 to 66 ft), Generally, these patches extend upward to the level of lowest low water,
Mature patches usua!ly have a horizontal zonation pattern. Montastraea annularis, whose large boulders
(3 mor 10 ft and more) are the chief contributors to patch structure, usual ly occurs on the eastern
and southeastern (windward and seaward) rparglns (M. cavernosa may also occur there); Diploria (brain
coral) and Colpophyliia (moon coral) heads more than one meter in diameter occur on the leeward sides
or in eddies; and Siderastrea (starlet coral) colonies less than one meter in diameter occupy the
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" center and remaining marglns (Jones, 1977), At Biscayne National Park, however, the largest
buttresses occur on wesiward fringes (Jaap, 1979, personal communication).

Senescence —- When coral growth rates are exceeded by mortality in the massive reef-building species,
senescence begins (Jones, 1977), This occasion Is accentuated by simultaneous increases in growth of
alcyonarians. During senescence, the scleractinians such as Montastraea and Siderastrea may survive
due to size and silt resistance. Most of the patch, however, evolves Into accretion plies of coral
fragments overiain by a thin layer of loose sediment. At least during early senescence, other corais
may survive by expandling mucous production (Porites, Dichocoenia, some Mussidae), vertical orientation
or rapld growth (Agaricia and Millepora), or branching and vertical growth (Porites porites). Unless
rejuvenated by new stocks, senescent reefs probably die.

6.1.5 Outer Bank Reefs

Outer bank reefs are restricted geographically to the Fiorida Keys; special class ocaurs at the
Flower Garden Banks in the nortiwestern Gu!f of Mexlco, Geologically and ecologically, outer bank
reefs represent perhaps the oldest, most structurally complex, and diverse type of coral assemblage.
Although [ithoherms, salt dome hard banks, and other enviromments that support coral may be older,
these reefs are the height of ecological complexity for systems actually formed by corals and their
associated organisms,

Outer bank reef distribution is worthy of further discussion, In the Gulf of Mexico, Bright and Rezak
(1976, 1978), following initial research by Stetson (1958) and others, have studied the topographic
highs at East and West Flower Garden, Stetson, Sonnier (formeriy Three Hickey Rocks), and about 20
other features on the Texas-Louisiana sheif, Of those banks, only the two Flower Garden sites support
true coral reef communities, Except for the Flower Gardens, the areas described above are here believed
more appropriately classified as hard banks and hard bottoms (see Section 6.2.1.2). Southeast of the
Florida Keys, on the upper shelf, lie al| of the remaining coral reefs in the management area,

occurring as a discontinuous arc between Fowey Rocks and the Dry Tortugas (Figure 6-2),

Outer bank reefs located in the Keys and at East and West Flower Garden Banks are different in many
ways (Table 6-2). Hence, generalities on mean depth, scales of relief, total area, species camposition,
etc,, must be presented for each area separately.

Northwestern Gulf of Mexico -- The coral reefs recognized by this FMP in the northwestern Gulf are
East and West Flower Garden Banks, located near the shelf break about 200 km (110 nm) of fshore
(Figures 5-11 and 5-12). Both reefs rest atop topographic highs that rise to within 20 m (66 ft) or
less of the sea surface, (Bright and Rezak, 1976, 1978; Rezak, 1977). With increasing depth, zones of
corals, algae-sponge, antipatharians, deepwater corals, and finally soft bottom, are encountered.
These coral reefs are discussed in greater detail in Sections 5.2.1.7 and 6.3.

Florida Reef Tract -- In contrast, the Florida reef tract is within easy access of the coastal popula-
tion centers of Miami-Homestead and the entire Keys (Marszalek, et al., 1977). The Florida reefs
also differ in their structural camposition, in their location on the shelf, and their ecology.
Instead of a dome-like base of geologica!lly-uplifted salt, the outer bank reefs are a discontinuous
arc of skeletons and sediments accumulating in situ. Although reefs have their origin on sand or
other sultable substrate (shelis, rocks, fossil reefs, coral debris), their composition is predomi-
nantly coral, l.e., |limestone or coral rock. Shinn, et al., (1977) and Shinn (1979), concluded that
the linearity of these reefs approximately parallel to the Keys is due to underlying bedrock
topography, rather than to biological or water quality causes.

The Florida reef tract includes approximately 96 km (52 nm) of outer bank reefs located between Fowey
Rocks and the Dry Tortugas, a distance of about 270 km (146 nm) along the 20 m (66 ft) isobaths A
large portion of the reef tract is in the FCZ just beyond Florida's three~mile terrotirial sea. As

6=7 ]



TABLE 6-2. Comparative zonation of hiological cormunities in coral reefs within the manaqe-
ment area. [ote depth differences.

FLORIDA OUTER BANK REEFS FLOWER GARDEN BANKS
(modified after Shinn, 1963) (Bright & Pequegnat, 1974)

Community dominant or indicator Community dominant or indicator

lone Depth (m) organisms lone Depth (m) organisms

Back Reef 1.5-3.0 Head corals, M. annularis, Diploria- 24-45 M. annularis, D. strigosa
octocorals grading into sea Montastraea P. astreoldes
grass shoreward Porites

Reef Flat 0.6-1 algae, octocorals, Favia Algae Sponge 45-73 Gypsina, Lithothamnium
fragum, Siderastrea radians

Spur Groove 0.6-4.5% Acropora palmata, Millepora Crinoid 73-85 comatulid crinoids
c i Pal t .

Tract | omplanata thoa sp.
Gorgonia vénﬂ 1 ‘na lheav;

wave energy)

Forereef Slope 4.5-12.1 M. annulakis, octocorals Soft Bottom 85-100 some octocorals attached to
with diminished spurs grad- hard out crops
ing into sfit sand

Second-Third 12-15 Relief features rising from
24-30m to 12-15m chetoggznia

Platform spp., Agaricia lamarckii,
Helioseris cucullata termi-

nating Tn s1Tt sand shoreward
and seaward




shown by Table 6-3 and Figure 6~2, these coral reefs are distributed unevenly along that range; most
of the reefs are found off the Key Largo area., Marszalek, et al. (1977), best described the reefs as
", .. typically elongate features of variable vertical relief which occur at the shallow shelf edge
between the 5 m and 10 m (16 to 33 ft) depth contours. Their long axes form a discontinuous line of
reefs oriented paralle!l to the shelf edge. The northermmost reefs trend N~S and the reefs near Key
West E-W reflecting the change In orientation of the arcuate shelf edge."” Most of the outer bank
reefs have wel l-developed spur and groove formations on their seaward faces. Spurs are extensions of
coral reef growth seaward up to 30 m (100 ft) or more; grooves occur between adjacent spurs. Spurs
and grooves are best developed in the upper and lower Keys, The middle Keys area exhibits some spur
and groove formation but the orientation and development Is variable (Marszalek, et al., 1977),
Shinn {1963), found that spur and groove development in Key Largo Dry Rocks, Fiorida, is a construc-
tional rather than erosional feature. Shinn, et al. (1981) found that spurs at Looe Key were
constructed of Acropora paimata and had formed over five meters of carbonate sand., Spurs at Looe Key
are no longer accreting due to the extensive die-off of A, paimata a few thousand years ago. Robbin
(1981) also documented the Keys wide die-off of A. paimata at Alligator Reef.

The deep reef at Looe Key is being smothered by migrating carbonate sand. Examination of air photos
revealed that carbonate sand that originated to the east and northeast of Looe Key is moving in a
waesterly direction (Shinn, et al., 1981),

Table 6-~3, Outer bank reef distribution in the Florida reef tract.

Area Outer Bank Reef (km)
Fowey Rocks to Broad Creek 22,2
Broad Creek to Tavernier Creek 34,3
Tavernier Creek to Big Pine Key 1646
Big Pine Key to Marquesas Key 22,6
Total 95.8

Source: Marszalek, et al., 1977,

General ly, Florida reefs are smaller In area, less blologically diverse, and lack the vertical rellef
of most coral reefs of the Bahamas or Caribbean Sea (Marszalek, et al., 1977)., However, coral
species diversity Is still|l comparable to or greater than reefs bordering nearby countries, Like the
patch reefs described above (Section 6.2.1.4), outer bank reefs may be grouped according to thelr
extent of development, l.e., underdeveloped and wel I-developed (Marszalek, et al., 1977).

Underdeveloped ~- Very common throughout the tract, occurring as coral reefs with sparse coral growth
and no Acropora paimata zone. These reefs may represent relict limestone ridges in the spu and
groove arrangement or relatively young reefs with immature biological zonation patterns. Long Reef in
the upper Keys Is an example of the relic reef case., (See, for example, Shinn, et al., 1977), Smal|
stands of immature coral reef biota often bridge the gaps between more wel l-developed reefs,

Well-developed -~ Marszalek, et al. (1977), characterized these cora! reefs by their "reef-flat formed
of in sltu dead encrusted elkhorn coral, Acropora paimata, skeletons and rubbie." Colonies of
Acropora, finger coral Porites, and stariet coral Siderastrea plus encrusting flire coral Milliepora, and
dozens of benthic species form most of the live reef structure. The typical zonation pattern shows
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A, paimata colonies on the seaward face of the reef to a depth of about 4 m (13 ft), with M. complanata
and the colonial zooanthlid Palythos in the turbulent shalliow zone and a diverse coral assemblage domi-
nated by small star coral, Montastraea annuiaris, heads in the deeper sections (Shinn, 1963), Within
the Florida reef tract, Carysfort Reef and Key Largo Dry Rocks (Grecian Rocks) are examples of wel |-
developed coral reefs,

As discussed in Section 6.3, several of these wel l-deveioped reefs are being considered for recammen-
dation as habitat areas of particular concern. Those areas, e.g., Looe Key and Dry Tortugas, are

discussed in greater detail in that section.

6.2 Condition and Trends

Several Important impacts on coral health, are categorized and discussed below., Present knowledge Is
not sufficient to establish a definite scale of impact severity.

Many of the man-induced and natural stresses described below possess the capabliity of temporarily or
permanentiy depressing coral heaith and stability. Some of the more common responses to stress
inciude polyp retraction, altered physiologlical or behavioral patterns, and modifled energy cycles;
the latter may be difficult to observe or quantify but it is a significant component of overal! coral
health., Another phenamenon, the "shut-down reaction™ (SOR), has been studied In the laboratory and
observed on rare occasions in the field in stony corals (Antonius, 1977). The SDR appears to be eli-
clted by exposure of sick or diseased corals to a naturally sublethal stress, e.g., predation by the
polychaete Hermodice caruncuiata, and proceeds as a rapid disintegration.of body tissues resulting in
death, Some doubt exists whether the SDR is a rea! physiological process or a continuation of tissue
lysis in the sick corai, Lastly, damaged corals (abraded fram anchor chains, storm damaged, etc.) may
provide a starting point for infection with the blue-green algse, Osciliatoria submembranacea, that
can potentially kiil entire specimens (Antonius, 1975, 1976, and in press),

General ly, these data Imply that certain specific areas may be in poorer health than others. Further-
more, tThe data provide Insight for detecting areas with the potential for declining health assuming
present stresses continue., Potential problem areas include the upper Florida reef tract where sewage
pollution and recreational stresses are escaiating, Looe Key, where recent pramotion in dive magazines
may impact the reef community, and the Florida Middle Grounds, where low temperatures and dissolved
oxygen have been known to stress and even kill corals and benthic algae.

6.2.1 Man-made Impacts

Anchor damage -~ Anchors and anchor chains from commercial and recreational vessels (especially pri-
vate recreational boats) have often been cited for physical damage in coral systems, However, the
nature of anchoring (underwater, often at night, widespread areal ocaurrence, difficulty to police,
often an emergency), and the variety of ships involved (private recreation boats, tankers, cammercial
fishing boats, supply boats, party boats, dive boats, etc.), has limited existing knowiedge of the
activity.

Desplte the paucity of data, It is known that the amount of damage Is proportional to the level of use
in an area, the method of anchoring, the size of anchor used, and the camposition of the biotic
community., Unpublished accounts from several areas have emphasized the relationship of user levels tfo
anchor damage. Heavy use areas, such as Key Largo Coral Reef Marine Sanctuary off Key Largo, Florida,
exhiblt more anchor damage (see, @.g., Dustan, 1977), than an area like Biscayne National Park in the
upper Keys, with fewer visitors to the reefs (Tilimant, 1979, personal communication). Indeed, heavily
used, marked coral areas of the Sanctuary at Key Largo are In distinctly poorer condition than more
remote regions of the park; anchoring and concentrated dive pressure have been attributed to a signi-
ficant portion of that stress (Jameson, 1979, personal communication), Desplite the evidence Indicting
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anchors for damage to corals, It should be clarified that in many coral reef areas the species damaged
(e.ge, Acropora), are also the corals with the greatest growth rates and regeneration capabilities
(see Section 5.4.1.2), Even at the Fiower Gardens and 28 Fathom Banks on the Texas and Loulsiana
outer continental shelf where few boats anchor, anchor damage stil! occurs and is considered to be a
major source of mechanical damage to corals (Bright and Jaap, in press; Bright and Rezak, 1976;
Nationa! Oceanic and Atmospheric Administration, 1977; Zingula, 1978), As detaiied beiow, damage need
not arise from anchors in use, Bright and Jaap (In press) noted apparent scarring In Fiorida reetfs
from 14 anchors unintentional ly snagged and imbedded in the corals near Pulaski Shoal at Dry Tortugas.
Furthermore, at East Flower Garden Bank, one damaged area below the coral zone in the algal-sponge
zone at 45 m (150 ft) circumscribes an abandoned Coast Guard mooring buoy and block (Bright and Rezak,
1976). .

in addition to the frequency of anchoring, another determinant of the amount of damage is the method
of anchoring. Anchor fiuke span, length of chain played-out relative to water depth (i.e., chain
slack), and placement of the anchor on the bottom, are each important factors. Many vessels, perhaps
especial ly the larger commercial fishing boats (Davis, 1977a) and private boaters, attempt to snag
anchor flukes on corals or coral rock to attain a firm posltion, Any anchoring technique also has an
associated problem of chain abrasion on corals. The extent of denudation is camparable to the amount
of slack in the anchor chain or cable. Bright and Rezak (1976) and Davis (1977a) reported cases where
swinging anchor lines and ground tackle had cleared the bottom of all benthos, including corals, over
areas 10 to 30 m (30 to 100 f+) in diameter., Bright (1980, personal communication) has observed
several large oil tankers anchored on the Flower Garden Banks. The anchoring of tankers directly over
the coral reef area of East Flower Garden must have resulted in substantlal damage to the living coral
(Bureau of Land Management, 1981),

Lastly, anchor damage Iis related to the localized type of biota in the anchor drop zone. The least
amount of damage occurs where the anchor can be placed in a sand flat amongst the corals, provided
chain or cable damage does not ensue. Staghorn and elkhorn corals, plus other branched species, may
be more susceptible to physical damage than nonbranched, or encrusting species, Davis (1977a) docu~
mented that 20 percent of an extensive staghorn coral! (Acropora cervicornis) stand west of Loggerhead
Key in Fort Jefferson Natlonal Monument, Dry Tortugas, was damaged in one winter season of anchoring,
mostly by commercial fishing vesseis. Sudden storms may have necesslitated such concentrated anchoring
on the leeward side of the reef (Davis, 1979, personal communication).

Pollution -~ Water pollution can arise from any number of sources or activities and Involve many types
of pollutants, Responsibllity for pollution control and regulation of man-made discharges lies with
other agencies; hence, this discussion will be restricted o a review of a few of the more pertinent
pol lution impacts.

Ol1 pollution, espécla| ly from vessel spllis and bilge cleaning, has been studied frequently as a
potential stress on coral polyps, Oil slicks floating over submerged corals apparentiy inflict minimal
damage (Johannes, 1975). A Sheil Oll report (Shinn, 1972) concluded that "Montastraea annularis (small
star coral) can survive two hours total immersion in Loulsiana crude whereas Acropora cervicornis
(staghorn coral) exposed for two hours to a mixture of seawater containing one part crude to six to 12
parts seawater caused Immedlate retraction of the polyps but compiete recovery in 24 hours.," A study
by Bak and Elgershuizen (1976) of the reaction of 19 Caribbean hermatypic corals to ingestion of oil-
sediment particles revealed that rejection was ldentical to that of clean sediments. Furthemmore,
physical contact appeared to be less harmful than toxic biochemical effects, No evidence was found of
oll absorption Into coral tissues, '

Conversely, other research has shown apparent damage to corals from petroieum fractions. The effects
of oil pollution on corals have been studied in the northern Gulf of Eilat, Red Sea, by Loya (1975,
1976; and Rinkevich and Loya, 1977), Although these studies are outside the management area and in a
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rather unique area cambining industry with extreme tidal fluctuations, they do constitute well-
documented cause and effect relationships between oll pollution and coral health, At the study area,
a chronically polluted and a control reef (free of pollution) both exhibited approximately 90 percent
mortality due to an extremely low tide. Three years later, the control reef had recovered To a highly
diverse coral community; the poliuted reef had not been recolonized, Loya (1975, 1976) suggested that
the comblnation of phosphate eutrophication and chronic oil pollution prevented recovery of the
polluted reef flat, Specifically, chronic oll exposure caused: 1) damage to the reproductive system
of corais; 2) decreased viability of coral larvae; and 3) changes in some physical characteristics of
the surface upon which larvae normal ly settie,

Of primary concern among oll pollution incidents are discharges of diesel fuel or other petrochemicals
resulting from groundings or biige cleaning. Many of these pollutants are readily dissoived into the
water column and hence may spread locally on the reefs. Detergents, dispersants, etc., used to immo-
bilize olls may also be detrimental to corals and associated reef biota,

0il and gas exploration and development on the Gulf of Mexico contlnental shelf and the Blake Plateau,
necessitates consideration of drilling platform discharges of cuttings and muds. Whereas cuttings are
predominantly rock and sediments, dri!| muds are complex chemical mixtures of coolants, lubricants,
biocides, and stabilizers (American Petroleum Institute, 1978). Lease agreements for oll| and gas
exploration and development I1ssued by BLM stipulate measures and practices for the protection of
corals.

Third Is the general grouping of pollutants termed heavy metals, which can accumulate in cora! tissues
above the natural ly-occurring ievels, Taylor and Bright (1973) found high levels of mercury, cadmium,
lead, copper, and zinc in groupers from Gulf of Mexico coral reefs. Certain fish (e.g., swordfish)
natural ly accumulate some heavy metals, including mercury. However, elevated body burdens of some
metals in some biota may result from man-made sources of pollution such as antifouling paints, con-
struction materials, power plants, alr polilution, or sewage and desalination plants (Johannes, 1975),
For instance, a heavy metal piume was discovered extending off Virginia Key near Miaml (Manker, 1975).
Manker also found that mercury, zinc, lead, cobalt, and chromium are present in sediments of the bays
and coastal reglons of f southeastern Florida. These metals, thought fo have origins specifical ly from
urban sewags, Industrial wastes, power plants, and automoblile emissions, are also concentrated of f the
coasts of other major population/urban centers, Corals there exhiblted higher chromium leveis than
seen at the Florida Middle Grounds (Manker, 1975; Bright, et al., 1981)., Lead and mercury may also be
accumulating in sediments at Tavernier Key and the John Pennekamp Coral Reef State Park marina, Heavy
metals in sediments are easlly resuspended by disturbance of the sediment-water interface,

Excess sewage qualifies as a fourth category of poliution. Although littie work has been done on this
subject in the management area, extrapolations from Hawalian, western Paciflic, and Caribbean coral
communities, indicate that sewage alters nutrient cycles, disrupts eociogical balances, depresses oxy-
gen levels, and may totally alter the composition of a conmunity (Johannes, 1975), Recent history at
Kaneohe Bay, Hawalil, shows that 99 percent of the shal low reef corals are now dead due to sewage
po!lution, onshore development, sedimentation, and frestwater run-off (Maragos, 1972; Smith, et al.,
1973; Smith, 1977). In the six east coast Florida counties between St, Lucie and Monroe Counties,
sewage treatment facilities are so over-burdened that many hotels and other bulldings pump their
sewage Info coastal waters untreated (Bright, et al., 1981), While most Key Largo houses have septic
tanks, many homes in Key West and Dade County, Fiorida, also pump sewage directly into the ocean.

Even septic tanks of fer no guarantee of safety since storms and porous Keys' solls often permit run-
off directly into coastal waters. '

Eutrophication, as a result of nutrient loading, may also limit coral growth and health, Loya (1975)
hypothesizes that phosphate eutrophication is one of the major man-made disturbances of corais in the
Gulf of Eilat, Israel. |n Kaneohe Bay, Hawali (Maragos, 1972) and elsewhere around the world
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Gulf of Eitat, Israel. In Kaneohe Bay, Hawall (Maragos, 1972) and elsewhere around the worid
(Johannes, 1975), corals stressed by eutrophication or other forces are often dominated by thick beds
of the encrusting alga Dictyosphaeria cavernosa or other opportunistic algae.

Recreation activity —~- Increased, concentrated use of coral resources and adjacent waters in parks and
preserves for boating, diving, specimen collecting, photography, and other bottom=-contact activities
has had a noticeable adverse affect on coral health. Diving for specimens (l.e., souvenirs or curios)
appears to be the major recreational stress. Since reef assemblages are often near shore and biologi-
cally diverse, patch reefs and outer bank reefs, especial ly those marked with buoys and on maps,
receive an inordinate percentage of the total recreational pressure. For example, Davidson (1979,
personal communcation) observed about 50 recreationa! boats in less than 3.4 kmZ (1 nm2) atop Looe Key
at noon on Memorial Day, 1979, Florida's resources and, to a much lesser extent, the of fshore banks
of the norttwestern Gulf of Mexico, are itwo areas of stress. These impacts are most severe on small
populations, those with siow growth rates, or members of an interwoven ecological cycle (predator-
prey, symbiosis, etce).

Dustan (1977) identifled activities such as diving, snorkeling, and boating that are localized around
reets, as the chief contributors to reef damage. Swimmers may grasp corals for leverage or scrape
against them, which, along with other contact activities, may kill corals or alter energy cycling to
repair wounds.

Coral collecﬂng.ls a difficult activity to assess. As described in Sections 7.3 and 7.4, it is ille-
gal unless a special permit is received; some scientlfic specimen coflecting by colieges and supply
houses occurs In Florida state waters, |t Is possible that much more pressure is exerted by il legal
col lections of many corals and associated animais for curios or live sale,

Vessel groundings -- Groundings (either temporary strandings or as shipwrecks), by a wide range of
vessels engaged in many activities constitute a significant source of coral destruction (Davidson,
1979, personal communication). The amount of damage appears most dependent upon the species of coral
struck, shlp variables (speed, huli design, construction materials, etc.), and meteorological factors
(wave surge, tides, winds, etc.). Offen, spilled cargo or vessel fuel can have a greater impact on
the reef biota than the grounding itseif. Vessel saivage may also cause harm to the reef,

Although physical damage to the corals may be severe following a grounding, in some cases the coral
community can recover within a few years. Groundings at Grecian Rocks near Key Largo, Florida, in
1964 and 1975, cut swaths in Acropora stands but are largely regenerated today (Shinn, 1979, personal
communication), '

Recent studies at Biscayne National Park near Elliot Key, have identified groundings as a major human
impact (Tiimant, 1979, personal communication). Park staff have initiated a study of eight patch and
coral reef areas (four study and four control locations), to assess the frequency and impacts of
groundings and other events. Surveys in September and October 1977, and in January and February 1978,
encountered one case of grounding on a head of small star coral, Montastraea annularis, at Dome
Control Reef in the January transect. An impacted coral head measuring several meters in maximum
dimension was split and toppled (Biscayne National Park, 1978a), Other surveys In 1978 (Biscayne
National Park, 1978b) revealed disturbed colonies of M, annularis at Star Control Reef, bottom paint
on portions of a baliast plle at Schooner Reef, and a yacht grounded at Eikhorn Reef, Acropora
paimata (elkhorn coral), Montastraea annularis, and Siderastrea siderea (starlet coral) colonies
showed damage. In summary, four boat grounds and numerous "scrapings" were observed during the first
18 months of study on the eight reefs at Biscayne National Park (Tilmant, 1979, personal
cammunication), Many more probably go unreported.
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The amount of damage inflicted by a grounding depends greatly upon the speed of the vessel, shape of
thull (l.e., area of contact with the corals), hul!l construction (strength of the material versus
corals), wave surge, tides, and winds (which contribute to whether a grounding Is permanent or
temporary).

Over a two year period (1974 to 1976) in John Pennekamp State Park and at Looe Key, Bright, et al,
(1981) recorded several other groundings and shipwrecks. While these vessels were breaking up,
sewage, garbage, engine olls, cargoes (molasses), ship parts, and onboard supplies, were strewn over
the reefs. Corals observed to be damaged included elkhorn (Acropora paimata) at Key Largo Dry Rocks,
and braln coral (Dipioria strigosa) and smal! star coral {Montastraea annularis) colonles at Looe Key,
During a 16-month period of 1974 to 1975, Dustan (1977) observed six groundings or wrecks in the State
Park. Numerous other unquantified observations of propellor hits were also recorded by Dustan,
Davidson (1979, personal communication) described a wreck on Looe Key on May 18, 1977, where seeping
fuel oll from the 'Robby Dale' made diving physical ly nauseating for several days. The effects of a
fater salvage mission on the corals were documented by Bureau of Land Management (BLM); the salvors
were prosecuted In court by BLM,

The grounding probiem has a different perspective at the Fiower Garden Banks and other of fshore coral
communities, Whereas most reefs in Florida are near shore where recreational boats abound, of fshore
corals are also endangered by commerclal vessels. The West Flower Garden Bank, for instance, is
located only 11 km (6 nm) froam the Gulf Safety Fairway, a major east-west corridor for tankers and
cargo vessels into and out of Texas ports. With the advent of deep draft designs, many tankers have
drafts too deep to pass over some of the nortiwestern Gulf hard banks or the reefs along the Florida
Keys.

With a grounding, the primary worry is that a large ship could decimate a significant portion of the

coral assemblage, especial ly those atop coral line or carbonate bases. Many groundings of commercial

vessels could lead to a splil| of hazardous cargo to impose another stress on the corals, The effects
of spills and pollutants on corals are discussed earlier in this subsection.

Fishing -~ Commercial and recreational fishing can potential ly stress the health of the coral or coral
reefs, These fishing operations are directed at a multitude of finfish and shellfish that live near
or In coral habitats. Among the most important such species near outer bank reefs are snappers
(Lutjanus spp. and Rhomboplites spp.), grouper (Mycteroperca spp.), and tilefish (Lopholatilus spp.)
(Bright and Pequegnat, 1974; Antonlus, et al,, 1978), Patch reefs and hard bottoms supp!y habl tat to
comparably diverse fisheries stocks, Including the fish listed above, plus stone crabs (Menippe
mercenaria), spiny lobsters (Panullirus argus), shrimp (Penaeus spp.), and many others (Smith, 1976;
Hopkins, et al., 1977; Davis, 1979, personal communication). Nearly all areas In which corals live
support some type of fishing venture, Tropica! specimen collectors harvest fish fram areas with or
wlthout corals., Extensive tropicai fish collecting may alter ecological relationships. Fish collec-
tors harvest mostly juveniles from waters less than 15 m (50 ft) deep (Feddern, 1979, personal
canmunication). Fish populations in deeper waters and in difficult collecting areas (e.g. coral
reefs) may remain as recrultment reserves,

In addition to specific fishing-reiated stresses, fish gear impacts may also be an important source of
coral destructlion both inside and outside state waters. Based on observations of the Industry and
conversations with scientists in the field, these potential gear damages could include shrimp trawling
in hard bottom areas, calico scallop dredging, snapper-grouper trawling, shrimpers trawling for
lobsters, lobster pot fishing, and reef fish traps. In each case, the gear Is equipped with weights
or chalns that may physically damage corals and assocliated biota. Geographically, these activities
occur in the northeastern and eastern Gulf of Mexico (shrimp trawling, scallop dredging), the shelf
of f western Florida between St. Marks and Tarpon Springs (trawling), Florida Middle Grounds near parts
of Tarpon Springs and Madeira Beach (snapper and grouper), the Florida Keys (lobster potting, lobster
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trawling, fish traps), off northeastern Florida and Georgla (rock shrimp, brown shrimp), and off
Georgla and South Carolina (shrimp trawling, snapper-grouper traw!ing). The potential Impacts Include
disruption of the hard bottom communities inhablited by the silt-tolerant corals (Solenastrea, Ocu!lina,
and Siderastrea), sponges, shelifish, and finfish In the Gulf and off the southeastern states; physi-
cal harm to coral reefs that have fish or shelifish traps dropped on, dragged through, or swept into
them; and possible biological ham to the reef associated biota (e.g., iobster pot removal of adult
tropical fish and fish trap removal of resident reef species). The opinion that lobster traps are
‘harmful to hard bottom areas when they are fished with excessively long buoy |ines has been expressed.
These practices in shallow waters entall dragging the traps across the bottom during retrieval.

Bottom. longline fishing for snapper and grouper has recentiy expanded in the management area as a
result of econamic stress In other fisheries. Lines are frequently set adjacent to coral reefs where
reef fishes congregate. They are not nommally set across the reefs because of potential loss of the
gear. An increased use of stronger wire cable for longline al lows use of the gear over hard bottom
with less risk of gear foss, but with more potential :for habltat damage. Jaap (1981, personal cam-
munication) has Identified two species of corals brought in by bottom longline fishermen,

Significant user conflict has developed between traditional reef fish fishermen and roller trawi
fishing vessels of f Daytona Beach and in the eastern Gulf of Mexlco, The former claim that roller
trawls are destroying the habitat, including Ocullna varicosa coral banks.

Tunnicliffe (1980) reported coral damage in Jamaica where large fish traps thrown on the reefs caused
much breakage and death of corals, Similarly, a Florida fish trap study (Taylor and McMichaels, 1981,
personal communication) reported coral pieces, some identified as staghorn in traps, indicating that
wire traps will break some fraglle corals,

The impact of fishing activities on coral via incidental catch has been studied by the St. Petersburg
laboratory of the Florida Department of Natural Resources. The study, sponsored by the National
Marine Fisherles Service during 1978, consisted of onboard sampling of collections framn 196 shrimp
trawls on the shelf off western Florida, between Apalachicola and Dry Tortugas. Results showed soft
corals (Renilia) in 25 of the 196 trawls, with most of those trawis In the northern Gulf region near
Apalachicola. The quantity of corals per traw! ranged from only a few pieces to about 25,

A 1965 film entitled "Gulf of Mexico Shrimp Trawis®, produced by the National Marine Fisheries
Service's Gear Research Unit, showed the ef fects of various trawl designs and fishing methodologles.
The film also showed destruction by a net towed over a stump coral and suggested gear adjustment to
avold contact,

Impacts from fishing may be categorized as physical or chemical. Physical Impacts may result from
gear damage or simply gear use. Nets and pots may be lost on reef outcropings as seen near Dry
Tortugas and at the Sambo Reefs in the Keys (Bright and Jaap, in press). Hand fishing by spear or
lobster loop may result in overturned coral heads or damaged corals from diver contact, Hook and line
fishing may affect corals to a limited extent, but not nearly so much as towed or emplaced gear.
Lobstering with traps directiy on corals is a rare, accidental occaurrence that can damage fragile
species (Acropora cervicornis or staghorn coral) or large brain corals like Diploria (Bright and Jaap,
In press)., Lobsters and other reef residents may also be collected by stunning with poisons or
explosions. Jaap and Wheaton (1975) conducted field studies on acetone, quinaldine in an acetone
solution, and ChemFish-Collector (a commercial rotenone preparation) and also reviewed the |iterature
on anaesthetics and poisons. Thelr field studies on gorgonians and scleractinlans at Eastern and
Western Sambo Reefs of f Boca Chita Key, Florida, revealed that rotenone and quinaldine often induced
coral polyp retraction and occasional ly caused tissue discoloration. The scleractinians Acropora
cervicornis, A, paimata, Siderastrea siderea, Diploria strigosa, and Dichocoenia stokesi, were damaged
by the rotenone (Jaap and Wheaton-Smith, 1974). Several gorgonians and other test corals were not
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af fected by the chemicals at the test levels. Associated reef species such as the urchin, Diadema

antl|iarum and some crabs and shrlmps,' vacated the treatment area or dled. Quinaldine and bleach are

used to stun or drive out moblie animals to ease |ive capture; rotenone Is a toxicant when used in
suffictent doses (Jaap, 1979, personal communication). In the Bahamas, chiorine bleach fishing among
corals was a common practice of fishermen. Often, a characteristic pattern of Infection ensues
whereby zones of the biue-green aigae, Oscillatoria submembranacea, the bacteria, Desulfovibrio and

Beggiatoa invade the stressed +issues (Campbeli, 1977), Explosives may be used in some areas to

collect fish (Ronquillo, 1950; Christian, 1973) or move coral rock, but Its damage to living corals
has never been adequately quantified (Johannes, 1975). Explosives do not appear to be in use at this
time, but were used at Carysfort Reef near Key Largo from about 1900 to the early 1950s (Shinn, 1979,
personal communication), Damage throughout that period was severe but recovery since the 1950s has
resulted in no visible effects of the blasting. '

Lastly are the possible Iimpacts of artificial fishing reefs. Throughout the management area, fishing
assoclations, state resource agencies, and private groups have bulit artificial reefs on the inner
continental shelf, In many Instances tires have been the primary reef buliding blocks. Problems
arise, however, when the bundles of tires weighted with concrete break loose fram their mooring and
rol| about unanchored, In Monroe County, Florida, near Coffins Patch Reef of f Marathon, the damage to
coral has been so severe that the tires were removed (Richard Helbling, personal! conmunication), A
similar problem occurred off Fort Myers, Florida (Casey, 1979, personal communication), The problem
appears to be proper placement of the reef and not the construction. Although the untethered tires
are doing much damage, artificial reefs firmly attached do provide vajuable habl tat for many flishes,

Dredging and sedimentation —- Dredging has an ef fect on the natural turbidity regimes of coastal

enviromments, This impact Iis critical because of the dependence of corals upon clear waters and the
fact that resuspended particulates often increase availability of pollutants to marine biota. In
coastal Florida waters, sediments tend to be fine-grained and suspended naturally In winter months,
Aerial photographs on flle at the Planning Department of Monroe County, Florida, in Key West, empha-
size the amount of sediments Iinvolved and their persistence, In other areas, especially in deeper
waters, turbidity problems occur but not with such obvious repercussions. In all cases, storms, normal
wave surges, and boating, resuspend the particulates, Storms also contribute naturally to this man—
made impact, Flne-grained sediments have occurred natural iy for thousands of years in the reef tract
(Enos, 1977).

Sedimentation resuiting from dredging causes damages proporﬂona'l to particle size, total iocad, and
settiing rates, which In turn influence a multitude of ecological variables (growth, respiration,
reproduct ion, energy cycling, etc.). Hubbard and Pocock (1972), studying 26 Caribbean corals, have

suggested that corals are "size-specific sediment rejectors™ and that thils ability varies between speclies.

In general, only silt, the smallest particle size considered, was effectively removed by all species
tested, Strong currents may assist corals in removing more coarse-grained sediments (see summary In
Johannes, 1975) but mucus transport, ciliary beating, or other biological means, account for most
polyp cleansing.

The Impacts of dredging operations are also dependent upon the techniques involved. Griffin (1974)
noted that use of a diaper or silt curtain around the operation may decrease plume size although not
affecting the total sediment load. "Hard-rock™ dredging as practiced at Key Largo and studied by

Griffin, has less impact, i.e., lower particle concentration in the plume, than hydraulic dredging.

Sediment trap studies at Key Largo determined that Siderastrea siderea (starlet coral), cleared at
least 125 mg/cm2/day during a period when no dredging was occurring (Griffin, 1974a). During
dredging, faliout may exceed 300 mg/cmzlday; the capabllities of corals to clear that amount are not
known. At high load levels, waters may become anoxic (Griffin, 1974a), A detalled summary of one
Florida Keys dredge and fil! project 1s presented In Griffin (1974b),
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Beach nourishment projects, barging, and pipeline excavations may threaten corals, too Bright, et al.
(1981). Shinn, 1979, personal communication). Courtenay, et ai. (1974) observed that sand belng
transported to shore to replenish an eroding beach smothered a small coral! assemblage off Hallandale,
Florida, north of Miami, Aerial photographs of the Hawk Channel and Key Largo areas, hawe rewealed
persistent trails of sedimants from barges and glass bottom boats (Griffin 1974a,b; Shinn, 1979, per~
sonal communication), .

A second impact of dredging is direct removal of corals. Coral rock has been used as construction
materials (bulldings, roads, etc.), extensively Iin verious parts of the Florida Keys. This material
is relict reef limestone, usually occurring onshore or nearshore, However, as cited in Schlapak and
Herbich (1978), corals are still dredged in the Pacific for use in construction and navigational chan-
nel dewvelopment,

Research -- Research activities may impose a mixture of stresses resembling those described above.
Hence, the Impacts of research operations to collect corals, trawl on hard grounds, search for
petroleum, etc., parallel the Impacts of the respective activities. It is thought that, in general,
these Impacts are minor since the research institutions are aware of the potential damages and often
supervised by their contracting agency.

Summar

The physlical/chemical impacts associated with human activities (anchor damage, pollution, recreation,
fishing, trapping, vessel groundings, dredging, and research), impart economic impacts which may be
observed in two forms from two perspectiwes. First, in the short-term, these impacts Increase the
Immediate income or enjoyment of the individuals causing the impacts. This occurs because the indivi-
duals are reaping some personal beneflt (e.g., recreation, sewage disposal, fishery harvest), while
paying less than full price for the resource. For example, a diver can increase his enjoyment by
anchoring directly over a coral formation and decreasing his time and air consumption to reach the
coral; shrimp trawlers can increase both harvest and income by engaging in "bottom preparation™ acti-
vities. Second, over the longer term, impacts of these human activities can impose costs on the U.S.
economy through fishery habitat destruction. Even partial degradation of habitat areas could decrease
biomass potentials for shrimp, snapper, grouper, calico scaliop, lobster, and less visible forage for
recreational species. Hablitat destruction also reduces the aesthetic appeal of the area to
recreationa!l users. Thus, the potential harvest of associated species and the recreational benefits
could be reduced resulting In corresponding reductions In income generated. ‘

6.2,2 Natural Impacts

The impacts summarized here are detalled In Appendix I.

Hurricanes -- The most destructive short-term impact on corals is a hurricane. Wave surge and inten-
sity coupled with sand and debris being carried by the water can wreak hawoc on shallow=water coral
communities. Because of the usual storm tracks, the Florida Keys and the Gulf are especially
vulnerable to thls stress.

Light, depth, and wave energy -- These three factors are interrelateds Hermatypic coral distributions
are limlted by the wave length (spectral quality) and intensity of penetrating fight, functions of
water depth, Ahermatypes do not require light but can be excliuded from areas of high turbulence, such
as some reef caps or surf zones.

Temperature -- The distribution of corals relative to water temperature is correlated with the pre-
sence or absence of zooxanthellae, Generally, hermatypic corals possessing symbionts are found in
warm waters within the range of 15° to 35°C or 60° to 95°F (Mayer, 1916). Ahermatypic species are not
|imited by temperature and therefore are more widely distributed.
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Researchers in the Florida Keys (Vaughn, 1918; Davis, 1979, personal communication; Roberts, et al.,
1979; Hudson, 1981; Tiimant, 1979, personal communication), have developed extensive data sets on
temperatures in Keys waters, Roberts and Rouse (in preparation) have summarized many of these natural
temperature ef fects,

Salinity =- The salinlty preference of corals are species-speclfic, with some categories euryhaline
and others stenchaline, Generally, many nearshore species such as gorgonians are more euryhaline than
the reef inhabitants or deepwater species. Local oceanographic conditions in the management area
influence salinity and hence coral distribution and health - Mississippi River outflow, Everglades
discharge and salty lagoons along the Texas coasts among others, )

Ecological relationships -~ Coral health can be altered by a variety of inter- and intraspecific rela-
t+ionships - competition, predation, natural toxicants, infection, and others (see also Appendix H, in
addition to Appendix 1). Each of these relationships invoives biological and behavioral elements that
affect coral health, :

Sedimentation -~ in various portions of the management area, 'parflcu|ar|y in the Florida reef fract
and off the Mississippi River Delta, natural turbidity and sediment may limit light penetration,
feeding efficiency, and other determinants of coral health.

Gas seeps -- Seep of blogenic and petrogenic gases are known to occur on several hard banks in the
norttwestern Gulf of Mexico.

6.3 Habltat Areas of Particular Concern

For purposes of this section, habltat areas of particular concern (HAPCs) are discussed solely as
areas of specia! biological significance, As required in the guidelines for developing Fishery
Management Plans (50 CFR Part 602,3b.6.11), these geographic areas include those " ... which are of
particular concern because of a requirement in the life cycle of the stock(s), e.g., spawning grounds,
nurseries, migratory routes, etc. ... (and) ... those areas which are currently or potentially
threatened with destruction or degradation."” Whereas the following discussion focuses on deiineating
these areas for coral sfbcks, it. should be noted that this plan also used the term HAPC to connote a
management concept designed to focus regulatory and enforcement abilities on particular localized
areas of significance. Although the two meanings are obviously closely related, the conceptual
distinction between HAPCs as significant biological areas and HAPCs as a classification category con-
ferring special management provisions, should be recognized by the readers of this plan,

As a vital first step in understanding and managing. the coral resource, It is necessary to recognize
that corals are not spread evenly over the management area. Rather, dense clusters of certain specles
concentrate at speclfic geographic locations to form reefs, hard bottoms, |lthoherms, etc, Precise
understanding of the geographic distribution of major coral habitats has, until recent mapping ef forts
{see Table 6-4), been iargely ignored. As these and other mapping projects are completed, expanded,
and refined, they will became an Important source of coral HAPC information,

For delimiting specific coral areas, HAPCs are taken only to Include locallties where large con-
centrations of adult (sedentary) corals are found., (The open water planktonic |ife style of larval
forms precliudes the isolatlon of specific geographic locallities of larval concentration,)  On a
regional basis, these coral habitats camprise only a very smal! percentage of the geographical area
of authority of the Gulf of Mexico and South Atlantic Fishery Management Councllis. Since the focus
here is only on coral habltats of particular concern, the area percentage Is even smailer,

In order to focus only on habltats of particular concern, a set of HAPC criteria has been developed
for use in this plan (see Table 6-5), These crliteria are general guideline statements intended to

narrow the full compiement of coral habitats down to a select few representing the most important
coral concentrations in the management area.
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Table 6-4.

WHO

C. Gliamonna
(Texas A&M)

T. Bright & R, Rezak
(Texas ASM
College Station, Texas)

W. Jaap-Scleractinia
J. Wheaton-Octocorallia
(FL. Dept. of Nat. Res.)

D. Marszalek
(RSMAS, Miaml)

W. Adey
(Smi thsonian)

Jo Porter
(University of Georgla,
Athens, Georgla)

Ma jor sources of coral mappling and species

WHERE

Gulf of Mexico

Topographic highs
tocated in western
Gulf of Mexlco

"Hourglass" area off
midwestern Florida

South Florida

Northern Little
Bahama Bank

Tortugas, Florida

SCALE

n/a

n/a

n/a

1:24,000

1:6,000

>1:10

distribution

informatlion for U.S. Guif of Mexico and south Atlantic waters.

SPONSOR

U.S. Bureau of Land
Management (OCS Office,
New Orleans, Louisiana)

Florida Department of
Natural Resources

State of Florlida
Department of Natural
Resources, Bureau of
Land Management

U.S. Bureau of Land
Management

National Park Service

STATUS

Completed Ph,D

Dissertation (1978)

Separate reports for

first three years
completed

Completed field
sampling

Complefed; belng
readled for press

Nearly completed

Continuing

COMMENTS

SummarlzedAavaIlable Information
on ecology and distribution of
Gulf octocorals.

Provides a descriptive account
of biotic communities observed
on Gulf banks,

A ma jor oceanographic
collection providing a grlid

of stations from which coral
distributions could be plotted.

Reef and bottom types.

Major bottom types.

Underwater photographs of
staked quadrants: squares allow
mapping of coral specles;
repeated views can assess
changes.
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Table 6-4, (continued)

WHO
G, E. Davils
(U.S. National Park
Ser vice-Everglades
National Park)

S. D. Cairns
{Smithsonlian)

Woodward-Clyde
Consultants

T. Hopkins and
R. Rezak
(Unfve. of South Alabama)

Continental Shelf
Assoclation

WHERE

Fort Jefferson
National Monument

Gulf of Mexico
Carlbbean, SE coast
of U.S.

tastern and north-
eastern Gulf of
Mexico

Florida Middie
Grounds

Pfleger and Sweet
Banks, northern
Gulf of Mexico

SCALE

about
1:30,000

n/a

1:48,000

1:12,000 and
1:40,000

n/a

SPONSOR

U.S. Bureau of Land
Management (OCS Offlce,
New Orleans, Loulslana)

University of Miami

U.S. Bureau of Land
Management
(Washington, D,C.)

U.S. Bureau of Land
Management

U.S. Bureau of Land
Management
(Washington, D.C.)

STATUS
Published 1979 by

BLM (see Fig. 6-8
herein),

Comp leted Ph.D
Dissertation (1976),
published 1979,

Report published
January 1979,

Ongoing

Publ ished 1980

COMMENTS

Provides a resource map of

coral distribution to the
Monument boundary; grass, fleshy
algae, staghorn reefs, patch
reefs, and hard bottoms are
mapped. See Fig. 6-6.

Series of 60 maps of deep

water Scleractinla distributions;
descriptions and (llustrations
of 88 specles; zoogeography,

Study maps and described benthic
habltats at ten locations to
determine thelr suitabliity for
OCS oll and gas leasing.

Submersible observations of
blotic communities and bottom
contours,

Maps topographic highs and
"|lve bottoms",




Table 6-5, Criteria for identlfying coral Habltat Areas of Particular Concern.

1. Ecological

4.

An area that contains an outstanding example of a coral community type found over a broad
ocean area, (For example, a deepwater Lophelia-Enallopsammia bank, a shaliow-water Acropora
coral reef, patch reefs, etc.). '

b. Areas known to possess rare species of coral.

€. . Areas whose coral diversity contributes to a highly unusual or unique biologic relationship or
ecologic condition,

Research

a. Areas with a substantial history of coral research and study. Such areas of fer an opportunity
to develop a long-term history of corals in thelir natural setting which should enhance the
Indentification of trends in growth or response to stress - both vital information for coral
managers.

b. Areas which display in an especially clear cut fashlon, coral habitat features of particular
research interest such as spur and groove formations or particular biotic zonation patterns.

Exploitation

a. Areas where high concentrations of econamically valuable corals subject to harvesting can be
tfound, This might include prime banks of black or pink preclous corals, or areas where
Plexaura homomalla can be abundantiy found. These resource areas can then be managed as devel-
opment areas under optimum yield objectives,

b. Areas where specific man-made development plans, use, or pollution impacts have Inflicted, or

threaten to inflict, envirommental damage including reduced coral species diversity, abundance
or health,

Recreation

a.

b.

Areas which are documented as locations frequented on a regular basis by recreational divers,
sports fishermen, or glass bottom boat sightseers,

Areas that of fer a high but underutilized recreational resource because of their outstanding
aesthetic qualities and proximity to population centers or boat access polnts.
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At a minimum, any coral area chosen as an HAPC must meet one or more of the speclific criteria pre-
sented in Table 6~5. In addition to these criteria, an ef fort should be made to ensure inclusion of
areas that represent all coral conmunity types found in the management area. Conslideration of a
geographic factor will provide for a reglonal system of HAPCs In which the full diversity of important
coral hablitat sites Is Included, Particular attention should be given major coral habitat areas.
Foremost of these broad areas Is the extensive Florida reef tract which stretches along the Florida
Keys. Other such habltat areas include the ?opograbhlc highs or banks in the nortiwestern Gulf of
Mexlico; the reef and hard bottom coral habltats scattered throughout the northeastern Gulf of Mexico
(Including the Fiorida Middle Grounds areas); and the hard bottom communities scattered of f North
Carolina and South Carolina (see Figure 5-4), '

All habltat areas should be mapped on a scale sultable to show the particular resources and associated
habitats, A set of geographic coordinates and boundaries should accompany the map to clarify the pre-
cise area,

The coral habltat areas described below have been determined to satisfy the criteria and include the
Important element of geographic distribution. The Councils will address, with review by their
Scientific and Statistical Committees, nominations for HAPCs periodically and take action as they deem
necessary, Including public hearings and any other fishery management plan amendment processes.

Cora! habitat areas of particular concern (HAPC) and the criteria by which they qualify,

Coral HAPC Criteria (see Table 6~5)
East and West Flower Garden Banks lec, 2.2, 2.b, 3.b, and 4,a.

(nominated national marine sanctuary)

Dry Tortugas (Fort Jefferson National Monument) 1.a, 2.a, and 3.b.
Looe Key (designated national marine sanctuary) lea, 1ob, 2.b, 3.b, and 4.b.
Key Largo Cora! Reef l.a, 2.3, 2.b, 3.b, and 4,.a.

(designated national marine sanctuary)

Biscayne National Park l.a, 2,3, 3.b, and 4.2,

Gray's Reef (designated national marine sanctuary) lec, 2.b, 4.3, and 4,b,

Florida Middle Grounds (nominated marine sanctuary) lea, lob, lec, 2.a, 2.b, 3.b, and 4.a.

Ocul ina Bank ) 1.3, l.b, tec, 2.8, 2,b, 3.3, 3.b, 4.3, and 4,b.

Gulf of Mexico Topographic Highs

As described briefly In Section 5.2.1.7 and shown in Figures 5-4 and 5-7, the nortiwestern Gulf of
Mexico includes almost 30 Identified banks rising from the otherwise flat continental shelf. Many of
these banks possess corals, Although other banks may eventually be determined to be of sufficient
signiflicance to be termed as an HAPC, only the East and West Flower Garden Banks are here consldered
as such,

East and West Flower Garden Banks

The two separate banks at the Flower Gardens (see Figures 5-11, 5~12, and 6~3) are distinct geologic
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structures located about 25 km (13.5 nm) apart and over 200 km (108 nm) from the cossts of Texas and
Louisiana. Located on the edge of the continental shelf, the East Bank's midpoint is located at about
27° 55' 07.44" N and 93° 36' 08.49" W. The West Bank centerpoint is at 27° 52' 14.21" N and 93° 48!
54.79" W. The salt dome infrastructure of the Banks projects up through the overlying rock strata and
. forms two distinct hills rising several hundred meters above the sea floor to less than 50 m (165 ft)
of the sea surface. The HAPC is limited to the portions of sach bank above the 50-fathom iscbath
(Figure 6-3).

East Flower Garden Bank is a tear-shaped dome roughly 5 km (2.7 nm) in diameter rising to within 20 m
(66 ft) of the sea surface (Bright and Rezak, 1976, 1978). The totsl area of coral reef atop the bank
is 75 acres (0.3 km2) (Office of Coastal Zone Management, 1979a). The corals and associated species
occur in'seven distinct zones (see Figure 5-12) from the cap at 16 m (52 ft) to the base of the bank
(i.e., onsst of soft bottom community) at 110 to 120 m (360 to 393 ft): 1) leafy algae; 2) Madracis;
3) Diploria, Montastraea, and Porites; 4) algae-sponge; 5) deepwater corals; 6) antipatharians end
drowned reefs; and 7) soft bottom (Bright, 1977). The Madracis zone is occupied almost entirely by
populations of the small branching coral M. wirabilis. Principal species, including corals, within
each of the zones have been elucidated by submersible transects and listed by Bright end Rezak (1976,
1978).

West Flower Garden Bank is oblong shaped roughly 11 km by 8 km (6 by 4.3 nm), trending northeast to
southwest. The live reef atop the dome occupies 100 acres (0.4 km?) (Office of Coastal Zone Management,
1979a), including a pesk rising to within 20 m (66 ft) of the surface (Rezak, 1977). Biotic zonation

at West Flower Garden is characterized by assemblages similar to those obssrved at the East Flower Garden
Bank. From its peak at asbout 20 m (66 ft) depth to the dome base at 136 m (450 ft), four zones exist
(see Figure 5-11): 1) Diploria, Montastraea, Porites; 2) algae-sponge; 3) deepwater corals; and 4) soft
bottom (Bright, et al., 1974). No leafy algee or Madracis zones were described (Bright, 1977).
Antipatharians have been observed emidst the soft bottom zone. Corals at West Bank have been

classified and published by Treaslar (1974); Bright end Pequegnat (1974) describe a substantial number
of the associated species.

Coral assemblages and habitat at East end West Flower Garden Banks comprise a unique resource. The
coral reefs on those banks are the northwestern most reefs in the Gulf of Mexico. Hence the biota they
support are stressed climatologically, at least partially isclated from the gene pool, and susceptible
to collapse should existing populations be destroyed. As the northwestern most coral reefs, they are
of particular research interest. The biotic zonation at the Flower Gardens has been described as one
of the most extensive of all Gulf of Mexico banks (Bright, 1977). The banks have also been subject

to an environmental impact statement as a nominated marine sanctuary (Office of Coastal Zone Manage-
ment, 1979a). Potential threats to the reefs exist in the form of increased oil and gas drilling in
the area, expanding deep draft vessel traffic, increasing recreational use, and anchoring by any
vessel. .

The following two management measures are proposed to protect the corals from incidental damage by the
use of fishing gear or anchors.

- Traditional, historical fishing methods are allowed but bottom longlines, traps and pots, and bottom
trawls are prohibited within the 50-fathom isobath. The taking of all corals is prohibited
except as authorized by permit.

- Anchoring shall be prohibited on the East and West Flower Garden Banks, 20 and 24 square mile areas
above 50 fathoms in depth except for vessels less than 100 feet in registered length. (Note: this
measure has been disallowed by NOAA as being beyond authority of MFCMA.)

Florida Reef Tract
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The Florida reef tract (see Figure 6-4 and Section 5.2.1.4) contains the continenta!l United States!
most extensive coral habitat, Composed of a chain of individual reefs, the tract stretches in a curve
of some 370 km (200 nm) from Miaml to the Dry Tortugas (DiSalvo and Odum, 1974), The tract Is bounded
on the shoreward side by the Florida Keys and on the seaward side by the Florida Straits (see Figure
6-3). Its width is about 6.5 km (4 nm) with the seaward edge following the 18 m (60 ft) bathymetric
contour. ~Although Shinn (1963) reports that the fract's flourishing reefs are largely limited to the
northern half of the tract particularly off Key Largo, other prospering reefs also exist further
south,

For purposes of identifying coral habitats of particular concern Blong the Florida reef tract, a total
of four areas have been selected. Two areas including many separate reefs near Key Largo have been
selected in the northern reef portion; Looe Key off Big Pine Key Is identified from the middie
portion; and the Dry Tortugas represents the southern end of the tract, Each Is discussed in greater
detall below, Other tract reefs which were considered, but were not included at this time, are Sand
Key off Key West and the Sambo reefs of f Boca Chica Key,

The Florida reef tract is exposed to a variety of both natural and man-made threats. Land based

pol lutants such as sediment, sewage, and various chemicals may be damaging certain reefs, However,
the significance and even cause—effect relationships have yet to be clearly established. Perhaps the
most significant threat Is from recreational use which exposes the reefs to direct damage by souvenir
and specimen collectors and anchor damage.

Key Largo Coral Reef National Marine Sanctuary

This HAPC has already been recognized by the Department of Commerce (OCZM) as an outstanding example
of the patch and outer bank coral reefs found In the Florida reef tract., The national recognition as
a national marine sanctuary has intensified public use of the area; resource collection pressures are
low but user impacts, such as diver contact injury and recreational boat anchoring, continue. Many of
the more prominent reefs are mapped on Figures 6-4 and 6-5. Sanctuary regulations al low hook and line
fishing but prohiblit spearfishing and the taking of tropical reef fishes.

The coral reefs within this area comprise the approximate northern limit of reef growth along the
mainland coast of the Western Hemisphere., The zonation pattern of the reef structures for the
northern Florida reef tract as described by Shinn (1963 and 1979) includes five zones; a back reef, a
reef flat, an Acropora zone, 2 Millepora zone, and a rubble zone. The cora!l specles camposition of
reefs In the marine sanctuary is described by the Office of Coastal Zone Management (1979b). Several
of the reefs within the area exhibit the spur and groove formation described by Shinn (1963) at the
Dry Rocks Reef,

The northern tract reefs have a long history of scientific research. Much of the relevant research

has been reviewed by the Office of Coastal Zone Management (1979b). A continuation of this research
history Is evident in the coral reef resource survey being coordinated by the Of fice of Coastal Zone
Management (1979c) for the National Marine Sanctuary and an envirommental assessment and biological

Inventory being organized jointiy by OCZM and the Florida Department of Natural Resources,

Biscayne National Park

Biscayne National! Park is another HAPC that has been protected at least In part because of the coral
resources found on Its numerous patch and outer bank reefs. Since these coral communities are located
clioser to the Dade County urban areas than the Key Largo Coral Reef National Marine Sanctuary, the
Park is exposed to conslderable recreational activity, Divers tend to concentrate at four buoyed
reefs (Figure 6-6)., This HAPC would include only that portion of the Park located outside state
waters, as shown on Figure 6-6,
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Coral reef assemblages in this HAPC closely resembie those described above for the Key Largo
sanctuary; typical zonation patterns exist. Species composition has been studied by Jaap (1979),

and Jaap (in preparation), On-going research ef forts are described in Biscayne National Park

(1978a, b), Most importantiy, the Park represents the only sector of the management area and perhaps
the worid, where al |l of the data necessary for caliculating MSY have been collected.

There are currentiy no special regulations for the Park. General regulations in Title 36 of the Code
of Federal Regulations apply to all units of the national park system, Title 36 includes Part 2 on
public use and recreation, Part 3 concerning boating and vessel permits, Part 5 on canmercial and pri-
vate operations, and Part 7 on special regulations. :

Looe Kéy National Marine Sanctuary

Looe Key HAPC has been recognized by the Department of Commerce (OCZM) as an outstanding exampie of a
submerged coral reef in the lower Florida reef tract. The Snm? sanctuary area is located 12.4 km
(6.7 nm) southwest of Big Pine Key, Florida (see Figures 6~4 and 6~-7). Fram an ecologica! and
topographic point of view, five major zones have been described by Antonius, et al. (1978): 1) a
patch reef area; 2) a reef flat; 3) a forereef; 4) a2 deep reef seaward of the forereef; and 5) a deep
ridge stll| further seaward. Each of these zones contains a representative coral species assemblage.
Of particular significance, the forereef zone contains a spectacular spur and groove system that Is
among the best examples in the entire Florida reef tract (Antonlus, et al,, 1978), In order to
protect the reef's resources the following activities are prohiblted: taking or damage to sanctuary
resources, including tropical fish and corals; spearfishing; using wire fish traps, poisons, or
electric charges; littering; and lobster trapping within the forereef area of the Sanctuary,

The reef Is a diving attraction rapidly growing In popularity with both local residents and tourists
(Barada, 1979)., Concurrently, It Is subject to growing pressure from souvenir hunters and anchor
damage (Antonius, et al,, 1978), The reef is also used regularly for teaching and recreational pur-
poses by the Newfound Harbor Marine Institute facility on Big Pine Key, The reef was nominated for
consideration as a marine sanctuary (see Section 6.4) In November 1976 by the Florida Keys Citizens
Coalition and was subsequently deslignated as such in 1981,

Dry Tortugas (Fort Jefferson Nationa! Monument)

Located at the southwestern tip of the Florida reef tract, this HAPC includes the Fort Jefferson
National Monument, with approximately 26,166 ha (64,657 acres) of water area (Flgures 6-4 and 6~8),
Although it may be an ideal destination for recreational divers and tourists, because of the area's
remoteness (116 km or 63 nm west of the nearest port at Key West), the reef resources make up one of
the most spectacular and least disturbed reet areas in south Florida.

Between 1904 and 1937, the Carnegie Institute maintained a marine research laboratory on Loggerhead
Key, thereby pioneering coral reef studies, Many of the studies conducted on the neighboring reefs
have became ciassics contributing greatly to our present understanding of coral reef ecology.
Recently, the benthic marine habltats of the Monument have been mapped (see Figure 6-6). Some of the
more common reef corals at specific reefs within the Monument have been described by Davis (1977a, b).
A tfield guide to the reefs was written by Davis (1977b).

Fort Jefferson National Monument Is administered under a set of special regulations plus the general
National Park Service regulations listed above for the Biscayne National Monument HAPC, Relevant
special regulations for the Monument, as described in 36 CFR Chapter 1, Part 7.27, are:

(a) ¢fishing - "no species of coral, shells, shelifish, seafan, sponges, sea anemones or other
forms of marine life ... shall be taken or disturbed ... except in accordance with paragraphs

(a) (2) to (7) «.e.." The paragraphs cited are being redrafted and/or eliminated such that the
only permissible consumptive use of Monument resources will be recreational hook and line

3
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(b) designated anchorage - "all wessels entering Tortugas Harbor In the vicinlity of Garden Key
shal | anchor only in the designated anchorage area of Bird Key Harbor southwest of Garden Key
ees Anchoring by recreational vessels is limited to not more than eight hours between 7
sunrise and sunset by permission from the Monument Superintendent or hls/her representative,"

Northern Live Bottom Coral Habltats

North of Miami, Florida, coral diversity and abundance fal!l abruptiy. Live bottom communities with
hermatyplc corals and gorgonians can be found as far north as Cape Lookout, North Carolina, although
coral abundance does not approach the dominance displayed in the Florida reef tract (see Figure 6-9),
The stony corals which may extend north include species of Oculina, Phyllangia, Solenastrea, Cladocora,
Astrangla, and Siderastrea. Between Miami and Cape Lookout, three sites have been considered as
HAPCs; Oculina banks off central eastern Florida, Gray's Reef off Georgia and an unnamed |ive bottom
off Bogue Bank in Onsiow Bay off North Carolina, However, Onslow Bay has not been llsted as a HAPC

at this time due to a lack of site~speclific Iinformation. The area may be reconsidered as more data
are collected.

Ocul ina Bank

A 90-mile shelf-edge strip of coral reefs is located off central eastern Filorida and is composed of
banks, thickets, and rubble zones of the scleractnian Oculina varicosa (ivory tree coral), This
fraglle, branching stony coral forms massive contiguous colonies in deeper water (70 to 100 m) where
in shaliow water it forms only small, discrete colonies (Reed, 1980b).

The shelf-edge OculIna reefs are a unique ecosystem. They are monospecific, comprised of a single
species of colonial coral, and form delicately branched bushes 1.5 m in height, hundreds of feet long,
and covering hills and pinnacles with 25 m relief, These are the only known banks composed of
monospeci fic colonial coral that occur on the continental shelf (200 m depth) anywhere in the United
States (Reed, 1982),

This bank or reef system has only recentiy been discovered. Dense and diverse populations of fishes
and Invertebrates (Reed, et al., In press) are associated with the Oculina, The area supports a
substantial but unquantifled recreational and commercial fishery for grouper, sea bass snapper, and
other fishes (Reed, 1982),

The HAPC is a 23 by 4 nm strip located approximately 15 nm of f shore at its nearest point (see Figure
6-10), |Its depth ranges from approximately 30 fathoms to 75 fathoms. This 92 nm? area is bounded by
latitude 27° 53' N to latitude 27° 30' N and longitude 79° 56' W to longltude 80° 00' W and contains
representative shelf-edge Ocul ina banks, major Oculina thickets, and coral rubble pinnacles,

In a relatively new fishery for bottom reef fish, trawlers are utilizing roller trawls to take fish off
rough bottoms. Although such trawls are subject to damage and loss if used In high releif areas, they
are apparently being used in ciose proximity to the banks and can damage the habltat and corats in

hard bottoms.

In order to protect the corals the use of all bottom trawls, bottom longllnes, dredges and fish traps
and pots Is prohibited within the HAPC,

Gray's Reef Nationa! Marine Sanctuary

Gray's Reef, located about 33 km (18 nm) off Sapelo Island on the Georgia coast (see Figures 5-4 and
6-9) has been recognized by the Department of Commerce (OCZM) as an outstanding exampie of northern
Iive bottom habltat by Its designation as a National Marine Sanctuary., Although referred to as a
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FIGURE 6-9. Hard-bottom areas which may support live-bottom communities and re-
ported live-bottom areas. Source: Bureau of Land Management, 1978.
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"reef," the 20 m (65 ft) deep area is actually a |ive bottom composed of a series of rock ridges
running in a southwest-northeast direction and covering an areas of about 57 ke (16,68 naf). Among
the benthos at the site are scattered heads of stony corals and a variety of soft corais. The site is
visited only occasionally by scientists, SCUBA di vers and commercial and sport fishermen, and Is rela~
tively poorly known (Porter, 1979, personal communication)., The most authoritative description of the
live bottom was prepared by Hunt (1974) on the geology and origin of the area. The Georgia Department
of Natural Resources, largely based on information presented by Hunt, nominated the area as a national
marine sanctuary (Neuhauser, 1979), and it was designated as such in 1961,

in the 57 knf (16.68 nmz) area bottom alteration activities, ftrawling and dredging, fish traps, and
colleé¢tion of marine plants, invertebrates, tropical fish, and historic or cultural resources are to
be controlled by permits. The status quo activities of anchoring and spearfishing are to be monitored
for future consideration. Other fishing activities are to be regulated under plans developed by the
South Atlantic Fishery Management Council,.

Florida Middle Grounds

The Florida Middle Grounds is a |iw hard bottom area located on the outer edge of the continental
shelf in the eastern Gulf of Mexico. |t is approximately 160 km (87 nm) west-northwest of Tampa and
140 km (76 nm) south=southeast of Cape San Blas, Florida (see Figure 6~10).

The Florida Middle Grounds Is the best known and most important area in terms of coral in the north-
eastern Gulf of Mexico. The dominant stony corals include Madracis decactis, Porites divaricata,
Diochocoenia stellaris, Dichocoenia stokesii. Octocorals, a relatively minor component of other Gulf

reefs, are prominent on the Middie Grounds; dominant forms include Muricea elongata (orange Muricea),

Muricea faxa (delicate Muricea), Eunicea calyculata (warty Eunicea) and Plexaura flexuosa (sea rod),

Hopkins, et al. (1977),

Recreational activities are limited by the distance from shore. Although requiring at least a two-day
trip to reach the Florida Middie Grounds and return, enthusiastic sport fishermen and recreational
divers have been reported to frequent the area,

This area is frequented by commercial fishing boats. Primary fish species inwlvwed Include the red
snapper and grouper which dominate the landings and value of landings of Gulf of Mexico reef fish,

The boundary of the area ldentified as a habitat area of particular concern Is defined in Section
12.4, measure 5b and contains the major area of high relief bottom (see Figure 6-~10), The Fiorida
Middle Grounds were nominated as a marine sanctuary but no further action has yet been taken, The BLM
has ldentified as 'no activity areas" for oil and gas exploration and development areas in the
northern portion of this HAPC,

One management measure |s recommended:

- Within the HAPC, the use of bottom longlines, traps and pots, and bottom trawls is prohibited. The
taking of all corals is prohibited except as authorized by permit,

6.4 Habltat Protection Programs

This section describes existing habitat protection programs that are actiwely utilizing thelr authori-
ties to provide some form of protection for corals within thelr respective management units (e.g.,
parks, preserves, sanctuaries, efc.). The programs which are considered in detal! Include: 1) the
tederal Offlice of Coastal Zone Management's Marine Sanctuaries Program; 2) the Natlional Park Service's
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National Parks and National Monuments; 3) the Bureau of Land Management!s Outer Continental Shelf
Leasing Program; 4) the Florida Aquatic Preserve System; and 5) the Florida State Park System. The
discussion presented below for each of these programs emphasizes the specific efforts they are taking
on behalf of coral habitat protection interests within the current fishery management area jurisdiction.

In the Florida Keys area, many of these indlvidual program management efforts, as well as general
coral protection provisions administered by the State of Florida (see Section 7.,4) and the U,S. Bureau
of Land Management (see Section 7.3), Interface fo form a complex patchwork of geographically-variable
management restrictions for coral. The geographic distribution of the various management authorities
has been reviewed by Shinn (1979) and Is iliustrated in Figure 6-11,

In addition to the area-specific management programs, a variety of other federal, state and inter-
national authorities have a significant though less focused coral habltat protection role and are

discussed in Sections 7.1, 7.2, 7.3, and 7.4,

Federal Programs: National Marine Sanctuaries Program

In terms of complementing the protection objectives of the coral flishery management pian from a site-

speclific perspective, one of the most Important federal programs is undoubtediy the Office of Coastal

Zone Management's (OCZM) Nationa! Marine Sanctuaries Program. This program was authorized under Title
111 of the Marine Protection Research and Sanctuaries Act (MPRSA) of 1972, Its purpose is to preserve
or restore the conservation, recreationat, ecological, or aesthetic values of localized areas "... as

far seaward as the outer edge of the continental shelf, ... [and inl other coastal waters whether the
tide ebbs and fiows ..." (MPRSA, Section 302a)., In effect, the National Marine Sanctuaries Program Is
a coastal water counterpart to the more familiar nationa! park, forest wildlife refuge, and wilderness
systems,

The National Oceanic and Atmospheric Administration (OCZM!'s parent organization) has made a firm com-
mitment based on expressed Presidential support (see text of President Carter's May 23, 1977,
Environmental message) to expand program efforts to designate and manage new sanctuaries. At the time
of this writing, six sanctuaries have been designated, four of which are In the Coral FMP management
area. Of particular Interest to the Cora! FMP, consideration of new sanctuaries begins with a nomina-
tion that may originate from a variety of sources, Including Regional Fishery Management Councils and
National Marine Fisheries Service,.

Foltowing prescribed evaluation steps including public hearings, a sanctuary environmental impact
statement, consultation with interested parties, governmental and Presidential approval, an individual
sanctuary management plan is finallzed and implemented. Significantly, management aspects can vary
widely among different marine sanctuaries with each designation receiving Individual treatment. Title
111 of the MPRSA provides clear authority to manage and control uses within sanctuary boundaries that
are Incompatible with the sanctuary's recognized values. As part of the Individual attention accorded
each designation, a separate set of sanctuary-speclfic regulations are talliored to the protection
needs of each designated area. Regulations are placed only on those activities within the sanctuary
boundaries judged to be incompatible with the sanctuary's purpose.

Acfual site management and administrative responsibiiity for a particular sanctuary may either be
retained by OCZM or delegated with necessary funding support to other appropriate management units
that could include the Regional Fishery Management Counclls,

The National Marine Sanctuary Program is particularly interested in protecting outstanding coral reef

areas. One of the six existing sanctuaries - the Key Largo Coral Reef National Marine Sanctuary off
Key Largo, Florida, - complements state efforts at John Pennekamp State Park by protecting a 343
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kmz (100 nmZ) section of the upper Florida reef tract. A management plan for the Key Largo sanctuary
has been designed to provide the protection necessary to insure long-term viability of the ecosystem,
The management plan also addresses public education, envirommental monitoring and regulatory enforce-
mental monitoring and regulatory enforcement needs at the site. Enforcement Is conducted cooperatively
by the Florida Department of Natural Resources {Marine Patrol and Park Rangers) and the U.S. Coast
Guard. A -deepwater resource survey at Key Largo Coral Reef National Marine Sanctuary conducted In
March and June, 1979, accurately mapped the extent of deepwater coral and qualitatively inventoried
the resource (OCZM, 1979c),

The Gray's Reef National Marine Sanctuary, covering 16.68 nm? of live bottom reef located 18 nm of f
Sapelo.lsland, Georgia, was designated in January, 1981, to maintain and protect the live bottom eco-
system In its natural state; to promote sclentific understanding of the ecologlical nature and the role
of the ecosystem and the functiona! relationships of live bottom areas thraughout the south Atiantic,
to one another and the marine and coastal ecosystems of the region; and to promote public appreciation
and wise use of reglonal ly significant tive bottom resources (OCZM, 1980a). A management plan will
soon be developed to guide efforts in resource protection through management, research, education and
regulatory enforcement, and to ensure maximum public benefit from this national marine sanctuary.

The Loove Key Natlonal Marine Sanctuary, covering a 5 nm? coral reef area located 6.7 nm east of Big
Pine Key, Florida, was designated in January, 1981, to maintaln, protect and enhance the quality of
the natural, biological, aesthetic and cultura! resources of the Looe Key system, to promote and
stimulate marine research ef forts directed toward Improved management decisiommaking and identification
and analysis of marine ecological interrelationships, and to enhance public awareness of the func-
tioning of the Looe Key cora! reef system (OCZM, 1980b). A management plan for the sanctuary will

soon be developed to provide direction toward fulfilling these sanctuary purposes.

Other management areas containing coral reefs under consideration as active candidates for sanctuary
designation by the National Marine Sanctuary Program include Flower Garden Banks in the nortiwestern
Gulf of Mexico; waters southeast of St., Thomas, Virgin islands; water around Mona and Monita Islands,
Puerto Rico; the area of f southwest Puerto Rico known as La Parguera; and the waters araund Culebra
and Culebrita Istands and the Cordillera reef chaln of f nortiwest Puerto Rico.

The purpose of the proposed Flower Garden Banks sanctuary is ".,.. to protect and preserve the banks!
ecosystems in thelr natural state and to regulate uses within the sanctuary to insure the health and
wel l-being of the.coral and associated flora and fauna and the continued availability of the area as a
recreational and research resource ..." (0CZM, 1979a3)., The activities proposed for regulation
address, among others, dellberate harm of coral, dredging, trawling and oi! and gas operations,

The purpose of the proposed St. Thomas sanctuary Is to conserve sanctuary resources in a manner cam-
patible with the National Marine Sanctuary Program goals and objectives in order to maintain, protect
and enhance the quality of the area's bliological, aesthetic, and cultura! resources; to encourage
sclentific research within the sanctuary focused on management-related questions and enhancement of
knowledge of the area's natural systems; to enhance national and local awareness of the significance
of the marine resources within the proposed sanctuary; to encourage wise use of these resources; and
to promote understanding of the role of the Nationa! Marine Sanctuary Program In marine conservatlon,
The proposed area |s extremely important to recreational, caommercial, and education users, offering a
unique area for a varlety of water-reiated interests, The three Puerto Rican sites are proposed for
sanctuary status for the purpose of protecting the resources within the context of a comprehensive
management framework, Management objectives have yet to be developed for these sites,

National Parks and Monuments

Another site-specific management program with applicabliity to coral protection is the system of
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national parks and monuments operated by the National Park Service (NPS) within the Department of
interior. In the broadest terms, the purpose of the NPS unlts are to "... preserve for all times
scenic beauty, wilderness, native wildlife, indigenous plant Iife and areas of sclientific significance
and antiquity ¢ee" (16 UsS.C §1). Although the National Park System includes several marine areas,
their distinctly land-based orientation makes them somewhat less likely to Include new marine areas
within their systemn. Nevertheless, two areas operated by the NPS within the present study area
include and manage significant coral resources - the Biscayne National Park north of Key Largo,
Florida, and the Fort Jef ferson National Monument in the Dry Tortugas, Florida. -

Both the statement for management for the Fort Jef ferson National Monument (U.S. National Park
Service, 1977), and the general management plan for Biscayne National Park (U.S. National Park
Service, 1978), include as major management objectives the protection of natural resources (Including
corals) within their boundaries, At the Fort Jefferson Monument, all areas within the Monument's
administrative boundaries (with the exception of Garden Key), are classified as an outstanding natural
area under the National Park Service's land classification system. Prohiblted activities include com-
mercial fishing and the taking of lobsters while al lowed uses Include sport fishing and non-
consumptive recreational activities, Under NPS management, the coral resources at the Fort Jefferson
National Monument appear to be wel! protected (Jaap, 1979, personal communication),

According to the general management plan, Biscayne Park Is "..., designed to facilitate the existing
recreation activities in a compatible manner with the physical and blotic enviromment, and [to] pro-
vide mechanisms for detecting areas of existing or potential envirommental degradation" (U.S. National
Park Service, 1978)., Recognizing that recreational use often creates a certain level of coral damage,
some of the management provisions at this Monument include: 1) monitoring to detect destruction of an
area at early stages (to allow Iinitiation of corrective measures); 2) improvement of monument boun-
dary, channel, and depth warning markers at critical locations; 3) establishment of activity areas, 4)
enforcement of regulations prohibiting tropical fish collecting and "pot hunting®™ (removal of
archeological artifacts); 5) the establishment of mooring stations near corals to reduce anchor
damage; and 6) establishment of monitoring stations to detect natural flucuations in envirommental
factors such as temperature, salinity and winde In addition, special studies are planned in coopera-
t+ion with the State of Florida to determine what types of commercial and sport fishing will be
allowed, In what magnitude, and what regulatory actions will be necessary.

Quter Continental Shelf Oil and Gas Leasing

The Secretary of the Department of interior (DOI) is charged with administering mineral exploration
and development on the Outer Continental Shelf (OCS), pursuant to the Outer Contlinental Shelf Lands
Act (OCSLA), as amended in 1978 (43 U.S.C §1331 et seq.). This responsibiiity has been delegated to
two offices within the Department: the Bureau of Land Management (BLM) and the U.S. Geological Survey
(USGS). The BLM serves as the administrative agency for leasing submerged federal lands whiie the
USGS is charged with supervising mineral development operations on the OCS,

Of particular Interest to this coral FMP is the Secretary of Interior!s abillty to withdraw tracts
from proposed OCS mineral lease sales for lack of information, aesthetic, envirommental, geologic, or
other reasons, The presence of coral reefs, hard bottoms, or other marine areas containing signifi-
cant resources could be reasons for withdrawing tracts. Further, the OCSLA (43 U.,S5.C §1341) also pro~
vides for permanent disposition from leasing; Key Largo cora! reef was provided such protection by
President Elsenhower, through Proclamation No. 3339 (55 CFR 2552) which established the Key Largo
Coral Reef Preserve on March 17, 1960. This disposition served as a precursor to the present Key
Largo Cora! Reef Marine Sanctuary. (BLM's coral permitting authority under the OCSLA is not con-
sidered a site-speclfic habltat protection program and is instead discussed under Section 7.3).

With respect to ol! and gas tract withdrawal, BLM has demonstrated an awareness and interest in pre-
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serving coral communities and other significant resources. Several potential lease tracts nominated
by oll companies have been withdrawn due to the prasence of significant bottom habltats, Including
some containing coral., For example, the Secretary of Interior rejected oi! company blds for a tract
of f the Georgia coast (Tract #41) in the 1978 South Atlantic OCS Sale #43, The deletion was based on
t+he percelved need to preserve a njjve bottom communlty” (i.e., hard bottom) documented to exist there,
Similarly; recent OCS sales In the Gulf of Mexico have prohiblted drilling directiy over several
coral-encrusted hard banks located on salt domes, inciuding areas directly over the East and West
Flower Garden Banks (Bureau of Land Management, 1981), Further, BLM |ease stipulations require that
drilting opertions adjacent to these banks must shunt thelr driiling discharges directiy to the bottom
nephelold (a dense water mass of high turbidity) tayer to minimize quonfial Impacfs fram surface
discharges that might otherwise affect bank corals and other bank biota,

The Secretary of Interior!s ability to delete lease tracts from oll and gas development and BLM's
abitity to require certain drilling techniques which minimize envirommental damage through lease stip-
ulations represent an Important OCS habitat protection authority for protecting localized coral
habltats. Further, the USGS must ensure oll company compliance with regulations and lease stipulations
once a lease s sold, also represents a key management authority for ensuring protect lon of coral
canmunities, Although these authorities are not comprehensive, they are significant because of the
widespread Interest in current OCS oll and gas development and Its potential impact on corals,

State Programs

Because significant coral communities within state waters appear to be limited to the southermmost
portions of Florida, detailed discussion of site-specific state programs is limited to those actual ly
protecting coral habitat in Florida. The programs ldentified to be of primary concern include the
state's Aquatic Preserve and Park Systems.

Fiorida Aquatic Preserve System

By special legisliative action, the Florida Aquatic Preserve Act of 1975 (Florida Statutes, Sections
258.35-258,44) was created to establish a direct means of permanentiy preserving submerged, state-
owned lands., The Act defined an aquatic preseve as a "biologically, aesthetical ly or scientificatly
+se oxcaptional area of submerged lands and its associated waters set aside for maintaining the area
essentially in its natural or existing condltion" (Florida Statutes, Sections 258,37-258,38),

The Aquatic Preserves created under this Act Include only lands and water bottoms owned by the state
(Florida Statutes, Section 253.03) and other lands or water bottoms that another govermment agency
might authorize for preservation. No privately owned lands or water bottoms are included in the Act
unless by speclial agreement with that private owner. Other specific exclusions fram the Aquatic
Preserves are areas altered by channel maintenance of other public works projects and, lastly, lands
lost by artifical ly induced erosion,

The Aquatic Preserve System is administered by the Florida Department of National Resources.
Limitations on usage (discussed in Section 258.42 of the Florida Statutes) control: sale, lease, and
transfer of preserve lands; water relocation or bulkheading; dredging or fiiling except a required
minimum; driliing for oll or gas; or mineral excavation. Private owners bordering the preserve retaln
certaln riparian rights to construct docks and protect their shorellne, if those actions are deemed
necessary.

Although each preserve was to have Its own set of rules and regulations to protect water quality and
aquatic resources, no preserve rules have yet been developed. In process, however, are rules for the
Biscayne Bay Aquatic Preserve which could provide a prototype set of ruies for other designated
preserves. '
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The original Florida Aquatic Preserves Act of 1975 out!ined boundaries for 31 Aquatic Preserves.
Although most of these are In inshore waters, such as rivers and estuaries, ocean areas may also be
included. At least three preserves in the Florida Keys probably include coral habitats - the Coupon
Bight Aquatic Preserve adjacent to and south of Big Pine Key, Florida; Lignumvitae Key Aquatic
Preserve fo the south of Key Largo, Florida; and Biscayne Bay Aquatic Preserve in Biscayne Bay,
Florida.

Florida State Park System

The relevance of the State Park System Is due principally to the John Pennekamp Coral Reef State Park
on and :of f Key Largo, Fiorida. This outstanding park adjacent to Key Largo Cora! Reef Marine
Sanctuary contains significant coral reef habitats, The John Pennekamp State Park was estabiished in
1959 and includes over 125 km? (36 nm2) of state waters.

Other Site Specific Protection Programs

Finally, in addition to the above listed active habitat protectlion ef forts, several other govermmental
programs which could or might be expected to have relevant area specific coral protection authorities
have also been considered: state Natural Area Programs; the Outstanding Florida Water System; the
tederal Estuarine Sanctuaries Program within the Office of Coastal Zone Management; the Geographic
Areas of Particular Concern segment of developing state Coastal Zone Management Programs; National
Wildllfe Refuges operated by the U.S, Fish and Wildlife Service; and the National Natural Landmarks
Program administered by the National Park Service. '

State Natural Area Programs have not been considered In detall because, with the exception of Florida,
no significant coral conmunities have been identified in any other state waters. The Florida
Outstanding Florida Waters classification, which took effect January 1, 1979, is the newest aquatic
protection Initiative mandated by the state of Florida. Since waters so designated presentiy include
only surface waters within existing nationai and state parks, monuments, aguatic preserves, recreation
‘areas, envirommental ly endangered lands, and similar systems, and since It is still too eariy to pro-
Ject how this new classification might relate to coral protection, it is not discussed in detali,

Several estuarine sanctuaries have been considered and established along the coast of the current
management jurisdiction, Estuaries however are not typical ly suitable sites for extensive coral
canmunities. Thus, the relevance of estuarine sanctuary designations will be limited primarily to the
extent that they can improve or assure high quality coastal water dralnage and not their ability to
preserve specific aquatic habitats. High quality coastal drainage Is important so as to reduce pol lu~
‘tion stress to coastal open water marine habltats including Important coral habitats.

As mentioned above, the only state in the management area believed to have jurisdiction over important
coral habitat areas |Is Florida, The coastal zone management program of the state, now being restruc-
tured and redirected, has limited Its identification of geographic areas of particular concern to
areas already established by the state legisiature (i.e., Aquatic Preserves, State Wilderness Areas,
Areas of Crlitical State Concern, Envirommental ly Endangered Lands, and Coastal Shore fFront Areas).
None of these areas, however, included special provisions to protect corals or coral habitats. Only
the above mentioned Biscayne Bay Aquatic Preserve and the Florida Keys Areas of Critical State Concern
contain coral habltats,

Three National Wildiife Refuges are located in the Florida Keys which undoubtediy contain coral
habitats: the National Key Deer Refuge, the Great White Heron National Wiidiife Refuge, and the Key
West Natlona! Wildllfe Refuges These areas are operated by the U.S. Fish and Wildlife Service, These
areas, however, rely on the coral permitting authority of the State of Florida to protect the corais
(Shinn, 1979b).
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United States Geolgglcal Survey (USGS), DO! =~ The USGS supervises all drilling development and pro-
duction operations on the OCS related to oil and gas development, They seek to ensure that such
operations are conducted in a manner as safe and pollution-free as possible. No exploratory drilling
or development may occur unless plans for such activity have been approved by USGS. USGS aiso enforces
Outer Contlinental Shelf Lands Act (OCSLA) regulations and BLM stipulations applicable to particular
leases., All USGS juf'lsdlcﬂon Is pursuant to the OCSLA.

National Park Service (NPS), DOl =- The NPS retains the authority to manage coral primarily through
the establishment of coastal and nearshore national parks and national monuments. The Biscayne
National Park and the Fort Jef ferson National Monument are two exampies of ocean areas managed by the
NPS, Protection of corals and associated biota are among the management goals in both monuments,

Fish and Wildlife Service (FWS), DOl -~ The abllity of the FWS to affect the management of coral Is
based primarily on the Endangered Species Act and the Fish and Wildlife Coordination Act; although no
coral species have been llsted as endangered or threatened under the Endangered Species Act, Under
t+he Fish and Wild!iife Coordination Act, the FWS reviews and comments on proposals for work and activi-
ties in or affecting navigable waters that are sanctioned, permitted, assisted, or conducted by federatl
agencies, The review focuses mainly on potential damage to fish and wildllife, and thelr habltat,

The FWS, Department Manua! 655-1, Is also involved with BLM and USGS In outer continenta! shelf (OCS)
leasing and oll and gas operations in the envirommental studies program; stipulations to protect hard
banks, coral reefs, and other marine studies; and review of permits for OCS wells, pipelines, and
platform instal lations,

Environmental Protection Agency (EPA) -- EPA may provide protection to coral communities through the
granting of National Po!lutant Discharge Elimination System (NPDES) permits for the discharge of
pollutants into ocean waters, and the conditioning of those permits so as to protect valuable resources,
For exampie, EPA has utillzed its authority to assure that OCS drilling operations - activities which
may require a NPDES permit - do not damage the Flower Garden Banks, Consideration of ecosystem
Integrity in the granting of ocean dumping permits may also foster the protection of corals,

Corps of Engineers (COE), Department of the Army -- COE jurisdictlon over the disposal of dredged
material, pursuant to both the Clean Water Act and the MPRSA, could be exerclsed in a manner protec-
tive of coral resources, Proposals to dispose of materials during the construction of artificial
reefs, for example, are assessed to assure that the disposed materials do not pollute or physically
alter the enviromment,

United States Coast Guard (USCG), Department of Transportation (DOT) -- The Coast Guard's prime manage-
ment jurisdiction emanates fram the Ports and Waterways Safety Act, as amended in 1978, under which It
may regulate shipping In the waters of fshore the U.S., in part, to protect the marine enviromment,
USCG may establish and operate shipping lanes and other vessel traffic services, and also establish
vesse! design and opeation standards, all of which may attenuate the Impacts of commercial shipping on
coral resources, Under various environmental statutes, including the FCMA, USCG is charged with
enforcement responsibility to prevent damage to the marine enviromment. Also, the Coast Guard, along
with EPA, administers the National Oil and Hazardous Substance Pol lution Continency Plan, As part of
that plan, USCG has final authority over the procedures and equipment used to clean up oll spillis,
The USCG is also responsible for enforcing BLM and NOAA regulations discussed below in Sections 7.3,1
through 7.3.5, 7.3.7, 7.3.10 and 7,3.,15 through 7.3.17,

Fish and Wildlife Service (FWS), DOl, and Customs Service (CS), Treasury Department -~ A special manage-
ment institution Involving the Customs Service of the U.S. Department of Treasury and the Fish and
Wildilte Service of the U.S, Department of the Interior coordinates the Importation of corails,
Regulations have been Implemented concerning duty percentages for varlous products and legal ports of
entry, among other subjects,




7.1.3 States

Adjacent to each state within the management area, other than Florida, al! known extensive domestic
coral resources (excluding solitary corals - see Table 5-1) are found beyond the three nm or three
league boundary of state jurisdiction, l.e., within the fishery conservation zone, Therefore, with
the exception of Florida, which Is discussed below, no state management institutions directiy affect
coral resources.

In Florida, the Department of Natural Resource's (DNR) Divisions of Marine Resources and Marine Patrol
are the only state management institutions with direct authority over corals. Aside from several site-

specl fic management programs described In Section 6.4, the primary management authority of the DNR Is
a prohibition on the taking and/or possession and sale of certaln corals (see Section 7.4.2.,2).

Should additional coral resources be discovered within the territorial seas of a state other than
Florida at some future time, the following state institutions wouid probably have authority for
managing those corals:
Alabama - Department of Conservation and Natura! Resources, Division of Marine Resources;
Georgia - Department of Natural Resources, Coast Resources Division;

Louisiana -~ Department of Wildlife and Fisheries;

Mississippl - Commission on Wildll fe Conservation and the Department of Wildllfe.Conservation,
Bureau of Marine Resources;

North Carolina - Department of Natural Resources and Community Development, Division of Marine
Fisheries;

South Carolina - Wildlife and Marine Resources Department, Marine Resources Division;

Texas - Parks and Wild!ife Department, Fisheries Divislion, Branch of Coastal Flsherjles.
7.1.4 Local
There are no local management institutions that directly relate fo. corals or coral reef resources.
Indirectiy, however, coral user groups (Section 10,1) are subject to local ordinances implemented by

zoning commissions and other county or town agencies,

7.2 Treaties and international Agreements

7.2.1 Treaty on Maritime Boundaries Between the United States of America and the United Mexican -
States. Signed at Mexico City, May 4, 1978

This treaty establishes the maritime boundarlies between the United States and Mexico for the areas
between 12 and 200 nm (22 and 370 km) off their respective coasts. It provides that neither country
shal| claim or exercise sovereign rights or jurisdiction over the waters or seabed and subsoi! on the
other country's side of the maritime boundary. The treaty does not affect the nature of the rights
claimed by elither country within the ocean areas under thelr jurisdiction.

7.2.2 Maritime Boundary Agreement Between the United States of America and the Republic of Cuba.
Signed at Washington, December 16, 1977 ’




This treaty establishes the maritime boundary between the United States and Cuba in the Straits of
Florida area and in the eastern Gulf of Mexico where their 200 nm (370 km) zones would overlap., it
provides that nelther country will claim or exercise sovereign rights or jurisdiction over the waters
or seabed and subsol! on the other cauntry's slde of the maritime boundary. The agreement does not
affect the nature of the jurisdiction claimed by either party in their limited area.

7.2.3 General Provisions on Ships Routing. _IMCO Resolution A.378(x), adopted November 14, 1977

This resolution provides for the international sanctioning of measures concerning the routing of
ships. Among the objectives, for which a routing system may be established, Is the organization of
traftic flow In or around areas where navigation by all ships or certain classes of ships Is dangerous
or undesirable, and the guldance of traffic clear of fishing grounds. Routing systems can inciude
both traffic separation schemes and areas to be avoided by ships. The latter may be established where
there Is a possibiiity that unacceptable damage to the enviromment could result from a casualty.

Thus, elevated (e.g., Flower Garden Banks and Fiorida reef tract) coral outcroppings which pose
threats of ship groundings are candidate sites for the establishment of areas to be avoided.

7.2.4 International Convention for the Prevention of Pollution of the Sea by Oll, 1954, as amended.
Done at London May 12, 1954; Entered into Force July 26, 1958, for the U.S., December 8, 1961;
TeleAeSs 4900, 6109

This Convention (the 0il Pollution Convention), regulates the intentionai discharge of oll and olly
mixtures by ships, For tankers of over 150 gross tons, the discharge of -oll or olly mixtures within
50 nm (92.6 km) of the nearest land is prohiblted, Standards concerning the rate of discharge and the
total quantity which can be discharged are also imposed. Ships other than tankers of over 500 gross
tons can discharge only when as far as practicable from the nearest land. These discharges are also
subject to rate and quantity limitations.

7.3 Federal Laws, Policies, and Regulations

The following federal laws, policies, and regulations are presented in approximate ranking of rele-
vance to the conservation and management of coral and coral reef resources., Memoranda of
Understanding (MOU) relevant to the protection of coral, proposed but not yet adopted, are !isted
last.

7.3.1 Fishery Conservation and Management Act of 1976 (FCMA): 16 U.S.C §§1801-1882

The FCMA mandates the preparation of flshery management plans for important resources within the 200 nm
(370 km) fishery conservation zone, Each plan aims to establish and maintaln the optimum ylield for
the subject fishery., The current FMP for corals and coral reef resources in the south Atlantic and
Gulf of Mexico regions Is among such plans.

7.3.2 Marine Protection, Research, and Sanctuaries Act of 1972 (MPRSA), Title I1i:
16 U.S.C §8§1431-1434

The protection of specific coral reef areas through the establlishment of marine sanctuaries Is
discussed in Section 6.4,

7.3.3 Outer Continental Shelf Lands Act, as amended in 1978: 43 U.S.C §§1331 et seq.

Protection and Management of Viable Coral Communities: 43 C.F.,R. 6224 =~ A permit from the BLM has
been required before any person may engage in any activity which directiy causes damage or injury to a
viable coral community located on the outer continental shelf, A viable coral community Includes
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living coral and all dead coral formations and associated reef organisms that are part of a coral reef
or other ecological community containing Iiving corals, To date, BLM has issued six permits in the
management area for the taking of coral for sclentific and research purposes (see Sectlon 8.2.1),.

A September 24, 1979, 5th Circult Court of Appeals ruling on U.S. v. Alexander stated that this BLM
regulation applied only In areas of mineral leasing and development,

Permanent Withdrawa! of Unleased OCS Lands from Disposition: 43 U.S.C §§1341(a) ~= Protection of coral
areas from the threats of OCS oll and gas development through permanent withdrawals fram {easing by
the President, as was done In creating the Key Largo Coral Reef Reserve, Is discussed in Section 6.4.

Deletlion of Tracts from OCS Mineral Lease Sales: 43 U.S.C §§1337(a) -- Temporary protection of coral
communities from the impacts of oll and gas development activities through the deletion of tracts from
individual lease sales Is discussed in Section 6.4.

Regulation of OCS Deveiopment Activities: 43 U.S.C §§1334 ~- Management of mineral exploration and
development activities (primariiy ol{ and gas) on the OCS Is conducted by the Secretary of interior,
through the BLM and USGS. Protection of unique OCS areas, such as coral reefs, during oll and gas
development is provided through the attachment of special stipulations to leases, At the Flower
Garden Banks, for example, stipulations protect coral resources by requiring the shunting rather than
surface discharge of drilling effluents and the establishment of a program to monitor the impacts of
driiling on Bank resources. Other controls on drilling and production activities, such as testing of
blowout preventers, oli spit! contingency plans, and proper pollution and waste disposal, will also
lend some protection to coral resources near drilling activities.

7.3.4 Biscayne National Park: 16 U.S.C §§450 qq et seq.

Protection of coral reefs within the Biscayne National Park is discussed in Section 6.4,

7.3.5 Fort Jefferson National Monument: Presidential! Proclamation No. 2112; January 4, 1935

Protection of coral reefs within the Fort Jef farson National Monument is discussed in Section 6.4,

7.3.6 Clean Water Act (CWA): 33 U,S5.C §§1251 et seq.

The CWA requires that a National Pollutant Discharge Elimination System (NPDES) permit be obtalned
before any pollutant is discharged fram a point source into waters of the U.S., including waters of
the contiguous zone and the adjoining ocean, The disposal of drilling effluents and other wastes fram
driiling ptatforms is among the activities for which a NPDES permit from EPA Is required. |ssuance of
such a permit is based primarily on the ef fluent guidelines found in 40 C.F.R., §435., However, addi-
tional conditions can be imposed on permit issuance on a case-by~case basis in order to protect
valuable resources in the discharge area, At the Flower Garden Banks, EPA has conslidered numerous
NPDES permit conditions including a monitoring and shunting requirement and a prohibition on bulk
discharges in order to protect the Bank's cora! reef resources,

7.3.7 Marine Protection, Research, and Sanctuaries Act (MPRSA), Titie 1: 33 U,5.C §§1401-1444

A permit is required for the transportation of materials for the purpose of ocean dumping. EPA issues
all permits, with the exception of those for the transportation of dre‘dgedl materials Issued by the
Corps of Englineers., Criteria for Issuing such permits include consideration of the ef fects of dumping
on the marine enviromment, ecological systems, and fisheries resources, Coral resources cauld,
therefore, be protected through this systemn fram the impacts of nearby ocean dumping.
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7.3.8 0il Pollution Act of 1961, as amended: 33 U,S.C §§1001-1016

The 01l Pollution Act reguiates the Intentional discharge of oil or olly mixtures from ships
registered in the U,S., and thus provides some degree of protection to coral resources, Tankers can-
not discharge oll within 50 nm (92 km) of the nearest land, Ships other than tankers must discharge
as far as_practicable from land. The quantity of oll which can be discharged is also regulated. No
special provision is made under the Act, however, for the regutation of discharges near valuable and
sensitive resources such as coral,

7.3.9 Ports and Waterways Safety Act of 1972, as amended: 33 U,S.C §§1221-1227

Under this Act, the Coast Guard can establish vessel traffic services, designate falrways and traffic
separation schemes, and estabiish vessel equipment, design, construction, and operation standards, in
order to, among others, enhance protection of the marine enviromment, The Act is applicable to
vessels registered in the U.S. and foreign vessels destined for or departing from U.S. ports, Foreign
vessels violating any regulations adopted under the Act can be denied port access. Under the Act,
traffic schemes and various vesse! standards could be established which serve to both direct traffic
away from coral reefs and minimize the ef fects of any incidents which may result.

7.3.10 Coastal Zone Management Act of 1972, as amended (CZMA): 16 U.S.C §§1451-1464

Under the CZMA, states are encouraged, with federal funding grants, to develop coastal zone management
programs which establish unified policies, criteria, and standards for dealing with land and water use
declsions in thelr coastal zone, an area which includes the states' territorial sea., Approved coastal
programs are thus capable of directing activities away from areas possessing particularly sensitive
resources, such as coral, Many activities beyond the defined coastal zone may also be Influenced by
approved coastal programs through operation of the CZMA's federal consistency requirements, under
which direct federal activities significantly affecting the coastal zone, including the approva! of a
FMP, must be conducted In a manner consistent to the maximum extent practicable with approved state
programs, Activities requiring a federal license or permit, such as plans for OCS expioration, deve-
lopment, and production activities can ef fectively be vetoed by a coastal state determined not to be
consistent with their approved program. Section 312 of the CZIMA also allows for the designaion of
estuarine sanctuaries to achleve wise use of coastal resources, including natural resources,
Guidelines for these sanctuaries were published at 15 C.F.R. 921 on June 4, 1974,

7.3.11 Endangered Species Act of 1973, as amended: 16 U.S.C §§1531-1543

The Endangered Species Act provides for the listing of plant and animal specles as threatened or
endangered. Although no corals have yet been listed, various species may quallfy for thls status,
Once listed as a threatened or endangered specles, taking (including harassment) is prohibited, and a
process is established which seeks to ensure that projects authorized, funded, or carried out by
tfederai agencies do not jeopardize the ex!stence of these species or result in the destruction or
modification of habitat determined by the Secretary to be critical,

7.3.12 National Environmental Policy Act (NEPA): 42 U.S.C §§4321~4361

NEPA requires that all Federal agencies recognize and give appropriate consideration to envirommental
amenities and values in the course of thelir decision-meking. In an effort to create and maintaln con-
ditions under which man and nature can exist In productive harmony, NEPA requires that federal agen—
cles prepare an envirommental impact statement (EIS) prior to undertaking major actions which might
significantly affect the quaiity of the human enviromment, Within these statements, alternatives to
the proposed action which may better safeguard environmmenta! values are to be careful ly assessed.
While NEPA does not guarantee the protection of valuable enviromental resources, such as coral, it
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does require fhat agency decision-makers fully consider the effect of their actions on such resource
values, Under NEPA, each fishery management plan must be accompanied by an EIS on the proposed

action.

7.3.13 Flish and Wildlife Coordination Act: 16 U.S.C §§661-66¢

Under the Fish and Wildilfe Coordination Act, the FWS and NMFS review and comment on the fish and
wiidiife aspects of proposals for work and _acﬂvlﬂes sanctioned, permitted, assisted, or conducted by
federal agencies which take place in or affect navigable waters, The review focuses on potentiai
damage to fish and wiidiife and their habitat and may therefore servwe to provide some protection to
coral communities from federal activities, particulariy in nearshore waters, since federal agencies
must glve due consideration to the recommendations of the two agencies.

7.3.14 Fish Restoration and Management Projects Act: 16 U.,S.C §§777-777k

Under this Act, the Department of Interior is authorized to apportion funds to state fish and game
agencies for fish restoration and management projects. Funds for the protection of threatened coral
communities located within state waters, including marine areas, could be made avallable under the

Act.

7.3.15 Memorandum of Understanding for the Management of Marine Resources in the Fishery Conserwvation
Zone Between the Gulf of Mexico FMC.and OCZM (NOAA)

An agreement between the Guif FMC and OCZM has been developed which provides for consuitation and
coordination between the two agencies regarding the conservation and management of marine resources in
the FCZ when they both may have planning jurisdiction, The agreement provides for planning for the
orderly development, impiementation, and coordination of conservation and management measures uti-
lizing the most practical and effective regulatory system, Iincluding the designation of marine sanc-
tuaries where appropriate, It also establishes a framework for the exchange of regional and national
marine resource policies and objectives.

7.3.16 Memorandum of Understanding for the Management of Marine Resources in the Fishery Conser vatlion
Zone Between the South Atlantic FMC and OCZM (NOAA)

The terms of thls agreement are Identical to those in the Gulf FMC/OCZM agreement, See abowe, sub-
section 7.3.15,

7.3.,17 Memorandum of Understanding on Coral Protection Jurisdiction on the Outer Continental Shelf
Between the Bureau of Land Management and the Natlonal Marine Fisherles Service and the Office
of Coastal Zone Management (NOAA): Proposed

An agreement between BLM, NMFS, and OCZM, Is currently belng negotiated which would: 1) provide for
continuing protection and management of all coral commnities on the OCS; 2) streamline the procedure
by which applications are reviewed and permits Issued for activities affecting such coral communities;
and 3) define and coordinate the responsibiiities of BLM, NMFS, and OCZM for the management of coral
communlities., Under the agreement, BLM is likely to relinquish part of Its authority concerning the
regulation of coral as coral FMP's are implemented and as marine sanctuaries which preserwe coral
resources are designated (see Section 7,3.3).

7.3.18 Requlations and Policies on |importation of Corals

Pursuant to 50 CFR 14.21(n), corals may be imported into the United States at any Customs port of
entry. Uncured corals may be Imported free (Tarriff Schedule of the United States (TSuS) 190.30)
whereas cut but unset pieces of finished (l,e., cured) corals sultable for use In Jewelry, are subject



to a 2.5 percent duty (TSUS 741,15). However, when finished coral pleces are Imported fram under-
developed countries via the "Generalized System of Preference,” no duty Is imposed, Still another
regulation applies to finished coral set Iin jewelry,

Within the management area, corals may be imported into these U.S, Customs Service ports of entry:
Wilmington, North Carolina; Charleston, South Carolina; Savannah, Georgia; Miami, Florida; Tampa,
Florida; Moblle, Alabama; New Orieans, Louisiana; Port Arthur, Texas; Galveston, Texas; Laredo, Texas;
and £l Paso, Texas.

7.3.19 Memorandum of Understanding on Evaluating Permit Applications Between the Army Corps of
_Englneers and Department of Commerce (NOAA).

All applications for Corps of Engineers permits in a marine sanctuary will be evaluated for Impact on
the sanctuary. No permit will be Issued until the applicant provides a certification fram the
Secretary of Commerce that the proposed activity is consistent with Title |l of the Marine
Protection, Research, and Sanctuaries Act of 1972, as amended, and can be carried out within the regu-
lations promulgated for the sanctuary,

7.4 State Laws, Regulations, and Policies

Since coral resources within state waters in the management area are limited primarily to the coastal
waters of Fiorida, the laws, regulations, and poiicles of Florida are the only state authorities
directly applicable to coral resource management, Although Florida has the only direct coral protec~
tion statute, the other states in the management area do have severa! types of authorities which may
provide Indirect protection to coral resources, including: 1) authorities aimed primarily at other
marine resources or the enviromment in general that may also relate to corals, e.g., fishing gear
regutations or pollution control laws; 2) coastal zone management programs and related legisiation;
and 3) habl tat management or protection programs. These authorities are summarized below for each
state and detalled in Appendix J,

The first category of authorities has in most cases been implemented for reasons not primarily related
to coral, |t deals instead with activities that create bottom disturbances and those which could
potential iy contaminate the marine enviromment, e.g., dredging or filliing of submerged lands, trawling
with bottom fishing gears, or discharging pollutants (see related discussion In Section 6.2.2.1),

Coasta! Zone Manaéemenf (CZM) authorities described below are In most cases state responses to the
goals and objectives of the federal Coastal Zone Management Act (see Section 7.3.10).

Habl t+at management and protection programs cited below are general measures applied to habitat in a

broad sense and not corals specifical iy, These programs are distinguished from the site-specific
habl tat programs discussed in Section 6.4.

7.4.1 Alabama

Alabama has no direct coral management or protection authorities. Numerous laws and regulations con-
cerning fishing (Ala. Code §§9-~12-90 et seq.) of fer indirect management of coral resources, No pro-
visions of the state Water Pollution Control Act specifically apply to discharges of olls into ocean
waters, Similarly, there are no applicable habltat programs. Under the Coastal Area Protection Act,
Alabama has developed and has had federal! approval of Its CZM program (Ala, Code §§9-7-10 et seq.).
7.4.2 Florida .

Under Florida's coral law It Is uniawful for any person to fake; otherwise destroy, sell or attempt to
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sal| the following: 1) any sea fan of the species Gorgonla flabellium, or the species Gorgonia

vental ina; 2) any hard or stony coral (Scleractinia); or 3) any fire coral (Millepora). Possession of
any fresh, uncleaned, or uncured specimen of these species without a certified invoice of importation
from a forelgn country or proof that the specimen was taken before July 1, 1976, Is also illegal. Sea
fans or stony corals may be taken for scientific or educational purposes only by permit from the
Department of Natural Resources (Fla. Stat, §370.114). The Florida Marine Patrol must be Informed of
the time, place, method, quantity, and species fo be collected, Dead corals and coral rubble (l.e.,
coral rock) may be collected without a permite It is unlawful to take dead or live coral from, or
‘possess |t within, John Pennekamp Coral Reef State Park (Fla, Stat, §370.114)., By a joint management
agreement between the State of Florida and the National Oceanic and Atmospheric Administration (NOAA),
state park rangers and Coast Guard personne! patrol both the State Park and the Key Largo Coral Reef
Marine Sanctuary (Cooperative Agreement No, 04-6-158-44116 between Florida DNR and U.S. Department of

Commerce, NOAA, and 15 C.F.R,929).

Indirect authorities with relevance to corals Include fishery gear regulations (Fla, Stat. §370.15),
a permit system for the use of chemlicals to collect marine specimens (Fla, Stat, §370,08) ocean water
contamination regulations (Fla, Stat. §370.09), and dredge and fili regulations (Fla, Stat, §370.03).
State habltat programs include Aquatic Preserves (Fla, Stat. §258.35), Areas of Critical State
Concern (Fla. Stat. §380.05), Environmentally Endangered Lands (Fla, Stat. §259), and State Parks.

Florida's Coastal Management Program has been approved by the Office of Coastal Zone Management,

T7.4.3 Georgla

Georgla does not have any direct coral protection iaws, The only habltat authority with potential
relevance to corals Is derived from the Heritage Trust Act of 1975 (Ga. Code §43-2300)., Indirect laws
include fishery gear restrictions (Ga. Code §43-900), general water quality criteria, and dredge and
fil1 permlts (Ga, Code §43-2400), Georgla does not yet hawe a draft coastal management pian,

7.4.4 Louisliana

lLouisiana has no laws or habitat programs directly applicable to corals, A CZIM program received
federal approval in 1980, but corals were not addressed specifically, State fishing regu-iations con-
cerning shrimp and other species provide some protection for coral (La. Rev, Stat, §56-495),

7.4.5 Mississippi

Mississippl has no direct coral protection laws, Habitat programs include the Natural Heritage Trust
Program (Miss. Code §49-5-141) and protection of habltat for endangered wildlife (Miss, Code §49-5-111);
thus far neither program has been applied to coral resources. Fishery and pollutant regulations exist
that offer Indirect coral protection (Miss, Code §49-15-6205), A CZM program (Miss. Code $49-5-111)
recelved federa! approwal in 1980,

7.4.6 North Carolina

North Carolina lacks direct coral protection laws but is well represented by laws, regulations and
policies providing Indirect protection, Beslides having a federally-approved Coasta! Management
Program, North Carolina also has three habltat programs (Nursery Areas, Research Sanctuarlies, and

Underwater State Parks) and numerous fishing gear regulations (15 N.C. Admin., Code 3B).

7.4.7 South Carolina
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South Carolina also lacks direct coral management or protection laws or regulations, Genera! habitat
programs are In operation through the Herltage Trust Program to protect natural areas or features
(5.C. Code §51=17-10), A state coastal management program with sections on wiidliife and fisheries,
dredge and fiii, and geographical areas of particular concern, among others, has been adopted and
received federal approval in 1979, Regulations for fishing gear (S.C. Code §50~17-1000), pol fution of
ocean waters (S,C. Code $45-1-13) and the use of polson, electricity, and explosives (S.C. Code
§50~13-1420 and 1440) also may provide some protection to coral,

7.4.8 Texas

Texas has no direct coral protection laws nor any habltat programs of ‘reievance to coral resources.

The state does, however, have regulations on fishing (Tex. P&W Code §77), ocean po!llution (Tex. Water
Code §26), use of electroshock (Tex., P&W Code §66), and dredge and fill activities (Tex, Nat, Res, §33).
The Texas Coastal Management Program has completed a revised plan but has not yet submitted It for
federal approval, :

7.5 Loca! Authorities

As mentioned above, of the states in the study area, extensive coral habltats are found only In the
territorial seas adjacent to Florida. Furthermore, within the territorial seas adjacent to Florida,
extansive coral habitats are limited to the southermmost area of those waters. Therefore, only in
southermmost Florida could local authority to manage coral resources be asserted,

Within Florida, the right to regulate the taking or possession of saltwater fish Is expressiy reserved
by the state (Fla. Stat, §370.102), However, since the definltion of saltwater fish does not include
coral, a county or other local govermment in Florida could assert the authority to regulate the taking
of or provide for the protection of coral resources [Fla. Stat, §370.01(2)]. As of the present time,
no county In Florida has chosen to do so. Prlor to the passage of the state coral protection statute
in 1976, several southern Fiorida counties, including Dade and Monroe Counties, had considered
legisiation designed to protect coral resources. It was decided, however, that statewide protective
tegislation would prove more ef fective.

Although local fisheries reguations have been preempted by state law since 1973, general state laws of
local application were not affected. In fact, In many instances the state code has adopted what were
previously local regulations as state laws of local application. An exampie which may be relevant to
coral resources, Is the prohibltion on spear fishing in certain areas of Collier and Monroe Counties,
Spearfishing Is prohibited within the boundaries of John Pennekamp Coral Reef State Park, all waters
of Collier County and the upper Keys in Monroe County, which includes all saltwaters beginning at the
county line between Dade and Monroe Counties and running south, including all of the keys down to and
including Long Key [Fla, Stat, §370.172(d)(1)]. The large number of local regulations and general
laws of local app!lication, together with the ambiguous language used in many of these statutes, often
makes 1t difficuit to determine exactly which regulations are appiicable at the present time. For
example, the possession of any fishing seine or net in any county Iin which such possession ls prohli-
bited is also Illegai by state law [Fla, Stat, §370.08(1)]. Fram conversations with state and local
of ficials, however, it does not appear that any other regulations are applicable to coral resources.




8.0 DESCRIPTION OF FISHING ACTIVITIES AFFECTING THE STOCK(S) COMPRISING THE MANAGEMENT UNIT

8.1 History of Explolitation

g8.1,1 Development of the Industry

Historical ly, The collection and sale of corals fram domestic waters has been centered araund the
coral reefs and patch reefs of the Florida Keys, Nowhere else within the geographic boundaries of the
Unlted States' FCZ Is coral diversity and abundance as high, nor coral communities so close to shore,

Commerclal interest In Florida corals Is a relatively recent phenamenon. Although Indian middens
scattered throughout Florida contaln coral fragments, the first acknowiedged market for shells and
corals (which are normally categorized together in the curlo business) was In 1829 in Key West, The
industry expanded in proportion to the tourist business,

Since the onset of a real coral fishery, a time somewhere post-1900, corals were collected primarily
as bycatch with fish and assorted shellfish (lobsters and snapper, mainlyl. Even during the peak in
Florida coral marketing, no more than three or four pecple earned the bulk of their incame fram
corals. Collectors were often the dealers since the industry was small and undiversified,

In the 1930s and 1940s, coral harvesting was poorly mechanized and highly labor intensive. The most
cammon gear was a dragging hook fowed from a small boat, Most participants In Florida were blacks,
some displaced fram the Bahamas. Divers existed but technology limited thelr success.

By the 1950s, the Industry had expanded only slightly. Most harvesting and marketing was seasonal,
limited to the winter months of peak tourism, Even at this time, the Miami area could support only
three wholesale dealers, Those dealers concentrated on six Atlantic species: elkhorn (Acropora
paimata), staghorn {Acropora cervicornis), fire coral (Millepora alcicornis), flower coral (Eusmliia
fastigiata), plilar coral (Dendrogyra cylindrus), and lettuce corals (Agaricia agariclites). Corals
were received fraom the domestic sector via small boats from the Keys or fram the Bahamas as a bycatch
on a variety of fishing vessels.

An expansion of the coral Industry from the mid-1950s to the present accampanied the perfection of
compressed alr or SCUBA diving systems. Still, most corals were collected part-time by people using
them as an Income supplement, investment for special vessels or equipment was low, Use of the diving
gear made dives to exploitable areas as deep as 30 m (100 f1) routine. The extent of the harvest is
unknown because no statistics were recorded,

Unti! the 1970s, the vast majority of coral collectlions were Intended to be marketed as curio Items.
Usual ly, the pleces were cleaned with bleach and dried to enhance the intricate coral skeletons,
Immediately preceding the Florida laws, about 18 to 20 divers supplied shells and corals to retallers
in the south Florlda area (Casey, 1979, personal communication), Corals were sold mostly (85 to 90 per-
cent) to tourists for both aquarium and curio use., Jaap (1979, personal communication) observed
collections of Agaricla agariclites, Eusmilia fastiglata (fiower coral) and Acropora paimata from
Eastern Sambo Reef. Recent markets, however, have been altered In response to state and federal laws
(see above, Section 7.3 and 7.4). Legal prohibitions on coral collection in al| Federal waters (prior
to the United States v. Alexander decision) as well as Florida's state waters have essential ly ended
collection of corals In the management area for sale as curlios, Concern has been expressed that a
black market industry continues to exist based on corals poached from the Florida reef tract and sold
in U.S. shell shops; however, Iittle hard evidence exists to substantiate these claims, However,
Davidson (1979, personai communication) has observed that Acropora palmata (elkhorn coral) has been
poached at Sombrero Reef in the Florida Keys, primarily by local residents and not tourists. Many
domestic corals are the same as Carlbbean species, and identification as to origin is difficult.
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Agatized coral Is dredged from a small offshore area on the west coast of Florida. Pollshed pleces of
the fossilized coral are advertised as harvested "fresh daily® from Tampa Bay and sold as "Tampa Bay
Coral." Prices of the earrings, necklaces, pins, and other Jewelry Iitems range from $5.00 to $15.00
per plece, .

A small commercial fishery for octocorals was developed by marine life collectors in the late 1970s
for live exhibit In private and public aquaria. Small, specimens were utilized, and the known harwest

Is probably under 6,000 colonies per year (H. Feddern, 1979, personai communication).

8.1.2 Collection Technlques and Practices

Interviews with participants In the coral Industry permit reconstruction of a typical collecting
venture. A reef zone with marketable size and quality corals would be located by a diver team, often
towed behind the boat by a rope or in an underwater diving slede The selected area would then be
marked by buoys. Using the boat as a base, divers would proceed to collect ten to 30 pleces of coral
depending on size and weight. |t was generally accepted that a stightly smaller catch would reach
port more safely than a larger catch due to reduced breakage in transit,

Because aesthetics are of primary importance in marketing coral, collectors have always claimed to be
extremely selective in picking coral specimens. Immediately preceding the 1976 Florida coral law,
highest prices were aiways paid for symmetrical head corals and complete branched species, while
medium sized pleces suitable for aquaria or shelwes commanded most of the market. With these
constraints, divers reportedly rejected 60 to 80 percent of the living corals, usually because of
asymmetry or size over the desirable size and weight |imit of about 40 cm (16 In) diameter. The
highly sought medium-sized pieces, 15 to 20 cm (6 to 8 in) In diameter, commanded prices ranging from
$5.00 to $1.00 each at retail, while wholesalers reportediy ranged from $.20 to $.35 per pound (Perez
and Dewyer, 1979, personal communication).

" During a collecting dive, most divers used a small crow bar, poker, or saw to dislodge the cora!
piece., Saws were especially useful In removing branches off elkhorn and staghorn corals. After
cutting or prying loose the coral pieces, they were elther piied in a central location and a net or
bucket was lowered fo bring the take aboard ship, or each piece was taken to the surface as collected.
During transit to the cleansing and processing facility, all pleces were covered by wet burlap to pre-
vent desiccation.

Most collectors in Florida sold cleaned corals to dealers. After returning to port, pieces were

- soaked In freshwater and/or bleach to remove the polyps, and dried. Cleaned pleces brought higher pri-
ces than raw corals. Generally, the freshwater soak lasted one day, followed by one-half day in

bleach (sodium hypochlorite). ‘

Corals collected in Florida were usually channeled to customers by the collectors themselwves, or by
small trucking firms, Dealers from elsewhere in the United States often wentured to the Florida docks
where trailers and trucks were filled with freshly cleaned pieces. Regardless of the technique, the
fragtiity of coral usually resulted in an unknown percentage of breakage during transportation.

Many corals sold in domestic curio shops originated In foreign waters. Shop owners frequently
Imported stocks from Halti or the Philiippines. The continued availability of Philippine corals is in
doubt due to the apparent decline in thelr coral stocks and possible restraints on coral exports
(Casey, 1979, personal communication).

Coral harvesting In Florida proceeded unrestrained from its beginning until 1976, whereupon the Outer
Continental Shelf Lands Act (OCSLA) regulations prohibited the destruction, alteration, or collection
of coral assoclations in federal waters. Inside state waters (3 nm or 4,8 km on the Atiantic coast,
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"9 nm or 16.7 km on the Gulf of Mexico coast), collections were legal except in Florida where a series
of successlvely stricter laws were passed in the early 1970s. The federal and state laws served to

prohibit coral harvesting without a permit and, hence, collapsed the industry.

8.2 Domestic Commercial and Recreational Fishing Activities

whereas the preceding Section 8.1 summarized the history of domestic fishing for corals, this section
shal | address all| current activities. Since state and federal law has until recently prohibited coi-
lection of corals In most of the management area (uniess a permit Is obrained), this discussion Is
necessariiy brief. ’

8.2.1 Participating User Groups

Prior to the decision of United States v. Alexander in September of 1979, all user groups collecting
corals legally within the management area did so by permit fram the Bureau of Land Management (BLM;
under regulatory authorities of the Outer Continental Shelf Lands Act of 1953), or the Florida
Department of Natural Resources (DNR; Florida Statutes, Section 370.114).

Collections authorized by a federal permit are summarized in Table 8-1, Note that Table 8-1 also
Inciudes activities permitted for altering (e.g., dredging) regions in which corals are known to
exist. All user groups either collected or inadvertently disrupted corals for scientific studies,
With the exception of the two permits granted to Texas AM University, which supplied corals to
simitar contracts, no business or econamic relationship exists between the permits or user groups.

Fiorida permits have been issued on 24 occasions as of December, 1979 (Futch, 1979, personal
communication), Each of those permits (see Table 8~2 for examples), was Issued to Individuals or
Institutions associated with teaching and/or research. For example, universities and public aquaria
owners have been permitted to col iect representative specimens of the Florida coral conmunities,
[Note that aquaria owners, e.g., Sea World Shark Institute, are turning increasingly fo synthetic
corals cast of concrete or plastic to avoid permits and to extend the "life"™ of their displays.]

Another user group with unquantified but which could have significant impact on the resource are
recreational and commercial collectors not holding a valid permit, In Florida, this is an of fense and
Is most commonly enforced in managed areas, such as Key Largo National Marine Sanctuary, where || legal
taking accounted for 8.6 percent (seven of 60) of the infractions in 1978 (Gillen, 1979, personal
cammunication). Spearflishing and possession of spearfishing equipment accounted for 73 percent of the
60 arrests., A similar ratio of coral to total arrests was reported in John Pennekamp State Park.

Poaching has been ascribed to both sma!i~scale recreational and large~scale commercial taking.
Recreational harvests are mostly by divers and snorkelers who collect pleces of corals as momentos.
Conversely, commerclal collections could be direct-supply channels to sheli shops. Very limited data
exist on elther facet of the poaching issue,

No data are avallable on the legal harvest of corals in the FCZ since the United States v, Alexander
decision relieved BLM of its broad authority to Issue coral permits. Because the decision and Its
effect on federal regulation Is not widely known, there has been littie evidence of resumption of
coral harvest in unregulated federa! waters,

Marine 1ife collectors, are presently taking some unregulated octocorals from Florida's territorial
sea and adjolning federal waters,

The colonies are usually collected by SCUBA divers, maintained alive and distributed in the aquarium
trade along with marine tropical reef fishes, Most of the production is utilized domestically, though
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one collector reports European sales. Collectors receive one to two dol lars per colony fram whole-
salers.

Collecting Is reported from off Palm Beach and Ft, Plerce, Florida. Swiftia and Niceila are repot;fed
by divers to be common of f Palm Beach in densities of 75 to 100 Individuals In a flfty=foot square

area. The collector estimates that only five percent of the Individuals present are aesthetical ly
sultable for aquarium exhtbit,

Off Palm Beach, these deepwater gorgonfans (Swiftia, Nicella, Diodogorgia, and Lophogorgia) grow on
areas of eroded solld rock ridges essentially devoid of stony corals. These gorgonians do not usual iy
occur on the shal low high-profile reefs and are not used as shelter by fishes, since they offer scant
protection from the constant water current of the Gulf Stream fiowing across the area, Other inshore
species are collected off the Florida Keys and in Dade and Broward Counties, Florida (Henry Feddern,
1979, personal communication).

Although some species may occur just below the low-tide line, apparently most of the collecting is
done at depths near 60 feet and in the territorial sea,

Two of the collectors indicated that they used limited quantities of rose coral, Manicina aerolata, In
acclimating butterflyfish to laboratory foods (see aiso Appendix D). Quantities used were reportedly
"very smal " but unspeclfied, and none was of fered for resale,

All the collectors surveyed are engaged In thelr trade on a year-round bssis., Weather does not seem
to Interfere with their collecting operations or thelr market distribution activities. In addition,
no significant seasonal variations in product supply or demand were evident, Other industry studies
suggest that the most intense collecting activities ocaur throughout spring, summer, and fall,
although demand tends to decrease between June and August (Hess and Stevely, draft manuscript).

A bycatch of octocorals and occasional ly stony corals Is made by vessels trawling for shrimp, ground-
fish, and scallops. Leptogorgis (sea whips) and Renilla (sea pansies) may be abundant on the trawling
grounds. While shrimpers sort their catch and discard the unwanted bycatch pramptly, groundfishermen
and scal lopers most often land total catches unsorted. In the latter cases the corals are kil led.
There Is no estimate of the coral catch from these vessels, There are approximately 40 scallop and
groundfish vessels In the management area,

8.2.2 Vesse!s and Fishing Gear

As evidenced by permits fraom the BLM (Table 8~-1) and Florida DNR (Table 8-2), corals and other benthos
are col lected by trawl, dredge, or diver (saw, hammer and chisel, crowbar, hand), by a variety of
scientiflc endeavors on vessels ranging from small fishing boats to larger research vessels, Bottom
trawls In the management area often entangle some pleces of corals but nearly always at the expense of
the net In the Instance of stony corals. Dredges are similarly inefficient and damaging, !n summary,
divers operating from small craft, often with private ownership, appear to be the major co!lectors,

8.2.3 Employment in Recreational and Commercial Sectors

The corai-related industry wlithin the management area includes several coral user groups: 1) shell
and coral shops which sell mostiy Iimported corals; 2) glass bottom boats; 3) snorke!, and dive boats;
4) tropica! fish business; and 5) party boats that depend greatly upon living corals and coral reefs,
Since these sectors are aimost entirely nonconsumptive resource users and are related to the econamics
and business aspects of the industry, as well as fishing activities, they are discussed below In
Section 10,1,
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Table 8-1.

GROUP PERMITTED

Texas AM Unlversity
College Station, Texas.

Texas Instruments,
Dallas, Texas.

Texas ASM University
College Station, Texas.

U.S. Geological Survey
Miaml Beach, Florlda.

Contlinental Shelf Assoc.
Tequesta, Florida.

Dauphin Island Sea Lab
Dauphin island, Alabama

EFFECTIVE EXPIRATION
DATE OF

DATE OF
PERMIT

10/27/171

1/21/78

8/18/18

8/21/18

9/19/178

10/13/78

PERMIT

10/27/78

1/21/79

8/18/179

8/21/19

9/19/79

10/13/79

Source: Adams, 1979, personal communlcation.

COLLECT ION/ALTERAT ION
AREA

E. Flower Gardens
of tshore shelf of
Texas/Loulsiana

Southeast Georgla
Embayment

Northwestern Gulf
of Mexlco hard banks

Offshore Key Largo,
Florida

Southeast Georgla
Embayment

Florida Middle
Grounds

Summary of coral permits Issued by the Bureau of Land Management, 1977 to 1979,

QUANTITY
SPECIES (kg)
Madracls mirabllis 18
Montasiraea cawernosa 9

Montastraea annularlis
Diplorla strigosa

no collection proposed, -—
only alteration

Diploria spp., Montastraea 2

sppe., Colpophyiliia spp.,
Porites spp., Madracls

sppe, Millepora spp.

Montastraea annularlis 360

no collectlion proposed, -
only alteration. '

unspeclfied corals 25

EST.
USE VALUE

Bloassay research on $100
behavioral and mortal
effects of drilling

flulds on coralse.

Dredge and trawl studies --
of eplbenthic and demersal
blota,

Study of the geology, 0
ecology, hydrography,

and chemistry of hard

banks.

Cores of coral heads 0
to study growth rates
and Indices of stress.

Dredge studies of epi- 0
benthos and 1ithotype

of substrate,.

Unspecified studies 0

COLLECTION
GEAR

Divers, by
hand

Bottom traw!
and tumbler
dredge.

Divers, by
hand

Corer

Dredge

Divers, by
hammer and
chisel




Number colonies per year

Total Fcz
Leptogorglia virgulata . . 250 63
Briareum asbestinum 120 30
Telesto rlisel 240 60
Renilia muliert 1,250 313
Diodogorgia nodulifera 1,140 285 ]
Nicella schmitt! 510 128
Swittia exserta Co1,100 275
Lophogorgia cardinallis 1,200 300
Lophogorgia hebes : 35 9
Totals 5,845 1,463

The same group of fishermen had also collected a smail. unquantified amount of rose coral for use as
food for juvenlle troplcal fishes, Other smal!l stony corals were collected for aquarium display,

8.2.7 Assessment and Specification of the U,S. Estimated Domestic Annual Harvest

The harvest of coral can be accomplished from smal| boats as wel| as jarger vessels, Divers and swim
mers wading from shore are also able to take coral, Domestic users have the capaclity and are fully
able to harvest the amount of OY as |s provided by this plan.

The expected domestic annual harvest is that amount provided as optimum yleld,

8.3 Foreign Fishing Activities

There Is currently no foreign coral fishing within the management area,

Table 8~3, Summary of corals to be collected by species and state (as of February 1, 1979),

Approximate

Specles Amount Landed (kg) State(s) Landed
Scleractinia:

Madracis mirabilis 18

Montastraea cavernosa 9

Montastraea annularis 369 . Florida, Texas

Diploria spp. <1 Texas

Colpophylilia spp. <1 Texas

Porites sppe <1 Texas

Madracis spp. <1 Texas
Mil leporina:

Millepora spp. <1 Texas
Unclassified: '

"assorted specles" 25 Alabama

about 423

Source: Table 8-1,
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8.4 Interactions Between Domestic and Foreign Participants

Because there Is no forelgn fishing activity, there are no Interactions between the foreign and
danesﬂc fishing sectors,

8.5 Domestic Processing Capacity

The processing of stony corals for exhlblt or display is a simple process which may be done aboard
smal| boats or in the back yard. The domestic annual processing capacity exceeds the present
avallable supply and that which is to be available as optimum yield, Domestic processing relies
heavily upon imported corals for ornamental and pharmaceutical use,
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TABLE 9-3,
area, April -~ July, 1979.

ANNUAL THCOME/
SALES ESTIMATE

1 CORAL -
STATE/FIRM CODE  TYPE AGE TOTAL RELATED
1. Florida
A, sales/rentals/ 1 $225,000 40%
instruction/
trips
B.- Full profes- 10 n/a n/a
sfonal shop
C. Retall/whole- 5 $300,000 n/a
sale/profes-
D. Professional n/a n/a 90%
shop equipt.
sales
E. Retatl/instruc- 7 $250,000 n/a
tion rentals
2. Texas
A, SCUBA School n/a n/a 1%
B. Retail shop 11 n/a 20%
C. Equipment 3 n/a 20%
sales/trip
organizer
3. MHississippi
A. Professional n/a n/a
retail shop
4, North
Carolina
A. Retail sales/ 1 $80,000 1%
underwater
construction;
charters
5. Georgila
A. Sales & instruc- 20 n/a n/a
tion

n/a = not available

BOAT SERVICES
OUNED CHART.

2 0

0 3-4

2 0

0 1

0 3
(peak)

0 vaites

1 0

n/a

n/a

1 varies
in peak
periods

1 0

EMPLOYEES

FULL-
TIME

n/a

n/a

n/a
n/a

n/a

n/a

PART-
TIME

DIVE SPECIFICS

$12 {1 tank)
$18 (2 tank)

n/a

$20 (1/2-day,
2 tank); $30/
all day

n/a

n/a

n/a
n/a

n/a

n/a

$15 {l tank
$40 (2 tank

1/2 day; weekend
($25)

Ley e

PACKAGE TOURS
SPONSORED ELSEWHERE

Bahamas occasionally

n/a

San Salvador; British
Virgin Islands

Caribbean; Florida
Keys

San Salvador 4 times
/year,

none

none

Caribbean 4-5 times
/year

Florida (1-2/wmo);
British West Indies
(1/x0.)

none

To Florida 2-3 time
per month

Selected data from interviews with dive schools and shops in the management

!

OTHER REMARKS

cater increasingly
to out-0f-state
groups

east coast of Fla.;
educational pro-
grams in photography
& tropical fish col-
lection

no natural reef hab-
itats in immediate
vicinity (No. Fla.)

demand up sharply;
diver favor photo-
graphy & speat fish-
ing in shipwreck
areas

coral areas too far
away & hard to get
to

Favor ofl rigs;
coral area diving
incidenta)l

ofl rig orfented

photography and
spear fishing near
oi! rigs

favor local ship-
wrecks; some spear-
fishing & amateur
tropical fish col-
lecting




turning fo noncoral diving sites situated further norttward (e.ge, on wrecks and artificial reefs).
So, while there has been no significant decrease overall In coral-related diving to date, individual
divers seem o be gradually shifting their activity o the more accessible coral areas In the north of

the state. Group activities are Increasing in tfrequency (Davidson, 1979, personal cammunication).

Bes ldes ouf-of;s*afe consumers, many local dive clubs and assoclations utilize shops and schools
throughout the management area, Ciub momberships affiliated with retail outiets are especially popu-
lar and often carry certain discount benefits on equipment either bought or rented, Other more infor—
mal ly organized groups are linked fo both foreign and domestic package travel tours sponsored by dive
shopse.

9.1.2.3; Tropical Marine Life Enterprises

Throughout the management reglion, both individuals and commercial firms are active in the collection,
shipment and/or marketing of tropical marine fish, invertebrates and (o a cons iderably smal ler
degree), octocorals, and plants native to coral areas, A few enterprises deal in specimens which are
Iimported from abroad, but transactions are at the wholesale level. Pet shops function as the chief
retall distributor of tropical fish to the genera! public. In addition, many people (so-called

" jobbers") dive for specimens independent of any formal business affiliation (on a full- or part=-time
basis) and regularly sel! them to wholesale operations or pet shops, who carry out further marketing
functions. Public and home marine aquaria are the ultimate destinations for most specimens colliected

and sold caommercially, and serve a variety of ornamental, scientific, and educational purposes (Hess
and Stevely, draft manuscript),

Exclusive of southern Florida (roughly the coastal zone south of Fort Pierce on the east and below
Tampa on the west), there are few, if any, specimen collectors who take coral-associated species. The
majorlty of participants In this user group are concentrated within Broward, Dade and Monroe Count |es.
The remalining portion of Florida, as well as the other seven management area states, may support tro-
plcal collecting businesses, but certainly none qulite as dependent primarily upon living coral

assemb lages.

Monroe County, encompassing most of the Florida Keys, is an especially active commercial collection
zone (an estimated 60 fuli=-time collectors In 1978), due to Its proximity to extensive reef and hard
bottom assemblages. Shallow inshore areas, for example, yield mainly Invertebrate species, whereas
bridge pilings have long been popular collection sites for angelfishes, surgeon fishes, and wrasses.

Inshore coral heads also frequently have tropical fish densities sufficient enough to justify commer-
clal collection, Perhaps the best collecting areas Ile on the Atiantic Ocean side of the Keys along
nearshore channels and outer reefs, Ironically, however, certain areas of extensive coral growth
(e.g., Sand Key, Looe Key) are often less productive In terms of collection due to the availability of
a multitude of hiding places for fishes. Even the wlidespread usage of quinaidine, an anesthetic drug
which slows fish movement to facliitate capture by clear plastic nets, cannot total ly neutralize the
reef's function as a provider of cover, S5tlli, coral reef assemblages of fer the best opportunities to
collectors in and around the Florida Keys (Hess and Stevely, draft manuscript), Table 94 il lustrates
a few of the more commoniy collected reef fishes in Monroe County. Angelfishes, damseifishes, and
butterfiy-fishes continue to lead all other species In terms of catch reaching market; between 1974
and 1977, thelr percentage shares ranged fram 25 to 30 percent, 12 to 15 percent, and 10 to 14 percent
respectively,

Recent industry growth trends observed in Monroe County may be expected to approximate - if not to
exceed -~ comparable development patterns for other primary collecting counties in southern Florlida,
After a 76 percent increase in commercial and recreational quinaldine permits granted here between
1974 and 1976, growth in registered collection ef forts by this method decreased to only two percent
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between 1977 and 1977, Commercial use (l.e., activities Involving collection of more than 100 fish
per permit year) alone rose less sharply over each survey Interval (33 percent and 20 percent). Two
final Florida Keys trends of particular relevance to the entire management area are an apparent
Increase of noncounty resident colliectors and the persistence of high turnover rates in the industry
as reflected by requests for permit renewals (Hess and Stevely, draft manuscript),

In addition to the individuals and firms harvesting fish and invertebrates directly fram coastal
waters such as those surrounding the Keys, one campany in Florida also col lects reproducing stocks of
marine fish for use In aguaculture operations. Although out-numbered by actual collecting companies,
these recent aquaculture ventures have indicated that reasonable prof its may be recovered from labora-
tory tropical specimen operations without continually having to visit and harvest in coral areas.,

However, at this time, many problems stili exist in the culture techniques of raising tropical fishes

(e.g., nitrogen waste polsoning, cannibalism, and nutrition),

Table 94, Examples of commonly collected reef fishes in Monroe County, Florida.

Family Chaetodontidae: Ange!fishes and Butterfiyfishes

Queen angel fish
Blue angelfish
Rock beauty

French angelfish
Gray ange!flsh
Four-eye butterfly
Spotfin butterfly
Banded butterfly
Reef butterfly

Family Serranidae: Groupers and Sea Basses

Harlequin bass
Tobaccof I sh
Butter hamlet
Barred hamlet
Blue hamlet

Source: Hess and Stevely, draft manuscript.

Holacanthus clliaris
H. bermudenis

H. tricolor
Pomacanthus paru

P, arcuatus
Chaetodon caplistratus
C. ocellatus

C, striatus

C. sedentarius

Serranus trigrinus
S. tabacarius
Hypop lectrus unicolor

He puella
H. gemma

As shown In Tabie 9-5, tropical specimen collectors contacted during the Counclils' Informal Florida
survey depend very heavily (50 to 90 percent of catch) upon "coral areas" (i.e., coral reefs, hard

bottoms, solltary corals) for thelr fish collections,

Most of the animals captured are sold to whole—

salers or retallers (shipped via alr freight) outside Florida, although this trend was found to be
variable between collectors, Several people also regulariy export animals to customers in Canada and
Europe. Employment in the Industry is quite limited; most businesses seldom empioy more than one or
two people, Gross income estimates consistentiy ranged from about 320,000 to as much as $50,000 per
annum; net Incame quotations, on the other hand, declined sharply (to only 20 to 50 percent of gross
on the average) largely due to outlays for business expansions and other capltal improvements.
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TABLE 9-5.

Selected data
April - July,

Counties.

BI0TA COLLECTED

fish, anemones,
gorgonians, worms,

sponges, plants, and

many invertebrates.

fish & invertebrates.

fish (50%) and
invertebrates (50%)

fish & invertebrates

fish & invertebrates

fish (50%) and
invertebrates (50%)

n/a = not available.

from interviews with tro
1979. A1l collectors re

% COLLECTED IN
CORAL AREAS

95% on hard bottom
(corals, rocks,
rubble, etc.)

75% in corals

98% in live corals
or hard bottoms

60% in corals, 40%
in grasses

some from reefs &
grassy areas

About 50-60% of fish
and invertebrates
from coral areas

MARKET EXTENT

Almost all shipped
to other states in
management area, in
U.S., exported; <5%
in state.

n/a

70% out-of-state,
25% export; 5%
in Florida

100% in Florida,

mostly in Dade Cty..

About 33% in state,
67% outside manage-
ment area

Georgla, Texas,
Louistana and else-
vhere in U.S.3
Canada

MARKET TYPES

85% wholesalers
15% retaflers

n/a
300% to retaflers’
and wholesalers

100% to wholesalers

100X for display or
research

A1l wholesale now,
formerly retail

EMPLOYEES
SEA-
ANNUAL SOMAL
1 0
n/a
1 0
1 0
5 0
2 0

pical specimen collectors in Florida,
sided in Broward, Dade, and Monroe

APPROX. GROSS
ANNUAL SALES

$40,000

n/a

$30,000

’20‘”.”

n/a
{about 2000
fish annually)

$40-50,000




At the lower end of this Incame scale, reported net figures compare favorably with annua!l profits
calculated by Hess and Stevely (draft manuscript) from a small survey of Monroe County collectors.
Net incames were projected at $9,500 for an average yeariy work effort of 2,000 hours or some $4.75
per hour, Together, fixed and variable expenses.totaled $3,900, thereby reducing annual gross dol lar
returns on catch by an estimated 29 percent.

Except for certain uncommon species or foreign varieties which must be imported, Florida's domestic
collection Industry clearly functions as a major tropical specimen supplier for each of the remaining
states adjoining the management area and the rest of the country.

Most collectors contacted emphasized a marked preference for smal| business hierarchies, In many cases,
by doing all the: collecting, shipping, and marketing, they are able to earn substantially higher than
average [ncames; however, they must also work long hours. The latter element seems to ef fectively
timit new Industry entrants and to drive many marginal operations away fram the collecting sector.

Many respondents have established extensive supply channels with foreign markets (e.g., Canada,
England), other collectors who dive elsewhere In Florida, commercial fishermen (e.g., trawlers who
incidental ly catch marketable animals), and certain retall outiets.

A final noteworthy characteristic of Florida's tropical specimen collection industry - as well as
comparable businesses iocated throaughout the remainder of the management area - Is their subjection
to increased pricing competition from foreign Imports, Exotic species originating from the Pacific
region, for example, continue to arrive on the American market sometimes more cheaply than

domestical ly=caught fishes, although they may be different species, However, due to air shipment
times and the use of drugs, foreign stocks often arrive in poor condition, To date, therefore, impor-
tation has been pursued in order to a!leviate domestic supply shortages, to provide different species,
and not purely due to foreign market price differentials compared to American tropicals. On the
contrary, some of the more rare and exotic species bring premium prices.

9.1.,3 Assocliated Businesses

The coral market Is deeply intertwined with trade In seashells from foreign importation stages right
through whoiesale distribution and retall sales processes. To a lesser extent, the specialty jeweiry
sector is also llinked to trade in coral products, but primarlly for "finished" I|tems. Ciliose proximity
to thriving coral assemblages has historical ly served to concentrate most coral wholesalers and
retallers In Florida., Despite the fact that increased rellance upon importation theoretically frees
businesses located elsewhere in the Gulf and south Atlantic area from being dependent on these
suppliers, both marketing traditions and the abllity of Florida wholesalers to import in large (and
therefore relatively econamical) quantities helps to maintain their lead role in regional distribution,
These wel l-aestablished operations also have rellable import connectlions, a critical factor in a time
when rumored threats of foreign coral export restrictions are regularly surfacing among domestic users,

The interview data (see Table 9-6 for select interview detalis) indicate that there are a handful of
coral wholesalers in the management area who control most large-scale importation and distribution
functions, One of the largest is located in Florida, employs over 100 people, and has an annual total
sales figure of well over $1 milllon; however, coral-reiated income comprises only eight to ten per—
cent of this particular firm!'s gross incame estimate. On the other hand, some small (largely two to
three person) wholesale businesses continue to survive, aithough their dealings in coral appear to be
declining, both in absolute quantity and as a percentage of annual firm Income.

Most retall outlets surveyed reportedly derive a sma!l portion of their sales incame (generally, less
than 15 percent) fram coral product trade. Gift shops in particular tend to deal in only a few pleces
of polished coral or coral jewelry settings at any one time and seldom Import those directiy. Not
surprisingly, those firms selling directly to the public and which regularly import fram abroad main-
taln more extensive stock levels and estimate higher coral-related incame contributions.
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TABLE 9-6.

the Hanagement Area, April 1979,

STATE/FIRM CODE TYPE

—

. Florida

A.

8.

Texas

Mississippi
A.

Louisiana
A.

North
Carolina

Georgia
A.

Smatl
wholesaler

Medium-sized
wholesaler

Large
retailer

Retait shop

Limited wholesale;
some retail :

Gift shop

Retafil shop

Retail shop

Retail curio
shop

Retail gift
shop

Retail qgift
shop

Retail gift

rhan

ESTIMATED SALES TNCOME

AGE TOTAL

20 $60-100,000

n/a n/a

40 over $1 miliion

40 $340,000

11 n/a

n/a $100,000

18 n/a
n/a n/a
2 1/2 $130,000
7 n/a
3 $20,000
4 n/a

n/a = not available or not applicable,

CORAL
RELATED

1%

n/a

8-10%7

202

miniscule

2%

25%

1%

1%

17

1%

10-157

CORAL IMPORTATION
DETAILS

95% Philippines;
5% Hafti

95% Phitippines
China & Haiti

Phitippines
($30,000 worth
per annum)

1002 Philippine
($15,000/year)

none since 1977

none; via whole-
saler

24 foreign coun-
tries; mainly
India & Pacific

Polished settings
(eq. ltaly)

None direct (via
wholesaler

none direct (via
wholesaler)

none direct (via
wholesaler)

none direct (via
wholesaler)

PRIMARY MARKET

Florida gift
shops

Retail outlets;
50% in-state;
50% out-of-state

Florida and
southeast USA

Florida tourist

mainly in-state

local tourism

other retatlers;
tourists

local

local

local

50% local; 50%
tourist

local tourism

Selected data from interviews with coral wholesalers and retailers

EMPLOYEES
SEA-
NORMAL SONAL
2-3 --
15 --
100+  --
5-6 15-18
3 -
2 8
3 6
b .-
n/a
2 .
2 -
4 -

in

OTHER REMARKS

Wholesale seashell
orfented firm

Coral jewelry mainly

Coral jewelry only

Coral necklaces and
custom jewelry




The primary Import source for wholesalers and retallers alike continues to be the Paclfic region, with
most coral products originating in the Indian Ocean and Philippines vicinities., Custom-ordered cases
are exported to the United States by boat for destinations at select west coast, Gulf and south
Aﬂ_anﬂc ports of entry, with the exception of special plece orders and already polished jewselry set-
tings. Miam! Is the study area's primary offloading point, Coral nommal ly arrives In Its raw (or at
most minimal ly cleaned) form, thus escaping import duties, Occasionally, Import crates contain
various combinations of shells and coral mixed together, Wholesalers in Florida either do thelr own
cleaning prior to distribution, or else resel! unprocessed coral cases to smaller wholesalers and
retallers who, In turn, prepare products for sale themselves, The technology of processing is fairly
simplistic and relatively Inexpensive. Depending upon the particular retall market destined to be
served, coral is offered for sale either as unmounted pleces, or In a variety of more stylized (e.g.,
polished, inlaid, etc.) product forms.

Income generated from coral sales varies according to volume and the type of coral sold. Corals vary

in price depending on the specles and size of the piece (see Table 9-7 and text). An aesthetic factor
Is doubtless also Invoived in price setting. Generally, wholesale prices are marked up two or three
times over prices paid to collectors, with the latter receiving about $1.00 to $6.00 per piece.

Highest prices are conmanded by selected pleces of elkhorn (Acropora paimata) and colonies removed

with bases Intact so they can be used as centerpieces or in aquaria (see also discussion in Section 8.2),

9.2 Domestic Processing Sector

Most of the businesses involved In coral industries within the management area process their own
corals, because imported corals are much cheaper when raw than when cleaned and bleached. In addi-
tion, processing of raw corals Is a low technology activity, Thus, the domestic sector can process as
much of the resource as becames avallable to It, It is expected that the domestic sector wil! process
a volume equal to OY plus imports,

9.3 Internationa! Trade

9.3.1 Present Status

The domestic cora! Industry within the management area Is supported by corals from the Pacific, the
Mediterranean, and Haltl, Although a small percentage of the cora! jewelry Is made fram domestic pre~
clious coral stocks In Hawali, all other corals are foreign imports, The results of a randam sampiing
of ten dealers and Involces revealed that the Philippines are the primary source of Imports (Table 9-2),
Further discussion of coral imports and sales Is presented in Section 10,1,

Pacliflc corals are imported primarily from the Philippines, where coral abundance and the costs of
labor have combined to yield much lower prices than existed in Florida before the coral law of 1976,
Table 9-9 identified the more cammonly Imported species. Other econamic data on Philippine imports
(amount and value of corals on Involces, relative importance of Pacific corals to the import market,
and the mean wholesale price of corals by specles and size) are presented in Tables 9-7 to 9-10,
Wells (1981) reported over 1,6 miilion kgs of cora! imported into the United States fram the
Philippines over the three~year period 1976 thraugh 1978, These stony corals are primarily for sale
as curlos. However, a recent interview with Philippine officlals indicates that the Philippines have
restricted coral exports (Philippine Embassy, 1979). A small amount of coral remains avaliable but
may be limited to that already harvested.

Mediterranean corals, red corals (Corallium rubrum) from |taly and "the Medi terranean Sea" were seen
in severa! Florida, Georgia, and Maryland jewelry stores as pollshed beads for bracelets, necklaces,
rings, and earrings.
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Table 9-7. Wholesale price lists for Caribbean corals from domestic or Haltian waters based on 1972
and 1973 Involces reviewad during Informal interviews of Florida shei| shop personnel.

Elkhorn coral, Acropora paimata 15 cm pleces $ 1,50 to § 3.00
35 cm pleces 5.00 to 10.00
60 cm pleces 10,00 to 21,00

Fire coral, Millepora alcicornis 15 cm pleces $ 1,00 to $ 3,00
.50 cm pleces 9,50 to 19.00
Lettuce coral, Agaricia agaricltes 15 cm pleces $ 1,00 to § 3.00
46 cm pleces 10.00 to 20,00
Eye coral, Oculina arbuscula 15 cm pieces § 1.00 to § 3.00
Brain coral (inciudes Dichocoenia, Smaj| pieces 6 to 8 cm In diameter $ 4.00 to $9,00.

Diploria, Meandrina, Montastraea)

Piiiar coral, Dendrogyra cylindrus 15 cm pleces $ 1,50 to $ 3.00
30-63 cm pieces 4,50 to 23.00

Other Caribbean corals that sporadically appeared in the marketplace In similar price ranges were:

Flattened pleces of low brain coral, Diploria clivosa
Eye coral, Dichocoenia stokesil

Delicate finger coral, Porities furcata

Regular finger coral, Porities porities

Star coral, Eusmilia fastigiata

Encrusting fire coral, Millepora complanata

Atiantic cluster coral, Oculina diffusa

Moon coral, Colpophy!lia natans

Stump coral, Solenastrea hyades

Source: Thomas, 1979, personal communication.

Table 9-8, Compilation of dealer invoice data for corals Imported into Miaml, Florida, between
October 1976 and October 1978 by ten dealers,

Perlod

Dealer Total involces Coral invoices Cora! involces Covered by

# Invoices w/Coral from Philipplnes fram Haitl Involces

1 46 14 1 3 4/3/76 - 9/4/78

2 39 8 .8 0 2/8/717 - 9/21/18

3 103 8 8 0 May 1977 - 9/13/78

4 58 21 20 i 4/12/17 - 9/19/78

5 57 12 i 1 -

6 20 11 9 2 12/21/76 - 4/4/78

7 23 : 7 5 2 -

8 23 2 2 0 10/11/76 - 9/7/78

9 3 14 10 4 10/11/76 - 10/15/78

10 59 22 22 0. 6/29/77 - 10/31/78

Proportional value of Paclfic coral to other Items (shells, curios, efc.) on the Invoices:

range - 23 to 100 percent
mean = 59 percent
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Haitian corals represent the only significant recent source of Atiantic species to the domestic
market. However, as shown In Table 9-8, domestic imports fram Halti have been greatiy curtailed by a

1976 Haitian government ban on export of corals.

Hence, although an industry of collection and ship=

ment thrived with the closure of Florida grounds, there is currently no legal coral fishery in Halti,

Table 9-9, Paclific corals imported from the Philippines into the Unlted States.
Finger: Acropora mi | lepora
Branch: Acropora arcuata
Brush: Acropora vaughani
Cluster: Pocl | lopora verrucosa
Lace: Pocl ! lopora danae
Organ Pipe: Tublpora musica
Birdnest: Seriatopora compresca
Blue: Favons vaughani
Bowl: Parahalomitra philippensis
Caullflower: Pocl|iopora sp.
Catspaw: Unknown
Mushroom: Fungia sp.
Table 9-10, Quantity and value of imported corals as listed on 15 Invoices on file with the U.S,
Fish and Wildlife Service in Miaml, Florida. Involces cover 1976 to 1979,
Inve # Pieces of Coral Dol lar value Value per Piece
1 11,609 $2,347.80 $0.20
2 20,360 2,168,80 0.11
3 10,555 1,603.45 0.15
4 3,402 703.43 0.21
5 4,465 716,35 0.16
6 23,315 3,687.80 0.16
7 34,422 3,286.40 0.09
8 9,802 2,520,.45 0.26
9 17,602 1,828,25 0.10
10 11,236 1,848,52 0.16
11 9,554 1,909.05 0.20
12 15,456 4,509,05 0.29
13 10,187 1,678.50 0.16
14 13,750 1,574.50 0.1t
15 3,446 1,143.45 0.33
TOTALS 199,161 $31,526,15
Mean price/piece for all invoices = $0.16
Source: Thomas, 1979, personal communication,
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9,3,2 Future Projections

With the severe decline of Philippine and closure of Haltian stocks to exports, the sources of most
corals sold in the management area are apparently no longer avaliable. The most llkely result of
these export laws will be a shift to undeveloped markets elsewhere in the Paclfic and/or Caribbean.
Increased poaching pressure on domestic stocks may also ocaur If foreign stocks can not support

demand. In addition, If foreign supplies are severely restricted, there is a large potential for
increased pressure to harvest domestic corais.
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10.0 DESCRIPTION OF BUSINESSES, MARKETS, AND ASSOCIATED ORGANIZATIONS WITH THE RESOURCE

10.1 Relationships Among Harvesting, Brokering, and Processing Sectors

The harvesters and nonconsumptive users were described in Section 9.0. The cammercial domestic har-
vest has been described as smal! with the product used largely in the scientific and educational field
or in the aquarium trade.

in the aquarium trade, the live product is usually sold to retail aquarium shops by wholesalers., Some
diver-col lectors who provide specimens to blological supply houses and pharmaceut ical companies in the
scientific and educational use, also serve as wholesalers.

So far as Is known, the spéclmen stony corals in shell shops is imported. It is conceivable that some
is taken from the FCZ off Florida and sold in violation of state iaw, but the extent of this is prob-
ably small, ;

From conversations with Florida coral distributors and retaliers, It seems that many coral-associated
businesses slituated out-of-state annually make a vacation trek soutiward (during thelr off season), at
which time bulk supplies of coral and she!ls are purchased. In addition, so-called coral "jobbers"
originating in Florida are also known to conduct wholesale marketing tours in south Atlantic coastal
resort areas and cities on a regular basis. Very few Florida-based wholesalers offer large order
shipment/del ivery services themse!ves,

Perhaps the most significant business trends in this user group relate fo a gradual movement out of
wholesaling functions accompanied by the expanded stockpiiing of coral products to support retailing
operations, In part, this reflects an undercurrent of suspicion - particularly by major wholesalers
- that existing foreign supplies may soon dry up completely. Consequentiy, bulk coral supplies are
reportediy in some instances being increased to last at least two to three years. Most small retail
firm respondents, however, even those Importing coral directiy, expressed little concern over supply
endangerment and to date have encountered no problems (except for steep price rises) in getting most
all coral species they require.

In Florida itself, the coral merchandising market has had several years fo adjust to the 1976 law pro-
hibiting most taking in state waters and possession of most uncured specimens. While it is iikely
that certain wholesalers and retaliers (especlally one-person operators) may have left the coral
marketing sector in the interim, no drastic alterations in business entry or exit rates have yet been
reported. Most firms appear to have compensated for the loss of an easily accessible domestic fishery
by increasing foreign importation and expanding the scale of their sea shell sales capacity. '

The relationship among the nonconsumptive users is less clearly defined due to the absence of a
tangible product following a trade route. individuals who patronize charter boats and dive shops may
cambine their coral watching with other recreational activities such as fishing or photography.

In addition to the user groups described above, one other industry sector Is indirectly dependent upon
the management of living coral assemblages for economic revenue. The Newfound Harbor Marine Institute
(NHMi) operation at Big Pine Key - a private, nonprofit, scientific and educational, and recreational
organization, - offers one of the most camprehensive marine education opportunities in the entire
Florida Keys. Founded In 1966, NHMI's diverse year-round programmatic of ferings range from summer
camp, research, and community education efforts, to workshops and intern programs for both students
and teachers at all instructional levels. Special emphasis on most NHMI programs is placed on corais
and coral reef resources (Becker, 1979, personal communication).

Nearly all NHMI programs eventually focus upon the nearby Looe Key coral reet's ecosystem as well as
other assemblages located in the general vicinity. The opportunity to make day-long diving trips out
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to coral habitat areas for educational, recreational and scientic purposes is undoubted ly a key fac-
tor in NHMI success and expansion over the fast 13 years, Cilearly, a substantial portion of their

operating income Is dependent upon continued access to, and cautious activity in and around, thriving
coral concentrations,

10,2 Cooperatives and Associations

Coliectors of tropical reef fishes, both professional and amateur, utilize the coral reefs as a habi-
tat source for specimens, Many of the professionals are members of the Florida Marine Life
Association; however, almost al! market their catch independent!y as wholesalers.

Amateur collectors may often be members of tropical aquarium societies which sponsor field collecting
trips to coral reef areas,

There are also local and statewide associations of charterboat operators, divers, and recreational and
commercial fishermen., Al!l of these may be at some time nonconsumptive users of the coral reefs,

10,3 Labor Organizations

Survey respondents reported no formal affiliations with any state, regional, or national labor
organizations. Along with the apparentiy deiiberate preference for nonunionized labor by firm owners,
this finding reflects the predominately small size of coral resource-associated businesses located
within the management area,

10,4 Foreign Invesiment

In the sense of there being parent companies based outside the United States which own, or substan-
tially contro!l, domestic, commercial enterprises associated with coral resources, no evidence of
foreign investment has been determined.

10=-2




11.0 DESCRIPTION OF THE SOCIAL AND CULTURAL FRAMEWORK OF USER GROUPS AND THEIR COMMUNITIES

As described above In previous sections, there is not a direct coral fishery nor any assoclated
industries that rely upon harvested domestic corals as a major incame source. Therefore, instead of
discussing the social and cultural characteristics of coral fishermen, Section 11,0 is necessarily
redirected toward the various users of the resource (divers and snorkelers, dive shops, shell shops,
visitors to coral assemblages, e.g., party boats, tropical specimen collectors, shell collectors,
lobster fishermen) and the general population of the coastal area. In lleu of tabulating data on all
counties in the management area, 15 representative coastal counties near Onsiow Bay (North Carolina),
Gray's Reef (South Carolina and Georgia), the Florida reef tract (Florida), the Florida Middle Grounds
(Florida), the topographic highs and corals of the eastern Gulf of Mexico (Alabama, Mississippl,
Loulsiana, and Texas), and the Flower Garden Banks (Louisiana and Texas), have been selected (Figure
11-1). Extrapolations of these data fo all coral users or to all coastal counties in the management
area must be made with caution.

Li+tie detalied Information exists focusing on the socio=cultural framework of cora! user groups, None-
theless, this section of the plan can, fo a limited extent, describe these groups and outline relevant
soclal statistics. For example, the significance of SCUBA divers and snorkelers is portrayed in Table
11-1. Clearly, portions of the management area, especially those near corals, are favorite destina-
tions of diving enthusiasts, Supportive users and industries such as dive shops, shel| shops, charter
boats, and the hotel/restaurant trade also benefit econamical ly from the atfractiveness of coral areas
to tourists. Tropical specimen collection, an Industry valued in excess of one million dollars

annually in Fiorida (Bright and Jaap, in press), relies heavily upon reef flishes,

The following discussions must also be qualifled to reflect the relationship between the general popu-
lation of the coastal counties and coral user groups; direct parallels are difficult to establish,
Second ly, many users may not live in the coastal counties, Mertens (1977), for example, found that
only four percent of 191 respondents to a charter fishermen survey in Texas resided in coastal
counties, excluding Houston in Harris County, Some businesses indirectly dependent upon coral, e.g.,
hotel owners near the Florida reef tract, may never visit the corals personal ly, Other users may
derive only a portion of their total gross income from coral-related activities yet visit coral
assemblages regulariy.

11,1 Ethnic Character, Family Structure, and Community Organization

11.1.,1 Ethnic Character

The ethnic character of the general population within states bordering the management area is |ncluded
in the 1970 Census of Population complied by the U.S. Department of Labor. Generally, the populations
in the 15 selected coastal counties are American-born and white (Table 11-2), The ethnic mix varies
between states with blacks, Cubans, and Mexicans comprising most of the minority populations in South
Carolina/Georgia, Florida, and Texas, respectively. Populations of French descent are uniquely cammon
in the delta region of Louislana,

Specific information on the ethnic charcter of most coral user groups is lacking. Many users are
tourists originating from outside the state (e.g., divers visiting the Florida Keys [see Skin Diver
Magazine, 1979]) or outside the coastal county (e.g., charterboat passengers [see Ditton, et al.,
19781). Hence, county ethnicity data in Table 11-2 may not accurately portray some user groups.
Furthermore the ethnic character of the tourists has not yet been assessed. Unfortunately, there have
been no user group studies that identify both origin and destination,

Based upon limlted observations and informal interviews, many Florida shel|l shops (retail sales of

shel ls, corals, and other items) appear to be owned, managed, and/or operated by American white
famities. Collectors of the shells and corals may be members of a minority or national group other
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. Onslow Co., N.C. 8. Pasco Co., Fla. L R T _x
Beaufort Co., S.C. 9. Franklin Co., Fla. PN lAN
Chatham Co., Ga. 10. Baldwin Co., Al. ' TN | « \ o

Palm Beach Co., Fla. 11. Jackson Co., Miss.
Dade Co., Fla. . Terrebonne Co., La.
Monroe Co., Fla. . Jefferson Co., Tx.
Pinellas Co., Fla. . Galveston Co., Tx.

- : Brazoria Co., Tx.

FIGURE 11-1. Coastal counties in the states under Gulf of lexico and South Atlantic Fishery Management Council
jurisdiction that are summarized in Sections 11.i-iii on social and cultural characteristics.




Table 11-1. A Skin Diver Magazine national poll of 2,451 subscribers (1,424 responses) revealed the
following breakdown by state of where readers fravel for out of state diving trips.
Based on multiple answers (adapted from Skin Diver Magazine, 1979).

DESTINATION PERCENT WHO TRAVELED
- in management area
Florida coast 32.9
Florida Keys 35.6
Texas . 6.3
North Carolina 4.1
- outside ‘management area
California - south 14,6
- north 662
- of fshore : 8.8
New Jersey 9.9
Wisconsin 5.4
New York 7.2
Michigan 5.1
Rhode I[stand 5.4
Iilinols 3.0
Massachusetts 5.1
Connect icut ’ 2.5
Maine 1.8
Washington 3.3
- other* 20.2

(inside or outside management area)
Total Nationwide Percent Traveling Out-of-State on Dive Trips Annual iy 38.8

* Destination not state-specific, e.g., "to Great Lakes™ or "to Gulf of Mexico"

than American white, e.g., Phllippine coral collectors, Cuban shell collectors. Simlilarly, dive
shops are mostly white-owned throughout the Florida Keys. Reviews of historical records, ledgers, and
books In the south Florida area revealed that American blacks, Cubans, Bahamians, and Haitians were
active to varying extents in legally harvesting corals within the fishery conservation zone between
1890 and 1970,

Monroe and Dade Counties In Florida adjacent to the reef tract and coral-related industries, include
several ethnic or minority groups (see Table 11-2), The 1970 population of 52,586 in Monroe County
included 4,222 blacks (eight percent) and 5,650 residents with Spanish surnames {eleven percent).
Dade County includes a higher percentage of ethnics, primarlily of Cuban descent.

Among spiny lobster fishermen in Florida, data on state licenses granted in 1977 to 1978 show 24,1 per-
cent of the 1,701 licensees to have a Spanish surname; in 1965 to 1966, the seasonal percentage was
only 8.2 percent (Centaur Associates, Inc., 1979), Most licensees lived and fished in the Miami,
Marathon, and Key West areas of Dade and Monroe Counties.
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Table 11-2, General poputation ethnic characteristics for 15 coastal counties ad jacent to the FCZ.

COUNTY, STATE

Onslow, North Carolina
Beaufort, South Carolina
Chatham, Georgia

Pailm Beach, Florida
Dade, Florida

Monroe, Florida

Pinel las, Florida
Pasco, Florida
Frankiin, Florida
Baldwin, Alabama
Jackson, Mississippi
Terrebonne, Louisiana
Jef ferson, Texas

Gal vaston, Texas
Brazoria, Texas

COUNTY POPULATION

TOTAL DENS!ITY/mi2

103,126
51,136
187,767
348,753
1,267,792
52,586
522,329
75,955
7,065
59,382
87,975
76,049
244,773
169,812
108,312

134.8
88.3
421.9
172.4
620.9
50.9
1,971.1
102.4
13.2
37.6
119.5
55.6
257.4
425.6
7641

WHITE

86,516
33,864
123,295
286,460
1,071,662
42,690
478,043
71,924
5,730
48,650
73,547
62,251
183,100
135,480
97,685

BLACK

15,180
16,868
63,676
61,015

189,666

4,222
42,765

3,781

1,323
10,569
14,258
11,423
61,064
33,314
10,137

Source: Adapted from U.S. Department of Commerce, 1973 - Tables 9,’34, and 43,

OTHER

1,430
424
796

1,278

6,464
674

1,521
250

12
163
170

2,375
609

1,018
490

PERCENT
FOREIGN
BORN

Table 11-3, General popuiation characteristics reiated to family structure of people in 15 coastal
counties from North Carolina to Texas.

COUNTY, STATE

Onslow, North Carolina
Beaufort, South Carolina
Chatham, Georgia

Palm Beach, Florida
Dade, Florida

Monroe, Florida

Pinel las, Florida
Pasco, Florida
Franklin, Florida
Baldwin, Alabama
Jackson, Mississippi
Terrebonne, Louisiana
Jef ferson, Texas
Galveston, Texas
Brazoria, Texas

TOTAL

POPULAT | ON

103,126
51,136
187,767
348,753
1,267,792
52,586
522,329
75,955
7,065
59,382
87,975
76,049
244,773
169,812
108,312

TOTAL
PEQPLE IN

HOUSEHOLDS

77,409
41,579
182,929
342,380
1,244,337
48,549
513,834
74,589
7,057
58,772
87,458
75,788
241,239
167,346
104,016

MALE

63,667
29,517
89,940
166,382
602,095
28,181
240,397
36,387
3,429
29,032
43,898
37,822
118,638
82,884
56,357

Source: Adapted from U.S. Department of Commerce, 1973 - Tables 9, 34, and 36.
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FEMALE

39,459
21,619
97,827
182,371
665,697
24,405
281,932
39,118
3,636
30,350
44,077
38,227
126,090
86,928
51,955




11.1.2 Family Structure

The only information available on family structure pertains to the general population, summarized here
for 15 coastal counties (Table 11=-3), Those census data show over 90 percent of the citizens to be
living in househo!ds In all counties except Onslow, North Carolina, and Beaufort, South Carolina, In
Dade and Monroe Counties, Florida, the 1970 Census of Population listed 329,695 and 13,565 families or
mean family sizes of 3,8 and 3.9, respectively.

Population ratios of males to females vary between counties but fall within national ranges; females
siightly outnumber males (Table 11-3). Among divers, 90,2 percent of the respondents to a national

survey were male (Skin Diver Magazine, 1979). Neariy haif (49,4 percent) of those same respondents

were married, 42,4 percent single, and 8.2 percent widowed or divorced.

The 1970 Census of Population also tabuiated indicators of sconamic wel l=being on a county basis,
These data are summarized in Table 11«4 for the 15~county sample and presented in greater depth for
Dade and Monroe Counties (near the Florida reef tract) In Table 11-5, Table 11=6 lists the household
Incomes of divers (SCUBA and snorke!) fram the 1979 nationwide survey., Over 64 percent of the
recreational diver respondents were members of househoids earning over $20,000 per year while nearly
30 percent made more than $35,000 annual ly, Among charterboat clients in Texas, Mertens (1977)
reported that 78 percent earned over $20,000 per year and 21 percent over $50,000; the average incame
was $33,000. |Inferences to the various other coral user groups in this management area must be made
cautiously fram the general information presented here,

Table 11-4, Median and per capita incomes in the 15 sample counties adjacent to the management area.

COUNTY, STATE MEDIAN INCOME ($) PER CAPITA INCOME ($)
Onslow, North Carolina 6,471 2,205
Beaufort, South Carolina 6,590 2,243
Chatham, Georgia 8,245 2,6M
Palm Beach, Florida 9,112 3,893
Dade, Florida 9,245 3,467
Monroe, Florida 7,334 2,842
Pinel las, Florida 7,642 3,300
Pasco, Florida 4,998 2,342
Franklin, Florida 4,338 ’ 1,654
Baldwin, Alabama 7,338 2,268
Jackson, Mississippi 8,548 - 2,528
Terrebonne, Louisiana 8,338 2,182
Jefterson, Texas 9,024 2,928
Galveston, Texas 9,778 3,036
Brazoria, Texas 10,435 2,964

Source: Adapted from Tables 44 and 124 from U.S. Department of Commerce, 1973,



Table 11-5, Income breakdown for Monroe and Dade Counties, Florida, for the total population,

PERCENT BY INCOME LEVEL DADE COUNTY MONROE COUNTY .

0~ 1,999 6.2 8.6 :
2,000 - 4,999 _ 15.8 20,5
5,000 - 6,999 13.0 18.4
7,000 - 9,999 19.5 ' 20.6
10,000 ~ 14,999 23.9 19,5
15,000 - 24,999 15.1 9.3
25,000 - 49,999 5.1 2.4

50,000 ~

more 1.3 0.6

Source: Adapted from U.S. Department of Commerce, 1973,

Table 11-6. Household income of divers responding to a nationwide survey conducted for Skin Diver

Magazine (1979),

HOUSEHOLD [NCOME BRACKET PERCENT OF RESPONDENTS

UNDER $8,000

5.3
8,000 - 9,999 2.3
10,000 - 11,999 : 3.7
12,000 - 14,999 8.2
15,000 - 17,499 6.9
17,500 - 19,999 ) 8.4
20,000 - 24,999 15.3
25,000 - 34,999 18.7
35,000 - and up 20.6

Median Househol!d Income: $24,479
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11,1.3 Community Structure

User groups near coral resources Include residents, in-state travelers, and ouft-of-state tourists,
Areas of highest coral-related activity (fishing, diving, shell| shops, etc.) range from residential
communities with strong fishing influences such as Marathon and Key West in.Monroe County, Florida, to
tourist/recreation centers |ike Key Largo. More indirect coral users such as commercial fishing boats
tend to concentrate in the northern and eastern Gulf of Mexico (8.ge, Apalachlcola Bay and the Middie
Grounds) and off Georgla and South Carolina.

Throughout the management area, community structure dynamics reflect shifts In business opportunities
and economic development. Many of those changes have occurred over the last census decade. Community
changes have been very evident in the popularized retirement centers in Dade, Pinel las, and Pasco
counties in Florida (see median age data in Table 11-7), In Monroe County, the Key West population
decreased 18.8 percent between 1960 (33,956) and 1970 (27,563), due primarily Yo a decreased personnel
commitment at the military installation. Marathon and Key Largo, aithough too small to be listed in
the 1960 census, contalned 4,397 and 2,866 people in 1970 and about 10,000 and 12,000, respectively In
1978 (U.S. Department of Commerce, 1973; Key Largo, Florida, Chamber of Commerce, 1979, personal
communication; Marathon, Florida, Chamber of Commerce, 1979, personal communication),

Table 11-7, General age and education profiles for the total population of 15 coastal counties
adjacent to the manaement area,

TOTAL AGE MED IAN MED 1 AN
COUNTY/STATE POPULAT I ON UNDER 18 18 - 65 65~0VER AGE SCHOOL YEARS

Onslow, North Carolina 103,126 33,249 67,555 2,322 21,1 12.1
Beaufort, South Carolina 51,136 18,651 30,199 2,286 20.8 11.9
Chatham, Georgia 187,767 66,554 105,609 15,604 25,9 11,6
Palm Beach, Florida 348,753 103,547 184,791 60,415 35.5 12,2
Dade, Florida 1,267,792 370,656 724,419 172,717 34.2 12,0
Monroe, Florida 52,586 15,701 32,389 4,496 27.3 12,2
Pinel las, Florida 522,329 120,167 248,239 153,923 48,1 12.1
Pasco, Florida 75,955 16,032 35,902 24,021 53.4 11.3
Frankiin, Florida 7,065 2,455 3,525 1,085 30.9 10,2
Batdwin, Alabama 59,382 22,047 31,002 6,333 27,7 11.0
Jackson, Mississippi 87,975 36,523 47,179 4,273 23.3 12,1
Terrebonne, Louisiana 76,049 33,543 38,622 3,884 21.5 9.8
Jof ferson, Texas 244,773 86,212 137,456 21,105 28.1 11.8
Galveston, Texas 169,812 61,506 95,578 12,728 27.6 11.6
Brazoria, Texas 108,312 40,909 61,657 5,746 26,0 12.1

Source: Adapted from U.S. Department of Commerce, 1973 ~ Tables 35 and 120.



11.2 Age and -Educaﬂon Profiles

11.2,1 Age

Select county age profiles (Table 11-7) show median ages ranging from 20.8 to 53.4 in the 15 sample
counties. Not surprisingly, areas with aged retirement communities tended to be concentrated near
Miami (Dade County) and Tampa-St. Petersburg (Pasco and Pinel las Countles).

Detailled data on age distributions of coral user groups in the management area, however, are |imited.

in the diving sector, 74.6 percent of the respondents to a natiomwide 1979 survey were younger than

35 years old (Table 11-8). Prochaska and Cato (1977), in a survey of commercial fisheries boat cap-
tains in Florida, calcuiated an average age of 48 years (Table 11-9). Another canvas by Mertens

(1977) of Texas charterboat fishermen revealed an average participant age of 45 years (range: 14 to 79);
74 percent of the respondents were between 30 and 59 years old.

Educational achlievement tables derived from the 1970 Census of Population show a rather uniform median
schoo! years-attended figure ranging from 9.8 to 12,2 years (Table 11-7), In the above-mentioned
diving sector, 72.7 percent of the respondents reportedly had attended college or better (Table 11-8),

Table 11-8, Age and education statistics for SCUBA and snorkel dlvers‘ responding to a Skin Diver
Magazine (1979) survey,

TOTAL
AGE RESPONDENTS
Under 18 years 9.0
18 - 24 27.9
25 - 34 37.3
35 - 49 20.7
50 - 64 4.7
65+ 0.4
Median Age: 28.0 years
Average Age: 29.5 years
EDUCATION

Grade School ) 1.2
Attended/Attending High School : 10.9
Graduated High School 12.3
Attended/Attending College 37.4
Graduated Col lege 18.8
Post-Graduate 19.4

75.6 percent have attended col lege or better
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Table 11=9, Age and education profiles for commercial fishery boat captains in Florida.

AGE_(yrs).
16 - 20 21 - 30 31 - 40 41 - 50. 51 - 60 61-Over
Distribution by age 4 7 18 24 28 19
Years of school completed 12,7 12,5 11.8 BERATY: 11.6 8.7

11.3 Employment Opportunities and Unemployment Rates

The economlc structure of the sampie of coastal counties in the management area varies greatly, as
evidenced by income levels and employment opportunities (see Tables 11-4 and 11-10), Generally, the
1970 data aggregated in those tables disguise the fact that great differences in the employment market
exist between counties, Urbanized areas such as Chatham, Paim Beach, Dade, Galveston, and Brazoria
Counties, have consliderably greater employment opportunities than semirural or rural areas like
Onslow, Monroe, and Terrebonne Counties, Conversely, commercial fishing jobs are far less numerous in
urban areas (Dade County - 552 positions in 1975 or less than 0.1 percent of the work force), than in
more rural areas (Monroe County - 3,096 positions in 1975 or 13.6 percent of the total work force)
(Table 11-11), And, as noted above, these same fisheries positions normally result in expanded
employment in related sectors (restaurants, supplies, etc.) through the so-calied "multipiier effect."

Employment trends (1971 to 1975) In fishing and all other sectors of the econamy are presented in
Table 11-11, The data show that in commercial fishing total employment has decreased in Dade County,
Florida, since 1973 (-37.6 percent) and increased slightly in Monroe County (+6.6 percent), Total
numbers of proprietors and employees have risen marginal ly and decreased slightly, respactively, over
that same time periode Ditton, et al, (1978) identified 88 charterboat businesses in the coastal
counties of Texas, with concentrations in the Port Aransas (Nueces County) and Freeport (Brazoria
County) reglons, In the spiny lobster fishery, the number of licensees increased 80 percent between .
1971 (1,149) and 1975 (2,067) (Centaur Associates, Inc., 1979)._

Unemployment rates throughout most of the management area have paral leled national trends (Tables
11-10 and 11-12), For example, Florida data in Table 11~12 show the seasonal progression in unemploy=~
‘ment with highest rates In the first quarter, Since no single unemployment rate can realisticatly be
applied to the coral fishery, no camparison is made between different fisheries.

In the Texas charterboat user sector, customer demand |s concentrated in the summer months, especially
June to August (Ditton, et al., 1978). The lobster fishery is seasonal, peaking between August and
November (Centaur Assoclates, lnc., 1979). Most other coral user groups are tourist related and
therefore paraliel the peak tourist seasons in winter and spring. Tropical fish and shel| collecting
users may operate year round but weather patterns often Iimit dive time in winter months. These
seasonal trends may have important repercussions on such indirectly reltated user groups as hotels,
restaurants, and fishing tackle suppliers.

11.4 Recreational Users

As noted in Sections 11,1 to 11.3, recreational activity is the major use of coral and coral reef
resources, Major participants are divers (SCUBA and snorkelers), glass~bottom boats, charterboats,
and others, Where possible, data on each group is summarized below. Supplementary information on
marine recreation is also of fered as an introductory note.
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Table 11-10. Emplioyment and unempioyment data from Table 44 of the 1970 Census of Population for
15 coastal counties,

UNEMPLOYMENT RATE FOR

COUNTY, STATE NONWORKER: WORKER RAT!0Q CiIVIL LABOR FORCE
Onslow, North Carolina 0.88 ’ 6.5
Beaufort, South Carolina 1.07 5.4
Chatham, Georgila 1.49 4,3
Paim Beach, Florida 1.53 3,0
Dade, Florida 1.32 . 3.5
Monroe, Florida 1.29 4,3
Pinel las, Florida 2.00 3.5
Pasco, Florida 2.90 4.8
Franklin, Florida 1.70 3.7
Baldwin, Alabama 1.74 ’ 4.3
Jackson, Misslissippl 1.70 4.6
Terrebonne, Louisliana 2.15 : 3.3
Jef ferson, Texas 1.57 4.3
Galveston, Texas 1.46 3.7
B8razoria, Texas 1.61 2.9

Source: Adapted from U.S. Department of Commerce, 1973,

Table 11-11, Popuilation and employment trends in Dade and Monroe Counties, Florida.

DADE COUNTY MONROE_COUNTY
1971 1973 1975 1971 1973 1975
!. Population’ 1,301,700 1,371,400 1,438,600 52,300 53,900 51,400
1. Employment (total)! 625,813 714,957 676,577 23,530 24,138 22,699
Proprietors! 45,106 46,811 46,983 2,437 2,531 2,542
Farm 762 741 699 6 6 6
Nonfarm - 44,344 46,070 46,284 2,431 2,525 2,536
Wage and Salary 580,707 668,146 629,594 21,093 21,607 20,127
Farm 4,490 4,616 3,425 5 5 4
Nonfarm 576,217 663,530 626,169 21,008 21,602 20,123
Government 75,549 83,787 96,643 10,603 9,242 8,142
Private 500,668 579,743 529,526 10,485 12,360 11,981
111, Commercial Fishermen? 531 885 552 2,060 2,904 3,096
Regular” 106 99 65 448 599 796
Casual 39 45 18 114 338 544
Crow 386 741 469 1,498 1,967 1,756

Obtained from U.S, Department of Commerce, Bureau of Econamic Analysis, Reglonal Econamic Information
System.

2 obtalned from U.S. Department of Commerce, National Marine Fisheries Service, unpublished data.

3 Regular fishermen are defined as those earning 50 percent or more of their incame from fishing,
while casual fishermen earn iess than .50 percent of their Income from fishing.

Source: Adapted from Centaur Assoclates, Inc., 1979,
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Table 11-12. Unemployment rates for Dade and Monroe Counties and the State of Florida at two-year

Intervals,
PERCENTAGE UNEMPLOYMENT
) QUARTER Annual
Area/Year First Second Third Fourth Average

) Dade County - 19T 5.2
1973 . . 4.1

1975 11.5 13.5 12.9 . 12,2 12.6

1977 10.0 9.4 8.1 8.1 8.9

MonroeACounTy - 197 2.8

1973 3.8

1975 10.4 10.6 9.5 10.4 10.2

1977 11.0 8.7 . 7.3 8.4 8.9

Florida - 197 4,9

1973 . 5¢3

1975 10.2 11.2 10,9 10.4 10.7

1977 9.4 8.9 7.6 7.4 8.2

Source: Adapted from Florida Division of Employment Security statistics.

Specific data on recreational activities have been summarized In surveys conducted by the U,S, Fish
and Witdlife Service (U.S. Department of the Interior, 1977)., Both national and state surveys appiy
to recreation in general, not peopie identified as users of corals, From that research, Table 11-13
summarizes the socioeconamic structure of marine anglers in Florida and in the general management
area, Most users are male, less than 40 years old, and middle income wage earners, although these
generalizations could be somewhat skewed since the survey population was of predominantly middle

I ncome people. :

The occupational mix of recreational anglers in the southeast has been shown by Horvath (1974) to be
quite diverse (Table 11-14), Over 90 percent of the respondent household's members were .employed,
with professional, management, and skilied crafts personnel numbering more than 36 percent of the
sample,

A Skin Diver Magazine (1979) national reader survey addressed the issue of multiple diver activities,
including "reef exploration" and several others directly applicable to coral assemblages (Table
11-15). Nearly 94 percent of the respondents participated in "special interest underwater activities"
during the previous 12 months; almost 90 percent of the divers participated in other watersports,

Glass-bottom boat operators are restricted geographically to areas adjacent to shal low~water corals
- namely the Florida reef tract. Most of this type of sight-seeing use is concentrated near Key
Largo, Florida, and the state park and marine sanctuary,

The charter and party boat industries are two quasi-recreational user groups that often utilize
fishery resources near corals. In 1970, an estimated 15 percent of the sport fishermen in the Gulf
region used a charter or party boat at least once; charter fees exceeded $20 million (Bureau of Sport
Fisheries and Wildlife, 1972). These users also generate considerabie income spinoff effects in the
process of preparing for charterboat trips, especially where they remain beyond one day, e.g., con—
sumption at hotels, restaurants, equipment shops, etc.
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Table 11-13, Soclioeconamic data on percent participation of marine recreational anglers in Florida
and in the management area generally.

AGE_GROUP

9 - 17
18 - 24
25 - 34
35 - 44
45 - 54
55 - 64
65 - older

SEX
Maie
Female

| NCOME

Under $2,000

$ 2,000 - 4,999
$ 5,000 - 7,499
$ 7,500 - 9,999

$10,000 - 14,999
$15,000 - 24,999
$25,000 - 34,999
$35,000 -~ 39,999

$50,000 - or more

SOUTH ATLANTIC AND

FLORIDA GULF OF MEXICO REGIONS
17.6 20.2
10.8 12.2
27.6 24.9
12,7 . 12.0
8.5 14,4
13.4 10.3
9.4 6.0

100.0 100.0
73.4 72.6
26.6 27.4

100,0 100.0
6.6 9.4
6.0 6.6
4,7 7.7
21.4 14,0
21.8 17.2
25.9 _ 25.7
12.1 13.9

1.3 2.8
0.2 2.7
100.0 100.0

Source: Adapted from U.S. Department of the Interior, 1977,

Table 11-14, Occupation distribution of marine recreational anglers in the southeast,

OCCUPATION

Professional
Technical
Manager-Foreman
Clerical

Sales

Service
Farmer-Rancher
Construction
Laborer

Skilled Crafts
Operative
Proprietor

Student

Armed Forces
Retired - Full Time
Homemaker

Not in Labor Force
Other

Source: Adapted from Horvatch, 1974

PERCENT OF HOUSEHOLDS SURVEYED

13.9
6.8
11.4
3.4
5.8
5.6
3e1
6.2
3.9
11.5
6.1
7.9
1.1
2.8
7.6
1.8
1.1
0.2
100.0
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Because the many benefits of recreational use are at least in part, intangible commodities, they are
difficult to assess objectively, Among others, they may be psychological (a desire for solitude),
emotional (the thril!l of catching a trophy flsh), monetary (catch fish or enhance business
assoclations), or combinations of all three. Spaulding (1970), for example, ranked the "fishing
experience" as the foremost reason why recreational fishermen pursue their hobby., Charter fishermen
rank "having fun," "relaxation," and "being witTh friends", as key rationales for chartering a day of
fishing (Mertens, 1977). As an example of the economic worth values of these activities to the

‘£ Ishermen, Horvath (1974) noted a 1971 study that valued saltwater fishing benefits in southeastern
U.S. waters at $59.80 per fishing day.

Table 11-15. Particpation of divers in (1) related activities and (2) other water sports, based on
multiple answers (adapted from Skin Diver Magazine, 1979).

£ TOTAL RESPONDENTS

1. PARTICIPATION IN DIVING-RELATED ACTIVITIES

General Recreation 8l.1
Reef Exploration 48.1
Shel | Collecting 34.5
Spearfishing 32.5
Underwater Photography 29,7
Lobster or Abalone 32.3
Wreck Diving ’ 36.7
Cave Diving 11.7
Treasure Hunting 11.0
Tropical Fish Collecting 5.8
Competitive Diving 3.4

2, PARTICIPATION IN OTHER WATER SPORTS

Fishing 73.2
Boating ' 71.9
Water Skiing 57.3
Salling 36.9
Surfing 9.4

11.5 Economic Dependence on Commercial or Recreational Fishing and Related Activities

Within the management area, no one person or firm is totally econamical ly dependent upon harvesting or
harvested corals. However, numerous businesses derive significant portions of thelr income from boat
rentals, gear sales, dive/boat trips, tropical fish sales, she!l/coral sales, and related hotels and
restaurants that cater to users of corals or coral reef resources,

A prime example of the dependence of an area upon coral resources Is Key Largo, Florida, Due in large
part to the offshore reefs, John Pennekamp Coral Reef State Park and Key Largo Marine Sanctuary, the
Key Largo vicinity supports 34 boat ramps, 22 marinas, 13 dive shops, and 22 dive boats; park facili-
tles alone can accanmodate up to 529 dive/snorkel/glass bottom boat customers per day (Office of
Coastal Zone Management, 1978), In total, the State Park and Marine Sanctuary are visited by wel!

over 400,000 users each year (Gillen, 1979, personal communication), many of whom spend at ieast
several days shopping In adjacent business districts. Similar, though smaller pockets of coral-related
industries exist near Marathon and Key West, Florida., Although the total monetary benefit of these
visitors has never been assessed, |t is undoubtediy very significant to local, county, and even state
economy in Florida's case.
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Despite the absence of a coral harvesting industry, corals are directly related to numerous commercial
fisheries, Foremost among indlvidual fisheries Is the spiny lobster in southern Florida, an industry
that has an average annual harvest value since 1972 of neariy $10 million (Centaur Associates, Inc.).
Mackerel, yeliowtall snapper, and some grouper, are also taken from patch and coral reef areas. On
hard grounds, sponges are collected for market. Shrimp Is the major fishery from soft bottom near Ory
Tortugas. Throughout many cora! communities, tropica! fish consititute another important fishery.
The Marine Extension Service of Monroe County, Florida, in Key West, has estimated that tropical fish
represented $389,979 In 1974 value to collectors. This Is a low estimate of the real value since |+t
is not retall, and since it exciudes plants and invertebrates which the Florida Marine Life
Association calcuiates to be worth about one miilion dollars, Within the purview of the Florida coral
law (see Section 7.4) and the Florida Department of Natural Resources, some tropical fish collectors
also collect and sell live and dried gorgonians (other than sea fans), for aquaria (Causey, 1979, per-
sonal communication; Feddern, 1979, persona! communication).

Many of these "cora! uses" exhiblt no signlficant seasonal variation in popularity, Still, some
fisheries may be more economically fucrative at some times (e.g., lobsters and shrimp), and others
(e.gs, tropical fish) may be landed on a nearly year-round basis.

The nearby presence of domestic corals also plays an important role in generating interest in shelt
shops throughout the management area but especially in the Florida Keys. Both tourists and residents
purchase shells, corals, and other marine specimens from the numerous smal| shops situated in coastal
areas (see also discussion In Section 10.1), Although corals sold in these shops are nearly all
imported (some gorgonians are coliected and sold legally within the Florida cora! law (Causey, 1979,
personal communication)), interest in domestic corals may be a major reason for their popularity.

Glass~bottom boat proprietors depend heavily upon coral resources, although many owners also operate
dive boats or work In unrelated fields. Some boats charge $10 to $20 per person, take up to 125
peopie per trip, and make an average of two or three trips per day to coral areas.

The indirect econamic dependence of Florida Keys mote!/hote! and restaurant owners on living coral
resources Is enormous. Many such businesses are concentrated quite near to the of fshore corals of Key
Largo and Key West; a third area near Looe Key is currently expanding at a rapid rate. Elsewhere in
the management area, tourist-related enterprises abound but cater largely to parties other than coral -
enthuslasts, e.g., those seeking amusements, large cities, sports events, sun, fish, etc.

11,6 Distribution of Income Within the User Community

General distributlons of income in communities which Include coral users may be derived from census
and economics statistics maintained by the Bureaus of Census and Economic Analysis, respectively,
within the U.S. Department of Commerce. At the county level, personal Incame is categorized both by
type of payment (e.g., wage and salary, nonfarm prbprlefors, and others) and by industry., Within the
latter class, private sector incame in "wholesale and retall trade" and "services" probably best
reflects income generated in shell shops, restaurants, boating, and other coral user-related
businesses, A broad category termed "other" includes forestry, agriculture, and fisheries; in some
coastal regions, such as Monroe County, Florida, fisheries may be assumed to contribute most of the
"other" incame due to the absence of much significant forestry and agriculture work.

In the two counties within the management area that are most dependent upon income derived from coral
users, "wholesale and retail trade" and "services" constitute the majority of earned personal incame
in the private sector (Table 11-16), Most of this income is paid by direct wages and salaries,
Government incame is also important to county econamies but is unlikely to be related to. corals,
Government-generated monies to user groups via small business loans and tourist development may also
contribute to community Income structure., Between 1971 and 1975 income In the trade and services
classes has risen significantly,.
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Table 11-16. Personal incame in Monroe and Dade Countlies, Florida, by type of payment and type of
Industry for 1971, 1973, and 1975.

- DADE_COUNTY ‘ MONROE COUNTY
197 1973 1975 97N 1973 1975
TYPE
Wage and Salary Disbursements 4,326,584 5,688,500 6,220,418 134,543 160,311 165,718
Other Labor Income 230,874 322,955 395,070 3,569 5,118 6,454
Proprietors! Income 406,446 495,561 493,891 10,432 13,266 13,150
Farm: 37,782 40,409 37,559 111 152 182
Nonfarm : 368,664 457,152 456,332 10,321 13,114 12,968
BY INDUSTRY
Farm 50,716 55,673 54,778 125 169 201
Nonfarm 4,913,188 6,453,343 7,054,601 148,419 178,526 185,121
Private 4,245,426 5,596,169 5,937,577 67,679 94,179 99,482
Manu facturing 567,744 775,336 812,162 (D) (D) 5,773
Mining 14,989 25,645 30,623 (D) (D) (L)
Contract Construction 394,026 591,037 413,388 7,803 16,607 9,177
Wholesale and Retall Trade 1,013,386 1,306,572 1,452,621 21,844 27,340 32,385
Fin,, Ins. and Real Estate 385,118 514,815 551,567 4,867 5,583 7,044
Trans., Comm, and Pub, Utitities 726,717 912,678 1,007,188 6,162 7,073 8,743
Services 1,130,407 1,449,715 1,648,874 20,986 27,617 31,304
other! 13,039 20,37 21,154 1,702 9,476 5,056
Government 667,762 - 857,174 1,117,024 80,650 84,347 85,639
Federal, Civilian 151,710 178,479 217,901 15,913 16,040 18,201
Federal, Military 80,503 92,377 106,006 49,808 48,279 41,774
State and Local 435,549 586,318 793,117 14,929 20,029 26,664
TOTAL 4,963,904 6,509,016 7,109,379 148,544 178,695 185,322

(D) Not shown to avoid disclosure of confidential information.
(L) Less than $50,000.

1 Includes fisheries harvesting sector,

Source: Adapted from Centaur Associates, Inc., 1979,
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12,0 OPTIMUM YIELD

12.1 Problems in the Fishery

The Counci| has developed management objectives and management measures to address the following
problems associated with the coral resource.

(1) Degradation of stocks through natural and man-made occurrences,

Corals and coral reefs in the management unit are frequently plagu§d by a wide variety of impacts, as
detalled in Sectlion 6.2.2. The cumulative effect of these stresses has apparentiy been a degradation
of stock slize, areal distribution, and coral health generally. This problem hampers efforts to study
t+he resource and to ascertain its sultabllity for harvest, .

(2) Limited sclentific information on many species and many sections of the management unit, which
includes the [nabllity to assess the impact of coral harvest,

The existing biological data presented in Section 5.4 show that there Is very Ilttie information on
growth, mortality, abundance, and recruifment for the management unit. This Information or catch
effort from a directed fishery Is absolutely necessary to estimate MSY (and then QY) for each species,
Without this information, estimated MSYs are uncalculable.

(3) Susceptibllity to stress because of many corals being located at the northern limlit of their
distribution.

Many corals in the management unit are located at the northern end of thelir natural distributions,
This means that they are subjected to water temperature extremes that stress them to the limit of
their ability to survive, In fact, in some instances water temperature drops and/or other natural
occurrences (such as hurricanes), have killed large segments of reefs in the management unit, These
natural stresses are uncontrollabie by man. However, because of these natural stresses, corals In the
management unit are more susceptible to man-induced stresses,

(4) Inabllity of corals to escape stress because of their sedentary nature.

Corals, unlike finflish, crustaceans, and most mollusks, cannot move to escape stress, Instead, the
polyps must retract. Resuiting disruptions In energy flow may Interfere with nomal biological func-
tions such as reproduction and feeding.

(5) Complexity and inconsistency of existing management regimes.

As summarized by Shinn (1979b, and 1980), the management area is covered by numerous federal and state
authorities wlith jurisdiction over coral and corat reef resources. This presents problems in over—
lapping authorities (States, BLM, OCZM, FWS, etc.), differing regulations (e.g., concerning tropical
fish collecting in Florida Keys parks, monuments, etc.), and more, The resulting regime Is camplex,
burdensome, and inconsistent; a single coordinating authority such as NOAA may offer a solution via
the FMP within the mandate of the FCMA,

(6) Lack of adequate publlic understanding of the Iimportance of coral and cora! reefs.

Dead coral is sold extensively in the management area both for use as curio ltems and aquarium
decorations. On the other hand, living corat s Important both ecological ly and economically to the
management area, Living coral provides habltat for many species of finfish and shelifish, Many of
these species are commercially valuable, Living coral also provides a major tourist attraction to
south Florida and to a lesser extent in other states,
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(7) Present lack of jurisdiction over most coral and coral reefs by a federal agency which has tradi-
tlonal ly executed authority and jurisdiction,

in a recent decision (U.S. v. Alexander) the court ruled that the Bureau of Land Management only had
authority to manage corals threatened by oll lease operations, This decision has left the majority of
coral and coral reef resources in the FCZ unprotected and unmanaged by any federal regime. Much of
Florida Reef Tract from American Shoa! off Sugarioaf Key to Star Reef of f Key Largo lles In the FCZ,
Thus, spectacular assemblages of corals are afforded little protection from harvest and no protection
from diliberate destruction by human activity. Florida law (see Section 7.4.2) allows possession of
cured coral after what can be an on-board process of bleaching and does not prohibit the destruction
of reefs beyond the territorial sea,

12.2 Recommended Management Objectives

12.2.1 Recommended General Management Objective

Optimize benefits generated from the coral resource while conserving coral and coral reefs.

This Is both the short-term and long=-term overa!| objective of this fishery management plan. The
coral resource in the FCZ of the Gulf of Mexico and South Atlantic Counclis is unique in the
continental United States. Corals in the management area tend to be at the northern limit of their
range; this makes these corals more susceptible to envirommental stresses than the same species
located in more tropical climates. The coral resource also makes a significant contribution to the
economy In the management area. Additionally, the presence of coral assemblages attracts many
tourists to the area, Coral and coral reef assemblages also provide necessary habitat for many
valuable species of shellfish and finfish,

12.2.2 Recommended Specific Management Objectives

The general objective Is, in effect, a statement of the concept of Optimum Yield as embodied in the
Fishery Conservation and Management Act, The specific management objectives recanmended below apply
to coral and coral reef resources in the fishery conservation zone of the Gulf of Mexico and South
Atlantic Fishery Management Councils.

(1) Develop the sclientific information necessary to determine the feasibility and adv‘lsablllfy of
harvest of coral,

As Is discussed in Section 5.4, the scientific data necessary to calculate reliable (or even adequate)
MSYs for coral and coral resources do not currentiy exist, The MSY calculations (rethred by law)
shown In Section 5.4 are based upon data from incamparable areas and assumptions that render the
calculations compietely unreilable for guiding management unit OY and harvest decisions, The Counclls
Intend to develop the scientific data necessary to determine the optimum level of harvest if any, con-
sistent with long-term conservation of the cora! resource. Achlievement of this objective involves
both the implementation of a monltoring system and a recanmendation to the National Marine Fisheries
Service (NMFS) that cora! research be glven priority.

This objective addresses problem (2) above,

(2) Minimize, as appropriate, adverse human impacts on coral and coral reefs,

Because many corals In the management unlt are at the northern limit of their distribution, they are
unusual ty susceptible to stress. By minimizing stress resulting fraom controliable human activities,

the ef fects of natural impacts should be decreased.

This objective addresses problems (1), (3), and (4) above.
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(3) Provide, where appropriate, for special management for coral habltat areas of particular concern
(HAPC) .

Provide special management measures for selected, localized coral areas which the Councils identify
as sensitive, particularily significant, or susceptible to elther present or ‘po'renﬂal damage.

This obje&lve addresses problems (1), (3), and (4) above.

(4) increase public awarenes§ of the Importance and sensitivity of coral and coral reefs,

Inform and educate the general public concerning the importance of the coral resource in the main-
tenance of habltat for other fisheries and in the econanic base of the states adjacent to the manage-
ment area,

This objective addresses problem (6) above.

(5) Provide a coordinated management regime for the conservation of coral and coral reefs.

There presently exists no consistent or unlform management of coral and coral reefs in the FCZ,
Various agencles exercise responsiblilty in limited areas.

This objective addresses problems (1), (3), (4), (5), and (7) above.

12.2.3 Alternative Management Objectives Considered But Not Recommended

During the development of this FMP, the Counclis considered the following management objectives but,
for the reasons indicated under each, did not recammend them at this time. In some cases (rejected
objectives (2), (4), (5), (6), and (7)) the rejected objectives were reworded as recammended objec—
tives or Included as management measures.

(1) Allow unrestricted harvest of coral.

This objective Is not recommended because there are not enaugh scientific data on the population dyna-
mics of the coral resource to determine the impact of unrestricted harvest, Adopting this management
objective would serve to aggravate problems (1), (2) and (6) identified In Section 12,1,1 above.

This objective does not address any of the above problems.

(2) Altow limited harvest of corals while maintaining habitat and aesthetic values in corals' natural
environment,

This objective was moved and revised to objectives .(I) and (2),

This objective would address problems (2) and (6) but would aggravate problem (1),

(3) Protect corals from natural envirommental events,

This objective is not recommended because this plan cannot change or influence natural occurrences.

(4) Preserve coral and coral reefs,
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This objective was moved and revised to objective (2) for two reasons. First, just as data do not
exist to support unlimited harvest, data do not exist to support a total prohlbition of harvest or
impact, Second, total prohibition of harvest or impact on coral could cause severe econamic impact on
at least recreational diving, fishing, commercial lobstering, and shrimping sectors.

This objective addresses problems (1), (3) and (4) above, but would prevent addressing problems (2)
and (6).

(5) Permit limlted harvest of corals for scientific/educational purposes.
This objective has been reworded and became Management Measures (1) and (2).
(6) Emphasize coral habitat management,

This objective was revised to objective (4),

(7) Establish a monitoring system capable of determining trends in the health and condition of vital
coral resource areas.

This objective was eliminated after determined to be too costiy.
(8) Establish a permit system for harvest of octocorals,

This objective is not reconmended as a separate objective because It is Included in specific objective
number (1),

12.3 Description of Alternative Optimum Yields

12.3.1 Recommended

OY for all corals Is the level of harvest specified or as may be authorized pursuant to the permitting
criteria established In this plan, Based on avallable data i1t Is the Councils' intent to ailow the
existing leve! of legal, reported harvest conslstent with the objectives of this plan.

QY for stony corals and sea fans is to be zero (0) except as may be authorized for scientific and edu-
cational purposes. The current and expected level| of harvest for this purpose is estimated to be
about 140 kilograms per year.

0Y for octocorals Is the amount of harvest which Is authorized pursuant to this plan. It is to be all
octocorals (except sea fans) that are harvested by U.S. fishermen., Octocorals, except for sea fans,
are identifled as presently being harvested without apparent stock damage (Section 8.2.6). Present
and expected leve! of harvest Is estimated to be about 5,845 colonles annually, 1,463 of which come
fram the FCZ.

Because of the value of some species of octocorals as a source of hormones, there exists the potential
for locallzed or even widespread overfishing (see Section 5,5), For this reason, the Councils are
proposing that the condition of the stocks and the harvest be monitored so that the Secretary may take
appropriate speciflied action should there be an impending threat of overfishing.

This Optimum Yield is recanmended for several reasons, First, because of their siow growth and value
in non-consumptive capaclties, stony corals and sea fans may be considered for practical purposes to
be non-renewable resources which should not be harvested. Second, as Is discussed In Section 5.4.8,
there is not enough knowledge of corals iIn the management unit to calculate MSY, Therefore, permits
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are recammended for scientific and educational harvest of prohibited species in order to help develop
+he necessary information, as well as to restrict the harvest, Third, there is a relatively small com-
merclal harvest of octocorals now taking place. This FMP recognizes and will allfow this harvest in
order to maintain this industry and gather the information necessary fo evaluate ifs impact.

12.3.2 Alternative Optimum Yields Considered But Not Recommended

Establish a series of separate OYs for ali individual coral specles or groups or separate
areas,.

This atternative would allow the Counclls to recognize differences in the OYs for different species
of coral. However, |t Is not recommended at this time because there are not encugh data to calculate
MSY for each species; reasonably specific OYs can not be established for all species because the
environmental consequences are not fully understood.

Establish a single OY that applies to all corals,
This alternative is not recommended because different species of coral have differeant growth,
reproduction, and mortality rates. Thus, such species will have a different MSY, Using a single OY
for all coral species is therefore not scientifical ly defensible and could lead to serious overharvest
of some species while underutilization of others.

Establish an OY ot zero (0) for all corals.
This alternative is not recanmended because there are not enough data to suggest that it Is necessary
or advisable at this time. It is possible that under this alternative incidental catch would be
prohiblted, This could cause serious econamic Impact on some fishing activities. There is a small
existing fishery for octocorals which is sustainable through natural growth and recruitment.

Set OY for rose coral at 100 kg (220 Ibs) per year;

Set OY for gorgonians (except sea fans) at 2,000 Individuals or 260 kg (527 Ibs) per year;

Set OY at zero (0) for all other corais,
While Industry sources indicated that these amounts could be used each year, this alternative is not
recanmended at this time because data do not exlist to support these levels of 0Y, The growth of rose
coral is not known and the resource could be damaged by overfishing, Octocorals, except for sea fans,
are general ly abundant and can sustain the present level of fishing.

Establish an OY of 1,463 colonles of nine species of Octocorals,
This option was rejected because the current level of harvest glves no evidence of overfishing of
stocks, These species are difficult to identify so few Individuals would know the species harvested.

Harvest is unrestricted in the territorial sea,

12.4 Analysis of Beneficlial and Adverse Impacts of Potential Management Options

This section and Section 12,5 evaluate economic, social, envirommental, and biotogical impacts of the
proposed and alternative management measures listed below and relates the Councils' rationale for pro-
posing certain measures and not proposing the alternatives. The sections fulfill the requirements of
Executive Order 12291, The procedure used in estimating the Impacts includes a systematic discussion
of both adopted and rejected management measures. The analysis Is based on the best availabte Infor—
mation In all instances.
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Execut ive Order 12291 "Federal Regulation" established guidelines for promulgating new regulations and
reviewing existing regulations, Under these guidelines each agency, to the extent permitted by law,
is expected to comply with the following requirements: (1) administrative decisions shall be based on
adequate Information concerning the need for and consequences of proposed govermment action; (2) regu-
latory action shall not be undertaken unless the potential benefit to society for the regulation out-
weighs the potential costs to society; (3) regulatory objectives shall be chosen to maximize the net
benefits to society; (4) among al!ternative approaches to any given regulatory objectives, the alter-
native involving the least net cost to society shall be chosen; and (5) agencles shal!l set regulariy
priorities with the aim of maximizing the aggregate net benefit to society, taking into account the
condition of the particular industries affected by regulations, the condltion of the national econamy,
and other regulatory actions contemplated for the future,

In compliance with Executive Order 12291, the Department of Commerce (DOC) and the National Oceanic
and Atmospheric Administration (NOAA) require the preparation of a Regulatory Impact Review (RIR) for
all regulatory actions which either implement a new fishery management plan or significantly amend an
existing plan, or may be significant in that they affect important DOC/NOAA policy concerns and are
the object of public interest,

The RIR is part of the process of developing and reviewing fishery management plans and is prepared by
the Regional Fishery Management Councils with the assistance of the National Marine Fisheries Service
(NMFS), as necessary. The RIR provides a comprehensive review of the level and incidence of Impact
associated with the proposed or final regulatory actions, The analysis also provides a review of the
problems and policy objectives prompting the regulatory proposals and an evaluation of the major
alternatives that could be used to solve probliems, The purpose of the analysis is to ensure that the
regulafofy agency or Council systematically and comprehensively considers all available alternatives
so that the public welfare can be enhanced in the most efficient and cost ef fective way.

The RIR also will serve as the basis for determining whether the proposed regulations Implementing the
tishery management plan or amendment are major/non-major under Executive Order 12291, and whether or
not the proposed regulations will have a significant econamic impact on a substantlal number of small
entities under the Regulatory Flexibility Act (5 U.S.C. 601 et seq.).

In order to achleve the management objectives of this plan and an optimum yield, the Counclls have
analyzed the ef fects of various conservation and management measures and recammend eight measures.

Measures Recommended by the Counclls

. Measure 1: Prohiblt the taking of stony coral or sea fans or destruction of these corals and coral
reefs In the FCZ of the Gulf and South Atlantic Fishery Management Councils! geographical
are of authority, except as provided for by permit in this plan.

Should harvest of other octocorals beccme accelerated and which In the Council's judgement
Is Threafenlng the habitat in localized or widespread areas, the Counclis may request the
Secretary to take avaiiable measures designed to eliminate such threat of damage to the
resource and fishery habltat,

The following procedure may be used: On the advice of Its Scientific and Statistical
Commi ttee or other sources that one or more species of octocorals may be endangered from
widespread or localized depietion from overharvest or threat of overharvest, the Councllis
may notify the Secretary of the threat and recommend that he take one or more of the
foliowing actions,
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a. Restrict by regulatory amendment or through promulgation of emergency regulations the
harvest of one or more species of octocorals to a recommended level or amount,

b. Restrict by reguiatory amendment or through promuigation of emergency regulations the
area from which one or more speclies of octocorals may be taken.

c. Restrict by regulatory amendment or through promulgation of emergency regulaﬂons"rhe
method of harvest by which one or more species of octocorals may be harvested.

d. Utilize any procedures other than regulatory amendment or promulgation of emergency
regulations which may be within the reaim of authority of the Secretary and which will
achiews the results of action proposed in options (a) through (¢) above.

Analysis: Corals, especially most of the stony corals, grow slowly; though growth rates for many spe-
cles are not well documented. A principal value of coral and coral reefs is in a nonconsumptive
capacity where they serve as an aesthetic resource and provide shelter and habitat for other marine
animais. This measure would allow the known existing level of harvest, which will not endanger the
stocks or the aesthetics of the resource.

This measure would prohiblt the destruction of coral reefs for unauthorized harvest or the sal vage of
artifacts, This measure is intended to prohibit the use of explosives, dredging, or |ift pumps to
remove or displace coral reefs. It is not Intended to restrict the use or removal of marine equipment
{such as that used in petroleum extraction) on which corals may have recently grown.

The Councils have determined that the present leveil of harvest of other octocorals supports a small
flshery which does not threaten the stock, and it should be ailowed to continue so long as overfishing
does not occur, The framework measure to provide for regulatory amendment will provide a safeguard to
prevent local or widespread depletion of octocorals. The Councils recognize that some sclentific
collecting activity does not fall within the reguiatory jurisdiction of the MFCMA (see Measure 2
below). The alternative action "d" above is therefore included to guide the Secretary to use any
other authority to protect the resource and habitat from destruction.

This measure addresses the general management objective and Objective (2).

Measure 2: Establish a permit system for taking prohibited corals for scientific or educational
purposes,

Analysis: The Reglional Director should be authorized to allow the collection of the prohibited spe-
cies {stony coral and sea fans or all corals in protected areas) for these purposes. The Councils
recognize that scient|fic research activity conducted by a scientific research vessel is specifically
excluded from the term "fishing™ in Section 3(10) of the Fishery Conservation and Management Act of
1976, It should be noted, however, that the following specific activities are considered to be
fishing within the meaning of the Act, and therefore require a permit:

Any activity Involving the catching, taking or harvesting of fish in commercial quantities, or

the use of gear capable of catching, taking, or harvesting fish in commercial quantities,
including:

1) the conducting of tests of fishing gear; or

2) flishing carried out for the purpose of training fishermen.

It is the Counclis! desire to provide guldelines for other similar collecting which may be equally
Jjustified.
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Counci| Permit Guldel ines:

(a) Sclentific and educational permits are permits which may be issued for taking prohibited
species of coral or corals from protected areas such as HAPCs for the purpose of gaining
knowledge of coral for management and for the benefit of science and humanity .

Stony corals or sea fans (or parts thereof) which are taken for the purpose of sale should
not be construed as having been taken for scientific research. This is not intended,
however, to prevent a contractor or agent from collecting corals on behalf of a research or
educational Institution holding & scientific or educational permit.

(b) Permits should not allow localized or widespread depletion of stocks.

(c) Permits should require mandatory reporting of harvest on a timely basis.
(d) Permit issuance should be fair and equitable,

(e) Incidental catch of prohiblted species does not require a permit so long as It is returned
to the water in the general area of capture as soon as possible (in accordance with
Management Measure 3).

The reef building stony corals and sea fans are protected in Florida waters where they occur in their
greatest abundance In state waters within this management area. Although they are not presentiy pro-
tected in the FCZ, this fact is not generally known. there are reports, however, of reef damage from
collectors (Fuss, 1981, personal communication),

Permits would provide harvest data presently not awailable. This measure addresses the general manage-
ment objectivwes and Objectives (1) and (2),

Measure 3: Stony corals and sea fans taken incidentily in other fisheries must be returned to the
water in the general! area of capture as soon as possible., An exception Is provided for
the groundfish, scallop, or other similar fisheries where the entire unsorted catch is
landed. In such instances the corals may be landed but may not be sold.

Analysis: The Councils recognize that an unawlidable bycatch of some corals occurs with bottom trawis
used to take groundfish, scallops, and shrimp, The catch of the latter s usually sorted
with unwanted bycatch returned to the water., In the groundfish and scallop fishery,
however, the entire catch is usually landed without sorting. Some corals occur on
trawiable bottom and have been taken and landed without apparent damage to the stock. The
Counciis do not wish to disrupt these fisheries; however, they do not wish to provide a
legal opening for the dewvelopment of a'flshery tor prohiblted corals,

This measure addresses the general management objective and Objective (2).

Measure 4: Prohlbit the use of toxic chemicais in taking fish and other marine organisms which
Inhablt coral reef areas except under permit as may be specified In this plan or any other
f ishery management plan,

Estabiish a permit system for use of toxic chemicals in collecting fishes in coral reef
areas.

Analysis: This measure Is intended to protect corals from death or damage from toxic chemicals used
in the collection of fishes and other marine organisms in coral reefs, Some tropical fish collectors
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utilize chemicals to remove specimens from within coral reefs. When used with care the chemicals cen
be used effectively with little effect on the corals. Improper use, however, can result in loss of
corals. Restriction to permitted users would provide a degree of control to limit use to approved
chemicals and individuals knowledegable in their use.

The Florida Department of Natural Resources requires a permit for the collection of marine fishes with
chemicals and is revising the regulations and procedures. The expected number of permit holders is
eatimated initially to be 40 to 50 (A. Huff, 1981, personal communication). The Councils recommend
that a compatible permit system be developed with the states where practicable and that those states
serve as designees of the Secretary for issuance of permits. ’

This measure addresses the general management objective and Objectives (1) and (2).

Measure 5: Identify habitat areas for corals which may be threatened or subject to degradation and
provide a management program for them. These habitat areas of particular concern (HAPCs)
are recognized as providing habitat to valuable or special assemblages of coral or coral
reefs. Some of these areas are presently under jurisdiction of management programs, some
are under consideration for inclusion in such programs, and others are presently without
management. Identified coral habitat areas of particular concern:

a. East and West Flower Garden Banks (nominated national marine sanctuary). Within the
HAPC defined as being that portion within the 50-fathom contour, the taking or
destruction of all corals is prohibited except as authorized by permit. Traditional,
historical fishing methods are allowed but the use of bottom longlines, traps and
pots, and bottom trawls is prohibited. Anchoring shall also be prohibited within this
HAPC, except for vessels less than 100 feet in registered length. (The proposed
restriction on anchoring has been disapproved by NOAA as being beyond authority of
MFCMA. )

Analysis: These management measures are intended to protect the coral habitat areas of the Flower
Gardens Banks from damage that would be caused by nonhistorical fishing activities and from anchor
damage caused by large vessels such as freighters and tankers (see Section 6.2.1).

As far as is presently known, there has been no use of bottom longlines, traps, pots, or trawls on
these banks. There is, however, a developing bottom longline fishery for reef fishes along the Texas
coast. It is conceivable that this gear could be used on the Banks and in doing so could daemage the
corals (see Section 6.2.1).

b. Florida Middle Grounds - the northernmost hermatypic (shallow reef-type) coral com-
munity in the Gulf of Mexico. The HAPC (see Figure 6-10) is bounded by a line
beginning at Point A (latitude 28° 42.5' N, longitude B4° 24.8' W), proceeding due
east for approximately 7.4 mm to Point B (latitude 28° 42.5' N, longitude B84°® 16.3'
W); then proceeding in a southeasterly direction for approximately 34.6 nm to Point C
(latitude 28° 11' N, longitude B84° 0' W); then proceeding due west for approximstely 7
nm to Point D (latitude 28° 11' N, longitude 84° O7' W); then proceeding in a north-
westerly direction for approximately 22.3 nm to Point E (latitude 28° 26.6' N, longi-
tude B4° 24.8' W); then proceeding due north for 15.8 nm to origin at Point A. The
taking or destruction of all corals is prohibited within the HAPC except as may be
authorized by permit. Within the HAPC the use of bottom longlines, traps and pots,
and bottom trawls is prohibited to prevent damage to corals (see Section 6.2.1).

Analysig: This area containing the topographic highs of the Florida Middle Grounds is a top producer

of reef fish. Electric reels and handlines are most frequently used by fishermen. The bottom is very
rough and not suitable for a standard bottom longline operation or for use of standard otter trawls.
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13.0 MEASURES, REQUIREMENTS, CONDITIONS, OR RESTRICTIONS SPECIFIED TO ATTAIN MANAGEMENT OBJECTIVES

13.1 Permits
See Section 12,4, Measures 2 and 4 for Guidelines.
Establish a permit system for:

A. the use of toxic chemicals In taking fish or other marine organisms which inhablt coral
reefs,

8. for taking stony corals and sea fans and for prohibited corals in HAPCs for scientific and
educational purposes,

13.2 Time and Area Restrictlions

See Section 13,5 for special regulations applicable In habitat areas of particular concern.

13,3 Catch Limitations

A. Total Allowable Level of Forelgn Fishing = none. The expected domestic annual harvest wiil
equal the optimum yleld,

B. Types of Catch Limitations:

1. Prohiblt the taking of stony coral and sea fans (Gorgonia flabellum and G, ventalina) or
the destruction of these corals and coral reefs in the FCZ of the Gu!f and South Atlantic
Fishery Management Councllis! geographical area of authority, except as provided for by
permit in this plan,

2. Prohiblted corals taken incidentally in other fisheries must be returned to the water in
the general area of capture as soon as possible. An exception Is provided for the ground-
fish, scallop, or other similar fisheries, where the entire unsorted catch is fanded. In
such instances the prohiblted corals may be landed but may not be sold.

3. Should harvest of octocorals become accelerated which in the Counclis! judgement is
threatening the habitat in localized or widespread areas, the Councils may request the
Secretary to take available measures designed to ellminate such threat of damage to the
resource and fishery habltat,

The followlng procedure may be used: On the advice of its Scientific and Statistical
Commi ttee or other sources that one or more species of octocorals may be endangered from
widespread or locallzed depletion from overharvest or threat of owerharvest, the Councils
may notlify the Secretary of the threat and recommend that he take one or more of the
following actions.

a. Restrict by regulatory amendment or through promulgation of emergency regulations the
harvest of one or more species of octocorais to a recommended leve! or amount,

b, Restrict by regulatory amendment or through promuigation of emergency regulations the
area from which one or more speclies of octocorals may be taken.

c. Restrict by regulatory amendment or through promuigation of emergency regulations the
method of harwvest by which one or more species of octocorals may be harwested.






14,0 SPECIFICATION AND SOURCE OF PERTINENT FISHERY DATA

14,1 General

To keep accurate records of the coral fishery and to help fil! data gaps, seweral types of information
should be gathered from industry participants. Pertinent and up~-to-date data from all sectors are a
requisite for proper management over the short- and long-term time frame. Portions of the information
may be gathered from the harwesting or processing sectors; other facts must be generated through
research. Each of these sources are described in the following subsections,

The mechanisms of data collection are vitally important to the success of the collecting effort,
Caution must be taken to assure industry participants that: 1) thelr cooperation is vital to manage~
ment of the resource, and 2) their answers will remain confidential., Similarly, the wording of the
permit forms or reporting sheets should be simple yet thorough.

None of the fishery data listed below to be collected is currently gathered by any private, state, or
federa! agency. Historically, in the absence of a coral fishery and the presence of laws protecting
many corails, no data at all has been collected; NMFS, usually the major source of fishery data, has

no data on the coral fishery,

14,2 Domestic and Foreign Fishermen

As portrayed by the discussions of OY in Section 12,0, the coral fishing industry is limited in size
and quantity, Hence, the following information need apply only to domestic fishermen,

Most of the relevant fishery data from fishermen can be collected via the mandatory permit reports
recommended in Section 13,1, Reports may supply:

1. Name and address of permittee

2., Name and address of company, institution, affiilation, etc.

3. Species cotllected

4. Area of collection

5. Collection techniques (vessel types, gear, number of trips, etc.)

6. Quantity of each species

7. Slze of each specles

8. Disposition or use of each specles .

9. Other data as may be needed for management as determined by the Reglonal Diractor,

Fishermen may also be able to provide observation data on other aspects of the fishery as a result of
voluntary interviews:

1. Heal!th (percent |lving) and size of coral beds

2. Existence of particular stresses in specific coral beds

3. Evidence of standing stock changes as harvests continue

4. Changes in level of effort by specles, area, or time

5. Quantities of corals sold to wholesalers, retaliers, directiy, etc.

Addltiona! Information that could strengthen Sections 8.0, 9,0, and 10,0 (economic¢s, socio-cultural,
and business aspects) could also be requested on a2 wluntary, interview basis. Since this information
Is cruclal to calculating OY, most participants should respond positively, Data could Include:



1. Economic dependence (percent of total earnings) derived from corals (for crew, owner, and
vessel)

2. Outlook for future expansion of harvesting

3., County of vesse! registration and reslidence

4, Age of fishermen

5.  Education status

6. Participant in other fisheries

7. Crew size and variabllity (employment trends)

14,3 Processors

Infoméﬂon on specles and quantities of corals handled by processors are as important fo resource
management as fishermen reports, However, the lack of fisheries data extends to this sector as well.

Information should be gathered from all leveis of the processor sector - cleaners and bieachers,
wholesalers, retailers, shippers, exporters, and importers since their frade affects the domestic
market so greatly, Where applicable, each firm Involved In processing (l.e., invoived in any activity
after collecting the corals) should suppiy the following information:

1. Name and address of the firm and respondent

2., Reporting period

3. Source of corals (harvested, purchased as wholesale, imported, efc.), name of supplier, area
col lected ‘

4. Amount of corals processed by species

5. Value upon purchase and sale, i.e., value added

6. Type of processing done If any (clean, bleach, cut, polish, etc,)

7. Number of employees

8. Seasonallty of employment

9., Supply and demand trends

10. Location of outiets

11. Percent of business related to corals

14.4 Data Gaps

The two Counclis have identified numerous gaps in the existing coral data., Some gaps may be bridged
by information generated from fishermen and processors as described In the preceding two subsections;
other data will need to be collected during detailed scientific studies, As noted below, many of the
missing facts are cruclal to the preparation of this FMP,

Each data gap acknowledged below Includes recammendations for research to fill the information needs
and a reference to the particular FMP section to which the new data would contrlbute, For ease In
establishing future research budgets, the following data gaps are arranged In approximate decreasing
order of priority within each subject area: sclentific, socioeconomic/cultural, and managerial/
adminlstrative. In some cases, the need for information negates a true prioritization since all needs
are major.

14.4.1 Scientific

14.,4,1.1 Ecological Data - Distribution and Abundance

Corals within the management area have been studied in disjunct areas for numerous research projects.
The net result has been an accumulation of sporadic data that leaves many geographic areas, species,
and topics unstudied. To solve this problem, and to provide the data so vital to the MSY calculations




in Section 5.4 and OY. in Section 12.5, a thorough survey of the physiology, biology, and ecology of
corals in the management area is needed.

Distribution and abundance data must be collected by field survweys. In many cases, the field collec-
+ions have been completed; samples now awalit Identification and analysis of distribution patterns,
Where surveys are necessary, efforts should concentrate in areas woid of existing information (e.g.,
most waters In the management area deeper than about 50 m or 165 ft, areas of suspected deepwater
banks, much of the south Atlantic region, the continental shelf off southwestern Florida, and other
smaller areas) and areas of speclal interest such as habitat areas of particular concern (HAPCs),
Experimental design of the surweys wiil vary according to depth. In shallow waters, diver visits
should provide most of the necessary data., However, in progressively deeper waters, more dependence
must be placed upon submersibles rather than potentially damaging gears such as trawls and dredges.

In shal low regions, diver surveys along transects as empioyed by Jaap and Wheaton Lowry (in
preparation) are highly advisable, Such designs provide continuous data across numerous microhabltats
- a key concern in communities with high diversity and great varlations In physical characteristics,
Where vessel towed gear or submersibles are to be used, depth recorders and bathymetric maps should
provide preliminary guidance for transect placement. For example, to werify the occurrence of deep-
water banks and |lthotherms in the Straits of Florida and Blake Plateau, a surface vessel should con-
duct a serles of transects from the 100 m (330 ft) contour to the edge of the management area.
Simitar transects have been run before but collections have not been classified., In areas of special
emphasis (500 to 725 m or 1,650 to 2,400 ft), a submersible with protractable collecting gear should
be used, Limited distribution data could be derived on the basis on occurrence In collections or
direct sightings.

Abundance and/or denslty of corals is best calculated by direct diwver obserwation or, in deeper
waters, by towing an underwater camera from a wessel, Submersibles could also be used but the costs
involwd are much higher than fowing a camera, This information could also contrlbute to filling gaps
In blological data,

14.4.1.2 Biologlcal Data - Growth Rates, Mortality Rates, Age at Maturity, etc.

In conjunction with the field surveys recommended in the preceding subsection on ecological data, a
thorough review and study of growth, mortality, reproduction, and other biological data Is needed
also. Since corals most iikely exhiblt species and areal ftrends in these parameters, significant
portions of the management area should be studied for many species, For example, MSY data is extre-
mely scarce outside the Florida Keys for all coral groups.

Due to the size of this particular data gap, It will most Ilkely be necessary to establish priorities
in species, areas, or parameters, Highest priority should probably be given to species with
acknowledged commercial walue and those most sensitive to damage or subject to collection (Appendix D),
to areas where research may be most efficient (nearshore areas, dense beds, on least studled specles,
eftc.), and to data that are Is especlally necessary to manage the resource (e.g., growth and mortallty
rates of precious corals, natural mortality rates of most species, and fecundity).

These data may be generated by diver or wessel transects and fleld or laboratory research, If fabora-
tory studies are used, care must be taken to enhance confidence with field populations, Corals
studied in the laboratory may be coliected by trawl and held alive In refrigerated aguaria for ower a
year, Use of a radio beacon, as employed in deepwater petroleum explorations, could increase response
time, Lastly, settling plates could be placed near larval accumulations to measure growth and skele—
tal! banding.

With growth rates and maximum/mean sizes, a rough estimate of longevity and mortality could be
deduced. Percent living and dead data (Antonius, et al,, 1978) Is helpful in MSY but more precise
data of deaths due to natura! phenomena and man-made Impacts are more applicable,
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14.4.1.3 Fishery Conflicts - Territorial! and Gear |ssues

One possible issue within the fishing cammunity of the management area is conflict between various
users of the resource. Regarding corals, the absence of published reports has fimited the data base
to observations and personal communications of users. As outiined In Section 6.2.2.1, conflicts have
apparently arisen between shrimp, reef fish (snapper and grouper), tropica! specimen, lobster, and
scal lop fishermen and the coral resource. The extent of damage attributable fo each fishery is '
-variable and in some cases may be negligible. Nonetheless, to manage corals and the habltat they
create, quantitative and qualitative Information must be gathered, Each fishery should be contacted
and their prime fishing areas and gears assessed for potential conflicts.

14.4.1.4 Natural and Human |nduced Damage

Coinclidental with the above surveys of human-related damage, a study of background natural changes in
coral health must also be Initiateds Previous studies have suggested that coral growth may be cyclic
and that natural stresses of temperature and storms may greatiy affect overall resource heaith, The
limits of such perturbations must be deflined,

Analysis of natural stresses may be difficult. Portions of the work suggested above on ecological and
biological data may accumulate some information on the relationships of distribution to temperature,
predator-prey relationships, and other natural processes, Larger scale processes such as sedimentation,
cold/warm front movements, and sewage outfalls may be studied by satellite; frequent orbits and occa-
slonal ground truthing could provide both short- and long~term Information. Such data should be
valuable In assessing coral health In the Florida reef tract.

14.4.2 Socioeconomical/Cultural

14.,4,2.1 User Groups = Dependence of Coral and Coral Resources

Section 9,0 identifled user groups {tropical specimen enterprises, charterboat firms, coral marketers
and dive shops or schools), and several assoclated businesses dependent upon corals. However, except
for the tropical fish sector (Hess and Stevely, draft manuscript), no attempt has been made to
describe their operations, Similar studies must be undertaken of other users to represent accurately
their needs in OY decisions,

The information accumulated by Hess and Steve!y represents a solid base modei for similar studies on
other groups. Telephone and personal interviews utilizing an established survey approach (l.e., inter-
view schedule) should be conducted with representative portions of each user group., Possible ques-
tlons to be asked of each user are presented in Appendix K. Preliminary studies should also be done
to determine if other user groups have been ighored or their Importance incorrectly assessed.

14.4,2.,2 User Groups - Cultural Characteristics

Aside from the business and market aspects of each user group, this FMP also Includes (Section 11.,0) a
discussion of the ethnicity, education, family structure, Incame, sex, etc., of people living in 15
representative coastal counties flanking the management area. Except In a few Instances, very |ittie
of the data pertains to direct coral users; most of the Information concerns fishermen or the general
population.

14,4.2.3 Coral Prices - Plece Prices from Various Sources

As noted In Section 10,1, several Informal Iinterviews revealed that certain corals may be imported at
lower costs than they could be harvested domestically, Thls statement Is apparently based on coral




avallabflity, collection labor, and the supply sector. However, import invoices and the domestic
price structure (before and after existing coral protection laws) have not been analyzed. Is It true
that corals can be collected and transported halfway around the world at iower costs than the domestic
resource could be explolted? How will this structure vary if either foreign sources are limited or
damestic harvesting Is allowed on a trial basis for some species? These questions need to be answered
to caomprenend the current United States' corai market.

14.4.3 Management

14,4,3,1 Habltat Areas of Particular Concern - Administration

The habltat area of particular concern (HAPC) idea is a rarely used component of all FMPs, No fishery
counci| has had to develop elther criteria for thelr recommendation/designation, nor limits on the
regulatory power avallable in their administration, However, because corals are sedentary and are
habitat themselves, the HAPC concept seems especially applicable to this FMP.

To utilize effectively the HAPC idea, studies of qualifying criteria, surveys of possible naminations,
and reviews of avallable data must be completed., Criteria suggested in Section 6.3 provide a baseiine
from which official regulations shou!d evolve. Nominations should be generated from the data in this
FMP and solicited from coral user groups and speclallists In coral studies, The existing data bank and
research proposed herein must be assessed to assess nominations based on ecologlical, recreational,
econamic or other rationales.

The HAPC concept also needs financial and enforcement support. Investigations should be Initiated
into funding sources and levels, equipment purchase, vessel| and officer avaiiablility, and other admin-
Istrative Issues, The Idea of managing special areas wiil not be successfu! uniess money and manpower
are appropriated,






16.0 STATEMENT OF COUNCIL INTENTION TO MONITOR THIS PLAN AFTER APPROVAL BY THE SECRETARY

The Counci!s will, after approval and implementation of this plan by the Secretary, maintain a con-
tinuing review of the fishery. Delineation of monitoring actlions noted are briefly summarized.

1.

2,

3.

4.

New data developed by the National Marine Fisheries Service and other researchers which may
improve MSY calcutations and affect OY conslderations wili be reviewed.

In accordance with Management Measure 2 the Councils will review permi tted harvesting activities
and data obtained from them.

The system of localized coral habltat areas of particular concern will be reviewed o make needed
adjustment in management, and to cons ider additions or deletions in the designated areas.

The Councils may conduct public hearings at appropriate times and places regarding the need for
changes in the plan or ifts reguiations, in order to Increase of fect iveness,
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APPENDIX A: Geographical distribution of Octocorallia on the continental shelf
(shallower than 200m or 660 ft.) of the southeastern United States
and territorial waters of the Gulf of Mexico. Symbols are:

x = present; xND = present but no depth recorded; x* = deeper than
200m, found shallower in other zones; x? = tentative identification.

Northern &
Hestern
Gulf of
Mexico
(Tx. to
Florida)
Octocorallia
Stolonifera
Clavulariidae
Clavularia bathyblus
TSaviTie Ken
Sarcodictyon rubens (Verrill) X
S rugosum PourtaTes 3
Telestacea
Telestidae
Telesto corallina D?cha:salng X
T. rilsel {Duchassain
HicheTott1) ’
%. flavula Deichmann 3
. sanguinea Deichmann x
Y. Truticulosa Dana x
1. nelTeae Bayer
Alcyonacea
Alcyoniidae
Bellonella rubistella (Deichmann)
alTTdae
Nidalia occidentalis Gray x
Siphoncgorgia anassizii (Deichmann) x
Nephtheidae

Pseudodrifa nigra Pourtales
Heosponaades anatsizii (Deichminn)
Gorgonacea
Scleraxonia
Briareidae
Briareum asbestinum (Pallas)

Eastern

Gulf of

Mexico flo. Carol- Paim

(No. & W, ina-So, Fla, Beach- Florida Dry

Fla. Coast) (Palm Beach) Miami Keys Tor tugas
X
X
x x X x

b4
»

X X X X
x x

X X X
x
X x x x X
X X

X x+ xé

X

X x X
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Anthothel idae
Iciligorgia schrammi Duchassaing
thothela tropicalls Bayer

Diodogorgis nodulifera (Hargitt)
E.r._ﬁﬂ.__ﬂ R

thro um caribaeorum
lﬁﬁcﬁ. Wich.) -
Titanideum sravenfeldii
(BT ker) -
Anthopodium rubens Verrill

lHolaxonia
Keroeidadae .
Lignella richardii (lLamouroux)
Acanthogorglidae
Acanthoqorgia aspera Pourtales
paramuriceidae

Villogorgia niqrescens (Duch. &
Tiich.)

Echinomuricea atlantica {Johnson)
* Yrachymuricea hirta {Pourtales)
Bebryce grandis Deichmann
8. cinerea Deichmann
g. arastel lata Deicl(lmann
onogorqia pendula (Duch. &
lch.; (
Scleracis guadalupensis (Duch.
E“ﬁ?EFT)"'g’—'
Thesea grandifiora Deichmann
rugosa
nivea Deichmann
rubra Deichmann
E%[xjflora Deichmann
plana Defchmann
cltrina Deichman-

Eahb

.

Northern &
Hestern
Gulf of
ttexico
(Tx. to
Florida)

x

x » x Xx

X X X X X X

Eastern

Gulf of

Mexico No. Carol+ Palm
(o, & W, ina-So. Fla. Beach-
fla. Coast) (Paim Beach) Miami

X
X X
X
X X X
X
X
X x+
X
X
3
X
X
X
X X X
X
X
X
X

Florida
Keys

Ory
Tortugas

x+

X+

x+
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Swiftia exserta (E11is &
Solander

S. casta (Verrill)

flacogorgia mirabilis Deichmann
P. tenuis (Verrill]

CalJacis nutans (Duch. & Mich.)

Plexauridae
Plexaura homomalla (Esper)
P. flexuosa Lamouroux

Pseudoplexaura porosa (Houtuyn)
Pp. flagellosa (EButuyn)

F. wagenaar] (Stiasny)

P. crucis Bayer

Eunicea laxispica (Lamarck)
E. pinta Bayer & Deichmann

E. palmeri Bayer

. mammosa Lamouroux

succinea (Pallas)

. fusca Duch. & Mich,
Taciniata Duch. & Mich.
tourneforti Milne Edwards &
ime

asperula M-€ & H

clavigera Bayer

knighti Bayer

E. calyculata E11is & Solander
Muriceopsis flavida (Lamarck)

H. petila Bayer
Plexaurella dichotoma {Esper)

P. nutans {Ouch. & Mich.)

P. grisea Kunze
P. pumila Verrill
P. fusifera Kunze

e St e ey

Northern &
Hestern
Gulf of
Mexico
(Tx. to
Florida)

X

x 3 X X

fastern
Gulf of
Hexico No. Carol- Palm
(No. & W. ina-So. Fla. Beach-
Fla. Coast) (Palm Beach) Miami
X x+ X
X x+
X
X x
X r
X X
x
X
x?
X
X
x
X X
x x
X X
X x
X X
X
x x
x x

x+

>
x X X X X X

Florida
Keys

X

x X M X X X MK XX X X X X

X 3 3 X X X X X X

x

Dry
Torgugas

ND
«ND

» x X X X




APPENDIX A: Cont.

Muricea myricata (Pallas)
W. atTantica {Kikenthat)
M. Taxa Verrill

H. elongata Lamourous
H. pendula Verrill
Gorgoni idae
Lophogorgia cardinalis Bayer

L. punicea (ITiTne Tdwards &
laime])

L. hebes (Verrill)
L_ptggorgia virqulata (Lamarck)
Pa Iias)

. setacea (
[. medusa (Bayer)
[. stheno (Bayer)
[. euryale (Bayer)

Pseudopterogorgia bipinnata
lVerriE!}

kallos %Bielschowsky;
. rigida (Bielschowsky
bTa

. ngquillensis §Stiasny)
. acerosa {Pallas

. americana (Gmelin)
hunmeY Incki Bayer

. elisabethae Bayer

p. 'EVTE"FﬁiiF

Gorgonia ventalina Linnaeus

Pterogorgia citrina (Esper)
P. anceps (Pallasi

P. auadalupensis Duch.& Mich.

ﬂﬂpﬂﬂﬂﬂy

EVlisellidae

Northern &
Hestern
Gulf of
Mexico
(Tx. to
Florida)

x X M X X X

Ellisella funiculina (Duch. & Mich) x

E. atlantica {Toeplitz)

X

Eastern
Gulf of
Mexico

(No. & W.
Fla. Coast)

x

No. Carol- Palm
ina-So. Fla, Beach-
{Palm Beach) Miami

X
X
X
X

X X
X
X

X

X

x
X
X
X
X
X
x?
X
X
X
X
X
X

Florida
Keys

x X X X

x X X x

Dry
Tor tugas

xX X X X

x X x

x+
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tHorthern &

Western
Gulf of
Mexico
(Tx. to
Florida)

E. barbadensis (Duch. k Mich.) X

E. elongata {Pallas) x

Nicella americana Toeplitz X

N. flagelTun {Studer) X

N. Schmitti Bayer x

N. gquadalupensis Duch, & Mich.) X

K. gbesa De ichmann x

Riisea paniculata Duch. & Mich. X

Primnoidae

Chrysogorgi idae
Trichcaorsia viola Deichmann

Pennatulacea
Sessiliflorae
Renillidae :
Renilla reniformis (Pallas)
K. wulleri ¥©1Tiker X
Kophobelemnidae
Sclerobelemnon theseus Bayer

Subselliflorae
Virgulariidae
Virgularia presbytes Bayer
Stylatula antillarum kolliker
Kcanthoptillum anyssizii Klliker
K. oligacis Bayer

> X X X

TOTAL SPECIES 113 51

REFERENCES :

Bagby, 1978

Bayer, 1952; 1957; 1961

Bright, 1978

Bright & Rezak, 1976

Caims, 1979, personal communication
Courtenay, et al., 1974

Deichmann, 1936

Giamnona, 1978

fastern .
Gulf of
Mexico No. Carold Palm
(Ho. & M. ina-So. fla. Beach- Florida Dry
Fla. Coast) (Palm Beach) Hiami Keys Tortugas
x X x
X
X X
X+
x
xND
X
x x
X
X
X X
x
X X
X
69 21 52 50 53

Goldberg, 1973; 1979, personal communication
Grinm & Hopkins, 1977

Jaap & Wheaton-Smith, 1975

tlenzies, et al., 1966

Opresko, 1973 ,

Reed, 1978, personal communication

Voss, et al., 1909

Wheaton-Smith & Japp, 1976

Wheaton-Smith, manuscript in preparation







APPENDIX B. Distributions and habl tat types from collections of 22 familles of Octocorallia in the
Gulf of Mexico. (Giammona, 1978, compared to U.S. Bureau of Land Management, 1978;

Goldberg, 1979, personal communication).

FAMILY

Paramuriceidae

Plexauridae
Gorgonliidae

Eflisel |idae

Telestidae
Chrysogorgi idae

Reni! | idae

Primnolidae

isididae

Virgularlidae

Clavuilariidae

Briareidae

Funicullnidae
Nephtheldae

Nidaliidae

DISTRIBUTION AND HABITAT TYPE

Continental shelf from Baffin Bay, Texas, east and north along entire Gulf
coast to the Florida Keys and Dry Tortugas; found on many sediment types,
including various combinations of saqd, siit, and clay and water depth
from about 30 m (100 ft) to over 200 m (660 ft).

Occaslonal ly found nearshore and on the shelf near Texas but much more
common in shal low, high carbonate environments off Florida.

Found throughout the shelf from Texas to the Dry Tortugas; recorded most
often on Inner-shelf, often nearshore in sandy bottom areas,

Recorded mostly on the outer shelf off Texas and Loulsiana near the 200 m
(660 ft) Isobath and nearer shore off Alabama and the Fiorida Panhandle;
some species common on carbonate banks,

Entire sheif from Texas to Florida; usually found growing on mollusc
shell fragments on the inner shelf.

Not very common; found in outer shelf and deeper oceanic waters along
Texas, Louisiana, and Fiorida.

Recorded near shore (less than 100 m or 330 1) off southern Texas, the
Mississippl Delta, and the Fiorida Panhandie; inhablts soft, muddy sub-
strates, often qulte abundant.

Found only occasionally in the Mississippl Delta region (clay and silky
clay substrate), on the outer shelf off Texas, and the Dry Tortugas.

Found in deep waters on outer shelf and siope; most common near outer

Keys and Dry Tortugas but also shelf and siope off Alabama, Mississippi,
Loulsiana, and Texas.

Collected on inner shelf in northern Gulf (with one exception off Dry
Tortugas) In association with soft bottoms.

Found only on Inner shelf in northern Gulf; often grows on mo!iusc shells.

Found from Palm Beach to Dry Tortugas; also recorded in shallow reefal
environments In the southern Gulf,.

Found once at 950 m (3,135 ft) off the southern Texas coast on silty clay.
Found once at Dry Tortugas.

Collected from the coral reefs at Flower Gardens, along the Texas-
Louisiana shelf on other hard banks (topographical highs), and the
Tortugas.



Paragorgl idae

Acanthogorgl idae

Alcyoniidae

-Pennatul idae
Protoptilidae

Umbe! julldae

Anthothe! idae

Not observed in the FCZ; found only off northern Cuba,

Found once on clay substrate off the Misssissippl Delta at about 700 m
(2,310 ft), ‘

Collected only at the Flower Garden reef at about 30 m (100 ft).

Found off the coast of Alabama on sandy bottom on the Inner shelf and off
Port Aransas, Texas, near a topographical high at about 80 m (265 f1),

Recorded on two topographical highs of f Kenedy County, Texas, at 80 m
(265 ft) and off the Mississippl Delta In clay and silty clay bottoms.

Observed near Mysterious Bank (80 m or 265 ft) offt Kenedy County, Texas,
on the outer shelf off Louisiana (1,500 m or 4,950 ft), and near the

Delta area In ciay bottom areas.

Some specles are prominent, as tisted In Appendix A (pg. A-2),

B-2
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APPENDIX C: Geographical distribution of stony corals on the continental shelf
(shallower than 200m or 660 ft.) of the southeastern United States
and territorial waters of the Gulf of Mexico. Symbols are: x =
present; xA = abundant; xR = rare; and x* = also found deeper than

200m (660 ft.)

Ctass HYDROZOA
Order MiLLEPORINA
Family Milleporidae
Millepora alcicornis Linne
M. complanata Lamarck
fi. squarrosa Lamarck

Class ANTHOZOA Ehrenberg
Subclass HEXACORALLIA Haeckel
Order SCLERACTINIA Bourne :
Suborder ASTROCOENIINA Vaughan &
Wells
Family Astrocoeniidae Koby
Stephanocoenia michelinii ilne
fdwards & Haime
Family Pocilloporidae Gray
Madracis myriaster M E & H
H. decactis Lyman
M. formosa Hells :
M. mirabilis (Duchassaing &
ficheTotti}
M. E§perula MEG&H
H. brueggemanni (Ridley)

Family Acroporidae Verrill
Acropora cervicornis Lamarck

K. palmata Lamarck
A. prolifera Lamarck
Suborder FUNGIINA Verriil

Superfamily Agariciicae Gray
family Agariciidae Gray,

Agaricia agaricites (Linne)

Horthern &

Western Eastern
Gulf of Gulf of
Mexico ltlexico Ho. Carol- Palm
(Tx. to (No. & WM. ina-So. Fla, Beach- Florida Dry
florida) fla. Coast) (Palm Beach) Miami Keys Tortugas
A A X
X X X x
xh xR
X
X xR X X X
xR ,
X xA X X X
X
xA x X x
% X X X
xR
A A
X x x
xR xA xA
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A. tenuifolia lLana
A. lamarcki Nilne Edwards &
flaime

A. fragilis Dana
HelToserls cucullata E114s &
Solander

Northern &
Hestern
Gulf of
Mexico
(Tx. to
Florida)

X
X

Family Siderastreidae Vaughan and Hells

Siderastrea radians (Pallas)

§. sTderea (ETTis & Solander)

Superfamily Poriticae Gray
Family Poritidae Gray
Porites astreoides Lamarck
P. branneri Rathbun
P. porites (Pallas)

Suborder FAVIINA Vaughan & Wells
Superfamily Faviicae Gregory
Family Faviidae Gregory

Favia fraqum (Esper)
F. ?raviaa Verrill

glp oria labyrinthiformis (Linne)
D- clivosa Eslls § SoVander

. strigosa (Dana
ManTcina areolata (Linne)
Colpophy1Tia amaranthus (Muller)
C. natans {Houttyn]
C. breviserialis Milne Edwards &
Haime

Cladocora arbuscula (LeSueur
C. debilis HE & H
Montastrea cavernosa (Linne)
W annularis (E1135 and Solander

Solenastrea ngges (Dana)
S bournonT AT &

X

Eastern

Gulf of

Hexico No. Carol- Palm
(No. & W. ina-So. Fla. Beach-
Fla. Coast) (Palm Beach) Miami

)
xR
x
x x x
X x x
x
xR X
xA x
X
x
x
x %
x
x
x X x
X
xA
x xA
X xA x
x

Florida

Keys

X
X

X
X

x 3 x X >

b4

Dry
Tor tugas
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Northern &
Hestern
Gulf of
Mexico
(Tx. to
florida)

family Rhizangiidae
Astrangia astreiformis Vaughan
A. dapae Agassiz X
= astreiformis M E & H)
A. solitaria (LeSueur)
PhyTTangia americana M E & H

Family Oculinidae Gray
Ocultna arbuscula Verrill
0. varicosa LeSueur X
0. tenella Pourtales
0. diffusa Lamarck, 1816
0. robusta Pourtales -

Family Meandrinidae Gray
Heandrina meandrites (Linne)
Dichocoenia stellaris Milne Edwards &
Haime
D. stokesi M E & H
Dendrogyra cylindrus Ehrenberg

Family Mussidae Ortmann

> x

Mussa angulosa (Pallas) X
Scolymia Yacera (Pallas) X
5. cubensis (MMilne Edwards

and Tiaime]

Isophyllia multiflora Verrill

T sinuosa (EV1is and Solander)

Tsophyllastrea rigida (Dana)
ceot, a lamarckiana Milne
ards me

M. danaana M E & H

fi. Terox Wells

M. aliciae Wells

Suborder CARYOPIYLLIINA Vaughan & Wells
Superfamily Caryophylliicae
Family Carophylliidae
Eggnllig>fastigigsg_(Pa!las)

fastern

Gulf of

Mexico No. Carol-
(No. & M. ina-So. Fla,
Fla. Coast) (Palm Beach)

x

X x

X

X x
X
xA

X

X

x

X

xA

xA

xR

X X

X

Palm
Beach-
Miami

A

Florida
Keys

»

»x X X X

»x X

Dry
Tortugas

x X
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Northern &
Western
Gulf of
Mexico
{Tx. to
Florida)

Tubastrea coscinead

Lesson

faryophyllia horologium Cairns X

{h{zosm1¥Ta maculata {Pourtales)

Pourtalosmitia conferta Cairns X

Paracyathus pulchellas X
[Duchassaing & Michelotti)
Suborder DENDROPNYLLIINA

Family Dendrophylliidae
Balanophyllia floridana Pourtales X

TOTALS : 29
REFERENCES:

Avent, et al., 1977
Bright.~1975
Bright & DuBois, 1974
Bright & Pequegnat, 1974
Bright & Rezak, 1976
Cairns, 1977; 1978; 1979,
personal communication
Courtenay, et al., 1974 .
Goldberq, 137Ja; 1979, personal communication
Griom & Hopkins, 1977

Eastern
Gulf of
Mexico

{No. & W.
Fla. Coast)

x+

32

No. Carol- Palm
ina-So. Fla. Beach- Florida Dry
(Palm Beach) Miami Keys Tor tugas
x X
X
X
X X
X X
X X X
14 37 56 54

Huntsman & Maclntyre, 1971

Jaap, 1979, personal communication;
manuscript in preparation

Jaap & Wheaton, 1975

Ludwick & Walton, 1957

Porter,1978, personal communication

Pourtales, 1871; 1878

Powles & Barans, 1979

Reed, 1978, personal communication

Voss, et al., 1969

Wells, 1972
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APPENDIX D. CORALS IDENTIFIED AS HAVING POTENT 1AL COMMERCIAL VALUE

1. Shallow-water Species

Plexaura homomalia (Esper)

Significance: Large amounts of this gorgontan species (and perhaps also Plexaurella) hawe in the past
2lgn ricance: e a2
been harvested from Fiorida and the Caribbean, due to the presence in thelr tissues of a class of com-

pounds known as prostaglandins (polyunsaturated fatty acids which affect mammalian physiology by
variously regulating activity of smooth muscle, endocrine secretion, biood flow, and the like), More
recently, synthetic prostaglandins have become avaliable at lower costs, thereby reducing collections
consliderably. Current studies are underway on a birth control pii) using prostaglandins instead of
estrogens.

Preliminary assays of other gorgonian species as well as other types of coral indicate that
prostaglandins may be more widely distributed than previously thought (Morse, et al., 1978). Recent
laboratory synthesis of prostaglandins may minimize the potential use of this species as a natural
source of the compound. Nonetheless, Plexaura and other gorgonians are processed by Mexican busi-
nesses in a plant at Campeche Bay (Jordan, 1979, personal communication).

Diagnosis: Two .forms have been described (Bayer, 1961). Forma homomalla has bushy, flattened colonies,
branched laterally and dichotomously., Polyps strongly armed with a crown resting upon a distinct
transverse collaret, Cortex friable when dry, with granular surface and'gaplng calycuiar orifices,
often with a raised rime Colonies dry to a deep brown, blackish brown or nearly bilack; purplish

brown in alcohol, Forma kukenthali: colonies with branches more slender than the homomalia form,
about 15 cm (6 in) long and 2,5 cm (1 in) in diameter,

Distribution: Bermuda, Florida Keys, Dry Tortugas, the Bahamas and the Caribbean islands. Depth
range: <1=20 m. Occaslonally as deep as 30 m (Kinzie, 1974),

Ecology: More information is available on the ecology of this species than for any other coral
(Kinzie, 1974; Theodor, 1977). Growth rates are variable (r = 0.1=4 cm or 0,05 or 1.6 In yr=l) with a
mean increase In helght of Z cmor 1 in yr“. Kinzle (1974) has shown that colonial growth in terms
of height may not be correlated with new growth of branch tips. Reproduction inwolws the formation
of planuta larva within the polyp of female colonles. Dewelopment time of the larwe is unknown, but
sexual ly mature colonies of both sexes are found only during the summer months (Goldberg and Haml |ton,
1974). Presumably, planulation occurs durlng late summer. Theodor (1977) states that P. homomella
will not be found in elither extreme turbulence or very calm water. Moderately turbulent areas appear
most favorable to the development of this species. Other characteristics, such as temperature and
salinity tolerances, nutrition, and mortaltity and natality rates, have not been specifically studied
in this species, ’

Cirripathes lutkenl (Brook)

Significance: This species of black cora! Is subjected to collecting pressure in the southern
Caribbean where basa! portions of the skeleton are fashloned Into bracelets, rings and earrings
(Chalker, 1978, personal communication). Dimensions of the resource and Its exploitation elsewhere
are unknown,.

Dlagnosis: Flageltliform colonies up to 7 m (23 1) In length and 0.8 cm (0,32 in) in diameter at
base., Skeleton tapers slightly, lower portlon is nearly straight, upper reglons are often twisted
into Irregular spirals. Skeletal spines are distinctiy papiilose and tend to be arranged in irregular
splrals and tongltudinal rows (Brook, 1889).



D;sfrlbuﬂon: Throughout West Indies, especially on steeply sioping reef faces 20 to at least 174 m
(66 to 535 1) (upper range, from Goldberg, 1979, personal communication; lower range from Lang, 1974),

Known from the northwest Gulf of Mexico and southeast Florida coast; apparently uncommon in Florida-
Keys.

&quw&n”kduamfmmmmmamsMMHymhnm“,mﬂHW,mdmﬁMHyvemem
Goldberg (1977) has estimated the growth rate from skeletal ring analysis and field data.. This infor-
mation indicates that Cirripathes adds 5 to 10 cmor 2 to 4 in yr=1 Its length annually, Lewis (1978)
has studied feeding behavior in this species, finding that Zoop {ankton and suspended particulate
matter constitute the most read!iy observable portion of its diet., Other aspects of nutrition are
unknown, i

Manicina areciats and F. areoclata (Linnaeus)

Significance: Rose coral is used In the aquarium trade as food for butterfly fishes and other
coraliwores, Informal interviews with tropical fish collectors Indicate that the specles Is collected
lllegally In very small quantities by a few Individuals. Total value .of the catch approaches $2,000
In the Florida Keys at $0.15 to $0.25 per piece. As shown in Table 8-4, a !imited quantity is har-
vested via the Florida permit system. Catches were higher before the 1976 Florida coral law.

Diagnosis: Colonles small, rarely greater than 15 c¢m (6 in) long. Form of colony roughly oval with
narrow ends, upper surface descending to a single meandering valley, about 2.5 cm (1 in) wide. Septa
number about 18 cm (45 In); when seen under magnification havwe flne holes. Underside of coiony shows
growth rings which narrow to a single stalk at the base. Colonles are attached to the substrate only
when young. Soft tissue Is usually yellowish, sometimes deepening to brown; some colonies hawe a
greenish tinge near oral reglons, Tentacles are in two rows; transparent except for the white
terminus,

Distribution: Known from shallow, protected areas of the Florida Keys such as Soldier Key, along with
other hardy species (e.g., Porlites porites, Siderastrea radians). Also found at the Dry Tortugas as
wel]l as the Bahamas, the Caribbean, and off Brazll. Apparently absent from Bermuda (Matthai, 1928),

Ecology: Manicina Is found In waters usually less than 1 to 43 m (3 to 142 1) deep, around turtie
grass, hard bottom and coral reefs; It Is not a reef-dwelling species. It tolerates silty conditions
(Voss and Voss, 1955) and has a well| developed capaclty to clean Its |lving surfaces. Non-nutrient par=-
ticles are imbedded In mucus and swept away by cillary currents (Vaughan, 1916)., Rose coral survives
50 percent seawater for 24 hours, and indicatlions are that thils species Is also relatively tolerant of
temperature changes. Manicina can be a carniwvore consuming zooplankton (Vaughan, 1919) or an
autotroph deriving energy directiy through Its zooxanthellae (Goreau, 1959). Lewls and Price (1975)
found that rose coral uses mucus nets In addition to tentacles In food capture, and is thus capable of
feeding on particuiate matter as well, Growth rates are apparently rapld during the first four years,
while maximum slze requlres longer perlods (Jaap, 1979, personal communication). Additional studies
on developmenta! biology have been published by Wilson (1888), Boschma (1929), and Yonge (1935).

2. Deepwater Species

Distichopora follacea Pourtates

Significance: This stylasterine hydrocoral has been used in the manufacture of jewelry in the
Marathon area of the Florida Keys.

Diagnosis: Flabellate colonies, 4 fo 5 cm (1.6 to 2 In) In helght and widths Color white=pink to
white. Colony forms dichotomous, flattened branches, finely striated and granulated. Gastropores
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FIGURE D-1. Distribution of Corallium spp. in the vicinity of the management area.




oc{:;:ur cfm?:he thin edge of branches in a row; each gastropore has a gastrostyle in Its center., Each
side o © row of gastropores Is flanked by a row of dactylopores. Small hemispherical swellings
called ampul lae occur over the gonopores on the broad side of the branches. Diocecious.

Distribution: Endemic to the continental shelf and slope from Key West to Savannah, Georgla, at
depths of 152 to 479 m (500 to 1,580 ft). Occurs on hard surfaces. May occur on the Pourtales
Terrace off the Fiorida Keys at 150 to 400 m (495 to 1,320 ft),

Ecologx: Totally unknown, Collected only rarely. Systematics unrevised since the 1880's. Feeds via
nematocysts on polyp tentacies.

Corallium medea Bayer and Corallium niobe Bayer

Significance: Relatives of these precious plnk corals are carved and polished in Hawall for use in
the manufacture of jewelry (Grigg, 1977b). Larger pleces can be carwed into statues and curios. Poh
(1971) listed red coral prices as $16.50/kg ($7.50/1b) and harwests as 1,045 to 4,180 kg (2,300 to
9,200 Ib) per year between 1963 and 1969 In Hawalli.

Diagnosis: Hard, unjointed axls formed of solidly fused sclerites; color white to pink. Colony
uniplanar, dichotomously branched, approximately 0.5 m (1.6 ft) tall. Polyps occur on only one sur-
face of the branches (probably away from the current), Cortical spicules of C. medea consist of 6, 7,
and 8-radlates and double ciubs; those of C. niobe: 6, 7, and 8-radiates.

Distribution: In the western Atlantic, known from only seven records In the Stralts of Florida from
off Paim Beach to off Key West (Figure D-1), Flve of the seven records are reported here for the
first time (Calrns, 1979, personal communication). The bathymetric range Is 567 to i,390 m (1,870 to
4,570 t1); however, It |Is most common between 600 to 700 m (1,970 to 2,300 ft). |ts temperature range
approximately 3° to 8°C (37° to 46°F)., The most important environmental factors that determine Its
distrbution are probably temperature, current (2 to 6 cm or 0.8 to 7,3 In sec~!), and the presence of
a hard substrate. A strong current |s necessary to bring planktonic food to the coral and remowe
metabolic wastes and loose sediment. The structure of the coralium as uniplanar with directional
polyps implies that It Is In a constant unidirectional current, All corals require a hard substrate
on which to Initially settie, which could be provided by any number of benthic invertebrates found
assoclated with deepwater banks, Speclies of Corallium were found both at recognized !ithoherms on the
Littie Bahamas Banks and in other deepwater areas,

Ecology: Virtually nothing is known about C. medea and C. niobe beyond thelr brief original descrip-
tions and remarks on several commensal organlsms (Bayer, 1964). However, comparison to the much
studied Hawallan Corralium secundum Dana, Is probabty acceptabie (Grigg, 1976). C. secundum is
dloecious and, despite Its occurrence below the euphotic zone, maintains an annual reproductive cycle,
spawning In the summer. Its growth rate Is about 0.9 cm (0.36 In) yr=! In length. It may live to be
50 years old but does not become sexually mature unti! about the twelfth or thirteenth year, The
areal cowerage, denslty, and therefore the standing crop of the western Atiantic Coralllum, is
unknown, the species having been collected oniy seven times., However, because of Its assoclation with
deepwater banks and because very few of those banks have been biologically sampled, It is possible
that Its distribution and abundance may be far greater than these few records Indicate. The cora!lla
of six of the seven western Atlantic records are white, the seventh is tight pink ("ange! skin") and
may represent a new specles (Bayer, 1979, personal communication),

Like most other species of corals, It Is assumed that Corallium feeds malnly on zooplankton, which Is
transported by moderate bottom currents. The predators of Coratlium, if any, are unknown.
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FIGURE D-2. Distributions of Acanella eburnea and Acanella Sp. in the vicinity of the management area.




Coralllum nicbe usual ly supports a commensa! polychaete worm,
branchlets, forming a protective tunne! for the worm,

are known to be commensal on Corallium (Bayer, 1956). C, ni
_ o L. niobe also contains parasitic cope
the family Lamippidae In Its gastrovascular cavities (Bayer, 1964), opepods of

which induces abnormal growth of
Polychaetes of the genera Harmothoe and Polynoe

Acanel la eburnea (Pourtales), Keratolsis flexibiils (Pourtales),
Keratoisis ornata Verrill, Lepidisis caryophyllia Verril!

Signiflcance: The white, Ivory=-colored Internodes of these bamboo corals can be polished and strung
Into necklaces. The various species of bamboo corals have different lengths and diameters of inter~

nodes (scale Is 2,5 cm equal 1 In): Acanella eburnea ~ 1.5 cm long, 0.1 to 0.2 cm In diameter;
Keratoisis flexibilis = 1 cm long, 0.1 to 0.7 cm In diameter; K. ornata - 5 to 6 cm long, 0.2 to 2.8 cm
in diameter; Leplidisis caryophyllia - 4 to 50 cm long, 0.1 to 0,6 cm in diameter. Different sized
nodes may have differing commerical uses. See Deichman (1936) for systematics.

Diagnosis: All bamboo corals possess an axls composed of alternating short, brown, purely horny nodes
and longer, white, nonspicular, calcareous internodes. Their bases are usually modified Into a root-
| ike structure for anchoring. In Keratolsis branching occurs from the Internodes; In Acanella and
Lepidisis branching occurs at the nodes. K. flexibills has short Internodes (about 1 cm), whereas

K. ornata has Internodes of 5 to 7 cm (2 to 2.7 in), Acanelia Is distinguised from Lepidisis by Its
bushy colony with numerous branches originating at each node. Lepidisis Is sparsely branched.

Distribution: Acanella eburnea is very commn in the Stralts of Fiorida off the Florida Keys and in
the northern Guif of Mexico off Louislana, Mississippl, and Alabama (Figure D-2) at depths of

283 to 1,829 m or 931 to 6,017 ft (Giammona, 1978), Keratolsis Is very common on the Blake Plateau off
Georgla and throughout the Straits of Florida (Figure D=3) at depths of 183 to 965 m or 602 to 3,170 ft
(about 6° to 12°C or 43° .to 54°F), It is usually found on deepwater banks. Lepidisis caryophyllia is
relatively rare, known only from the Straits of Florida off the Florida Keys (Figure D-4) at 733 to
1,003 m (2,400 to 3,300 ft)., Acanel!a arbuscula (Johnson) has also been reported from one record in the
northern Gulf of Mexico (Glammona, 1978), The key determinants of distribution for these species are
probably optimum temperature, strong current, and hard substrate for attachment,.

Ecology: Virtuatlly nothing is known about the biolgy of the deepwater bamboo corals. Reproductive
periodiclity, growth rates, longevity, age at reproductive maturity, and symbionts are all unknown
(Bayer, 1979, personal communication)., Areal coverage and density are also unknown, but Acanella is
probably very common within Its range (represented by 49 records on Figure D-2) and Keratoisis
(represented by 34 records on Figure D-~3) Iis also probably very common on the Blake Plateau in asso-
clation with deepwater banks. Lepidisis seems to be rarer than the others.

It is possible that some flsh and molluscs (e.g., the aplacophoran solenogaster Chaetoderma) may
browse the polyps of the bamboo corals.

Lelopathes glaberrima (Esper)

Significance: Carved and polished pleces of this black coral are used in the manufacture of jewelry
(Grigg, 1977b); larger pleces can be carved into statues and curlos (see, e.g., Poh, 1971).
According to Opresko (1978, personal communication) the corallum of L., glaberrima is blacker, harder,
less spinose and therefore takes a higher polish than all other western Atlantic antipatharians,

Diagnosis: Corailum black, irregularily branched, measuring up to 1.2 m tall with a basal diameter up
to 4 cm. Branches usually crooked or bent, originating at right angles to the parent branch, Spines
extremely small (20 to 50 per cm or 8 to 10 per In), occurring only on the smalier branches. FPolyps
and coenenchyme greylsh-white, Polyps hawe six tentacles.
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Distribution: Mediterranean, off Madeira, Hawall, and the Bahamas, Within the management area:

northern Gulf of Mexico, Straits of Florida, Blake Plateau of f Georgla (Figure D-5), Bathymetric

range Is 176 to 549 cm (580 to 1,800 ft); temperature range about 8° to 12°C (46° to 54°F). The most -
important environmental factors controlling the distribution are probably on optimum temperature

(below the thermociine and therefore stable) and a moderate current to replenish nutrients, carry away
wastes, and remowe sediment, Light may confline Its bathymetric distributlion to deep water because the -
tarvae of some antipatharians are known to be negatively phototrophic (Grigg, 1965).

Ecology: Not much Is known about the biology of L. glaberrims, but comparison with the Hawalian
Antipathes dichotoms Pallas is probably acceptable (Grigg, 1976). It should be remembered, however,
that L. glaberrims 1ives in deeper water and probably does not grow quite as large. A. dichotoma Is
dloeclous and probably reproduces in the summer. Its growth rate Is about 6.4 cm per year In length
and It may Iive to be 40 years old, It becomes sexually mature after 10 to 12,5 years. The areal
coverage, denslty, and standing crop of L. glaberrims Is unknown; however, most of the 18 known
records of this species are concentrated on the edge of the shelf (200 to 300 m or 660 to 990 ft) off
the Florida Keys. !t is not associated with deepwater banks, being found in shallower waters.

The prey of Lelopathes Is assumed to be plankton, and Its predators, If any, are unknown, Commensals
and paraslites are also unknown,
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APPENDIX E: Deep water (greater than 200m or 660 ft) corals in
the management area. Symbols: X, present; *po tential
commercial importance (Cairns, 1979, personal communi-

cation).

Gulf Straits
of of South
Mexico Florida Atlantic

Order STOLONIFERA
Family Clavulariidae

Clavul aria modesta (Verrill) X
Scleranthelia sp. X X
Order TELESTACEA
Family Telestidae
Telesto nelleae Bayer X
Telestula sp. X X
Order ALCYONACEA
Family Alcyoniidae
Anthomastus agassizii Verrill X
Anthomastus grandiflorus Verrill X
Nidalia rigida Deichmann X
Bellonella sp. X
Family Nephtheidae
Pseudodrifa nigra Pourtales X X
Family Siponogorgiidae
Siphonogorgia (=Neospongodes
agassézi {(Deichmann) ’ X
Order GORGONACEA
Family Anthothelidae
Antho thela grandiflora (Sars) X
Anthothela tropicalis Bayer - X X X
Titanideum frauenfelidii
(KoTTiker) X X
Titanideum suberosum (E. & S.) X

Family Paragorgiidae
Paragorgia boschmai Bayer
Paragorgia sp.

Family Coralliidae
*Corallium medea Bayer
*Corallium niobe Bayer

Family Acanthogorgiidae

Acanthogorgia aspera Pourtales X
Acanthogorgia schrammi (Duch. &

> > >
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Of‘ of South
Mexico Florida Atlantic
Mich.) . X

Family Paramuriceidae
- Paramuricea placomus (Linnaeus) X

Paramuricea sp. S ¢ X

Bebryce cinerea Deichmann X ’

Bebryce grandis Deichmann X X

Bebryce parastellata Deichmann . X

Echinomuricea atlantica (Johnson) X
Muriceides sp.

PTacogorgia mirabilis Deichmann
Placogorgia tenuis (Verrill)

X
X
Placogorgia sp. .
Caliacis nutans (Duch. & Mich.) X
X
X

Scleracis quadeloupensis
(D. & M.)
Swiftia casta (Verrill)
Swiftia koreni (Wright & Studer)
Swiftia pourtalesi Deichmann
Swiftia exerserta (E. & S.)
Thesea nivea Deichmann
Thesea rugosa Deichmann X
Thesea solitaria (Pourtales)
Trachymuricea kukenthali (Broch)
Trachymuricea hirta (Pourtales)
Villogorgia nigrescens Duch. &
Mich. X
Family Plexauridae
Eunicella albatrossi Stiasny
Eunicella modesta Verrill X
Muriceopsis petila Bayer
Family Gorgoniidae
Lophogorgia cardinalis Bayer _
?Legtogorgia stheno (Bayer) X X
Family E1liselTidae
Ellisella barbadensis (D. & M.)
E1TiselTa elongata (Pallas) X X
NicelTa quadalupensis (D. & M.) X X
Riisea paniculata D. & M. : X
Family Chrysogorgiidae
Radicipes gracilis (Verriil) X
*Chrysogorgia desbonni D. & M.
Chrysogorgia elegans Verrill X
Chrysogorgia fewkesi Verrill X X
Family Primnoidae

*Callogorgia verticillata
(Pailas)
Callogorgia grimaldii Studer
P1umare1ia aurea (Deichmann) X X
Plumarel a goesi Aurivillus X
PTumarelTa pourtalesi (Verrill) X

> > >XX X X X > > > >
>

>

>

> > > X X

>

> X
>

> x
>
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Gulf Straits
of of South
Mexico Florida Atlantic

Thouarella aurea Deichmann X
Thouarella sp. X X
Calyptrophora trilepis
(Pourtales) X
*Narella pauciflora Deichmann
*Narella regularis (D. & M.)
*Narella versluysi Hickson
*Candidella imbricata (Johnson)
Family Isididae

*eratoisis flexibilis (Pourtales)
*eratoisis ornata Verrill
Acanella arbuscula Verrill
*Acanella eburnea (Pourta1es)11
*_epidisis caryophyllia Verri
?Lepidisis TEﬁg%%T%FE—Vérril1
Chelidonisis aurantiaca Studer
Primnoisis humilis Deichmann

> > XX

>

> XX X

> X > ><

> > X >

Order PENNATULACEA
Family Kophobelemnidae
Kophobelemnon sp. ' X X
Sclerobelemnon sp. X X
Family Anthoptilidae
Anthoptilum murrayi Kolliker X
Anthoptilum sp. X
Family Funiculinidae
Funiculina quadranularis
(Pallas]) X X X
Family Protoptilidae
Protoptilum thompsoni Kolliker X
Family Scleroptilidae

Scleroptilum sp. X X
Family U%Bellulidae

Umbellula ?untheri Kolliker

UmbelTuTa 1indahlii Kolliker

UmbeTTuTa eToisa Nutting

UmbeTTuTa sp. I (sensu Giammona)

Umbellula sp. 2 (sensu Giammona)

UmbelluTa sp. 3 (sensu Giammona)
Family Virgulariidae

Virgularia sp.

Acanthoptilum sp. X
Scytalium sp.

Stylatula elegans (Deichmann)

t¥ atula sp. X
Family Pennatulidae

Pennatula grandis Ehrenberg X

2 X XX > > XX

KX > > XX x
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Gulf Straits

of of South
Mexico Florida Atlantic

Order SCLERACTINIA
Family Pocillopridae
Madracis myriaster (ME & H) X X
Family Fungiidae
Fungiacyathus pusillus
(gourta!esi
Fungiacyathus symmetricus
ourtales) ,
Fungiacyathus crispus (Pourtales) X
Family Oculinidae
Madrepora oculata Linnaeus X
Madrepora carolina (Pourtales) - X
Family Anthemiphylliidae
Anthemiphyllia patera Pourtales X
Family Caryophyllidae
Caryophyllia polygona Pourtales X
aryophylTia berteriana
Duchassaing X X
Caryophyllia cornuformis
Pourtales X X X
Caryophyllia ambrosia
caribbeana Cairns X X X
Caryophyllia parvula Cairns X
Concentrotheca laevigata
(Pourtales) X
Cyathoceras squiresi Cairns
Labyrinthocyathus facetus Cairns
Labyrinthocyathus langi Cairns
Oxysmilia rotundifolia (ME & H) X
Trochocyathus rawsonii Pourtales X
Tethocyathus cylindraceus
{(Pourtales)
Tethocyathus variabilis Cairns
Paracyathus pulchullus
Deltocyathus moseleyi Cairns
Deltocyathus calcar Pourtales
Deltocyathus italicus Michelotti
Deltocyathus eccentricus Cairns
Deltocyathus pourtalesi Cairns
Stephanocyathus (S.) diadema
(MoseTey) X X
Stephanocyathus (S.) paliferus
Cairns X X
Stephanocyathus (S.) laevifundus
Cairns X X
Stephanocyathus (0.) coronatus
(Poutales) X X
Peponocyathus folliculus
(Pourtales) X
Peponocyathus stimpsonii

> > X > X

> > > > X X

>

> > X

> D€ >

> XX X X > > X > > X XX X

> >

>
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(Pourtales) X X X
Desmophyllum cristagalli .

ME & Haime o X
Thalamophyllia gombergi Cairns
Lophelia prolifera (Pallas)
Anomocora fecunda (Pourtales)
Coenosmilija arbuscula Pourtales
Dasmosmilia Tymani (Pourtales)
Dasmosmilia variegata

(Pourtales)

Solenosmilia variabilis Duncan
Asterosmilia prolifera

(Pourtales)

Asterosmilia marchadi

(Chevalier) X

Phacelocyathus flos (Pourtales)
Family Flabellidae
Flabellum moseleyi Pourtales
Flabellum fragile Cairns
Javania cajileti (D. & M.) )
Polymyces fragilis (Pourtales
ardineria paradoxa (Pourtales)
Family Guyniidae
Guynia annulata Duncan
ScEizocyatﬁus Fissilis Pourtales
Stenocyathus vermiformis
(Pourtales) X X X
Pourtalocyathus hispidus
“(Pourtales) . X X
Family Dendrophylliidae
Balanophyllia palifera
Pourtales X
Dendrophyllia cornucopia
‘Pourtales X X
Dendrophyliia gaditana (Duncan) X
Dendrophyllia alternata
Pourtales X X
Enallopsammia profunda
(Pourtales} X X
Enallopsammia rostrata
“(Pourtales)
Thecopsammia socialis Pourtales X
Bathypsammia tintinnabulim
(Pourtales) X X
Bathypsammia fallosocialis
Squires X
Rhizopsammia manuelensis
Chevalier X X
Trochopsammia infundibulum
Pourtal es X

> > >

> > > X X

> XX X
>

>

>

> XX X
> XK > X X
>

> x

> X x> X
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Gulf
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Mexico Florida Atlantic

Order STYLASTERINA .
Family Stylasteridae
Stylaster duchassaingi Pourtales
Stylaster erubescens Pourtales X

*Stylaster filogranus Pourtales X
Stylaster gemmascens (Esper)
Allopora miniata Pourtales
Cryptohelia peircei Pourtales
Stenohelia sp.

*fistichopora foliacea Pourtales
Distichopora sulcata Pourtales
Errina cochleata Pourtales
Errina glabra Pourtales
Pliobothrus symmetricus Pourtales

Order ANTIPATHARIA
Antipathes americana D. & M. X
Antipathes hirta Gray
Antipathes tanacetum (Pourtales)
Antipathes pennacea Pallas
Antipathes tristis (Duchassaing) X
Antipathes picea Pourtales X
Parantipathes tetrasticha
(Pourtales)
Aphanipathes humilis (Pourtales) X
Aphanipathes thyroides
- (Pourtales) X
Aphanipathes felix (Pourtales) X
Aphanipathes abietina (Pourtales) X
*[eiopathes glaberrima (Esper) X
Bathypathes patula Brook X
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PPENDIX F: Fauna characteristic of deep-water banks in the wes
’ Atlantic. (Based on Smithsonian Institution cq11ec-
tions CI-140, CI-246 in the south Atlantic; Cairns,
1979, personal communication).

1. Coelenterate species:

A. Octocorallia
Placogorgia sp.
Swiftia sp.
Paragor91a sp.

*Coral | 1um medea
Paramuricea sp.
Muriceides sp.
Eunicella modesta
Pseudodrifa nigra
Anthomastus sp.
Plumareila sp.
Trachymuricea sp.

*Narella versiuysi

*Narella regularis

*Narella pauciflora

*Candidella sp.
*Keratoisis sp.

B. Scleractinia
Cyathoceras squiresi
Desmophylium cristagalli
Lophelia prolifera
Solenosmilia variabilis
Bathypsammia fallosocialis
Bathypsammia tintinnabuium
Enallopsammia profunda

II. Other animal groups not identified to species:

Porifera Ophiuroidea

Hydroids Echinoidea
*Stylasterina Crinoidea

Actiniaria Cirripedia
*Antipatharia Paguridae

Bryozoa Galatheidae
Brachiopoda Polychaeta

Gastropoda Benthic Fish

Octopoda Endolithic borers
Asteroidea Macroscopic (sponges)

Microscopic (sponges, fungi)

*Species of potential commercial value.
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APPENDIX G, SUPPLEMENTAL INFORMATION ON SOURCES OF ENERGY IN CORALS

1.0 Scleractinia

1.1 Light

Fundamental fo the fiow of energy through the reef ecosystem |s the symbiotic relationship with
zooxanthel lae characteristic of all shal low-water hermatypic corals. These algae are capable of pro-
ducing more oxygen that is consumed by the ailgae and coral host qomblned {Yonge, et al,, 1932; Odum
and Odum, 1955; Kanwisher and Walnwright, 1967). But more important to corals, and the communities
which they form, is the carbon fixed during the process of photosynthesis. Evidence that
zooxanthel lae can release photosynthetically fixed organic compounds to thelr hosts Is well
documented, as Is the effect of zooxanthellae on nutrient recycling and enhancement of calcification
{reviewed by Muscatine, 1973)., The Indispensabliiity of the symbiosis, howewer, is one of the sources
of controversy noted above, .

while it appears that supplemental sources of nutrition are taken in addition to the amount supplied
by zooxanthellae, the owerali question of indispensability of such exdgenous food to the exlstence of
scleractinlans Is still debated. Yonge and Nicholls (1931) concluded that scleractinlians can live for
several months in complete darkness as long as food is provided. Conversely, Kawaguti (1964) observed
that four genera of Pacific corals kept for more than 15 months in the 1ight but without food appeared
nealthy and Increased thelr numbers of polyps [note: although zooplankton were withheld as a food
source, bacteria may have been present and consumed in Kawaguti's workl. Franzisket (1969; 1970)
showed that Hawalian corals performed In the same fashion and noted that corals kept in the dark for
two months exhibited symptoms of atrophy. Connell (in Muscatine, 1973) excluded light from a section
of the Great Barrier Reef using an opaque dome without affecting ambient currents and food supply.
During three and one-half months in the shade, corais expelled thelr zooxanthellae and all colonles
died. Control colonies under transparent domes surviwved. Lewls (1974) found that planulae of Favia
fragum could not survive more than three months If not provided with both food (Artemia) and |ight
(12h:12h, light:dark photoperiod).

1.2 Zooplankton

Opinlons differ on the adequacy of zooplankton in satisfylng the food requirements of coral and other
benthlc invertebrates on reefs (Lewis, 1977), Johannes (1974) has argued that the blomass of

zoop lankton over coral reefs is insufficlent to supply energy needs although I+ may be important as a
source of essential nutrients.s In this view reef corals are "autotrophic" and depend extensively upo
energy supplled by their zooxanthel lae. :

The early papers of Sargent and Austin (1949, 1954) indicated that the zooplankton biomass of
surrounding waters at Rongelap in the Pacific were too small to support all the benthic invertebrates
on the reef, Johannes, et al., (1970) calculated that zooplankton on a Bermuda reef were not suf-
ficlently abundant to support the energy needs of the corals present as Indicated by thelr rates of
respiration, Johannes and Tepley (1974) found that the zooplankton blomass present could supply only
20 percent of the dally requirements for respiration In the Pacific coral, Porites lobata, and Porter
(1974) estimated that durlng a ftwo~hour feeding period at sunset, the small star coral (Montastrea
annularis) could capture only between 0.2 percent and 11 percent of the total dally food required for
energy used In respiration,

Although the supply of oceanlic zooplankton appears to be inadequate to support reef secondary
production, reefs undoubtedly produce their own zooplankton (Porter, et al., 1977; Porter and Porter,
1977). Sale, McWilliam and Anderson (1976) found that there was a resident plankton community at
Heron Island, Austraiia, which was more abundant and richer in specles than the of fshore community,
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(oral responses and was o potontiar smes of soms ta oo i et 2} 08! clrcuiation or by vena-
organisms, This aspect of
reef zooplankton ecology may be of quantitative significance when Its impact Is more fully evaluated,
The view that reef corals are not wholly "autotrophic" in their nutrition has been summarized by
Goreau, et al, (1971), They regard corals as speclialized carnivores without structural modifications
tfor an autotrophic existence depending primarily upon zooplankton for thelr food. The work of Coles
(1969) supports this view, He found that reef corals were able to ingest more than sufficient numbers
of brine shrimp to cover their energy expenditure in respiration with energy left for storage and
growth, Furthermore, Goreau, et al, (1971) considered that reef corals may act as unspecialized
detritus feeders upon a wide range of organic matter or may even utilize dissolwd or colloidal organlc
matter. Lewis and Price (1975) discussed suspension feeding strategies In Atlantic reef corals,

The genera! conciusions regarding the importance of zoop |ankton to support reef production indicate
that whlle there Is a substantial removal of plankton by benthic organisms, zooplankton biomass from
oceanic wataer flowing over reefs Is too low even to supply the dally energy requirements of the corals
present., Additional food must be suplied by resident plankton and other external sources.

1.3 Bacteria

It has been pointed out by DiSalw (1973) and Sorokin (1973c) that there are very few quantitative
data on the role of microbial populations in the productivity of cora! reefs. One cannot concelve of
such complex systems without micro-organisms functioning as organic decomposers, nitrogen fixers and
in blogeochemical processes. Large numbers of bacteria on reef surfaces were reported by Odum and
Odum (1955) and bacteria have been implicated in the high respiration rates of coral communities noted
by Sargent and Austin (1949), The work of DiSalw (1973, 1974) has been concerned with the diversity
and abundance of bacteria on coral reefs whiie Sorokin (1973a, b; 1974) has emphasized the role of
bacteria in secondary production In reef organisms, i.e., In transforming detritus to microblal
biomass.

DiSalvwo (1973, 1974) suggested that the finely divided sediments In reef spaces and cavities func-
tioned as 'regenerative surfaces™ and that the rapid rates of oxygen consumption occurring In these
cavities indicated rapld organic decomposition, Plate count of sediments at the bases of coral heads
showed densitlies of 107 to 108 bacteria/g dry matter and among them were forms capable of digesting
chitin and other organlc compounds, reducling nitrates and digesting gelatin and agar.

The bacteria In reef sediments and in internal cavities are considered to have a role In nutrient
regeneration (DiSalw, 1974). Pools of dissolwd nitrogen and amino nitrogen were found in sediments
and In dead coral heads. Quantitative estimates gave waiue of 33 g-atoms of phosphorus and 30 moles
of amino nl1'r'ogen/m2 dead coral surfaces., His results show that bacteria may thus be important in
cycling of nutrients in the reef system, ’

Sorokin (1973a, b, ¢; 1974) has stressed that the biomass of bacteria In reef sediments and in shalliow
coastal water corresponds with their importance In processes of mineralization and nutrient cycling on
reets. They are also considered important as food for secondary consumers. Results of feeding
experiments (Sorokin, 1973a) showed that six species of reef corals could consume bacteriop!ankton.
Other forms which were able to filter bacterioplankton from water were the tunicate Ascidia nigra, the
sponge Toxadocea viclacea, and the oyster Crassostrea gigas. Sorokin (1973a) regarded the bacterio-
plankton as being a high-quallty food adequate in amount to supply a large percentage of the total
energy needs of suspension feeders on the reef, A general scheme I|lustrating trophic relationships
has been attempted by Sorokin (1973c) and s shown In Flgure G-1, This study emphasized the |mpor-
tance of micro-organisms and the process.of decomposition, [t also suggested a shortage of phyto-
plankton as primary producers in the reef ecosystem and hence the minor Importance of the phytoplankton/
zoop lankton trophlc relationship.

G=2 i




"Phytoplankton

Dissolved

organic Macrophytes

material —W

Bacteria | Corals

A

v v
Zooplankton »|Benthos, |

fishes

FIGURE G~1l. Trophic relationships within a coral reef community,
emphasizing the importance of bacteria (after
Sorokin, 1973c).







APPENDIX H. PREDATORS AND ASSOCIATIONS OF CORALS: GENERAL REVIEW

1.0 Scleractinian Predators and Thelr Effects

1.1 Fishes

Studies by Robertson (1970, Salvini-Plawen (1972) and Patton (1973), have shown that the number of
animals specialized to feed on the Scleractinia has been underestimated (Wells, 1957; Yonge, 1963).
Some of the observed ef fects also go far beyond the negligible damage claimed by Yonge (1968), Since
many of the known coral predators have been described only relatively recenﬂy, it is likely that con-
tinued ‘study will add to our knowledge of this feeding habit. The following review wiil no doubt soon
be supplemented by new discoverlies,

In Randall's (1967) survey of the food hablts of reef fishes small volumes of coral were found in the
alimentary tracts of four species: Scarus coelestinus Cuvier and Yalenciennes and Sparisoma
aurofrenatum (Cuvier and Valenciennes) (Scaridae), Chaetodipterus faber (Broussonet) (Ephippidae), and
Microspathodon chrysurus (Cuvier and Valenciennes) (Pomacentridae). The only specific coral identifi~
noted was that of Ocullina diffusa, a fragment consumed by C. faber. In some localities coral consump-
tion by fishes appears greater than Indicated by Randall's (1967) study. For example, in Panama
(Bakus, 1969) and Bermuda (Gygi, 1969), the rasping of live corals by scarids is cammonplace. Scarus
guacamaia Cuvier rasps Siderastrea siderea with fair regularity along much of the north coast of
Panama, The summits of large hemispherical colonies are commonly scraped to depths of 2=-3 mm; such
feeding Is often performed by relatively small schools of S. guacamsia (five to 15 individuals) which
appear to range over extensive areas, Microspathodon chrysurus, though predominantiy herbivorous on
epontic diatoms and filamentous algae, frequently feeds on S. sideres as well. Juveniles and adults
of this fish blte the surface of the corallum vigorously, removing primarily the extended polyps.
Corals preyed upon in this manner can be distinguished by the characteristic circuiar lesions left
behind (Glynn, 1973). Juveniles and adults of Microspathodon commonly feed on the hydrocoral Millepora
in Florida (Ciardel li, 1967), adults nest on it, and both juveniles and adults attack Millepora
complanata in Panama. Other corals observed in Panama with deep rasping marks, similar fo those pro-
duced by S. guacamaia, are Montasfrea annularis, Acropora palmata, A, cervicornis, Agaricia
agaricites, and Porites furcata, Mixed schools of Scarus croicensis, Acanthurus chirurqus (Bloch),
Chaetodon capistratus Linnaeus, and other species occaslionally feed on A, cervicornis., Such inciden-
tal feeding forays can lead to coral rasping by the scarid and selective removal of polyps by the
latter two species (Glynn, 1973). On one occaslion a scarid, possibly Scarus vetula Bioch and
Schneider, was observed to bite off a terminal 2-cm tip of Porites porites, On some areas of the
reef, Porites colonies commonly have many of their terminal branches broken off, This feeding habit
was reported long ago in Halti by Beebe (1928), who observed that scarids (most likely S. guacamaia)
break off and ingest the terminal branches of corals. The effects of fish predators on Porites
astreoides have not been reported in the Carlbbean, but according to Gygl! (1969) Sparisoma viride
(Bonnaterre) commonly feeds on this coral at Bermuda, removing up to 200 mg with each bite, in addi-
tion to direct browsing, Glynn (1974) believes that indirect activity causes detachment of several

coral speclies, notably Siderastrea radians and Favia fragqum. Thls may be the cause of rounded, moblle
coralliths often seen in lagoonal patch reef specimens,

As Yonge (1963) suggested, nematocysts must certainly deter some fishes from feeding on corals., That
Microspathodon regularly consumes large amounts of the hydrocoral Millepora, however, indicates that
certain fish species can cope with this potent means of defense, Possibly another effective deterrent
that wou!d tend to discourage fish predators Is the presence of sharply projecting septa, often with
serrated edges, on the coral lites of Mussa, Scolymia, |sophyllastraea, Mycetophyllia, and Isophyllia,
It may therefore be significant that the coral species most often consumed by large fishes have rela-
tively smooth and unobtrusive surfaces, Reese (1977) has studied the relationship between feeding
behavior, substrate type, and coral morphology in the Chaetodontidae fishes of three Paclific areas.




1.2 Invertebrates

Include e svonInontd porrenaors sevmmetee oo (ne Garboan reglon since 1962.  Thes

as), the majld decapod Mithrax
(Mithraculus) sculptus (Lamarck), the gastropod mo!lusks Coralllophila abbreviata Lam. car|bea
Abbott, and Caliiostoma javanicum Lamarck, and the echinold Diadema ant!|larum Philippl, H:rm—d—l-c-e-_
was first described by Marsden (1962, 1963) to be an habltual predator of Porites porites W-
astreoides. Subsequent work by Ott and Lewis (1972) and Shinn (1976) showed that several other coral
species are preyed upon (although Hermodice was found most often on the colonial anemone Paiythoa).
Ebbs (1966) noted that coral browsing may occur in all At|antic mémbers of the Amphinomidae. Both P,
furcats and P, porites are attacked by Mithrax, which severs the polyps with Its chelae., This feedTng
habit, first observed in Puerto Rico (Glynn, 1962), was also seen in Panama, where Mithrax commonly
preyed upon ramose species of Porites (Glynn, 1973), Ward (1965) believed that the mode of feeding of
Coralllophila abbreviata, Inw!ving the dissolution and ingestion of soft tissues, can lead to the
death of polyps and eventual destruction of the colony of Montastres annujaris (small star corai). On
the other hand, Robertson (1970) maintains that this species Is a wel i-adapted parasite, causing
little damage to polyps. This conclusion is challenged by Ott and Lewls (1972) who documented some
damage by C. abbreviata to several different corals, especially M, annularis, Miller In Giynn (1973)
found Corallliophlia abbreviata and C. caribea associated with 14 hermatypes at Discovery Bay, Jamaics,
and suggested that the gastropods may feed on plankton Ingested by the corals. Calliostoma javanicum
feeds on Mussa anguiosa in the laboratory and on Agaricia Spp. (lettuce coral) in the laboratory and
fleld (Lang, 1970), with a preference for the latter group. Small clrcular leslons are produced, but
It Is not yet known which of the soft parts of the coral are consumed. Dladems antlllarum preys on
coral at nlght (Bak and van Eys, 1975) at the same time that It preys on Thalassia producing the weli-
known halo effect around patch reefs, Like the scarids (parrot fish), Diadema infllct substantial
mechanical damage to the corallum, but their Impact is greater due to their siow movement and con-
tinual feeding pattern,

From the foregolng, It is obvious that several reef animals are adapted to feed on the Scleractinia.
Though the actua! quantities of coral consumed appear to be slight, there is good evidence that the
damaged areas of the corallum that do not undergo regeneration are Invaded by other organisms which
may overgrow and eventually smother the entire colony. Continuing observations of the rasped surfaces
of Slderastrea siderea have shown that, while repair normally takes place rapidiy (two to three
months), some areas suffer irreparable damage. The latter are often invaded initially by a verlety of
filamentous algae, Including members of the Cyanophyceae, Chlorophyceae, Rhodophyceae, and
Phaeophyceae, and epontic diatom growths, Large colonies of Montastrea annujaris with their surfaces
in various stages of invasion provide a concrete example of the course of destruction, Scarid nicks
often contain mixed growths of filamentous algae and these can be traced through a successional con-
tinuum to surfaces highly eroded by boring ciionld sponges (Giynn, 1973), Another type of aigal Inva-
sion is induced by continuous attack on Acropora cervicornls (staghorn coral) and Montastrea annularis
(small star coral) by the threespot damse!fish, Eupomacentrus plianifrons. As described by Kaufman
(1977), the flish's continual attack on llving and dead corals prevents regeneration of coral tissue
and allows "algal tawns" to become established. Feddern (1979, personal communlication) claims these
"jawns" are cultivated year-round. These "lawns" in turn serve as a food source and egg cultiwation
space for the fish. Ott and Lewis (1972) find that the blue-green alga Lyngbia sp. invades reglons of
coralla which havwe been Injured due to predation by the polychaete Hermodice (see Antonius, 1975).
There Is no evidence that the algae can expand past the site of Injury; however, Antonlus (1973, 1976)
has described a blue~green alga, Oscillatoria submembranacea, which appears to be capable of rapid
coenenchymal lysis, and spreading once a foothold on a coralium Is galned.
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2.0 Other Scleractinian Associatlons

There is a good deal of evidence from the field indicating that competition for 1iving :pacefis a:gfe
among the long-iived benthic populations of coral reefs. |T appears that many groups of reef org
nisms have evolved body morphologles which tend to meximize the area of exposure to iight and
currentss Certain minimum levels of exposure are necessary for both photosynthetic and suspension
feeding forms, Therefore, it is not surprising to find that a variety of strategles are employed to
_ensure the acquisition of space and access to the surrounding medium, and 2 subsequent hold on this

resource once obtalned,

2.1 Competition Among Scleractinlan Species

To the rapid and spreading mode of growth employed by many corals as a means of reducing competition
for space and !lght, must now be added the newly discovered adaptation of extra~coelenteric feeding
(Lang, 1973). She has found that certain species wii!| extend their mesenterial filaments and digest
any living coral tissue from a colony of another species which they can touch, up to about 2 cm away.
The specles can be arranged in an aggressive hierarchy, each species attacking all others below it in
the hierarchy and belng attacked by al| ranked higher. In general, the massive species of the fami-
lies Mussidae, Meandrinlidae, and Faviidae rank higher than those of other familles, This agrees with
Connell's (1973) findings that siow-growing massive colonles are not overgrown by the faster growing
branching ones, and that in some Instances, follaceous species may Inhiblt massive ones.

while such competitive Interactions can be observed among adult corals, they probably also play an
important role among young growing forms. An active feeder, for example, would preclude the
establishment of subordinate species within its feeding radius. Competitive exclusion by means of
predatory Interactions occurs most noticeably In the densely populated zones. Montastires annuiaris,
one of the principal reef-bullding species, is moderately active in extracoelenteric feeding and
perhaps owes 1ts presence in the buttress zone and along the seaward slope In part to Its ability to
compete successfully with more rapidly growing ramose and follaceous forms (Giynn, 1973).

2.2 Boring Organisms

The iImportance of boring organisms in corals has been noted in reviews by Otter (1937), Yonge (1963),
Goreau and Hartman (1963) and Lewis (1977), A wide wariety of organisms Inciuding sponges, sipuncuiid
and polychaete worms, molluscs, crustacea and algae are able to bore into corals, by elther mechanlical
or chemical means (or both), Sponges are perhaps the most widespread borers on coral reefs, Rutzier
(1971) has found that members of the adoclid genus Siphonodictyon can excavate both Into the llving
and nonllving portions of colonies of several coral genera. Pre-exlisting damage to the coral Is
apparently not a prerequislte for attack. Glynn (1973) noted that when a section of Cliona sp. was
transplanted from an infected Slderastres to the algal-covered scars of uninfected colonles, the
sponge was able to expand over undamaged coral surfaces. The implanted sponge began to grow Immediately
and expanded 2 cm perlipherally In a nine-month perlod, kliling the underlying cora! tissue., Neumann
(1966) estimated that the sponge Clipna lampa can excavate carbonate at the rate of 1 to 1.4 cm yr-t,
Heln and Risk (1975) and MacGreachy (1975) estimate that three to 70 percent of the whole coral lum may
be reworked by clionids, while Hudson (1977) anticlpates that a one~meter high coral head could be
completely converted to sediment in 150 years or less based on scleroband measurements,

Rates of erosion of reef surfaces are difficult to estimate but Goreau and Hartman (1963) considered
the activity of clionid sponges to be a widespread and significant force in the maintenance and for-
mation of Jamaican deep reef communities. In shallow water, weakening of the bases of coral colonies
by sponge excavation Is perhaps counterbalanced by rapid calciflcation rates; in deeper water (>30 m
or 100 ft), however, calcification Is slow, corals become flattened and attached on an edge, the
topography Is steep, and there [s a paucity of frame-cementing biota., All of these factors tend To
magnify the effect of boring sponges In this environment.
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2.3 Interactions between Corals and Other Sesslie Organisms

Careful observation of benthic reef populations reveals frequent Instances of unrelated organi
appoaching each other in growth and then one overgrowing and excluding Its neighbor, wnug ce:fntln
corals can coexist for long periods In close contact with allien specles, for example, the beneficial
association of Montastrea annularis with the sponge Mycaie laevis (Carter) reported by Goreau and
Hartman (1966), it appears that there is a tendency for some of the larger algae, sponges, octocorals
and zoanthideans to displace coral growth. This seems to take place In the absence of any defecrable’

pre-exlisting damage to the coral as noted eariier for destruction Initiated through the activities of
predators, Some examples follow,

[

Among algae, Halimeda opuntia (Linnaeus) Lamouroux, Caulerpa racemosa var. macrophysa (Kutzing)
Taylor, and Peyssonnelia rubra (irgebiilie) J. Agardh are commonly found cowering large areas of
Porlites furcata. The brown alga Lobophora variegata {Lamouroux) Womersley often proliferates ower
extensive populations. Chondrilia nucula, an encrusting sponge, and the colonial anemone Palythoa sp.
can overgrow large tracts of Porites furcata and entire colonlies of Siderastrea radians and Diploria
clivosa. Porltes is usually Invaded from below, by way of the dead branches; massive corals are
Invaded from their periphery (Glynn, 1973)., The scleraxonlans Briareum asbestinum (Kinzie, 1970) and
Erythropodium caribaeorum (Antonius, 1977) may function in the same manner, as may certain dideminid
ascldians (Antonlus, 1977),

3,0 Gorgonlian Predators and Assocliates

The gorgonian octocorals are an important component of the reef and bank community In the study area.
Thelr prominence has enabled them to provide sheiter and food for a wide array of casual assoclates,
epizoa and commensals and other symbionts, ranging from other coelenterates to fishes (Bayer, 1961;
Salvini-Plawen, 1972), The associates of western Atlantic shallow-water gorgonians, particularly pred-
ators and parasites, are described below, The snal! Neosimnia uniplicata and the shrimp Neocpontonoldes
beaufortensis both feed on surface debris and material shed by the gorgonian Leptogorgis virgulata off
North Carolina. The gastropod appears to Incorporate spicular pigments Into its own shell, thus
acquliring concealing coloration. The nudibranch Tritonia wellsl probably feeds directly on
Leptogorgia tissue (Patton, 1972). Cyclopoid copepods of the family Lamippldae are known to parasi-
tize warious octocorals (Zulueta, 1911) and hawe also been found in the polyps of Leptogorgia (Patton,
1972), Several species of Cyphoma, an owulld gastropod, are consplcuous associates of
Pseudopterogorgla, Plexaura, Plexaurelia and related genera (Bayer, 1961). Kinzie (1970, 1974) has
shown that Cyphoma is a predator which strips the coenenchyme, laying bare the axlal skeleton. He has
also described "herding" behavior, whereby cyphomas in groups of up to 24 individuals were capabie of
completely denuding several gorgonian colonies in a five-week period. Kinzle estimates that damage by
Cyphoma may be less than the gorgonlans' capacity for regeneration. Ott and Lewis (1972) and Birkland
(1974) hawe also noted that the amphinomid worm Hermodice carunculata consumes gorgonlans in addition
to other corals, Morse, et al. (1977) describe algal tumors Infesting Gorgonia ventalina in the
Netherlands Antilles., Bagby (1978) reports considerable numbers of tumors from species of
Pseudop | exaura, Pseudopterogorgia, Plexaurella, Plexaura and Murlceopsis from patch reefs off Key
Largo, Florida. Randall (1967) found that the scrawled fllefish Alutera scripta was the most promi-
nent piscine gorgonian predator among 212 species examined. Ten other fish specles had smal!l amounts
of gorgonlan material in their stomachs but Randali concluded that gorgonlians, in spite of their
prominence, do not form a significant part of the diets of West Indlan reef fishes,

The direct effect of predators and parasites Is difficult to assess. However, mechanical! damage to
the coenenchyms by several! sources appears to disrupt the antiblotic properties of the tissue
(Burkho!der, 1973), allowing the establishment of a variety of inwvading organisms, particularly
Mi!iepora aicicornis. Once established, Millepora spreads, killing the gorgonia before It. Kinzie
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(1970) estimated the spreading rate at 244 cm? yr" on a colony of Gorgonia ventalina and 1.4 to
0.7 cm yr'1 on two tips of a Plexaurella species. He also noted that an unidentified keratosid sponge

was capable of similar action on deep reef gorgonians in Jamaica. Whether any of these blological-
interactions Is significant compared to periodic storm damage (Cary, 1914) or toppling due to the
weakening of the substratum by boring organisms (Kinzie, 1970, 1974), remains to be determined.

4.0 Antipatharian Predators and Associates

Little Is known of relationships between black corals and other organisms. Salvini=-Plawen (1972)
notes a nurse shark, Nebrius concolor, feeding on an unnamed an*lbafharian. Cyclopold copepods of the
famity Vahinildae appear to parasitize the polyps of antipatharians (Humes, 1967). A coralliophliid
gastropod, Rhizochlilus antipathicus, feeds on Antlipathes ericoldea (Salvinl-Plawen, 1972), Other sym-
bionts Inwlving various species and the antipatharian whip Cirrhipathes have been described (Davis
and Cohen, 1968; Humes, 1973), None of these involwe western Atlantic species, although further work
on this neglected group will undoubtedly reveal a number of associations In this region. This expec~
tation is helghtened by the apparent absence of antiblotic activity in the tissues of a species of
Antipathes sp. tested by Burkholder (1973),







APPENDIX |. NATURAL IMPACTS ON CORAL HEALTH

1.0 Hurricanes

Corals and assoclated resources are stressed by hurricanes in direct proportion to the depth of coral
occurrence. Parallelling the discussion on wave energy above, hurricanes Impose decreasing stresses as
water depth Increases. Observations at the Flower Garden Banks, however, Indicate that storm surges
associated with hurricanes can overturn head corals at depths in excess of 40 m (132 t1) (Continental

Shelf Associates, 1978).

Although thelr freq&ency may be low In most areas, hurricanes do possess the power to be a most
devastating stress on corals (Stoddart, 1969, 1970). In Florida waters, Ball, et al, (1967), Perkin
and Enos (1968), and Shinn (1976), have reported damage from hurricanes, often resuiting in fragmen-
t+ation of sections of reefs. For example, a hurricane that struck the Key Large Dry Rocks Reef
Inflicted heavy wave and storm-tide damage on living corals, increased the load of suspended
sediments, enlarged the coral rubble piie on the leeward side of the reef, and left deposits of |ime
mud stranded when waters caimed; deeper water areas nearby seemed to escape the sediment accumulations
(Ball, et al., 1967). Evidence presented by Stoddart (1969, 1974) suggested |t may Take many years
for the reef to regenerate; no regrowth was apparent four years after a hurricane struck the barrler
reef of British Hondorus,.

The stresses exerted by hurricanes result from changes in water temperature, salinlty, sedimentation,
light penetration, and wavwe surge. The first four varlables are discussed beiow In separate
subsections. The potential damage from each of those factors I|s enhanced by strong wawe and tide
patterns, Waves may aiso topple corals regardless of the presence of a tropical storm (Tiimant, 1979,
personal communication),

1.1 Light, Depth, and Wawe Energy

The Influence of light on coral distribution and diversity has been elucidated. Generally, species
diverslty decreases rapidiy as depth Increases below the 10 m (33 ft) isobath (Wells, 1957), although
Goreau and Wells (1967) Indicate that coral reefs and corals may grow to 70 m and 90 m (230 and 330 f1),
respectively, Similar trends with different depth ranges were observed by Porter (1972) in corals at
San Bias on the Atlantic side of Panama. These patterns are dependent at least partially upon light
Intensity and algal symbiosis. Experimental work with different Iight intensities shows that the com
pensation point for Florida reef corals lies between 320 and 1,120 W/cmZ (200 and 700 ft.c.), and

that for most it is 480 and 800 W/cm? (300 and 500 ft.c.). This compares wlth a surface 1| lumination

in clear weather of 4,000 to 8,000 W/cm? (2,500 to 5,000 f+.c.) and a reading of 640 W/cm? (400 ft.c.)
at 30 m (98 ft) (Kanwisher and Wainwright, 1967).

At the opposite extreme, iow tide on rare occasions may expose some of the shallow water coral species
found in the study area. Back reef specles such as Favia fragum, Siderastrea radlans, and Manicina
sreclata (rose coral) are the most resistant to emersion (Vaughan, 1919; Mayor, 1918), although
Montastrea annularls (small star coral) Is also known to survlve exposure on Florida's reefs, The
primary determlnant of survival at extremely low tides is the degree of heat or cold coupled with the
length of time of low water (see discussion of temperature in this subsection, 6.2.2.2)

The degree of turbulence and wave energy also acts as a depth-related Iimit to distribution,
Scleractinian zonation In the surf zone of Caribbean reefs appears to depend to a large degree on this
tactor (Gelster, 1977). Reef crests dominated by Porites spp. (finger coral) and Montastrea annularis
{smal| star coral) are found in zones with weak wawe action, while crustose coraliine algae, Pa|ythoa
and Mlliepora (fire coral) are more offen found in higher energy zones. Gelster conslders Acropora-




dominated crests as Intermediate energy forms. it Is concelvable that Gelsterts hypothesis couid help
explain local differences in reef crest zonation in the Florida reef tract such as the Elbow Reef

dominated by Millepora and Acropora-dominated Carysfort Reef 10 km (5.4 nm) away,

Alcyonarians are affecred by light in the same way that reef scleractinians are, and for the same
reason (Bayer, 1961), Reef-dwelling corals are usual ly heavily infested with light-requiring sym-
biotic algae. On deeper (>20 m or 66 ft) reefs of f south Florida, however, asymbiotic (i.e., lacking
zooxanthe! la) species such as lciligorgia schrammi and el lisel lids beccme cammon; in the Gulf of
Mexico, reefs may harbor asymbiotic Paramuriceids In addition to el lisellids. Depth |imitation In
such cases Is not as distinct as in symblotic species; the factors which prevent these groups from
becoming successful on shaliow reefs have not been investigated,

Unlike stony corals, the height of gorgonian whips does not appear to be strictly limited by iow
water, At Soidler Key, Florida, low tide frequently drops balow the height of specles in the
"Alcyonarian Zone" (Voss and Yoss, 1955). However, owing to the flexibility of the axial skeleton,
the colonlies simply drape across the water's surface much |ike keip does in temperate regions. No
study has been made of the degree of emersion tolerance In gorgonians. In high energy zones, shal low
water exposes gorgonians to considerable stress. Among the few species capable of successful coloni-
zatijon are Gorgonla ventalina, Pterogorgia citrina, Plexaura flexuosa and Erythropodium caribaeorum
(Walnwright and DIl lon, 1969; Kinzie, 1973; Antonlus, et al., 1978). Gorgonia ventalina appears to be
the most consistent colonizer of surge zones, albeit with high mortality rates (Birkland, 1974),

Perhaps similar to the depth restriction of asymbiotic gorgonians is the case of the Antipatharia.
Whether black corals lack zooxanthel lae entirely is an open question since van Pesch (1914) found
colorless cells which he consideredas symbiotic algae In several -species, However, neither Pax (1914)
nor Grigg (1965) found zooxanthel lae in their investigations. Grigg found that Antipathes grandis
Verrll| are adversely affected by light intensities of >60 percent of surface, and by the abrasive
effects of surge In waters <24 m (79 ft) deep In turbulent areas, He postulated that black coral
larvae will not settle unless light penetration Is less than 25 percent of surface, corresponding to a
depth of about 35 m (114 f+) around Hawall, Grigg found that only In turbid waters or in shaded areas
are colonies found in shallower water, There have been no comparable studies on the ecologlcal
requlirements of black corals in the western Atlantic.

Light, depth, and wave energy are each affected by other activities which may affect corals
synergistical ly, Light penetration is dependent upon water clarity and activities that effect it,
e.d., dredging, some polluting activities, algal biooms, and storms. Depth is more independent of
other activities but remains correlated with such factors as light intensity and wave length, tem-
perature profiles, and salinity gradients, Wave energy, a function of meteorological activity, may be
altered by dredging activity, shoaling, and by the integrity of the reef which absorbs wave forces.

1.3 Jemperature

The Impact of temperature upon coral is species-specific. Some corals occurring throughout large sec—
tions of the management area (the starlet coral, Siderastrea radians and the stump cora!l, Soienastrea
hyades, for example) are more eurythermal than corals found only in deeper waters (Lopheiia and
Enallopsammia, for example) (Macintyre and Pilkey, 1969; Voss, et al.,, 1969; Neumann, et al., 1977),
The gorgonian Briareum asbestinum seems adapted to warmer waters (Cary, 1917, 1918). Many other
species are more stenothermal in their temperature requlirements, Nonreef gorgonians may be more
tolerant then reef species (Bayer, 1961).

The impacts of water temperature may be accentuated when shal low~-water corals are exposed to extended
periods of calm seas. Shinn (1979, personal communication) observed loss of zooxanthel lae and, Iin
some cases, death of Acropora cervicornis at Grecian Rocks near Key Largo after 30 days of caim In
August and September 1978, ‘




The most pdorfy developed reefs are found astride the middle and northern Florida Keys. At the
northern end, reef deveiopment appears {imited by the lack of barriers between Biscayne Bay and the
Ragged Keys. Here, both patch reefs and outer bank reefs are depauperate, but become better developed
seaward of Elllott Key (Marszalek, et al., 1977Y. A similar situation exists south of Key Largo to
Big Pine Key where Florida Bay waters are exchanged through numerous passes. Thus, no reefs or rocky
shoals are known from Alligator Reef to Tennessee Reet, and from Tennessee Reef to Coffin's Patch
(Ginsburg, 1956). The best known reef In this section, Alligator Light, is not especlally diwverse,
_being dominated in Its shaliows by Millepora (Starck, 1968).1 Patch reef development is similariy
affected with only 50 known to exist in the southern section of the tract, from Tavernier to Big Pine
Key (Marszalek, et ale, 1977). This reglon extends for 40 percent of the length of the outer reef arc
from Fowey Rocks to Key West, but includes only about one percent of the number of patch reefs,
Again, Increased land mass from Big Pine Key to Key West, and protection from cold Gulf and Bay water
have been clted as the principal reasons for Iincreases In the number of patch reefs to seven percent
of the reef tract total (Marszalek, et al., 1977,

The best avallable temperature data for the reef tract as a whole are still those of Vaughan (1918)
who clted the following maxima and minima (in °C):

Sand Key

(Key West) Carysfort Reef Fowey Rocks
M'n. Max. Min, mx. , MI fle kx.
17.9 32,2 18,2 30.3 15.6 30,9

Note that temperature differences between reef areas along the reef tract are small, In fact, if all
of Vaughan's December, January, and February minimum temperatures (32 years) at Fowey Rocks are taken
into account, a mean of 19.8 + 2.0°C (63 + 3.8°F) is obtained, while those of Carysfort Reef (21 years)
equals 20,9 + 1,3°C (65 + 2,5°F), and Key West's (12 years) are 19.6 + 1.4°C (63 + 2.6°F). Whlje the
signiflicance of these differences is debatable, an alternative view Is possible 1f one takes Vaughan's
ten day means of 20°C ( 68°F) as a function of total observed winter days (December through February),

Carysfort Reef 40/1,620 = 2,5% of winter days <20°C
Fowey Rocks 160/2,610 = 6.1% of winter days <20°C
Key West - 90/1,140 = 7.9% of winter days <20°C

It should be noted that 30 of the 40 days of <20°C temperature at Carysfort Reef occurred during
January, 1893, At Fowey Rocks during this time, the minimum was 20,8°C (65°F), but mean temperatures
below 20°C were recorded for at least a single ten day period during nine of the 21 years for which
records were kept. The temperatures taken at Sand Key (Key West) indicate fows in six of the 13 years
of data kept at that station. Thus, If the data depict the real differences between Carysfort Reef,
and the relatively barren Fowey Rocks, It would seem that Florida's coral reef tract is Indeed 1iving
a precarlous thermal existence., Furthermore, minimum temperature records alone do not appear to
explaln why there are reefs at Sand Key, but not at Fowey Rocks.

! Although Millepora reefs may be considered as less prolific than those dominated by Acropors, it is

worth noting that the atoli-like structures of the southwest Caribbean form a vigorous Millepora
zone, analogous to Indo-Pacific algal ridges (Milliman, 1973), At Molasses Reef, Fiorida, spur and
groove systems have formed from Acropora growth but have become capped with Millepora (Shinn,
1963), This does not necessariiy mean that Molasses Reef Is not prolific. In fact, comparative
studies of calcification Indicate that M. compianata may grow nearly as rapidly as A, palmata and
A. cervicornis (Goreau and Goreau, 1959). . :



Goldberg (1973) determined temperature tolerances of gorgonians from south Florida., The obs

ranges (15.9 + 1.7°C to 32,2 + 1,1°C or about 61 to 90°F) were not unlike those re;or'red :ore”ed
scleractinlans, although "indicator® species were not subjects of experiments. Cary (1917; 1918)
found that Briareum asbestinum, an Indicator of wel I=circulated environments was the most r'teaf
resistant species. This implies that circulation Is more important In the distribution of specles
than temperature per se, since well=clrculated environments rarely dewelop temperatures above 32°c, »

Thermal tolerances of Muriceopsis flavida, characteristic of shallow, well=circulated reefs of the
Fiorida Keys, and M. petila, characteristic of deep reefs, were tested in thermal ly controtied running
seawater aquaria (flow rate = 48L he=1) by Goldberg (1979, porsonél communication). Colonies of both
species exposed to 31°C (88°F) for 24 hours survived, but exposure to 32 to 33°C (90 to 92°F) for the
same time period (different colonies) was lethal, Murlceopsis flavida withstood 24 hour exposure to
16°C (61°F) but at 15°C (60°F) recowery took 17 days; polyps were "bieached" from loss of zooxanthe! lae
and colonies suffered partial necrosis. As expected, M. petiia was more tolerant of low temperatures,
Only one of six colonies died at 14°C (57°F), as did two of six colonles exposed to 12.5°C (54°F).

This was the |lowest temperature tested.

Like some of the scleractinians noted above, some gorgontan specles occur in nonreef environments.
Pterogorgia citrina, Plexaure!la dichotoma, Plexaure!|ia nutans and Eunicea knightl, for exampie, occur
in Biscayne Bay (Bayer, 1961) and can be expected to be more tolerant than those species which have
been tested to date,

Water temperature changes associated with winter weather patterns naturally stress corals throughout
the management area. Apparently, coral atop some of the banks in the northwestern Gulf of Mexico
(Fiower Gardens, Stetson, Sonnler) are protected from cold water Intrusion by the warm water masses
flowing northward, Corals in the Florida Middie Grounds are shielded by their depths. The Florida
Keys, however, are sufficlently shal low to expose corals to fluctuating temperatures which may
approach the thermal extremes stated abowe, Occasionally, cold fronts will sweep over the Keys or
drive cold Florida Bay waters south and east whereupon massive kills can occur. Davis (1979, personail
commun ication) estimated that the extreme cold of January 1977 kil led over 90 percent of the staghorn
corals (Acropora cervicornis) at Ory Tortugas whiie most unbranched corals survived the 14°C (58°F)
waters. Hudson, et al, (1976) recorded an 80 to 90 percent mortallty of the Hen and Chlcken patch
reefs of the Florida Keys during the winter of 1969 to 1970 when alr temperatures dropped to 13°C
(57°F).

Goldberg (1973b) published data on temperature and salinity tolerances of reef-dwelling gorgonians off
the coast of Florida. Gorgonians were found within a range of about 15.9°C to 32.2°C,

One of the diagnostic responses of corals to heat or cold Is "bleaching", the expuision of

zooxanthel lae. In laboratory studies, the reef species Muriceopsis flavida and M. petiia became
bleached upon exposure to temperatures of 32 to 33°C and 15°C for 24 hours (Goldberg, 1979, personal
communication). Jaap (1979) observed zooxanthel lae expulsion in response to high temperature shock in
Miilepora complanta (encrusting fire coral), Palythoa sp., Acropora paimata (elkhorn), and Montastrea
annularis (small star coral) to varying extents. Goldberg and Jaap reported recovery (in wveryling
degrees of tlssue death or necroslis) In 17 days and about six weeks, respectively,

There are no data on thermal limits in the Antipatharia, However, thelr distribution would iead one
to suspect that they are less tolerant of high temperatures and more tolerant of Iower ones, compared
with shallow, reef-dwelling scleractinlans and gorgonlians,

1.4 Salinity

The effects of salinlty resemble those of temperature l|isted above; some corals may be expected to be
euryhalline {e.g., Pterogorgia citrina, Plexaurelia dichotoma, Plexaureiia nutans, and Eunicea knighti




hile others, notably coral reef
udged by their distribution in Biscayne Bay (Bayer, 1961)1 w ’
::eileg? fh:Ive only In environments with normal salinities. Work by Vaughan (1916) and Wells (1932)

showed most corals to be stenchalline.

For most of the study area, salinity exfremes are not important, although river outflow (e.g., por=
+ions of west and nortiwest Florida, the Mississippl Delta reglion and the capes of North Carolina)

wiil cer+alnly exclude most of the specles which might otherwise occur. In Biscayne Bay, fresh water
upwel 1ing near shore apparently limits the distribution of several relatively tolerant corals such as
Siderastrea and Solenastrea (Kohout and Kotipinski, 1967), The extraordinary salinlty (and turbidity-
temperature) extremes found in Laguna Madre, Texas (Moore, 1963) (sometimes exceeding 80 ppt) hawe also
prevented coral development although serpulid (worm) reefs may be found in thelr piace (Andrews, 1964),

The only study on salinlty tolerances of octocorals Is that of Goldberg (1973b) who concluded That
gorgonians are somewhat more stenohallne than scleractinian corals., Conversely, Bayer (1961) noted
that Leptogorglia setacea may Inhablt both open ocean and estuarine areas where salinlties of 17,2
parts per thousand are found. Leptogorgia virgulata is also known to be euryhaline, although probably
not to the degree attalned by L. setacea (Bayer, 1961).

The impacts of both hyper- and hypo-saline waters on corals is reviewed by Johannes (1975),
Generally, waters which reach 150 percent of the normal salt content (such as desalination plant
effluent) may be toxic to corals even with only short-term exposure (Edmondson, 1928). Responses to
the stress are species-specific, The response of corals to desallination effiuents must consider the
presence of heavy metals such as nickel and copper In the effluent. Chesher (1975) reviewed the
biologlcal impact of a desallination plant in Key West, Florida.

Low salinity waters created by Increased land run-off (via bad land management) or storms appears
tolerable by most Atlantic corals at 50 percent of normal (Johannes, 1975), However, Johannes did
cite several Incidents of heavy rains destroyling coral reefs., Usually, seawater dlluted by heavy
rainfal!l probably inflicts only short-term, noniethal stress to submerged corals. Transported
sediments, however, may bury the organisms,

Antipatharians appear to be strictiy limited to open ocean conditions. Salinlty tolerances of these
animals probably vary accordingly aithough there has been no study of this to date.

1.5 Ecologlcal Relationships

Predation Is a natural component of coral systems. Species of fish such as trigger fish (Balistidas),
filefish (Monocanthidae), puffers (Tetraodontidae), butterflyfish (Scaridae), and parrotfish
(Chaetodontidae) feed directly upon coral polyps and, in doing so, damage the carbonate skeletons
(Randall, 1974). Although the frequency of these attacks may be low, the resultant injury provides an
entrance to dlsease and algal infestation. Fish may also graze upon algal zones on corals, e.g., the
leafy algae zone atop East Flower Garden Bank, or other hard surfaces (Hiatt and Strasburg, 1960).
Other coral reef predators include starfish, polychaetes, gastropods, crustacea, and sea urchins (see
Appendix H),

Corals are also susceptible to "polsoning™ by toxic plankton blooms. Sheif communitles off the west
central coast of Florida were devastated by a red tide of the dinoflagellate Gymnodinium breve (Bright
and Jaap, in press). Smith (1975) stated that exposure to the toxlicants of a red tide can cause
extirpation of coral comunities. In addition to the toxic substances in red tide organisms, an algal
bloom also changes dissolwd oxygen levels; waters may become anoxic at night or when the tide under-
goes a natural decline,




As noted in the following discussion on gas seeps, fllamentous algae may Infest ulcers of corals b
Jected to natural gas (Bright, 1977), Other algae, notably the blue-green Osciilatoria e e
submembranacea, have been associated with coral mortalities in Florida (Antonius, 1973 1976), A
"white death" pathogen (Dunstan, 1977) has been described In Florida but Its slgnlflca;ce or ;ause has
not been elucidated (Bright and Jaap, In press). Algae may also cause tumors in the sea fans Gorgonia
ventalina, Pseudoplexaura:i;gggllosa, Plexaura homomalla, and related gorgonians (Morse, et at,, 1977;
Goldberg, 1979, personal communication), |

" Sedimentation

The effect of sedimentation as a control of coral growth, particularly after storms (see also man-
induced sedimentation, discussed in Section 6.2,2), has been studied since the turn of the century
(Stoddart, 1969). Certain corals may, however, grow even In muddy surroundings (Umbgrove, 1928;
Shinn, 1979, personal communication)., It is known that branching corals are better able to withstand
sedimentation than hemispherical forms (Stoddart, 1969). Such corals of the genus Oculina are often
found In turbld water conditions. Ocullina diffusa (Atlantic cluster coral), for example, appears to
survive on unconsolidated substrates adjacent to reef areas, rather than the reef Itself. Oculina
varicosa which Inhabits the turbid continental shelf of central and northeast Florida, is often the
only scleractinian to be found (Goldberg, 1979, persona! communication). Branching gorgonlian corals
often dominate reef areas subject to heavy siltation (Courtenay, et al., 1974); Bright (1977) com
mented that members of the antipatharian zone are adapted to turbid water conditions on the south
Texas fishing banks, Although these conditions cannot be thought of as an optimum for any species,
cora! dominance In certain areas can be at least partially explained by resistence to turbldity and
sedimentation,

In portions of the management area, sabellarild worms form "worm reefs®" that function as a turbid-
water extenslon of coral reef ecosystems (Gore, et al., 1978).

Gas Seeps

Biogenic and petrogenic natural gas seeps of methane, ethane, and propane have been observed at many
of the hard banks off the coast of Texas and Louisiana, e.g., Fishnet, 28 Fathom, East and West Flower
Gardens, Southern, Hospltal, and Baker Banks (see Figure 5-2) (Bright and Jaap, in press; Bright,
1977) and elsewhere In the Gulf of Mexico (Texas A&M University, no date). Ecological studies of
corals near seeps appear to indicate that no large scale Impacts are occurring, although one head of
Montastrea annularis (small star coral) at 25 m (82 ft), on West Flower Garden Bank was discolored
light brown, ulcerated, and ringed with a filamentous alga (Bright, 1977). In most cases, corals
appear to live colncidentally with seeps.

Seeps of pefrogenic gas and oll are common on hard banks because of the geological structure of the
salt domes and thelr capabliity to trap petroleum reserwirs, Slow and constant releases from those
underground pockets has been estimated by Abbott and Bright (1975) to contribute 200 to 600 million
cublc meters of gas to the water column each year at East Flower Garden Bank aione., Ol! seeps are
also comnon but contribute far less wiume of petrojeum,

Despite the enormity of gas escapes, natural gases from petroleum or blogenic degradation have been
considered nonpollutants, Corals and other hardbank biota may In fact be tolerant to the chronic

exposure levels.




APPENDIX J. STATE LAWS, REGULATIONS, AND POLICIES INDIRECTLY RELATED TO CORAL RESOURCES

Ajabama - (all cltations to Code of Alabama)

(a) Direct Coral Protection -~ None

(b) Indirect Protection

1.

2'

Reguiation of Flsheries

.

Licenses are required for the use of seines and trawls for the taking of shrimp (9-12-92).
Fees for |lcenses according to the length of the net or seine (9-12-113), Permissable mesh
size for seines, nets, or trawls are prescribed by the Department of Conservation and Natural
Resources (9-12-110). Lead lines for seines, nets, and trawls may not exceed 500 fathoms
(900 m or 3,000 ft), For shrimp trawis this measurement is taken along the cork line rather
t+han the lead line (9=12-111), Shrimping Is prohibited completely from Portersville and
Heron Bays (Alabama Marine Resources Regs. §33 and 4).

Contamination of Ocean Waters

The Alabama Water Quality Criterla include special water use classification for shellfish
narvesting and fish and witdlife which require that higher standards of water quaiity, suf-
ficient for those purposes, be met in areas so classified. The Water Pollution Control Act
contains no special provisions for the prevention of discharges of oll Into ocean waters.

(c) Habltat Management or Protection Programs - None appllicable

(d) Coastal Zone Management Authorities

1.

2.

The Alabama Coastal Area Protection Act does not include dredge and fill activities in the
coastal area as a permissable use (9-7-13), Therefore such activities are subject to the
management authority of the Coastal Area Board, The final coastal pian as released in
August, 1978, '

The fina! draft for the Alabama Coastal Area Management Program (August 1979) lists all open
Gul'f waters and certain bays as Geographic Areas of Particular Concern., Uses given highest
priority pursuant to this designation include those that preserwe, protect, or enhance the
coastal waters and those that are dependent upon coastal waters and do not degrade coastal
waters beyond existing levels. Uses that degrade coastal water quality beyond existing
levels are prohlbited (p. 43).

Fiorida - (all clitations to Florida Statutes Annotated)

(a) Direct Coral Protection ~ see text In Section 7.4.

(b) Indlirect Protection

‘.

Requiation of Fisheries

Permits are required to fish for elther commerciat or balt shrimp. Due to the varied habi-

tats and types of bottoms and hydrographic condlitions found In open areas of coastal waters,
the Division of Marine Resources reserves the authority fto specify and regulate the types of
gear that may be used in different sections of the open areas [§370.15(5)(a)l, With certain
exceptions, these regulations are site-specific to such an extent that genera! statements

J=1



3.

4.

concerning the type of gear that may be allowed In coral habitat are Impossible., Breeding
areas are provided special protection. Any area where the shrimp count rewals a predomi~

nance of "smal! shrimp or prawn," defined as 47 shrimps with the heads, or 70 with the heads
off to make a pound, shall be designated a sanctuary area and closed to the taking of shrimp
[§370.15(2) and (3)]. Speclal rules regarding gear and seasons hawe been instituted in cer-
taln areas which have been determined to contain particularly wluable resources. Of par-
ticular lmﬁanm to the protection of coral are the Tortugas shrimp beds, which are closed
to shrimping at all times.

.

Use of Explosives, Poisons, Drugs, or Chemicalis

Throwing dynamite, Iime, other explosives Into the waters of Florida or use of any flrearms
whatsoever for the purpose of killing fish Is prohiblted. Polsons, drugs or other chemlcals
may not be placed in the marine waters of Florida for the purpose of capturing live marine
specimens without a permit from the Division of Marine Resources [$§370.08(5) and (10 1.

Contamination of Ocean Waters

The discharge of any pollutant into the coastal waters of Florida is prohibited (§376,041),
The discharge of oil into any saltwaters of the state from any source s specifically prohlb~
Ited (§370.09).

Pursuant to Florida water quality standards, the highest protection |s afforded to
"oytstanding Florida waters." It Is not known at the present time exactly what standards
wlli be applied to such areas., Waters in national! parks, monuments, wild!lfe refuges and
marine sanctuaries, state parks, recreation areas, and aquatic preserves, and special waters
of ecologlical significance are considered outstanding waters. As mentioned in Section 6.4
seweral such areas hawe been established in Florida waters for the protection of coral

(17 Florida Admin., Code §3,041),

Regulation of Dredge and Fili Activitles

All persons engaging In dredge and fli! activities in the bottom lands of Florida must obtaln
a certificate of registration from the Department of Natural Resources and keep accurate logs
and records of all such activities so that the natural resources may be protected and con-

served (§370,03),

{(c) Habltat Protection Programs

Aquatic Preserves

As discussed in Section 6.4, the Florida Aquatic Preserves Act of 1975 authorizes the per-
manent preservation of submerged lands of exceptional blological, aesthetic or scientific
value (§258.35), Regulations are developed for each ‘preserve to protect water gquallty and
aquatic resources. Three areas of the Florida Keys designated as aquatic preserves inciude
important coral habltat: Biscayne Bay, Coupon Bight, and Lignumvitae Key, Regulations have
been promuigated for one of these preserves, the Biscayne Bay Aquatic Preservwe. Within the
Biscayne Bay Aquatic Preserve dredging or fllling ts allowed only If certaln stringent con-
ditions are met and discharges of wastes are prohibited (§258.165),

J=2




(d)

2. Areas of Critical State Concern

The state planning agency may designate areas containing environmental or natural resources
of regional or statewide Importance as areas of critical state concern for which special pro-
tection will be provided (§380.05). As of the present no areas contalining coral habitat

have been so designated.

3. Environmentaliy Endangered Lands

The Issuance of state lands for state capltal projects for environmentally endangered |ands
Is provided for by the Land Conservation Act of 1972 (§259)., Such capltal projects will
have as thelr purpose the protection of environmentally unique and irreplaceable lands as
valued ecologlcal resources. Eligible types of lands inciude “areas of ecologlical signifi-
cance the development of which would cause the deterioration of submerged lands.”

4, John Pennekamp Coral Reef State Park - See Sections 6.4 and T.4.2.

Coastal Zone Management Authorities

Coral reefs are listed as a unique environmental feature and therefore classified as a potential
area of particutar concern by the Florida Coastal Management Program (Leglislative Draft, 3/1/78,
p. 43), Highest priority In this type of area of particular concern will be placed on non-
intensive uses that are water dependent and maintain natural features. The Fiorida Coastal
Management Program Hearing Oraft of August 1980, identifies problems and issues related to the
Florida reef tract. It recommends full utilization of the existing state Interagency Management
Commi ttee to examine coral reef management issues and to make recommendations for the resolution
of those Issues. |t also recommends full utilization of CZM funding to assist the Florida
Department of Natura! Resources In improving state capabiilty tor deweloping speclfic cooperative
management programs In the Florida reef tract,

Georgla - (all citations are to Georgia Code Annotated)

(a)

(b)

Direct Cora! Protection -~ None

Indirect Protection

1. Regulation of Fisherlies

Offshore areas maybe opened for shrimping by the Coastal Resources Division of the Department
of Natural Resources from June 1 through December 31 of each year, provided that the shrimp
count is 45 or less to the pound with heads on. If the shrimp count does not exceed 50
during the months of January and February, an additiona! open season may be declared.
Offshore waters are permanentiy closed at other times. Power drawn nets used for commerclal
shrimping may not exceed 20 feet at the widest part of Its mouthe No other restrictions on
net length or mesh size appear in the Georgla code (45-902),

2. Use of Firearms, Electricity, Explosives, or Poisons

The use of firearms, batteries, generators or similar devices, or any dynamite, explosives or
other destructive substances, including polsons, wainut hulls, and |ime, for the purposes of
catchling, killing, taking, or harming fish Is prohibited (45-711),



3. Contamination of Ocean Waters

The Georgia Water Quallty Criteria Include a water use classification for fish, shellfish
and aquatic life, which require that higher standards of water quallity, sufficient for fh;lr
survival, be met In areas so classiflede There are no special provisions for the prevention
of discharges of oll Into ocean waters.

4. Dredge and Fill Activities

Dredge, flil, remwval, or drainage or other alterations of marshiands within the estuarine

, area of Georgia without a permit from the Department of Natural Resources |s prohiblted
(43-120), Permits are granted only after a determination that the proposed activity will not
damage marshland and estuarine resources.

(c) Habltat Protection Programs

Pursuant to the Herltage Trust Act of 1975, areas of land, marsh, or water which have been lden~
tifled by the Herlitage Trust Board, as having significant historical, cultural, or natura! values
may be provided speclal protection as determined by the Herltage Trust Board., As of the present
time no coral habitat areas in the coastal waters of Georgia have been provided such protection
(43-2300).,

(d) Coastal Zone Management Authorities
Areas of particular concern within the coastal zone whose environmental, economic, recreationa)l
or cultural characteristics are of statewide, areawide, or regional signiflcance and therefore
require special management, may be designated by the Coastal Management Board (43-26)., No docu~
ment presenting a Georgia Coastal Zone Management Program has yet been drafted. Georgia has dis-
banded its grant with the federal Office Of Coastal Zone Management but wil| continue Its program
on state funds.

Loulsiana - (all cltations to Loulisiana Revised Statutes - Titlie 56)

(a) Direct Coral Protection - None

(b) Indirect Protection

. Regulation of Fisherles

Loulstana fisheries laws make a distinction between inside and outside waters for the purpose
of requlating shrimpling activities; outside waters are all waters seaward of a line established
by the Wiidlife and Fisheries Commission. The state asserts no jurisdiction over outside
waters for the purpose of regulating shrimping activities (§495), Within Inside waters, no
trawiing is allowed durlng a closed season set by the Wiidiife and Fisheries Commission,
Closed seasons are based on the shrimp count and will vary from year to year. During the open
season no vesse! trawling for shrimp may pull more than two trawis and no trawl may be over
50 feet in length along the cork iine (§495.1), Breeding areas are provided protection by a
prohibition on the possession of shrimp which average more than 68 specimens to a pound,
except during the spring open season (§498), Use of seines or trawls with mesh size less
than three-fourths of an Inch bar or one and one-half inches stretched or selnes ovwer three
thousand feet in length Is prohiblted.
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2.

Contamination of Ocean Waters

Discharge of any wastes or pollutants into state waters which could tend to desiroy fish or
other aquatic 1ife must comply with regulations promuigated by the Stream Control Commission

(§1440).

(c) Habltat Protection Programs - None applicable
(d) Coasta! Zone Management Authorities
The draft Coastal Resources Program was submitted to the federal office of Coastal Zone
Management in September 1979.
Mississippi - (ali citations to Mississippl Code Annotated)
(a) Direct Coral Protection -~ None
{(b) Indirect Protection
1. Requlation of Fisheries
The Mississippl Marine Conservation Commission Is authorized to establish open and closed
seasons for shrimping in state waters north of the Intercoastal waterway. State waters south
of the Intercoastal waterway may be closed to shrimping upon the appearance of excessive num-
bers of small juvenile brown shrimp, Certain areas are closed to shrimping at all times
(49-15-6205), North of a line defined by a series of offshore islands (Cut, Ship, Horn, and
Petit Bols) it is illegal to use more than one trawl net, other than a test or try trawl,
which may not measure more than 50 feet along the cork |ine and not more than 60 feet along
the |lead iine., No restrictions are placed on use of trawl nets south of thils line. Trawis
used to catch live balt shrimp may not exceed sixteen feet on the cork line and twenty feet
on the lead line.
2, Contamination of Ocean'wafers
The Marine Conservation Commission cooperates In the enforcement of water quallty standards
In the salt waters of the state, Shellfish harvesting has been established as a water use
classification for the purpose of setting water quaiity standards (49~17-22),
(c) Habltat Protection Programs

‘.

2.

Natural Her|tage Areas

Land and water areas containing an element of the state's natural diversity may be listed on
a Register of Natural Areas and held in trust for thelr protection (49-5-141), Since the
Mississippl Heritage Trust was only recently established, it is too early to determine
whether coral hablitat will be ellglble for protection,

Protection of Endangered Wildlife

Land on aquatic habltat may be acquired for the protection of endangered wildlife (49-5~111),
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(d)

Coastal Zone Management Authorities

Pursuant to the Coastal Wetlands Protection Law permits are required for the

dredge and fi!1

activities In the coastal zone (49-27-1), Performance standards for these activities will be
deweloped as part of the coastal management plan currentiy being prepared.

North Carollna - (all citations to North Carollna General Statutes)

(a)

(b)

(c)

Direct Coral Protection -~ None

Indirect Protection

1.

2.

4.

Regulation of Fisheries

Trawl nets general iy may be used for taking.shrimp in the Atiantic Ocean (15 North Carolina
Admine, Code 3B/.0305). In certain areas of ocean waters the use of trawl nets is prohibited
altogether and in others It Is only permitted during cartain times of the year (15 North
Carolina Admin. Code 38/.0402). iIn other areas the taking of shrimp by any method whatsoever
Is prohibited, Shrimp may be taken by the use of a butterfly net or float net only in areas
designated by, and with a permit issued by, the Secretary of the Department of Natura!
Resources and Community Dewelopment, Dates for opening the season for the taking of shrimp
through the use of nets are set by the Secretary (15 North Carolina Admin, Code 3B/.0701),
Seasons will| vary from year to year and place to place. |f any shrimp count reveals a predom=-
Inance of undersized shrimp or juweniles in particular populations, waters may be closed to
shrimping and/or the use of trawls for as long as the Secretary deems advisable for the pro-
tection of such populations (15 North Carolina Admin. Code 313/.0702), It Is unlawful to take
shrimp by the use of a net with a mesh length less than one and one~half Inches or to use a
net which contalns an Inner or outer liner [15 North Carolina Admin, Code 313/.0701(c)].

Contamination of Ocean Waters

The discharge of wastes into the open waters of the Atlantic Ocean within the jurlsdiction of
the state, except pursuant to a permit Issued by the Environmenta! Managemsnt Commisslion, Is
prohiblted (143-214,2). The discharge of oll into the waters of the state Is specifically.
prohiblited (143-215.83), The person discharging the oil is responsibie for conducting
cleanup operations and Ilable for any damage caused by Its discharge (143-215.84 and 215.90).

Dredge and Fll| Actlvities

Applications for permits to dredge or fll| Iin estuarine waters shall be denled If It Is
determined by the Department of Natura! Resources and Community Development that there wiil
be a signlficant adverse effect on wildlife ... or estuarine or marine fisheries
[113-229(8)(5) 1.

Use of Polsons, Drugs, Explosives or Electricity

The use of poisons, drugs, explosives or electricity to take any fish Is prohiblted
(113-262).

Habl tat Protection Programs




(d)

1. Research Sanctuarles

Coastal fishing waters may be closed by the Secretary of Natural Resources and Community
Development, upon the advice of the Director of the Division of Marine Fisheries, with
respect to taking any or all kinds of marine or estuarine resources and with respect to using
any kind of equipment (15 North Carolina Admin. Code 38/.,0111). Such areas could be
established for the conduct of coral research, and sanctuarles established for research con~
cerning other resources could Indirectly protect coral.

2., Nursery Afeas

Nursery areas may be established to protect fragile estuarine areas which support juvenile
populations of economically important seafood species. In order to protect the Iintegrity of
nursery areas, the use of bottom=disturbing fishing gears, trawis, and dredges Is prohibited
(15 North Carolina Admin. Code 313/,1401),

I, Underwater State Parks

The Marine Fisheries Commission has passed a regulation endorsing the concept of underwater
state parks. Removal and destruction of plants and animals would be prohiblted in such
parks. No action has been taken on this resolution on the departmental level as of the pre—
sent time (Hall, 1978, personal communication).

Coastal Zone Management Authorities

The North Carollna Coastal Management Program has been approvad by the federal Office of Coastal
Zone Management. With approwal, North Carolina recelves Section 306 funding for coastal
programs.

The Coastal Areas Management Act provides for the designation of Areas of Environmental Concern,
permit must be Issued by the Coastal Resources Commission before all but certalin exempted activi
ties can be conducted and appropriate standards must be complied with, Seweral dlfferent types
of AEC's may be designated for which different standards of performance would be established
(113A-113), The Marine Fisheries Commission has recommended that at least four underwater areas
Identified as containing significant coral and/or sponge resources be designated as "fraglie
coastal natural resource areas." The Coastal Resources Commission has yet to act on this recom
mendation (Ha!l, 1978, personal communication).

South Carolina - (all cltatlions to South Carolina Code)

(a)

(b)

Direct Coral Protection - None
Indlrect Protection

1. Requlation of Fisheries

It is untawful to trawl for shrimp except In established lega!l trawling areas in the Atlantic
and in certain sounds and bays (50-17-1610). Except for designated sounds and bays, trawling
Is prohiblted in Inside waters, including several estuarine areas where |iw bottoms are
known to exist (Bearden, 1979, personal communication). Seasons for trawling for shrimp
within the statutory areas may be set by the Division of Marine Resources (50-17-1510 and
1520), Selnes and traw! nets used for shrimp or prawn may not have a mesh size of less than
one~half Inch nylon twine (square mesh) or nine-sixteenths Inch cotton cord (square mesh) and
may not exceed 40 feet In length (50-17-1020),
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(c)

(d)

2, Contamination of Ocean Waters

Any person who discharges organic matter Including sewage and industrial wastes into the
waters of the state which damage fish, shellfish and aquatic animals Indigencus to or depén—
dent on the recelving waters, shall be liable to the state for such damages as may be prowed
[48-1-13(b)l. The pollution of water by oil and g9as Is specifically prohiblted,

3. Use of Poison, Electriclty or Explos! ves

The use of polsons, electrical currents, physical shocks; pressures, dlsturbances, dynami te,
gun powder, lime or any other explosives to take flsh Is prohiblted (50-13-1420 and 1440).

*

Habl tat Protection Programs

Herltage preserves may be established pursuant to the Herltage Trust Program for the protection
of natural areas or features., Natura! areas are defined to Include areas of water which contaln
unique animal habitat, Natural features are defined to include "outstanding remants or natural
elements of surviving undisturbed natural ecosystems" (51=-17-10)."

Coastal Zone Management Authorities

1. Activities Affecting Wildiife and Fisheries

A Coastal Zone Management Program has been adopted by the legislature and the Governor.
According to the proposed program, activities occurring within the coastal zone which require
a permlt or a certification from the South Carolina Coastal Councl!, which are determl ned by
the Councl! to have a significant negative Impact on wildiife or fisheries resources, will
not be approved unless overriding socioeconomic considerations are inwolvwed (Proposed South
Carolina Coastal Management Program and Draft EiIS, p. |1i=51),

2. Dredge and Fill Actlvities

A permit from the Councl! iIs required for all dredge or fill activities and for the erection’
of any structure on or which In any way alters any critical area [48-39-130(c)]. Councli
rules provide that attention be given In the ewaiuation of potential sites for dredged
materlal disposal to "possible adwrse Impacts on ... critical fish and wildilfe areas"

[Re 30-12(1) 1.,

3., Geographic Areas of Particular Concern (GAPCs)

Seweral categories of GAPC's may be designated pursuant to the proposed South Carolina
Coastal Management Program. Areas of unique natural resource value Include scarce or
wilnerable habitats and |iving marine resources., Priorities of uses are established for each
area so designated. Management activities are conducted through several different programs,
Including: heritage preserves, wildllfe preserves, state parks, marine and estuarine sanctu-

arles and shellfish areas.

Texas - (All cltations to Vernon's Texas Code Annotated)

(a)

(b)

Cora! Protection - None

incidental Protection




(c)

(d)

1.

2.

3'

4,

Requlation of Fisheries

For the purpose of regulating shrimping activities in the waters of the state, a distinction
is made between Inside and outside waters. Inside waters include all bodies of water land-
ward of the Gulf of Mexico., Outslde waters are closed to shrimping (for a 45-day period),
from June 1 to July 15, which may be extended by the Parks and Wildllfe Commission to no more
+han 66 days (Parks and Wildlife (§77.061). The legal shrimp count for outside waters is

not more than 65 headless or 39 heads-on shrimp per pound. There are no restrictions on the
number or size of trawls used for shrimping in outside waters. Mesh size may not be smaller
than five stretched meshes in eight and three-fourths inches of net and try nets may not
exceed twelw feet in width (Parks and Wildlife Code §77.063).

Contamination of Ocean Waters

A permit Issued by the Texas Water Commission is required before any discharge of waste,
including oll, can be made into the Gulf of Mexico inside the territorial limlits of the state
(Water Code §26.121). Whenever |t appears that a violation or a threat of violation of thls
provision has occurred that affects aquatic life or wildiife, the Parks and Wildilfe
Department may have a sult instituted for injunctive relief or civil penalty,

Use of Electroshock

The use of electroshock for the taking of fish Is prohibited (Parks and Wildlife Code
§66.004),

Dredge and Fill Actlvities

A permlt must be obtalined from the Parks and Wildilfe Department to operate in or disturb any
oyster bed or fishing water for any purpose other than that necessary or Incidental to navi-
gation or dreding permitted by the states (Parks and Wildlife Code §86.002), Any activity,
Including dredging and dredge material disposal, occurring on state public lands, Including
submerged lands, requires a permlt from the Genera! Land Office. Permits will be granted

only If It Is determined that all types of marine Ilfe and wildlife can be protected (Nat,
Res. Code §33,001-,176).

Habl tat Protection Programs - None applicable

Coastal Zone Management Authorities

A revised He&rlng Draft of the Texas Coastal Management Program has been compieted, but not yet
submitted for approwal, Pursuant to this Program, the Natural Resources Councl| wil! seek nomi=-
nations for areas of particular concern (Texas Coastal Management Program, Revised Hearing Draft,
pe 249), In addition, coastal public lands may be leased by the General Land Office to the
Department of Parks and Wildlife as a means for these lands to be designated areas for preser-
vation and restoration (Nat. Res. Code §33.105). in nelther case Is It clear whether submerged
lands are eligible for designation.
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Summary

The Coral and Coral Reef Fishery of the Guif of Mexico and south Atlantic Is of Importance fo both
recreational and commsrcial fishermen. This fishery Is unique in that 1ts habltat and nonconsumptive
value greatly exceed its value as a harvested product,

Evaluating the economic Impact of proposed regutations in a quantitative manner is not possible and
appears unnecessary. First, the unique character of the fishery makes it a cruqla_l, If not major,
part of the life cycle of several Imporfanf species of fish and shellfish; the commercial and
recreational value of these species would conservatively exceed $300 million annually, While there is
no question of the habitat waiue of coral to marine |ife in general, there Is little or no information
avallable to estimate Incremental decreases In value as coral may be destroyed gradually. Thus, only
gross values and relationships can be used. Second, the Fishery Management Pian (FMP) and associated
regulations would be classified as a minor rule under the criteria of Executive Order 12291 and the
interim Guidelines established by the Office of Associate Administrator for Fisherles,

The need for federal requlation through a FMP Is critical because the traditional federal role of
managing coral and coral reefs in the FCZ has been largely abrogated in the fishery conservation zone
(FCZ) except as it applies to oil and gas exploration and development,  Uncontrolled harvesting and
subsequent damage to coral and coral reefs wili threaten several major fish and shellfish fisheries as
well| as the nonconsumptive value derived from coral,

The management measures proposed by the Councils are responsl\)e to the problems in the flishery and
represent the most cost-effective approach to protect coral and coral reefs. Rejected management

measures were generally more costly to Implement, a greater reguiatory burden on the public, and less
responsive to the conservation of the resource.

Beneflts that wil! accrue from implementation of the proposed measures are maintenance of the
fishery's habltat and nonconsumptive values (cited abow), as well as the harvest walue of coral,
Coral growth Is so slow and miniscule that Its harvest is analogous to a mining operation; however,
Its relationship to renewable marine resources is so vital that short-term Increases in coral harvest
would have far greater tong term, adwerse effects on those resources.

Annual cost for implementation of the plan are estimated at $224,563. The RIR indicates that the
adopted measures minimize the burden on the public and address the problems in the fishery in a cost-
effective manner. The proposed action Is not a major rule requiring the preparation of a Regulatory
Impact Analysls under Executive Order 12291, or under the Interim Guidelines established by the Office
of the Assistant Administrator for Fisheries,
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1. INTRODUCTION

Executive Order 12291 "Federal Regulation" established guidelines for promulgating new regulations and
reviewing existing regulations., Under these gulde!ines each agency, to the extent permitted by law,
is expected to comply with the following requirements: (1) administrative decisions shall be based on
adequate_information concerning the need for and consequences of proposed government actlion;

(2) regulatory action shall not be undertaken unless the potential benefit fo society for the regula-
tion outweligh the potential costs to society; (3) regulatory objectives shall be chosen to maximize

" the net benefits to soclety; (4) among alternative approaches to any given regulatory objective, the
alternative Inwlving the least net cost to society shall be chosen; and (5) agencies shall set
priorities regularly with the aim of maximizing the aggregate net beneflit to socliety, taking into
account the condition of the particuiar industries affected by regulations, the condition of the
national economy, and other regulatory actions contemplated for the future.

In compliance with Executive Order 12291, the Department of Commerce (DOC) and the National Oceanlic
and Atmospheric Administration (NOAA) require the preparation of a Regulatory impact Review (RIR) for
all reguiatory actions which elther implement a new fishery management pian or significantiy amend an
existing plan, or may be significant in that they affect Important DOC/NOAA policy concerns and are
the object of public interest,

The RIR is part of the process of developing and reviewing fishery management plans and is prepared by
the Reglonal Fishery Management Councils with the assistance of the National Marine Fisheries Service
(NMFS), as necessary. The RIR provides a comprehensive review of the level and incidence of impacts
associated with the proposed or final regulatory actions. The analysis also provides a review of the
problems and policy objectives prompting the regulatory proposais and an evaluation of the major
alternatives that could be used to solw probiems. The purpose of the analysis Is to ensure that the
regulatory agency or Council systematically and comprehensively considers all avallable alternatives
so that the public welfare can be enhanced In the most efflcient and cost effective way.

The RIR aiso will servwe as the basis for determining whether the proposed regulations implementing the
fishery management plan or amendment are major/nonmajor under Executive Order 12291, and whether or
not the proposed regulations wil! have a significant economic impact on a substantial number of small
entities under the Regulatory Flexiblllty Act (P.L. 96=354),

A. Background of RIR

This RIR 1s based on the most recent commercial and recreational information, as well as the most
recent biological, economic, and legal Information regarding coral and coral reefs, The proposed
regulations, which this RIR evaluates, will be subject to publlc review during hearings to be held
in early 1982,

B. Background of the Coral and Coral Reefs FMP

The Guif of Mexico and South Atlantic Fishery Management Councils, established by the Magnuson Fishery
Conservation and Management Act (MFCMA; 16 U.S.C. 1801 et seq.), are responsible for preparing manage~
ment plans for mutual flishery resources in the FCZ of the Gulf of Mexico and south Atiantic., The
Councils, recognizing that coral and coral reefs constitute a valuable fishery (see Section 1V.C.!
below) and require management under MFCMA, deweloped a FMP to address and overcome problems in the
fishery.

C. Problem iIdentification

1. The overall problem in the flshery is the degradation of the stocks through natural! and man-made
Impacts. Coral and coral reefs in the management unit are frequently plagued by a wide variety
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of adwrse Impacts, as detalled in FMP Section 6.2.2. The cumulative effect of these stresses has
been a degradation of stock size, areal distribution, and coral health generally, This probiem
undermines the value of coral and coral reefs as habitat, in nonconsumptive as well as consumptive
uses.,

2, Limited scientific information on many species and many sections of the 'managemsnf unit, which
Includes the Inahli|ity to assess the Iimpact of coral harvest., The existing blologlcal data pre-
sented in FMP Section 5.4 show that there Is very littie Information on growth, mortallty, abun-
dance, and recrultment for the management unit. This information on catch/effort from a directed
tishery is absolutely necessary to estimate MSY (and then OY) for each species. Without this
Information, estimated MSY's are uncalculable.

3. Susceptibliity to stress because of corals being focated at the northern Iimit of thelir distribu-
tlon. Corals in the management unit are located at the northern end of their natura! distribu=-
tions., This means that they are subjected to water temperature extremes that stress them to the
Iimit of thelr abllity to survive. In fact, In some instances water temperature drops and/or
other natural occurrences (such as hurricanes), hawe killed large segments of reefs in the manage-
ment unlt. These natural stresses are uncontrollable by man., However, because of these natural
stresses, corals in the management unit are more susceptible to man-induced stresses,

4. Inabliity of corals to escape stress because of their sedentary nature, Corals, unlike finfish,
crustaceans, and most mo!lusks, cannot move to escape stress. Instead, the polyps must retract,
Resulting disruptions in energy flow may Interfere with normal ecological functions such as repro-
duction and feeding.

5. Compiexlty and inconsistency of exlsting management regimes. As summarized by Shinn (1979b, and
1980), the management area is cowred by numerous federal and state authorities with jurisdiction
ower coral and coral reef resources, This presents problems in overlapping regulations by federal
and state agencies, differlng regulations (e.g., concerning troplcal fish collecting in Florida
Keys parks, monuments, etc.), and more, The resulting regime is complex, burdensome, and
Inconsistent; a single coordinating authority such as National Oceanic and Atmospheric
Administration (NOAA) may offer a solution via the FMP within the mandate of the MFCMA,

6. Lack of adequate public understanding of the Importance of coral and coral reefs, Dead coral is’
sold extensively In the management area both for use as curlo [tems and aquarlum decorations, On
the other hand, llving coral is important both ecologically and economical ly to the management
area, Living coral provides habltat for many species of finflish and shellfish, Many of these
specles are commercially valuable, Living coral also provides a mejor tourist attraction to south
Florida and to a lesser extent in other states,

7. Present lack of jurisdiction over most coral and coral reefs by a federal agency which has tradi-
tionally executed authority and jurlisdiction, In a recent decision (U.S. v, Alexander) the court
ruled that the Bureau of Land Management only had authority to manage corals threatened by oll
tease operations, This decision has left the majority of coral and coral reef resources in the
FCZ unprotected and unmanaged.

D. Specific Objectives of the FMP

The specific objectives of the FMP are to:

1. Develop the sclentific Information necessary to determine the feasibility and advisabllity of
harvest of coral,

2. Minimize, as approprlate, adwerse human impacts on coral and coral! reefs.
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3, Provide, where appropriate, for special management for coral habitat areas of particular concern
(HAPC) .

4, Increase public awareness of the Importance and sensitivity of coral and coral reefs,
5. Provide a coordinated management regime for the conserwation of cora! and coral reefs,

E., Achievement of Stated Object!ves

The Counclls have recommended an OY for all corals as a lewel of harvest specified or as may be
authorized pursuant Yo the permitting criteris establlshed in the. FMP, This OY Is very different from
those In other flisherles because the allowable level of harvest is very limlted, MSY for coral and
coral reefs Is presently Incalculable, and their importance to other fisheries cannot be owerstated.

OY for stony corals is to be zero (0) except as may be authorized for scientiflic and educational pur-
poses. The current and expected level of harvest for this purpose Is estimated to be 140 kilograms
per year,

OY for octocorals Is the amount of harvest which is authorized pursuant to this ptan, It is to be all
octocorals (except sea fans) that are harwested by U.S. fishermen, Octocorals, except for sea fans,
are Identifled as presentiy being harvested without apparent stock damage (Section 8.2.6). Present
and expected level of harvest is estimated to be about 5,845 colonies, 1,463 of which coms from the
FCZ.

The U.S. harvesting industry has the capacity and intent to harwvest the entire OY; therefore, there Is
no surpius avalilable for foreign fishings The U.S., processing industry also can process as much of
the resource as becomes available to it,

Proposed Management Measures

1. Permits
Establish a permit system, with mandatory reporting, for:
A. the use of toxic chemicals in taking fish or other marine organisms which inhabit coral reefs,

B. for taking stony corals and sea fans and corals in prohibited areas for scientific and educa-
tional purposes,

2. Time and Area Restrictions

See FMWP Section 13,5 for specla! regulations applicable in habitat areas of particular concern and
Proposed Measure 5 below.

3., Catch Limltations

A. Total Allowable Leve! of Forelgn Fishing - none, The expected domestic annua! harvest will
equa! the optimum yield.

B. Types of Catch Limitations:

{1) Prohiblt the taking of stony corals and sea fans (Gorgonia flabelium or G. ventalina) or
the destruction of these corals and coral reefs In the FCZ of the Gulf and South Atiantic
Fishery Management Counclis' jurisdiction, except as provided for in this plan., (FWP
Section 12,4),
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4.

5.

(2) Stony corals and sea fans taken Incidental ly In other fisheries must be returned to the
water In the general area of capture as soon as possible. An exception is provided for
the groundfish, scallop, or other similar fisheries, where the entire unsorted catch- s
landed. In such instances the stony corals and sea fans may be landed but may not be
solds (FMP Section 12.4.)

(3) Should harvest of octocorals become accelerated which In the Councils! Jjudgement is
threatening the habitat In locallized or widespread areas, the Councils may request the
Secretary to take avaliable measures designed to eliminate such threat of damage to the
resource and fishery habltat. On the advice of its Scientific and Statistical Committee
or other sources that one or more species of octocorals may be endangered from widespread
or locallzed depletion from owerharvest or threat of owerharvest, the Counclis may notlfy
the Secretary of the threat and recommend that he take one or more of the following
actions,

a. Restrict by regulation amendment or through promulgation of emergency regulations the
harvest of one or more species of octocorals to a recommsnded lewve! or amount,

be Restrict by regulatory amendment or through promuigation of emergency regulations the
area from which one or more specles of octocorals may be taken,

c. Restrict by regulatory amendment or through promulgation of emergency regulatons the
method of harvest by which one or more speclies of octocorals may be harvested.

d. Utilize any procedures other than regulatory amendment or promulgation of emergency
regulations which may be within the realm of authority of the Secretary and which
wii! achieve the results of action proposed in options (a) through (c) abowe,

Types of Vessel, Gear, and Enforcement Devices

Prohibit the use of toxic chemicals in taking fish and other marine organisms which Inhabit coral
reef areas except under permit as may be specified in this or any other fishery management plan,
(FMP, Section 12.4,)

Habltat Preservation, Protectlion, and Restoration (FMP, Section 12.4)

Measures are proposed for the coral habltats of particular concern (HAPCs).

b.

Ce

East and West Flower Garden Banks (nominated national marine sanctuary). Traditional,
historical fishing methods are allowed but bottom longlines, traps and pots, and bottom trawis
are prohiblited in waters shaltower than 50 fathoms. The taking or destruction of all corals
Is prohiblted except as authorized by permit,

Anchoring shall be prohlibited on the East and West Flower Garden Banks, on bottoms shal lower
than 50 fathoms in depth except for wvessels less than 100 feet in registered length.

Florida Middle Grounds - the northernmost hermatyplic (shallow reef-type) coral community in
the Gulf of Mexico, Within the HAPC as defined in the plan, bottom longlines, traps and pots,
and bottom trawls are prohibited to prevent damage to corals (see Section 6.2.1). The taking
or destruction of all corals Is prohiblted except as authorized by permit,

Ocullna Bank = tn this four by 23 nm HAPC off Florida's central east coast the use of bottom

trawls, bottom longlines, dredges, fish traps, and pots is prohibited in order to protect the
coral from damage. :
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6.

].

2’

3.

4,

5.

6.

8.

Il

Other Measures fo Achieve OY (FMP, Section 12-4)

A. Recommended that the Secretary establish a communication program to Inform the public of the
reasons for coral management and regulations which protect corals and coral reefs,

8, Recommended that the Secretary establish a procedure to coordinate coral management activities
In the FCZ and territorial sea within the Councils' area of jurisdiction,

C. Recommended that the states and NMFS monitor at least at the present level of effort the con-
dition of the octocorals and report damage or threat of damage to their habltat,

Alternati ve Mahagemen? Measures

Establish regulations for coral fisheries on a species or group basls, inciuding at a minimum,
allocation of catch, possibly location or harvest area, use of the resources, and regulation of
col lection method.

Initiate a research and monitoring program of data gaps and ongoing activities to provide infor-
mation necessary to fulfill management needs,

Develop a public Information and awareness campalign to acquaint the public with the values of
corals, the fragility of corals to human and natural stresses, problems with stock management, and
ways in which the public may contribute to resource conservation and management,

Study effects of trial fisheries on selected species.

Provide for a fishery for rose coral.

No action. (No management or regulation.)

Include for special management purposes as habitat areas of particular concern the following:

a. Sand Key and Sambo Reefs.

b. Onsiow Bay, North Carolina,

Cce. A larger area for Oculina Reef System off central eastern Florida and the Florida Middle
Grounds,

d. Looe Key.-
Permit system for harvest of octocorais,

ANALYSIS OF PREVIQUS YEAR'S FMP

Not appiicable since no PMP or FMP is now in effect for coral and coral reefs.

IHi, METHODOLOGY

A. Procedura! Framework

The procedure used in estimating the economic impacts will include a systematic discussion of both
adopted and rejected management measures., Each management measure, to the extent possible, will be

analyzed with regard to its effect on:
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(1) Changes in price ~ price flexibitities will be used where appropriate,

(2) Changes in supply -~ effects on production and marketing costs and related changes throughout
the distribution system, :

(3) Changes In employment - total number of Jjobs affected.

(4) Distribution of income, benefits or costs - universe of affected fishermen, income distribu-
tion, reporting burden, and other effects on vessels, crewshares, processors, and user
groups, )

(5) Productivity - refative to altering output, investment, and technology.

(6) International implications - effect on foreign fishing or foreign markets,

(7) Market structure - changes In the size, nuvr;ber or locations of firms.

(8) Government - administration, data collection, and enforcement costs,

(9) Recreational participation.

After al| measures are examined, Impacts under the abowe categories will be summarized.
B. Data Base

Most data used in this RIR are contained in the FMP,

IV. REGULATORY IMPACTS

Management programs currently in effect In the Guif states and South Atlantic states are reported in
the FMP (Section 7.0), as well as present federal regulations, These present conditions, as well as
no action where applicable, will serve as the basis for estimating the Incremental economic Impact of
the proposed and alternative measures.

A. Proposed Management Measures

1 Permits

A. This measure is intended to protect corals from death or damage from toxic chemicals used in
the collection of fishes and other marine organisms in coral reefs, Some tropical fish
col lectors utilize chemlicals to remove specimens from wlithin coral reefs. When used with care
the chemicals can be used effectiwely with |ittle effect on the corais. Improper use,
however, can result In loss of corals. Restriction to permitted users would provide a degree
of control to limit use to approved chemicals and indl viduals knowledegable In their use,

It Is expected that the permit program developed through the office of the Regional Director
of NMFS will utilize the permit information and procedures of the Florida Department of
Natural Resources (FDNR), Flishermen with valid permits through FDNR to operate In state
waters may operate In the FCZ with the same FDNR permlit., Their permit information would be on
file in the Regional Office., Federal expendltures and unnecessary duplication would therefore
be at an absolute minimum. Practical ly all coral-related activity takes place of f of Florida;
the expected number of permit holders is estimated inltially to be 40 to 50 (A. Huff, FONR,
1981; personal communication),
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2.

3.

B.

This permlt procedure will minimize any burden placed on flshermen and would al low easy opera-
+ion between the waters of the FCZ and state without identification problems. The Regional
Director can issue permits to flishermen operating in the FCZ only, or may designate FDNR, with
its approval, as his designee to issue permits. The cost of these permits Is expected to be
zero as in the Gulf Reef Fish FMP, and of minimal cost ($10 each) to the government, Since

-practiatly all exlsting coral-related activity occurs in Florida, the additional cost to

federal government will be zero In the short-term.

Permits for only the scientific and educational taking of stony corals, sea fans, and other
protected corals In HAPCs will neither create an economic burden on researchers and commercial
collectors, nor create unnecessarily large federal government expendl fures. While the collec~
+ion of corals, including stony corals and sea fans, in the FCZ is presentiy unregulated, the
collection of stony corals and sea fans is believed to be nonexi stent, Most commercial

col lection occurs off of Florida where there Is a permit system and possession of stony corals
and sea fans is prohibited, The cost of these permits to the research and educational com-
munity is expected to be zero and of minimal cost (§10 each) to the federal gowernment.

Initially the number of permits under this submeasure Is not expected to exceed 18. The
Reglonal Director will in all likellhood issue the permits because research and educational
activity occurs throughout the Gulf and south Atiantic FCZ, Other federal agencies with
jurisdiction over specific HAPCs, l.e., Fort Jefferson, Looe Key, etc,, may devise thelr own
permit system or may utilize the of fices of NMFS,

The mandatory reporting required of all permit holders, estimated to vary between 58 to 68,
will be obtained through a survey form designed by the Southeast Fisheries Center, NMFS,
Forms will be mallied periodically to NMFS or collected by NMFS agents. Costs for mailing,
printing, data processing, editing, verification, and publication should not exceed $25
annually per permit holder, or a total of $1,450 to $1,700 to the federal government, The
reporting burden to respondents should be no more than one hour per year. Information
required will include:

1) catch by welght (or colonies) and specles;

2) catch by location and depth;

3) date of catch{es);

4) Intended use of catch;

5) type of chemicals used, If any, and

6) other perfunctory information as listed in FMP Section 14,2,

Time and area restrictions apply specifically to HAPCs which are discussed below under item 5,

Catch Limitations

A.

B.

A zero harvest leve!l for foreign fishing wiil cause no economic burden on foreign fishermen
since there is no present or past foreign fishing activities in the Gulf and south Atiantic
FCZ. Expenditures by the federa! government will be at an absolute minimum,

Type of catch |imitations:

(a) The impact of prohibiting the taking of stony corais and sea fans, or the destruction of
these coral reefs, Is described abowe in Management Measure 1,8, and in general terms in
the Summary section.
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{(b)" The economic impact of this submeasure Is minor on the fishing lndus?ry, and in most
cases on coral and coral reefs, First, the exemption to groundfish, scallop, and other
simllar fisherlies does not Impose any unnecessary regulation on these fisheries; also
corals will not be threatened because these fisheries operate in low density coral ar;as
elther normaliy or by preference to minimlze gear damage and loss. Second, fisheries

- which may land stony corals or sea fans, but are prohibited from sel ling them, will
experience very |ittle, It any, decrease In revenus, Any coral Incidental iy taken would
have been so fragmented by bottom trawling as to make them worthless. Enforcement
efforts by federal and state agencies need not be Increased for a very low potential of
this activity, '

(c) The economic impact of this submeasure, which sets up a framework for future regulations
I f necessary, Is uncertain until regulations are proposed. Under the current FMP, the
harvest of octocorals Is unreguiated (except in two HAPCs where a permit is required),
Recent information (J. W. Lowry, FDNR, 1981; personal communication) document the impor-
tance of octocoral habitat to other corals, coral reefs, and marine |ife, This measure
allows the Councils to request the Secretary to take avallable measures (Sec., 305(e) of
MFCMA) to protect octocorals.

4, Types of Vessel, Gear, and Enforcement Devices

The economic and regulatory impact of prohiblting the use of toxic chemlicals except under permit is
described In Management Measure 1,A,

5. Habltat Preservation, Protection, and Restoration

A.

The economic impact of prohiblting the use of bottom longlines, traps and pots, and bottom
trawls, and prohlibiting anchoring by vessels greater than 100 feet in length, wiil be very
small, If any, Whlle the use of this gear is presentiy unreguiated throughout the whole Gulf
and south Atlantic FCZ, and in the Flower Garden Banks, the gear is not used presently,
Anchoring of wvessels, and assoclated coral damage, has been observed (T. Bright, Texas A&M
University, 1981; personal communication) in the Flower Garden Banks, Vessel operators,
unaware of coral's Iimportance or presence in the area, may anchor occasionally, After imple~
mentation of the FMP, the Flower Garden Banks will be marked on standard nautical charts as
being off-1imits to anchoring; wessels may easily anchor in other locations in the same
general area, '

The economic Impact of prohliblting the use of bottom longlines, traps and pots, and bottom
trawis is zero. The use of this gear In the three regulated HAPCs Is very limited or
nonexistent presently, Flishermen may use this gear in other areas of the FCZ consistent with
regulations In other FMPs, e.g., Reef Fish, etc. The fish resource remalns avaliable to all
fishermen by use of other, nonrestricted gear,

6. Other Measures to Achiewve OY

A.

The long-term economic Impact of this recommendation to the Secretary would be maintenance of
coral and coral reef as habltat and for nonconsumptive uses. An approximate economic value
for all these uses |s provided in Section 1V,C, below and Includes the $300 million In wvalue
of coral assoclated marine |lfe cited abovwe In the Summary section. Another benefit is the
long-term reduction in eftort required to enforce regulations assoclated with the plan, Cost
to the federal government from thls recommendation depend on the availablliity of budget funds
and the extent of the educational program supported by the Department of Commerce,
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2,

3

5.

6.

B, The !ong~term economic impact of this recommendation to the Secretary would be a reduction of
duplicative and overiapping reguiations on Industry enforced by several state and federal
agencies. Industry productivity may increase, as well as revenue, and cost may decrease.
Costs to the tederal government from this recommndation may decrease from present levels
depending on the extent that duplication and over lapping regulations, and their enforcement,
is eliminated,

C. The long-term economic impact of this recommendation to the Secretary would be maintenance of
the octocorals and thelr contribution to overal|l marine Iife productivity and walue. Present
data are inadequate to determine the exact contrlibution octocorals provide, but it Is believed
to be major since as a group octocorals are one of the most common species of coral, Costs to
the federal government from this recommendation to the Secretary should be zero in the short
term because of the adequate capacity of the existing monitoring programs of several state and

federal agencies.

Alternative Management Measures

The economic impact of this measure would be the imposition of unnecessary regulations on |ndustry
and the public, as well as increased costs to the federal government for enforcement. industry
(see FMP Section 9.0) would be burdened with regulation which Is presently unsupportable with the
best avallable scientific data {except for stony corais and sea fans). Furthermore, the measure
implies some level of harwest for coral speclies, which Is contrary to the OY for coral and coral
reefs. Enforcement costs for this measure and other alternative measures are discussed below in
Section 1V, C,

This measure was rejected because Its implementation would have been a recommendation for research
to the Secretary. This measure Is cowered in Proposed Management Measure 6. C.

This measure was rejected because Its Implementation by the Councils Is not consistent with their
authority. The measure Is a recommendation to the Secretary and Is covered in Proposed
Management Measure 6. A,

This measure would have resulted in unknown and possibly adwerse effects on cora! and coral reef
productivity. Data is not adequate to identify particular species, excepting octocorals, for a
trial fishery, The restrictions of a trial fishery, including some form of |limited entry and/or an
overall allocation, may discourage industry participation. Costs to the federal government may be
substantia! for enforcing the restrictions of a trial fishery depending on the range of the
fishery, number of participants, the threat to the resource from overfishing, and the duration of

a trial fishery,

The impact of this measure would be the expioltation of a type of stony coral, a species with a
zero harvest level. Although the harvest of rose coral is presently unregulated In the FCZ, in
1976 Florida prohibited harvest in Its territorial waters and possession of rose coral, Since
almost all the rose cora! Is iocated oft of Florida, for all practical purposes there is no
fishery at present, Adoption of this measure would create enforcement difficulties for the state
and an inconsistency with the OY specification for stony corals,

The impact of the No Action alternative would be potential loss In coral and coral reef produc-
tivity and destruction of the resource through avoldable man-made and natural causes. Loss of the
resources' productivity would jeopardize at least a part of the $300 miiiion in annual benefits to
important marine fisheries and several miliion dollars in economic activity to nonconsumptive
activities, l.e., diving and sightseeing. ’
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With the possibliity of unregulated harvests In the Fcz, the resource appears to be under an unac-
ceptable biologlcal risk, The No Action alternative does not comply with the Intent of MFCMA and
National Standard one because It would allow an activity which would result in overfishing.

Incremental costs to Industry (marine flsheries), the public, and government would mean the gra=
dual -loss In revenue, recreational participation, and taxes from decreased coral and coral reef
productivity, .

7. As The Impact of this measure would be an unnecessary regulation and an increase In costs to the
federal government for enforcement. Sand Key and Sambo Reefs are not included as HAPCs
. because of their simllarity and proximity to other HAPCs in the Florida Reef tract and because
they are located In the territorial sea.

B. The impact of this measure would be an unnecessary reguiation and an increase in costs to the
federal government for enforcement. Awvellable data are Insufficient to meke a recommendation
at this time for inclusion as an HAPC.

C. The impact of this measure would be an unnecessary restriction of gear where It might be used
without significant damage to coral, Only major, representative areas of the cora! are
Included in the restricted areas designated as the HAPCs,

D, Special measures were rejocted after Looe Key was designated as a Natlonal Marine Sanctuary
under NOAA's CZM program.

8. The impacts of this measure would be an unnecessary regulation by the federal government, a regu-
latory burden on Industry, and an increase In costs to the federal government for enforcement,
Enforcement itself may be difficult since the State of Florida has no reguiations cowering the
harwest of octocorals,! The avallable data do not support restrictlons on user groups pre-
sently (except in HAPCs), and Proposed Management Measure 3. B.(c) cowers the potential for
excessive local harvests, Under this measure permit holders, estimated at 40 to 50, woulid be sub-
ject to mandatory statistical reporting; at $25 annually per respondent, cost to the federal
government would be $1,000 to $1,250, Processing of permlts would cost $10 each.

C. Comparison of the Impacts of the Proposed and Alternate Measures

Among three management regimes evaluated, i.e., the preferred, the alternative, and No Action, the
preferred management regime protects the resource and maintalins its productivity best of al Iy, mini=
mizes the regulatory burden on the Indusiry and public, and minimizes costs to the Industry, public,
and gowernment,

1. Proposed Measures

The Proposed Measures are the Councils' approach to achleving the FMPs objectives, and to be con-
sistent with MFCMA, the National Standards, and other appliicable law and policies (such as E. 0. 12291),
The proposed management measures wil!{ help to malntaln coral and cora! reef productivity for nonconm—
sumptive as well as consumptive uses. In addition to a2 large but unquantifiable esthetic wlue to
coral, 1t serves as a vital habltat area to several commercial ly- and recreational ly=-important marine
species; without the coral habitat, the continuation of fisheries for these species would be In
jeopardy. These fisherlies and assoclated annual economic values are |isted directly below,
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Fisheries Dependent on Coral Habitat

Fishery Area Sector Annual ValueZ
Spiny lobster Gulf and South Atlantic Commerclal $ 16 miflion
Recreational

Pink and rock shrimp Gulf and South Atlantic Commercial $ 25 miilion

" Reef Fish Gulf Commercial $ 15 mitlion
Reef Fish Gulf Recreational $100 mitlion
Reef Flsh South Atlantic Commercial $ 4 miltion (1977)
Reef Fish South Atlantic Recreational $135 million (1975)

TOTAL $295 million

Source: Respective FMPs,

1 The exception is that the state prohiblts harvest and possession of sea fans, as the FWP proposes
(except for research and education).

2 Commercial values are at exwessel level only.

While the total wvalue of these species cannot be attributed to the presence of coral and coral reefs,
the reefs do serve as important sources of habltat for these specles,

In addition to the nonconsumptive values, there Is also the economic activity generated through diving
(SCUBA and snorkeling) fhroughouf the management area and through sightseeing (e.g., glass-bottom
boats). Although it Is difficult to estimate precise dollar amounts attributable to coral and coral
reefs, almost half of all divers surveyed (Skin Diver Survey, 1977) do so for reef exploration;
Florida is one of the top two states with the most number of divers; the average total investment and
average annua! trip expendlitures by a diver was $942 and $646, respectively (Skin Diver Surwey, 1977),
Charter~boat activities are also important economically and are described in detall in FMP Section
9.1.2.1. Flinally, the value of harwested octocorals is believed to range between $15,000 and $25,000
annually (FMP Section S9.1.1.2).

Cost of the preferred management measures Include a maximum of $1,700 and $180 for statistical
reporting and processing of permits, respectively; in addition, there is a potential cost of $222,683
for enforcement, to be conducted by NMFS, U,S. Coast Guard, and state agencies where cooperatiwe
agreements already exist. This is the estimated cost of full scale enforcement if a sufficient level
of funding and enforcement vessels were avallable., Whichever management regime is selected, dewelop-
ment costs for this FMP hawe already occurred. These costs are approximately $300,000 by both
Councils,.

The impacts of the proposed moasures, according to the criteria listed abow in Section Ilil. A, are
Indicated in Tabie 1.

2. Alternate Measures

The alternate measures, including No Action, do not protect the resource and the habitat value it pro~
vides to lmportant marine fisheries. Existing scientific information would not support unregulated
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Table 1, Summary of Economlc Impacts of the Proposed Management Measures

Proposed
Management International Market Government Recreational
Moasure Price Supply Employment Re venues Producti vity | mpact Structure Costs Rarticipation
1. A, 0 0 maintaln maintain 40 - 50 hours 0 0 o' maintain
reporting
B. 0 0 0 0 18 hours
reporting 0 0 $180 0
Statistical Reporting $1,450 - $1,700
2, See Measure 5 below
3. A. 0 0 0 0] 0 0 0 0 0
8.(a) 0 0 0 0 malintain 0 0 See 4 maintain
0 0 0 0 slight Increase o 0 See 4 0

in sorting time

(c) may decrease may increase may increase may Increase uncertain 0 .0 See 4 0
4. 0 0 maintain maintain maintain o 0o $116,5002 malintaln
5. A 0 0 maintaln maintain maintain; large 0 0 See S5.b maintain

vessels must use
other sites for
anchor ing
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Table 1 (contd.) Summary of Economic impacts of the Proposed Management Measures
Proposed
Management International Market Government Recreationz|
Measure Prlce Supply Employment Re venues Productivity Impact Structure Costs Participation
5. B. 0 0 malntaln mintain malntaln 0 0 $65, 2682 . malntaln
C. 0 0 maintain maintain ‘malntaln 0 0 $ 25,1652
6. A. 0 0 maintaln maintain maintain 0 0 =3 maintaln
B. 0 0 0 0 possible reduction 0 0 possibly 0
of regulations reduce
Ce 0 0 maintaln maintaln maintain 0 0 0 maintain
Summary maintain 58 -~ 68 hours $180 permit costs
annual revenues reporting $1,450 - $1,700 statistical reporting
of over $300
miilion $222,683 enforcement?

! Assumes dual-permit system with FONR as Reglonal Dlrector's designee.

Federal government enforcement; source:
separate measures are for Coast Guard only,

3 Depends on the avallabliity of funds and scope of program.

$224,313 - $224,563

C. Fuss, Law Enforcement Division, NMFS, St, Petersburg, Florida, March 31, 1982, Estimates above under
NMFS estimate 1s $15,750,
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Table 2. Summary of Economlc Impacts of the Alternatiwve Management Measures
Management International Mar ket Government Recreational
Measure Price Supply Employment Re venues Productivity Impact Structure Costs Participaticn
fe possibly possibty possibly possibly decrease; more uncertain tend to -1 uncertaln
Increase decrease decrease decrease regulation concentrate
2. 0 0 0 0 possibly 0 0 -2 uncertaln
maintain
3. 0 0 maintain maintaln maintain 0 0 -2 malintain
4, uncertain uncertain uncertain uncertain uncertalin; more 0 uncertain -1 uncertain
regulation
5. possibly possibly possibly possibly short~term 0 0 -1 uncertain
decrease Increase Increase Increase increase; long-
term negative
6. possibly possibly uncertain risk losling risk of over- uncertain uncertain -1 decrease
decrease increase revenue from har vest '
dependent marine
fisherles, $300
mililon annually
7. A. uncertain uncertaln uncertain uncertaln possibly maln- 0 uncertaln -1 uncertaln

tain; more
regulation




Table 2 (contd,)

Summary of Economlc Impacts of the Alternatlwve Management Measures s

Management International Market Government Recreational
Measure Price Supply Emp | oyment Revenues Productivity impact Structure Costs Participation
7. B. uncertaln uncertalin uncertain uncertaln possibly main- 0 uncertaln - uncertain
tain; more
regulation
C. uncertaln uncertain . uncertaln uncertain possibly main- 0 uncertaln -1 uncertaln
tain; more
regulation
D. uncertaln uncertaln uncertain uncertain possibly maln- 0 uncertaln -! uncertain
23 taln; more
;IU regulation
—
wn .
8. 0 0 0 0 more regulation; 0 uncertain $1,000 - $1,125 uncertaln
40 - 50 hours reporting costs;
reporting $400 - $500 for
permits; plus
N enforcement
‘ Summary risk of losing 40 - 50 hours $301,013 maximum
| value of related reporting burden; in costs to
% marine fisheries; more regulation federal government
| $300 million per
year
1 Enforcement cost of $299,388. Source: C. Fuss, NMFS, April, 1982,

2 Dependent on level and avallabillty of funding.




tishing or even trial fisheries for an indeteriminate number of species, Any short-term benefits from
Increased harvest fo coral would be greatiy exceeded by declines In landings and value of coral-
dependent marine fisheries, The No Action alternative In particular would expose coral and coral
reefs to indiscriminate destruction by commercial and amateur collectors, 7

The costs of the alternative measures are greater than those of the preferred measures, The cost of
the No Action alternative in particular is the risk of losing the value of coral-dependent marine
tisheries and other activities, upwards of $300 million annually, This loss would be felt by the

" Industry and public, Costs of the alternate measures, excluding No Action, include up to $500 for
processing of permits, up to $1,250 for statistical reporting, and $299,388 for enforcement; the
enforcement estimate Is the best estimate since the alternative measures are general ly more restric-
t+ive and require more regulations than the proposed measures, Alternative FMP development costs of
$300,000 would still be applicable in the No Action alternative,

The impact of the alternative measures, according to the criteria listed above In Section Iil, A, are
indicated In Tabie 2,

D, Paperwork Reduction Act (44 U,S,C, 350 et seq,) E

The proposed management measures will not increase the reporting burden for commercial, scientific,
and educational users significantly, or over present amounts (Florida requires reporting of its permit
holders, and FDNR may be the Regional Director's designee), The major change will be a shift from
voluntary to mandatory reporting and the addition of needed information, Actual costs and reporting
burdens are indicated in Measure 1, Section 1V, A,

E. Regulatory Fiexibility Act (5 U,S.C, 601 et seq,)

A review of this FMP indicates that there will be no significant economic impacts from Its implemen~
tation on small business entities In the coral and coral reef fishery, or other related fisheries,
The statistical reporting and permit requirements are not major impediments to business activity and,
in almost all cases, the requirements are aiready in place through State of Florida regulations,

The proposed rule was published in the Federal Register (48 FR 39255) for a period from August 30,
1983, through October 14, 1983, No comments were recelved from small businesses objecting to this
proposed rule, Due to the absence of negative comments from smal| businesses, NOAA concludes that
this rule will not have an adverse impact on small businesses,

F. Determination of Major/Minor Rule

This FMP is a minor rule under the interim quide!ines established on June 17, 1981, by the Office of
the Asslistant Administrator for Flsherlies, This determination of a minor rule for thls FMP |s based
on the Insignificant impacts as a result of this FMP on the following criteria:

1) Increase In the total cost or price of goods of $5 miilion per year;
2) lIncrease in cost or prices of ten percent or more;

3) adverse impact on competition;

4) adverse impact on emplioyment;

5) adverse impact on Investment;

6) adverse impact on productivity;

7) adverse impact on exports,
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APPENDIX L. SUMMARY OF PUBLIC COMMENT

This appendix summarizes testimony on the draft FMP/EIS st five public hearings or submitted by letter
to the Councils and the National Marine Fisheries Service. Some letters from associations and agen-
cies are included in this appendix.

Appropriate responsea to the comments have been provided herein by the Councils.

Oculina Bank HAPC

(1) Comment: A portion of the Oculina coral bank off Florida‘'s central east coast should be included
; as a HAPC with special regulations to protect the coral from damage from fishing gear.

(2) Comment: The boundary lines should exclude adjacent scallop fishing grounds which extend to
about 39 fathoms.

(3) Comment: Bottom longlines and fish traps are not set on coral where there is danger of gear loss
but are set in close proximity.

(4) Comment: A proposed area of 390 nautical square miles is too large because in much of the area
prohibited gear can be used without damage to coral.

(5) Comment: Boundary of HAPC should be extended northward to off Daytona Beach where rough bottom
may contain Qculina coral.

(6) Comment: Roller trawl fishermen avoid trawling over coral banks because of possibility of gear
loss.

(7) Comment: Gear should not be prohibited without documentation that it causes damage in use.

(8) Comment: Establishment of a 390 square mile area in which fish traps are prohibited is discrimi-
natory against commercial fishing and thus violates National Standard 4.

Response to Comments 1 through 8: The Councils have included as an HAPC only a representative portion
of the Oculina Banks containing the highest known density of these coral thickets. Only gear types
which are destructive of coral are prohibited in the four by 23 mile area. Fishermen may use other
gear for commercial or recreational fishing.

Florida Middle Grounds HAPC

(9) Comment: The boundary of the HAPC is too large and includes substantial area where prohibited
gear may be used without damage to coral.

(10) Comment: Anchor damage may have more impact than damage inflicted by bottom longlines.

(11) Comment: The prohibition of bottom longlines and fish traps should be extended to all areas
inside of 20 fathoms and to the "elbow" area off Tarpon Springs.

Response to Comments 9 through 1l1: The Councils have adjusted the boundaries of the HAPC to include
the high relief area containing coral and exclude areas where prohibited gear may be used without
damaging corals. Anchor damage by small veasels at this time appears to be within an acceptable
level, and anchoring is almost essential in some fishing activities and for safe diving practices.
Restriction of bottom fishing gear in high use areas is more appropriately addressed in the reef fish
plan,



Flower Garden Banks HAPC

(12) Comment: Concern that anchoring by vessels under 100 feet in length can damage coral.
Response: See response to Comment 10.

(13) Comment: The boundary of the HAPC would be better defined by using geagraphic coordinates or a
depth contour as shown on navigational charts.

Regponse: The boundary has been changed accordingly to follow the 50 fathom contour.

(14) Comment: Thg plan and DEIS do not adequately address possible coral damage from oil and gas
development and exploration activities.

Response: Lease agreements for oil and gas exploration and production issued by BLM stipulate
measures and practices for the protection of corals. Additionally, the Environmental Protection
Agency regulates discharge of materials that may be harmful to corals. While this plan proposes regu-
lations to prohibit destruction of stony corals, these agencies have more effective control with
authority to regulate nonfishing activities that may pose a threat to the coral.

(15) Comment: Consider the use of mooring buoys to minimize anchor damage to corals.

Response: Mooring buoys were considered; however, the size and cost at the Flower Garden Banks plus
demage potential from tether chains far outweighed any benefit to be obtained. Restriction to
anchoring by smaller vessels was a more practical alternative.

(16) Comment: There should be no fishing on the floner Garden Banks.

Response: The Councils found no indication of overfishing of fishes and thus do not restrict fishing
except gear detrimental to coral.

(17) Comment: The lower portions of the Flower Garden Banks (below 100 meters) should be included in
the HAPC because of the presence of crinoids.

Responge: There may well be other fragile ecosystems in need of some type of management; however, the
objectives of this FMP are necessarily restricted to the management of corals. :

(18) Comment: Include additional coral areas as HAPCs.

Response: The FMP prohibits the taking or destruction of all stony corals and sea fans in the manage-
ment area. Additional special restrictions may apply in HAPCa. Areas which meet the criteria set
forth in the FMP (Section 6.3) may be nominated for inclusion as HAPCs by plan amendment.

(19) Comment: HAPCs could be better managed as National Marine Sanctuaries.
(20) Comment: The designation of HAPCs is s duplication of effort and thus violates National Standard 7.

Response to Comments 19 and 20: The FMP identifies coral habitats in the management area which meet
the criteria set forth. Where management is provided by other agencies, no regulation is proposed
through the FMP. In fact the Councils were in coordination with the Office of Coastal Zone Management
during the development of Looe Key and Gray's Reef as National Marine Sanctuaries. This action
assured that any management regime proposed to the Secretary would address the concerns of the
Councilas and OCZM.




Permits

(21) Comment: Would tropical fish collectors need both Florida and NMFS permits to use chemicals to
collect fish?

Response: Management Measure 4 in Section 12.4 has been modified to recommend that a compatible
permit arrangement be established with the Florida Department of Natural Resources.

(22) Comment: Would permits be issued to allow removal of stranded vessels on coral reefs?

Response: Management Measure 1, Section 12.4, prohibits the destruction of coral and coral reefs.
indeed U.S. ve. Alexander was brought about by the destruction of a portion of Looe Key during the
salwage of a grounded vessel. While no permit arrangement is provided, prosecutorial discretion would
be warranted in such Instances of unawoldable loss of coral,

(23) Comment: The Issuance of permlts for scientific and educational collection of stony corals and
sea fans could result in a limlited entry program.

Response: The Counclis have clarified intent In guldelines for Issuing permits (Section 12.4, Measure 2).
(24) Comment: Mandatory reporting should be required of permit holders.
Response: Section 12,4, Measure 2, provides for this.

(25) Comment: The FMP is unnecessary, all HAPCs are elther established or nominated National Marine
Sanctuarles.

(26) Comment: The states can better manage coral; federal management Is unnecessary.

Response to Comments 23 and 24: Sectlon 4.0 has been revised to provide the Councilis' rationaie in
determining that management is needed and justified.

(27) Comment: There Is no evidence to show that fishing gear prohibited In the HAPCs destroys or
damages coral.

Response: The scientific |iterature contains |ittle documentation on the Impact of fishing gear on
coral, probably because [+ Is a basic assumption, Section 6.2.1 (fishing) does clte some Instances
of damage, however. Because the Councils do not wish to restrict gear use unnecessarily, they hawe
confined such restriction to three HAPCs. The boundaries have been reduced to Include a minlmum
of bottom fishable by the prohiblted gear.

(28) Comment: BLM and OZCM are not protective In the Gulf of Mexico.

Response: Each agency has its own authority and responsibiility. Section 12.4, Measure 7, addresses
coordination among the various agencies.

(29) Comment: Inadvertent harvest of coral shouid be reported.

Response: Section 12,4, Measure 3, requires the return to the water of stony coral and sea fans taken
Incidentally in other fisheries. Exceptlion is provided for unsorted catches where no significant
amount is expected to be taken,

L=-3



(30) Comment: How many enforcement overflights are included in cost estimates?

Response: Cost estimates were based on 38 hours of flying time, some of which may be in mu!tipurpose
patrois, l.e., closed shrimp season, drug patrol, etc. .

(31) Comment: Fines for violation should be substantial enough to cover expensiwe enforcement costs.
Response: The MFCMA provides for civil penalties not to exceed $25,000 for each offense.
(32) Comment: Al ages of corals and each reefal ecosystem should be protected.

'

Response: Section 12.4, Measure 1, prohibits the taking or destruction of stony corals and sea fans
and coral reefs,
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DALLAS, TEXAS 75270

January 26, 1982

Mr. Wayne E. Swingle

Executive Director )
Gulf of Mexico Fishery Management Council
Lincoln Center, Suite 881

5401 West Kennedy Boulevard

Tampa, Florida 33609

Dear Mr. Swingle:

We have completed our review of your Draft Environmental Impact State-
ment (EIS) for the Fishery Management Plan for Coral and Coral Reefs of
the Gulf of Mexico and South Atlantic. Generally, the material reviewed
was thorough and well prepared; however, the effects of oil and gas
exploration on reef banks was discussed too briefly (see page 6-12).
Additional information can be found in the "Preliminary Report: An
Environmental Assessment of Drilling Fluids and Cutting Released onto
the Outer Continental Shelf" prepared in 1981 by the Industrial Permits
Branch and the Ocean Programs Branch of EPA in Washington, D.C.

We classify your Draft EIS as LO-1. Specifically, we have no objections
to the project as it relates to Environmental Protection Agency's (EPA)
legislative mandates. The Statement contained sufficient information

to adequately evaluate the possible environmental impact which could
result from project implementation. Our classification will be published
in the Federal Register in accordance with our responsibility to inform
the public of our views on proposed Federal actions under Section 309

of the Clean Air Act.

Definitions of the categories are provided on the enclosure. Our
procedure is to categorize the EIS on both the environmental conse-
quences of the proposed action and on the adequacy of the EIS at the
draft stage, whenever possible.

We appreciated the opportunity to review the Draft EIS. Please send our
office five (5) copies of the Final EIS at the same time it is sent to
the Office of Federal Activities, U.S. Environmental Protection Agency,
Washington, D.C.

Sincerely yours,

"tk Whittington, P.E.
Regional Administrator

Enclosure
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LO - Lack of Objec*tions

EPA has no objections to the proposed actf ] in
- 0 ¢ | <10n as described in the draft
impact statament; or suggests only minor changes in the proposed action.

ER - Environmental Reservations N ¢

EPA has reservations concerning the environment ' i

1 al effects of certain
aspects of the proposed action. EPA believes that further study of
sugggsteq alternatives or modifications is required and has asked the
originating Federal agency to re-assess these .aspects.

EU - Environmentally Unsatisfactory

EPA be!1eves thag the proposed action is unsatisfactory because of its
potgnt1a11y harmful effect on the environment. Furthermore, the Agency
believes that the potential safeguards which might be utilized may not
adequately protect the environment from hazards arising Trom this action.
The Ageqcy recommends that alternatives to the action be analyzed further
(including the possibility of no action at all).

ADEQUACY OF THE IMPACT STATEMENT

- '

Catsgory 1 - Adequats

The drart impact statament adequately sets forth the environmental impact
of the proposed project or action as well as altarnatives reasonably
available to the project or action.

Cateaory 2 - Insufficient Information

EPA believes the draft impact statazment does not contain sufficient
information to assass fully the environmental impact of the proposad
project or action. However, from the information submittad, the :
Agency is able to make a preliminary determination of the impact g
on the environment. EPA has requested that the originator provide ‘

the information that was not included in the draft statament. !

Category 3 - Inadequate

EPA believes that the draft impact statsment does not adequately

assass the environmantal impact of the propased project or action,

or that the statemant inadequata2ly analyvzes reasonably available
alternatives. Tnhe Agency has requested more information and analysis A
concerning the potsntial environmental hazards and has asked that
substantial revision be made to the impact stetsment. I¥ a draft
statement is assigned a Category 3, no rating will be mads of the
project or action, since a basis does not generally exist on which
to make a detarmination.
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Mr. Wayne E. Swingle . CenEef Doy, ook bal
Executive Director ¥ TAMPA. FLORIDA 35609
Gulf of Mexico Fishery Management Council

Lincoln Center, Suite 881

5401 West Kennedy Boulevard

Tampa, Florida 33609

Dear W1W

We have reviewed the draft Fishery Management Plan (FMP) for Coral
Reef Resources (December 1981) and, in accordance with our established
Memorandum of Understanding which provides for exchange of information
and advice, we offer the following comments.

We are pleased that our previous comments on the FMP (February 2, 1981)
were incorporated into this draft. For the most part, the FMP adequately
and accurately describes the Office of Coastal Zone Management's (OCZM)
role in managing national marine sanctuaries which complement the protection
objectives of the FMP; however, a few sections could be improved as follows:

o page 2-4, section 2.7.5.b.d. To be consistent with descriptions of
the other national marine sanctuaries, the description of Key Largo Coral Reef
National Marine Sanctuary should be expanded to include location, area, and
special management measures. I suggest the following:

Key Largo Coral Reef National Marine Sanctuary.
Designated in 1975, this sanctuary consists of

a one hundred square nautical mile section of

the upper Florida reef tract. Regulations prohibit,
among other activities, removal or destruction of
hard and soft corals within the boundaries of the
sanctuary.

o page 6-28, section 6.3. The description of Looe Key National Marine
Sanctuary should include reference to sanctuary regulations to be consistent
with descriptions of the other national marine sanctuaries. I suggest that
the following sentence be inserted after (Antonius et al., 1978) in the
second paragraph:

o

ao oA,

: ;)
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L-7 . 4

et 0 C

Ny
7,




In order to protect the reef's resources the
following activities are prohibited: taking
or damage to sanctuary resources, including
tropical fish and corals; spearfishing; using
wire fish traps, poisons, or electric charges;
littering; and lobster trapping within the
forereef area of the Sanctuary.

o page 7-1, section 7.1.2. Reference to Gray's Reef National Marine
Sanctuary is not included.

We appreciate the opportunity to-comment on the coral FMP. We feel
sure this cooperative exchange of ideas can only lead to more effective
implementation of both our programs.

Sincerely,

/.

Nancy Foster
Deputy Director
Sanctuary Programs Office
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DEPARTMENT OF TRANSPORTATION
MAILING ADDRESS: (0 o ¢
UNITED STATES COAST GUARD U.S. COAST GUARD

WASHINGTON, D.C. 20593

FHONE:(Zoz) 755_1 155

AL:A-26
© 16214

«Mr. 0. B. Lee, Chairman

Gulf of Mexico Fishery Management Council
Lincoln Center, Suite 881

5401 W. Kennedy Boulevard

Tampa, Florida 33609

Dear Mr. Lee:

The Draft Fishery Management Plan/Environmental Impact Statement (DFMP/EIS)
for Coral and Coral Reefs dated November 1981 has been reviewed. The manage-
ment measures are straightforwarded and generally should offer no problems to
enforcement. The measures outlined should not require extensive additional
Coast Guard enforcement effort.

It is understood that the general prohibition on taking coral will be enforced
primarily at dockside by the NMFS and the Florida Department of Fish and
Wildlife. Coast Guard enforcement will center around protection of the Flower
Garden Banks and Florida Middle Grounds, habitats of particular concern.
Enforcement in other areas will be incidental to enforcement of other FMPs and
other laws. This will provide an efficient enforcement method at a moderate
cost.

The East and West Flower Garden Banks first described on pages 6-22 would be
best described by geographic coordinates such as described below:

The East and West Flower Garden Banks habitat of particular

concern is that area described by rhumb lines connecting the
following points:

C1 27°46 .5°N latitude, 93°57.0°W longitude;
C, 27°56 .0°N latitude, 93°57.0°W longitude;
Cy 28° 04 .0°N latitude, 93°32.0°W longitude;
C, 27°51.0°N latitude, 93°28.0°w longitude;
C5 27° 47 .0°N latitude, 93°45.5°W longitude;
C1 27°46 .5°N latitude, 93°57.0°W longitude.

This will enable aircraft (the primary enforcement platform) to easily
determine whether or not vessels are inside the area. It will also
simplify the navigation problem of vessels in the area.

Since aircraft cannot determine the depth of water a vessel is actually
in, it is recommended that water depth as a criteria for fishing and
anchoring restrictions not be used. A depth contour such as the 50

fathom (91.5 m) contour as shown on navigational charts would be an
appropriate limit.



Subj: Comments on the Draft Fishery Management Plan/Environmental Impact
Statement for Coral and Coral Reefs dated November 1981

In Section 13.10 the costs of Coast Guard enforcement have increased.
Paragraph 1.6 Cost of Patrols, is now $4440 per day using an average
of 95 foot and 82 foot class patrol boats for a total of $106,500 for
24 patrol days. Paragraph 2.b. Cost of patrols is now $1813 per hour
using an average cost of HC~-130, HC-131 and HR-3F helicopters for a
total of $65,268 for 36 patrol hours. This total cost of enforcement

of $171,828 reflects current fiscal year 1982 estimates of Coast Guard
costs.

The opportunity to comment on this DFMP/EIS is greatly appreciated.
If you have any questions regarding this matter please contact
LT Bill CHAPPELL of my staff at (202) 755-1155 commerical or FTS.

Sincerely,

SLY, s

B. F. THOMSON, IIIX

Commander, U.S. Coast Guard

Chief, Fisheries Law Enforcement
Branch ’

By direction of the Commandant

Copiles to:

SAFMC

ccep? (oil)

CCGD8 (o0il)
COMLANTAREA (Aol)
NMFS, F/CM5

NMFS, F/CM6

NMFS SER

COMDT, G-WS-1
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OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240 m,‘ﬂ ' 1982

In Reply Refer to ER 81/2660

wayne E. Swingle, Executive Director .
Gulf of Mexico Fishery Management Council
Lincoln Center, Suite 881

5401 West Kennedy Boulevard

Tampa, Florida 33609

Dear Mr. Swingle:

This is in response to the request for the Department of the
Interior's comments on the draft Fishery Management Plan/
Environmental Impact Statement for Coral and Coral Reefs of
the Gulf of Mexico and South Atlantic. We find the
Management Plan/Impact Statement to be thorough and complete.
With few exceptions, it takes a reasonable view of offshore
0il and gas activities and does not propose unnecessarily
strict prohibitions, even within designated Habitat Areas of
Particular Concern (HAPC).

We believe that under some circumstances the prohibitions are
not strict enough. Since anchoring is the single most
important cause of damage to coral areas, we recommend that
anchoring from any size vessel be prohibited within the
Flower Garden HAPC and within those portions of the Florida
Middle Ground HAPC that our Bureau of Land Management (BLM)
has designated as "No Activity Zones" (map enclosed). Other
HAPC's might benefit from such a prohibition as well. This
Department has commented several times during the development
of the Flower Garden Banks sanctuary proposal that anchoring
damage from boats is our greatest concern. Our comments have
stated that we believe the 100-foot vessel length restriction:
1s too high and should be substantially lowered. We
reiterate this concern and the concern that a mooring bouy
system be required in the area.

The discussion of BLM's and Interior's roles in protecting
and managing coral resources recognizes the pioneering
efforts we have made in funding studies and managing coral
areas in the Gulf of Mexico. Since the court decision in
U.S. v. Alexander, which held that BLM authority to protect
coral was restricted to activities connected to the adminis-
tration of mineral leases, most coral and coral reefs are
without management or protection. 1In general, because of the
Alexander decision, BLM authority in this area has been
negated. To the degree there is a need for management
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action, we support efforts through the Fishe
; v M
Councils' plan to protect coral. ¥ Management .

Specific Comments

Section 5.1. Information on, and classificatio
northe;n.and northwestern Gulf of Mexico hard-bgikOf'
communities could be enhanced considerably by using Texas
A&M's five-volume report published in March 1981. It covers
topographic highs from the Florida Middle Grounds to the
Texas Hard Grounds. This is a continuation of BLM's study
entitled "Northern Gulf of Mexico Topographic Features
Study," Technical Report No. 81-2-T.

Pages 6-19 and 6-20. Continental Shelf Associates, Inc.,
could be gddeq to the tables on these pages for mapping
topographic hlghs and "live bottoms" in the Gulf of Mexico
and South Atlantic. This is a BLM-funded study, August 1980,
entitled, "Video and Photographic Reconnaissance of Phleger
and Sweet Banks, Northern Gulf of Mexico."

Pages 6-23 and 6-24. A discussion should be included to
describe how designation of the Flower Garden Banks as an
HAPC and the protective measures proposed for them would
change 1if the area is actually designated a National Marine
Sanctuary.

Again, we reiterate our concern that the 100-foot vessel
length anchoring restriction is too high.

Page 6-28 The area for Fort Jefferson National Mouument
should be corrected to read 64,657 acres.

Page 6-32 to 6-35. The size of the Florida Middle Ground
area (748 sq. miles) as deserving special management seems
questionable. No justification is apparent as to why the
entire area is critical or whether some smaller unit might be
more deserving of special management protection. Also, the
descriptions of the Florida Middle Grounds should be cited
and listed in the "Literature Cited."

Page 6-36. Depiction of the Key West National Wildlife

Refuge 1n Figure 6-11 is inaccurate. The Refuge includes all

except one island west of Key West to the Marquesas Keys (see .
enclosed map). Fish and Wildlife Service jurisdiction,

however, includes only upland, not marine habitat.

Page 6-39. The statement in the third paragraph that

", ..recent OCS Sale No. 48 in the Gulf of Mexico..." is in
error; Sale 48 was a Pacific sale. Also, the reference cited
(Bureau of Land Management, 1978) is not in Section 17.0,
"LLiterature Cited."

L-12




ge 6-40. The National Natural Landmarks Program 1S listed
i: gelng administered by the Heritage.Conservatlon and Recrea-
‘tion Service. The Heritage Conservation and Recreation Ser-
vice has been abolished and most of its programs have been
transferred to the National Park Service, including the
National Natural Landmarks Programs.

Page 7-2. The second paragraph under Fish and wildlife Ser-
vice (FWS), DOI, should read "The FWS, under Dgpartment Man-
ual 655-1, is also involved ..." The Secretarial Order was
a temporary measure, and the coordination procedure 1s now
included in the DOI Manual.

Page 7-9, 7.4.2. Flordia's C2ZM ﬁlan has been approved.

Page 12-9. We enthusiastically support Measure 7. Because
of the extensive nature of overlapping jurisdiction among
agencies that have roles in protecting coral, a system of
coordination such as Memoranda of Understanding could serve a
useful purpose.

Page 17.1. Adams is listed incorrectly. He was with BLM
before coming to Fish and wWildlife Service (FWS) over 2
years ago. Likewise, Table 6-4 (page 6-19) should be changed
to show that Adams is now with the FWS.

Page 17-6. The citation is incomplete for Davidson 1979.
In summary, we support the Fishery Management Councils' and
National Marine Fisheries Service's proposal for management

of coral and coral reef resources and thank you for the
opportunity to review the EIS and Plan.

Sincerely,

S it

< Bruce Blanchard, Director
Environmental Project Review

Enclosure
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DEPARTMENT OF THE ARMY
GALVESTON DISTRICT, CORPS OF ENGINEERS
: P.0. BOX 1229
GALVESTON, TEXAS 77553

REPLY TO
ATTENTION OF:

SWGED-F 8 March 1982

. ;, .‘ I, :-;‘.-\,’;".,." ey
Mr. Wayne E. Swingle s w*@'“’ uk:‘%{j
Executive Director ’

Gulf of Mexico Fishery Management GULF OF 15700 FISHTRY MANAGEMINT COUNCIL

Council £ WERS SOV ELYD., SUITE 881
Lincoln Center, Suite 881 7 Thidea, FLORIDA 33508
5401 West Kennedy Boulevard : o e,
Tampa, FL 33609 a9 i0dl

Dear Mr. Swingle:

This is in response to letter from Ms. Joyce M. T. Wood dated 11 December 1981,
which provided a copy of a Draft Environmental Impact Statement/Fishery
Management Plan for Coral and Coral Reefs of the Gulf of Mexico and South
Atlantic, for review and comments.

We have no comments on the document. The opportunity to review the document
is appreciated.

Sincerely,

e_qu»&m

JOSEPH C. TRAHAN
Chief, Engineering Division

Copy furnished:

Ms. Joyce M. T. Wood

Director

Office of Ecology and
Conservation

U.S. Department of Commerce

Room 5813 :

Washington, D.C. 20230
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DEPARTMENT OF THE AIR FOR _
REGIONAL CIVIL ENGINEER, EASTERN REGION (HQ AFESC)

- T e CE WE@

GULF OF MEy:n R 17982
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REPLY TO ROV2 2L February 'lgggDA 33503

AYTN OF:

4
. Review of the Draft Fishery Management Plan Environmental Impact Sta.telyent
e (EIS) for Coral and Coral Reefs of the Gulf of Mexico and South Atlantic
vor GULf of Mexico Fishery Management Council

Attn: Mr. Wayne E. Swingle

Executive Director

Lincoln Center

5401 West Kennedy Boulevard

Suite 881

Tampa, Florida 33609

1. We have reviewed the subject EIS and have the following comments:

a. Development of a fishery management plan for the area described in
the memorandum attached to the subject EIS will not adversely affect
normal Air Force operations in the Florida area. )

b. Should it become necessary to search for and retrieve downed
aircraft or other Air Force equipment in the described area we reserve

the right to carry out any necessary underwater search and salvage
operations in the interests of national defense.

2. Thank you for the opportunity to review this EIS. Our point of

contact is Mr. Winfred G. Dodson, commercial telephone (4OL) 221-6821/
6776 or FTS: 242-6821/6776.

VO N\

HOMAS D. SIMS Cy to: USAF/LEEV

Chief 6550 ABW/DEEV
vironmental Planning Division US DOC/Ms. Wood

South Atlantic Fishery
Council/Mr. Gould

L=-15




HARBOR BRANCH FOUNDATION, INC.

LNK PORT e RR 1, BOX 196 ¢ FORT PIERCE, FLORIDA 33450, USA. o 305/465-2400

January 8, 1982

Mr. Wayne E. Swingle

Executive Director

Gulf of Mexico Fishery Management Council
Lincoln Center, Suite 881

5401 West Kennedy Blvd.

Tampa, Florida 33609

' = Y.
| %ANLES‘?g
Dear Mr. Swingle: % &/

. Once again I urge the Gulf of Mexico and Sou Atlantic
Fishery Management Councils to accept the shelf-edge Oculina
coral reefs off central eastern Florida as a Habitat Area of
Particular Concern (HAPC) in their Coral and Coral Reef
Fishery Management Plan. This reef system is a maior coral
habitat, satisfying nearly all criteria for the identifica-
tion of a HAPC, and its inclusion is necessary if all major
coral community types are to be represented as HAPCs within
the management area. I respectfully resubmit the nomination
of the shelf-edge Oculina coral reefs as a HAPC. This

-nomination is enclosed as a separate report.

In accordance with the National Environmental Policy
Act of 1969, I have reviewed the Draft Environmental Impact
Statement/Fishery Management Plan for Coral and Coral Reefs
of the Gulf of Mexico and South Atlantic (December, 1981
draft) and offer the following comments:

1) page 5-9, Table 5-3: Oculina varicosa Lesueur - known
as far north as Cape Hatteras, North Carolina from
subtidal to 152 m (Reed, 1980b). Known from West
Indies and St. Thomas, Virgin Islands (Verrill, 1901;

Quelch, 1886).

2) page 5-16, Fig. 5-4: Include shelf-edge Oculina banks
as a prominent feature from Fort Pierce to Cape
Canaveral, Tlorida along the 80° longitude (see .
attached Fig.).

3) page 5-17, 2nd paragraph: Oculina specimens collected
from Gray's Reef have been identified as O. varicosa
(specimen on loan from Ms. A. Edwards, Skidaway
Institute Oceanography, GA, identified by J.K. Reed,
Harbor Branch Foundation).

L=16
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Wwayne E. Swingle

‘ January 8, 1982
page two

4)

5)

6)

7)

8)

9)

10)

"ot s

5-17, section 5.2.1.2, 1lst paragraphg thickets 3
ﬁé?io ft)'high are found" éhould read fthlckets 1-2 m
(3-6 ft) high are found on pinnacles with up to 25 m
relief" (Avent, et al., 1977; Reed, 1980Db) .

page 5-17, section 5.2.l1.2., 2nd pa;agraph: 200
species of molluscs, 47 sp. of amphipod crustaceans,
21 sp. of echinoderms, and 50 sp. of decapqd )
crustaceans have been found directly associated with
Oculina varicosa (Reed, et al., in press).

page 5-48, Table 5-11: Change "Occulina varicosa" to
"Oculina varicosa". The 6 m depth should refer to the
growth rates cn the upper line (i.e., 11.3 mm/yr) and
the 80 m depth should be opposite the lower line (i.e.,
16.0 mm/yr). "Alzarin" should read "Alizarin".

"J. Reed (in preparation)" should read "J. Reed-
(1981)". .

page 6-7, section 6.1.5 Outer Bank Reefs: Shelf-edge
Oculina banks off central eastern Florida form another
type of outer bank reef.

page 6-22, Coral HAPC: Include shelf-edge Oculina
banks as HAPC. Criteria (Table 6-5) include 1.a, 1l.b,
l.c, 2.a, 2.b, 3.a, 3.b, 4.a, 4.b. (This proposal will
be further described at the end of this letter).

page 6-32, Northern Live Bottom Coral Habitats: I feel
that the following statement 1s not a valid reason for

denying the proposal of the Oculina banks as a HAPC:

"the Oculina banks have not been listed as HAPCs at
this time...because the Oculina banks are addressed in
the Snapper-Grouper FMP..." The protection of this

‘unique, major coral habitat should be addressed in the

Coral Reef FMP and not left to the Snapper-Grouper FMP.
In addition, the Snapper-Grouper FMP is only in draft
form so offers no present protection. All of the other
HAPCs also fall under other programs offering
protection, e.g., all are already marine sanctuaries,
National Parks or Monuments. Therefore, why offer them
double protection while denying the Oculina banks any
protection.

page 12-10, Measure 9, C. Oculina Reef System, last
paragraph: I feel that the following two reasons
stating the denrnial of the proposal of the Oculina bank
as a HAPC are not valid: [a] "because of the large
area of the banks", and [b] "because the only potential
threat...is...from roller trawls to be regulated...in
the Snapper-Grouper FMP."
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Wayne E. Swingle
January 8, 1982
Page three

11)

13)

14)

/sc

ccC:

First of all, the denial based on the large ar

banks is inconsistent with the presently gccep:ZdOf che
HAPCs. Three options of an Oculina HAPC were proposed
in my letter of November 18, 1980, to the Gulf of
Mexico and South Atlantic Fishery Management Councils
and consisted of areas covering 576, 366, and 92 n mil.
This third option is well within the size limits of the
HAPCs which include the Middle Grounds covering 748 n
mi? and the Key Largo Coral Reef covering 100 n mi<.

Secondly, the denial stating that the only potential
threat is from roller trawls is incorrect. Other
potential impacts include OCS oil and gas exploration
and development, bottom longlines, traps, the discharge
of substances (since the banks are along major shipping
routes), anchors (lost anchor lines have been observed
from submersibles on these banks), and other types of
unregulated dredge and trawl gear.

page 17-19: add -

Reed, J.K. 1981. 1In situ growth rates of
scleractinian coral Oculina varicosa occurring with
zooxanthellae on 6~-m reefs and without on 80-m banks.
Proceedings Fourth Inter. Coral Reef Symposium, Manila,
Philippines, May, 1981l.

Reed, J.K., R.H. Gore, L.E. Scotto, and K.A. Wilson.
1982. (In press). Community composition, structure,
.areal and trophic relationships of decapods associated
with shallow- and deep-water Oculina varicosa coral

_ reefs. Bu}letin Marine Science 32(3).

page C-3, Appendix C: "A. danae Agassiz" should read
"A. danae Agassiz".

page H-1, 2nd paragraph, 9th line: "scraped to depths
of 203 mm" is incorrect, possibly should read "2-3 mm".

page I-2, section 1.3, 1lst paragraph, 3rd line:
*deeeer waters" should read "deeper waters".

Sincerely,
/%JOQ%/
Jo )

hn K. Reed

Vf:::ance Leary

Robert Mahcod
David Gould
Joyce M.T. Wood
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The greatest relief and densest coverage of Oculina

coral, however, is in the area of the proposed HAPC off

central eastern Florida.

l.b. Oculina varicosa is endemic to the management

area (Table 5-3, Draft FMP/EIS for Coral and Coral Reefs,
1981)f The banks of Oculina, however, occur- exclusively in
the region off eastern Florida although thickets and
isolated colonies occur elsewhere.

The precious black coral Cirrhipathes (C. liitkeni,

C. desbonii) are abundant within the proposed HAPC.

”

l.c. The shelf-edge Oculina reefs are a unique
ecosystem.” They are monospecific, comprised of a single
species of colonial coral, and form delicately branched
bushes 1.5 m in height, hﬁndreds of feet lqng, and covering
hills énd'pinnacles with 25 m relief. These are the only
known banks compriséd of monospecific colonial coral that
occur on the continental shelf (< 200 m depth) anywhere in
the U.S.A. The deep-water ahermatypic coral Lophelia
prolifera forms banks at much greater depths of 420 to 869 m
on the Blake Plateau and iﬁ the Gulf of Mexico (Stetson et
al., 1962; Moore and Bullis, 1960).

The shelf-edge Ocﬁlina reefs are part of a system of
topographical highs (discontinuous hills, pinnacles, and
ridges) which stretches from Florida to North Carolina, but
greatest relief and densest coral coverage is off Florida.

Surrounding the coral capped pinnacles, the bottom is

=22




p—

relatively barren, flat sand. These reefs act as zm oasis

(  supporting dense and diverse populations of invertsihrates

and fishes. . . l

Recent studies are finding hundreds of speThies of \
macro-inve;:tebrates directly associated with Doulima - |
including over 200 species of molluscs, 50 sp. ®f derapod |
crustaceans, 50 sp. of amphipods, 20 sp. of ectiinnderms, and |
23 families of polychaete worms with numerous speEries (Beed |
et al., in press). These invertebrates help sqégcrt e |
dense and diverse populations of fishes (over 70 =p., mee |
Appendix 1). The shelf-edge reefs form impressive Jrresding ‘
grounds for commercially important populations of Fayg and ’)
scamp grouper, nursery grouné.s for juvenile snowy gromper:

( -and feeding grounds for these and other fish includimg black
sea bass, red grouper, speckled hind, warsaw grouper,
~amberjack, red porgy, and red snapper. This shell¥- edge
system may form part of the migration pathway fmr ¥ing
mackeral. Large populations af the commercially iampomrtanmt

squid, Illex oxygonius, were chmerved to spawn o these

reefs and the spiny tail stingray, Dasvatis contmura, use

the reef region for courtship amd mating (Reed ant! Gilmore,
1%81).

2. Research
. a. Although the shelf-edge Oculina reef system was
only discovered within the last decade, numerous pEpers &ra
\ now in press or published cn variﬁus aspects of these reefs

)

.primarily from research utilizing submersibles. The
. 73 .

e



following scientific studies are'completed or presently
underway: Ecosystem research - The macroinvertebrates that
‘are directly associated with Oculina were sampled |
quantitatively every 2-3 months for one year. dundreds of
species (see above) occur ih dense populations on and among
the coral branches. Over 2000 individual invertebrates were
found ‘'on a single, 27 cm diameter colony. Tﬂe community
Structure, areal and trophic relationships are being
analyzed in addition to the effects of various envi-
ronmental parameters on the community (see Reed et al., in
press).
Species specific research - Studies are continuing'on the
-growth rates of Oculina and the effects of varioﬁs
-environmental parameters (Reed, 1981). Basically the coral
is -extremely slow growing'at an average l.6 cm/year.
Studies are underway on breeding behavior and feeding habits
of several of the gfouper species including gag and scamp
which depend on this coral habitat (R. Jones, G. Gilmore,
HBF). Several papers have worked up the larval life
histories of various species of decapod crustacea ccllected
from the Oculina (see Scotto and Gore, in press; Gore, 1979;
Gore et al., 1981; Wilson, 1980; Andryszak and Gore, in
press). The larval history of a sipunculid worm, Golfingia
misakiana, associated with the coral was described by Rice
(1981). Miller and Pawson (1979) described a new subspecies

of holothurian found on these reefs.
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Geological research - studies are underway on the sediments
of the shelf edge Oculina reefé, the mechanical breakdown
and abrasion rates of the coral, as well as the structure of
‘the coral banks (C.M. Hoskin, HBF). Tow tank tests show
that the coral is extremely fragile, breaking in currents as
ljow as 3 knots. Macintyre and Milliman (1970) described the
shelf-edge pinnacle system from North Carolina to Florida.
Avent et al. (1977) firét used submersibles to observe the
region off central Florida. Reed (1980) later described the
structure and distribution of the Oculina reefs in this same
area. |
Physical Oceanojraphy - Studies by HBF have looked at the
upwelling on the shelf off eastern Florida (Smith, 1981).
Taylor and Stewart (1958) first described the phencmenon.
:Marine Chemistry - Studies are now underway on the chemistry
and nutrients of the upwelled water of this region (J.
Montgomery, R. Gibson, HBF). Preliminary results shown
dncreased nitrates and chlorophyll levels duting upwelling.-
The above studies have only touched upon possible
opportunities for future research which might include the
follcwing: 1) the role of upwelling in energy exchange with
the reef ecosystem; 2) the importance.of the Florida Current
to the ecosystem; 3) the trophic structure from inverte-
brates to fishes; 4) the relationship of fish'populations to
pinnacles with live coral versus dead coral; 5) the
importance of these areas as breeding grounds and nurseries

to fish stocks of hardbotteom areas on the inner and mid

=25 ‘ !




;hglf; 6) the reascns the coral has faster linear growth
rates in cooler, ?eeper water where it lacks zooxanthellae
than it does in shallcw water where it possesses zooxanthel-
lae; 7) thg accretion rate of the reefs; 8) the health of
the reefs, are they dying and what caused the extensive
areas of dead coral rubble. There are also questions as to

the 'impact of offshore oil and gas development as well as

the effects of trawlers and‘other fishing methods.

2.b. The shelf-edge monospecific bahks of Oculina
coral are unlike any other reef system on the continental
shelf in the U.S.A. They demonstrate the building of
deep-water pinnacles under ccol and turbid conditions by a

single species of coral which lacks zooxanthellae. (In

shallow-water, however, O. varicosa possesss zooxanthellae

but only forms small, < 30 cm diameter colonies and does not
forﬁ thickets). From submersible observations it is
Ppostulated that individual hemisphérical colonies coalesce
to form iong linear rows which grow into thickets and banks.
Low relief hillocks may represent young bank formation. One
16 m high bank was probed with a rod to a depth of 3.7 m J
without hitting rock substfaté. Only coral debris and mud
was encountered.

The proposed sanctuary site is a unique region of
topographical highs and apparently is a drowned reef and

coastal region that was exposed during the last low sea

~ level stand (10,000 - 14,000 B.P.) when the sea level was

approximately 80 m lower than present. The eastern most
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ridges of the proposed site may have formed on a framework
of an early Holocene reef system and relict reef corals such

as Agaricia agaricites and Montastrea cavernosa have been

found here. The substrate of the more shoreward ridges of
the proposed site appear to be oolitic sand dune-like -

formations with petrified burrows of intertidal fauna like

Ccallianassa (see Thompson and Gilliland, 1980; Macintyre and
Milliman, 1970). .

The shelf-edge structures form a sediment dam to the
sediments flowing off the shelf and is an area with the
coarsest sediment size found on the shelf (pers. comm.,

Dr. C.M. Hoskin, HBF). The topographical highs undoubtedly
produced increased turbulencé in the area which may
~contribute to the dense coral growth.

The proposed HAPC site is in an area of cold-water
upwelling. (Smith, 1981). Although temperatures average
16.2°C and may reach a high of 26.7°C, seasonal upwelling
drops temperatures to a low of 7.4°C (2 yr. continuous
recording, J.K. Reed). Initial studies at Harbor Branch
Foundation (HBF) are finding increased nitrates and chloro-
phyll levels during the upwelling which may be important to
fﬁe reef ecosystem. The western edge of the Florida Current
{Gulf Stream) also meanders over this region. Continuous
current records (J.K.R.) show considerable variability in
direction and speed.

This area between Cape Canaveral anéd Palm Beach,

. Florida is also a transition zone for scleractinian corals
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(Draft FMP/EIS for Coral and Coral Reefs, 1981).

The fauna

associated with Oculina have both temperate and tropical
affinities. Many of the decapod Ccrustaceans and fishes are
eurythermi; tropical species which can endure cold water

(pers. comm., Dr. R.H. Gore, Smithsonian Inst.; G. Gilmore,

HBF, respectively).

3. Exploitation

a. The black coral Cirripathes liitkeni (and C.

desbonii) which has potential commercial value (Appendix D,
Draft FMP/EIS Coral and Coral Reefs, 1981) is abundant in
the broposed HAPC. ,
Specimens of Oculina spp. are also known to be sold in
‘the marketplace such as shell shops for prices ranging from
$1-3 for a 15 cm piece (Table 9-7, Draft FMP/EIS Coral and
Loral Reefs, 1981) (It should be noted that Oculina
-arbuscula, 0. diffusa and Q0. varicosa are all quite similar
in morphology and could be easily confused by wholesalers).

Yarge pieces of Q. varicosa are occasionally for sale in

. dive and bait shops along the east Florida coast.

3.b. OCS o0il and gas exploration and develcpment have
potential impacts on the proposed HAPC. The Secretary of
the Interior is now considering opening up the entire 0OCS

area from Virginia to the Florida Keys for oil and gas

leasing (pers. comm., M. Rinkle, OCS Representative to
Governor of Florida and Chairman of BLM Technical Group for

South Atlantic).
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Commercial and recreational fishing using hand lines
probably does not harm the reef habitat. However, there is
an increasing usage of potentially destructive fishing gear
such as roller tfawls that are designed to fish reef
habitats for grouper and snapper. Although the trawlers may
try to avbid high relief areas, some of the shelf-edge

" Oculina colonies and thickets occur on relatively flat
bottom away from the pinnacles. If the coral was trawled
over, it would undoubtedly be decimated as it ié extremely
fragile and slow growing (see p. 5). Presently, roller
trawls are being-used off northeast Florida and one trawler
stated that they pulled up a 70 pound piece of white
branching coral off Daytona Beach, Florida (meeting of Gulf

of Mexico and S. Atlantic Fishery Management Councils of

“Snapper and Grouper FMP, Jacksonville, Florida, June 1981).
Although the Snapper and Grouper FMP presently being drafted
may regulate the use of roller trawls on the OCS in Florida,
there is now no protection for the coral from this threat.

Other potential impacts on the shelf-edge Oculina reef
system include bottom long lines, traps, the_discharge of
substances (since these reefs are along major shipping
routes), anchoring (lost anchor lines have been observed
from submersibles on these reefs), and other types of

unrequlated dredge (including scientific) and trawl gear.
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