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1.0 INTRODUCTION

Executive Order (E.O.) 12866 “Regulatory Planning and Review” was signed on September 30, 1993
and edtablished guiddines for promulgating new regulations and reviewing exigting regulations. While
the E.O. covers avariety of regulatory policy considerations, the costs and benefits of regulatory
actions are a prominent concern. Section 1 of the E.O. is repested in its entirety:

Section 1. Statement of Regulatory Philosophy and Principles.

(a) The Regulatory Philosophy. Federa agencies should promulgate only such regulations as are
required by law, are necessary to interpret the law, or are made necessary by compelling public need,
such as materid failures of private marketsto protect or improve the hedth and safety of the public, the
environment, or the well-being of the American people. In deciding whether and how to regulate,
agencies should assess dl cogts and benefits of available regulatory aternatives, including the dternative
of not regulating. Costs and benefits shal be understood to include both quantifiable measures (to the
fullest extent that these can be usefully estimated) and qualitative measures of costs and benefitsthat are
difficult to quantify, but nevertheless essentia to consider. Further, in choosing among dternative
regulatory approaches, agencies should sdlect those approaches that maximize net benefits (including
potential economic, environmentd, public hedth and safety, and other advantages; distributive impacts,
and equity), unless a statute requires another regulatory approach.

(b) The Principles of Regulation. To ensure that the agencies regulatory programs are consstent
with the philosophy set forth above, agencies should adhere to the following principles, to the extent
permitted by law and where applicable:

@ Each agency shdl identify the problem that it intends to address (including, where applicable,
the fallures of private markets or public indtitutions that warrant new agency action) aswell as
to assess the significance of the problem.

2 Each agency shdl examine whether exigting regulations (or other law) have created, or
contributed to the problem that a new regulation is intended to correct and whether regulations
(or other law) should be modified to achieve the intended god of regulation more effectively.

(3) Each agency shdll identify and assess available aternatives to direct regulation, including
providing economic incentives to encourage the desired behavior , such as user feesor
marketable permits, or providing information upon which choices can be made by the public.

4 In setting regulatory priorities, each agency shal congder, to the extent reasonable, the degree
and nature of the risks posed by various substances or activities within its jurisdiction.



) When an agency determinesthat aregulation is the best available method of achieving the
regulatory objective, it shal design its regulationsin the most cogt-effective manner to achieve
the regulatory objective. In doing so, each agency shdl consider incentives for innovation,
consstency, predictability , the costs of enforcement and compliance (to the government,
regulated entities, and the public), flexihility, distributive impacts, and equity.

(6) Each agency shdl assess both the costs and the benefits of the intended regulation and,
recognizing that some costs and benefits are difficult to quantify, propose or adopt a regulation
only upon areasoned determination that the benefits of the intended regulation judtify the costs.

) Each agency shall base its decisions on the best reasonably obtainable scientific, technical,
economic, and other information concerning the need for and consequences of the intended
regulation.

8 Each agency shdl identify and assess dternative forms of regulation and shdl, to the extent
feasble, gpecify performance objectives, rather than specifying the behavior or manner of
compliance that regulated entities must adopt.

9 Wherever feasible, agencies shdl seek views of gppropriate State, locd, and triba officids
before imposing regulaory requirements that might sgnificantly or uniquely affect those
government entities. Each agency shdl assessthe effects of Federd regulations on State, locdl,
and triba governments, including specificdly the availability of resourcesto carry out those
mandates, and seek to minimize those burdens that uniquely or sgnificantly affect such
governmental entities, congstent with achieving regulatory objectives. In addition, as
appropriate, agencies shal seek to harmonize Federa regulatory actions with related State,
local and triba regulatory and other governmenta functions.

(10) Each agency shdl avoid regulations that are incongstent, incompatible, or duplicative with its
other regulations or those of other Federa agencies.

(11) Eachagency shdl talor its regulations to impose the least burden on society, including
individuds, businesses of differing Szes, and other entities (including smal communities and
governmentd entities), congstent with obtaining the regulatory objectives, taking into account,
among other things, and to the extent practicable, the costs of cumulative regulations.

(12) Eachagency shdl draft its regulations to be smple and easy to understand, with the god of
minimizing the potentid for uncertainty and litigation arising from such uncertainty.

In compliance with E.O. 12866, the Department of Commerce (DOC) and the Nationa Oceanic and
Atmospheric Adminigtration (NOAA) require the preparation of a Regulatory Impact Review (RIR) for
al regulatory actions which either implement a new Fishery Management Plan (FMP) or Sgnificantly



amend an existing plan, or may be sgnificant in that they reflect important DOC/NOAA policy
concerns and are of public interest.

The RIR is part of the process of preparing and reviewing fishery management plans and provides a
comprehengve review of the changesin net economic benefits to society associated with proposed
regulatory actions. The andysis aso provides areview of the problems and policy objectives
prompting the regulatory proposas and an evaluation of the mgjor dternatives that could be used to
solve problems. The purpose of the analysisisto ensure that the regulatory agency systematicaly and
comprehensively consders dl available dternatives so that the public welfare can be enhanced in the
mogt efficient and cost effective way.

The Regulatory Hexibility Act (P.L. 96-353) has the purpose of rdieving small businesses, small
organizations, and small governmenta entities from burdensome regulations and record keeping
requirements. The Smal Business Adminigration (SBA) classfies commercid fishing firms as smdll
business entitiesif they have gross receipts of up to $3 million annudly. For processors and
wholesalers, asmdl businessis afirm that employs less than 500 and 100 employees respectively.

To meet the basic objective of the Regulatory Hexibility Act (RFA), federd agencies are required to
determineif proposed regulations will have a sgnificant economic impact on a substantial number of
smal business entities. The process of making such determinations requires the preparation of an Initia
Regulatory Hexibility Analyss (IRFA) and the RIR serves as the source of mogt of the information for
the IRFA. However, certain information required for IRFA determinationsis not necessarily available
inthe RIR. For example, if the RIR does not contain an estimate of the number of smal businesses
affected, a description of the smal businesses affected or a discussion of the nature and size of impacts,
then the IRFA would be expanded to include such information.

Pursuant to E.O. 12866 aregulation is consdered a“sgnificant regulatory action” if it islikely to result
in an annua effect of the economy of $100 million or more or has other economic effects. The total
retail vaue of seafood landingsin &. Thomas and . John U.S. Virgin Idandsisin the $3.0 million to
$5.0 million range and the proposed measure will negatively impact only asmal portion of that totd
(see Section 6.0.2.2 for estimated losses). The proposed management measure will have minimal
impacts on the charter boat and recreationa sectors due to the small amount of activities by these
segments of the industry within the proposed marine reserve. Hence, combined costs associated with
the proposed management measure will be significantly less than the $100 million threshold which
would condtitute a“sgnificant regulatory finding”.



20 PROBLEM STATEMENT

The Fishery Management Plan for Corals and Reef Associated Plants and Invertebrates of
Puerto Rico and the United Sates Virgin Islands (FMP), which became effective in December,
1995, included a reserved management measure establishing a Marine Conservation Didtrict (MCD). It
is the proposed establishment of an MCD which condtitutes the amendment to the FMP. Currently the
FMP prohibits the harvest or possession of stony corals, seafans, and gorgonians, and any speciesin
the fishery management unit if attached or existing upon live-rock, among other management measures
(see Amendment document).

Asnoted in the FMP, reef habitats around the U.S. Virgin Idands are consdered to be limited areas of
specia importance and concern.? Degradation that occurs through man-made and natural causes,
despite laws designed to mitigate some of these trends, further compromises these significant
ecosystemns.  Anthropogenic stresses on cora reefs not only directly compromise their condition, and
that of the organisms that depend on them, but aso undermine their ability to recover from natura
dressors. Lossof cord reef habitats directly affects awide range of organisms including fisheries of
consderable commercid and recregtiond sgnificance in the region. Given the importance of the reef
habitats for fisheries of commercid and recreationd importance, their condition is dearly of sgnificance
for the management of other consumptive resources in waters under both state and federd authority.

Lack of management of commerciad and recregtiond fisheries can aso impact the reef ecosystem by
disturbing the natura biologica baance of interacting and co-dependent organisms. The effects of
over-fishing on reef community structure, and thereby on the condition of the reefs themsdlves, arelittle
understood. However, community imbalances in reef-associated organisms may result from large-scae
reduction in cover or structura heterogeneity of live cord or other substrate, or from over-fishing of
certain components of the commercid fishery. For example, Carpenter et d. (1981) showed that
biomass of fishes increased with greater structurd diversity of the substrate. Work by Hughes et d.
(1987) in Jamaicaindicated that increasing fishing pressure on cord reef herbivores, such as parrotfish,
may account for observed increasesin dgd biomass which, in turn, reduces living invertebrate cover.
Reef herbivores may reduce the abundance of certain competitively superior agae, thus dlowing cord
and cementing cordline dgae to survive (Birkeland, 1977; Ogden and Lobdl, 1978). Over-fishing of
reef predatorsin St. Croix U.S\V.l. was suggested to be the cause of unusua abundances of the sea
urchin Diadema antillarum in 1973, which, in turn, can reduce cora reef recruitment (Ogden et d.,
1973; Sammarco, 1980). The Scientific and Statistical Committee has recommended that commercia
stocks of fishes not be alowed to drop below the level where the interaction between reef fishes and
subgtrate are dtered in some way (75" CFMC mesting).

1 Much of the discussion in this section is taken from the Fishery Management Plan for Coralsand
Reef Associated Plants and Invertebrates of Puerto Rico and the United States Virgin Islandsand ,
with exceptions, is quoted verbatim with minor editorial changes.
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In addition to the impact on the reef ecosystem caused by disturbing the natura biologica ba ance of
interacting and co-dependent organisms associated with commercia and recreetiond fishing, thereis
subgtantial evidence that these fishing activities, independent of harvesting levels, can dso directly
impact the overal integrity of the cord reef sructure. Davis (1977), for example, estimated that
commercia vessel anchors toppled 20% of the staghorn cord west of Loggerhead Key in Florida's
Fort Jefferson Nationa Monument in asingleyear (cited in Lag, et d., 1986). Similarly, ascited in
Lais et d., lobster and fish trgps placed near reefs can aso negatively impact the surrounding habitat by
breeking cords (Laist et d. reference Tunnidliffe, 1980, and the Gulf of Mexico and South Atlantic
Fishery Management Councils, 1980 ). Hence, fishing activities can impact cord reef habitat in both
indirect (overharvesting of fish stocks) and direct (anchoring and trap settings) manners?

As noted by Russ (1996), “[a number of complex characterigtics of fisheries on coral reefs make
administering conventiond fisheries management programs difficult.”. Among these factors are: (1) the
multi-species and multi-gear nature of most cord reef based fisheries, (2) the uneven spatid digtribution
of effort, and (3) the tendency for many of these fisheries to be dominated by municipd (i.e. artisand)
fishermen who land their catch over awide range of sites making problematic the collection of even
basic data needed for management purposes, such as catch and effort. All of these characteristics
likely prevalil, to agreater or lesser extent, in the cord reef based fisheries of the U.S. Virgin Idands.
With respect to the firat characteridtic, for example, Meyers (1994) dstates “[cJommercid fisheriesin the
U.S. Virgin Idands are best described as multi-species, multi-gear fisheries. Typica of this description
is the complex fishery for reef fish, involving over 180 species and various harvest methods including
traps, hook and line, nets, and spear fishing”. With respect to the second characteristic noted by Russ,
the different bottom types comprising the shelf space off the U.S. Virgin Idands (i.e., a combination of
seagrass beds, cord reefs, sandy bottom, etc.), as well asthe dope of the shelf, suggests a highly
uneven digtribution of effort® Findly, as noted by Garrison (1997), the U.S. Virgin Idands fisheries
can best be described as artisana in nature.

One of the most comprehensgive studies documenting  the current condition of the reef fish assemblage
inthe U.S. Virgin Idandsisthat of Garrison (1997). Findings reported in the referenced study, which
censussed the contents of fish traps set by fishermen around St. John for the 1992-94 period included:
(a) adeclinein the average number of fish per trap, (b) a decline in the average length of trgpped fish,
(c) a50% decrease in the mean weight of fish per trap, (d) decreases in the catch rates and relative
abundance of groupers, snappers, triggerfishes, angefishes, parrotfishes and grunts and a smultaneous
three-fold increase in the catch rate of tangs, and (€) the lowest relative abundance of groupers (four

2 Asnoted by one reviewer of an earlier draft of this document, injuriesthat corals sustain from fish
traps, anchors, and other human activities may also make the corals mor susceptible to disease and
invasion by algae competing and bioeroding invertebrates.

% Differencesin numbers of reported trips to the different areas designated on the trip tickets by the
commercial fishermen lends further support to the premise of an uneven distribution of effort among
the commercial fleet.



percent) recorded in any other study of tropica fisheries. These findings, while specific to . John, can
undoubtedly be generdized to provide some indication of changes that have occurred in St. Thomas:*

The previous discussion indicates that cord reef habitat, which is of particular ecologica significance,
can be easly damaged through natura and anthropogenic causes. One of the anthropogenic causes of
damage is excessve fishing on the reef assemblage community. This community, which is very difficult
to manage using traditiond techniques, is showing Sgns of sressin S. John which, in turn, may lead to
afurther compromise of the cora reef habitat. Anthropogenic causes related to anchoring and trap
Settings, while not documented for the St. Thomas and St. John areas per se, aso undoubtedly prevail.

This comment is based on the consideration that the two Islands are in close proximity to one another
and, in fact, many fishermen tend to fish the waters off of both Islands. Assuming relatively similar
ecosystem conditions, economic theory would suggest that, in the long run, the average product of
effort around the two Islands would tend to be equal. In other words, if catch per unit effort in one area
(i.e., island) is significantly greater than in the other area, effort, in the long run, would tend to migrate
to that area where the CPUE is higher (assuming costs are not significantly different).
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3.0 OBJECTIVES

The FMP contains one general and eight specific objectives to address the problems of cord
resources. They are:

Objective 1. To optimize the benefits to the Nation generated from the resources of cord, live-
rock, seagrasses and reef-associated plants and invertebrates, while ensuring their
conservation and long-term preservation, through implementation of a management plan
congstent with other management plansin the federd waters of the U.S. Caribbean.

Objective 2. To minimize adverse human impacts on cord, live-rock, seagrasses and reef-
associated plants and invertebrate resources by reducing fishing pressure, wasteful
harvest practices, and the anthropogenic stressors directly affecting them, and alowing
for the restoration of naturally-balanced reef systems.

Objective 3. To establish resource data collection and permitting systems, and a research and
monitoring program to collect fishery information and develop scientific data necessary
to best utilize and preserve components of the management unit and to enable
establishment of an QY for reef-associated invertebrates.

Objective 4. To provide, where appropriate, for speciad management of reef and seagrass
habitats of particular concern or ecologica importance through the establishment of
reserves or other protected areas.

Objective 5. To increase public and government awareness of the importance and vulnerability
of reef, seagrass and reef-associated resources. Informing and educating the genera
public of the importance of these resources will reduce adverse human impacts and
foster support for management. Education of resource users, such as tourists and
fishers, will promote more conscientious resource use.

Objective 6. To provide for and promote a consistent, coordinated and enforced management
regime for the conservation and best utilization of reefs, seagrasses and reef-associated
resources, in cooperation with state governments and other nationsin the region.

Objective 7. To provide aflexible management systlem which minimizes regulatory delay while
retaining subgtantial Council and public input into management decisions and which can
rapidly adapt to changes in resource abundance, new scientific information, and
changes in fishing patterns among user groups, or by area.

Objective 8. To reduce user conflictsin the fishery management unit through management and
recommendetions.



Objective 9. To diminate or Sgnificantly reduce terrigenous sediment anthropogenic input from
upland sources into coasta waters, and the discharge of untreated sewage and
petroleum products into coastal waters. This objective may be addressed through
recommendations to local governments to encourage compliance with, and enforcement
of, laws regulating activities that result in products that negatively affect the condition of
reef and seagrass habitats and reef-associated organisms.



40 NATURE OF THE MANAGEMENT MEASURE

During the development of the draft Fishery Management Plan for Corals and Reef Associated
Plants, and Invertebrates of Puerto Rico and the United Sates Virgin Islands, the Council
proposed the establishment of a Marine Conservation Digtrict (MCD) South of St. John United States
Virgin Idands. Based on comments received during the comment period prior to gpprova of the Plan,
the Council decided to defer the establishment of an MCD until more information became available and
further consultation with user groups was carried out. Based on the additiona information and
consultation, the Council decided on a course of action. Origindly, the Council proposed the
establishment of an MCD in the Federd waters South of &. John (thisorigind preferred Option is
designated as Option C in thisreport; see Section 6.0). After receiving public comment on the
preferred Option, the Council voted to expand the array of Options. Specifically, two new Options,
ether of which would establish an MCD in the Federa waters Southwest of St. Thomas (gtrictly as no-
take areas), were added to the course of action. These two new Options are identified as Option A and
Option B in this report (see Section 6.0 for the specific coordinates). The Council further decided,
after the third set of public hearings, that the MCD will then be established in the Federd Waters
Southwest of St. Thomas, USVI in an area known as the “Hind Bank” (Management Measure 1 in the
Amendment document, Option A inthisRIR).



50 APPROACH TOTHE ANALYSS
5.1 Intent of the Management Measure

The intent of the proposed management measure, as noted in the Draft Amendment Number 1 to the
Fishery Management Plan for Corals and Reef Associated Plants and Invertebrates of Puerto
Rico and the United States Virgin Islands, is to conserve and manage representative samples of
marine habitats and ecosystems and to maintain marine biodiversity. In addition, the management
measure will provide protection, conservation, and management of economically important species.
Implementation of the proposed management measure will directly achieve Objective 4 Sated above
and will indirectly contribute to meeting Objectives 1 and 2. In addition, the proposed management
measure may asss in achievement of Objective 8 in two manners. Firdt, it may result in incressed
stock of reef assemblage species outside the proposed MCD which may reduce potential consumptive
user conflicts (i.e.,, between different groups of commercid fishermen or between commercid and
recregtiond fishermen). Second, to the extent that future conflict may exist between consumptive and
non-consumptive (and even passive) users of the resource, any of the aternative proposed MCDs may
lessen this conflict through preserving an area pecifically for non-consumptive activities.

5.2 Definition of Net Economic Benefits

Economic benefits include the sum of expected changesin: (1) producer and consumer surplus for
landings from the commercid fishery, (2) potentid changesin consumer surplus derived from
recregtiond fishing and diving trips, and (3) potentia changes in consumer surplus derived from passive
(non-use) vaues related to the environmenta servicesin question (e.g., the cora reef ecosystem). Net
economic benefits are caculated by subtracting management costs (plan preparation, enforcement,
additiond data collection and/or reporting costs).

Since the data on the cora reef ecosystem and related reef assemblage fisheries, and the associated
consumptive and passive user groups, are not sufficient to make the calculations implied by the last
paragraph, much of the andyss used in this RIR will be quditative rather than quantitative in nature. In
other words, the RIR analysis will attempt to ascertain whether or not the proposed Amendment to the
FMP can contribute to economic improvements to the fisheries (and nation) but in many cases no
attempt will be made to place estimated dollar vaues on any gains or losses which are discussed.
While the andysis will of necessity be quditative, existing data will not be ignored because exigting
reliable information can be used dong with theoretical considerations to produce the best estimate as to
the possible economic outcome of the proposed measure.

5.3 Short and Long Term Effects and Period of Andysis

The proposed management measure (Option A: a“no-take” MCD in the area known as the ‘Hind
Bank’ Southwest of St. Thomas, USVI) entails more redtrictive fishing practices. These restrictive
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fishing practices, asis usud with management measures designed to rebuild over-fished stocks and/or
restore ecosystem integrity, generdly entail short term economic losses in producer and/or consumer
aurplus (i.e. areduction in economic benefits). These redtrictive fishing practices are enacted, however,
in expectations that there will accrue some longer term benefitsin the form of increased population
stocks and/or ecosystem integrity. Some of the increased benefits, particularly those associated with
increased stocks, may be reduced over alonger period of time which will be demonstrated in the
andyss.

The period of andyssis often critica and, in some cases, can change the direction of the outcome. In
the short run, for example, areduction in available fishing area associated with establishment of an
MCD islikely to reduce the overdl percentage of stock available for harvest. In heavily fished fisheries,
asis characterigtic of the fisheriesin St. Thomas and St. John, such a stock reduction can be expected
to result in areduction in harvest. Thisreduction will result in short-run decrease in consumer surplus
associated with the local consumption of harvest (assuming price is respongve to quantity harvested)
and producer surplus (assuming there exists some positive level of profits before establishment of the
MCD).

One of the main features of MCD’ s is their ability to protect older and larger fish. Protection of these
larger fish can in theory, and supported by limited empirica evidence, result in “spillover” and egg
dispersd effectsthat will, in the longer run, increase the population stock available for harvest. Asthe
stock outsde the established MCD expands, harvests among existing fishermen will expand
commensurately resulting in increased profits to the exigting fleet (assuming that the price flexibility for
the harvested product is less than one in absolute terms). The increased harvest will, in turn, result ina
reduction in the price of the landed product (assuming price responds to changes in harvests) resulting
in an enhancement in consumer surplus.

Theoreticdly, however, increased fleet profits will attract additiond entrantsinto the fleet aswell as
potentialy an increase in effort among the exigting fleet, assuming additiona management messures
amed a controlling the overdl leve of effort, such asimplementation of ITQ's, are not so enacted.
The increased effort, in the long run, will result in adissipation of profits (producer surplus).
Interestingly, however, consumer surplus may not be reduced in the long run asis the case in most
management measures that do not directly limit the overdl leve of effort. Thisreflects the fact that
establishment of amarine reserve can result in indefinite increasesin tota catch, despite increasing
effort.

Theoretically, profitswill not exist in an open-access fishery if two conditions are met. The first
condition isthat the fleet is homogeneousin nature. The second condition isthat the fishery isin
equilibrium. In actuality, neither of these conditionsis generaly valid at any point in time. Available
evidence suggests a highly heterogeneousfleet in St. Thomas and St. John with boat lengths varying
from less than 20 feet to in excess of 40 feet, suggesting inframarginal rents may be the norm.
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As suggested by the above discussion, producer and consumer surplus associated with the production
and consumption of the landed product can vary in reation to the time-frame of andyss. There may
a0 exist non-consumptive (e.g., diving) and passive (utility associated with knowledge that an
undisturbed cord reef ecosystem exists) benefits associated with establishment of marine reserves.
These benefits should be monotonicaly increasng over time (though probably a a diminishing rate) up
to the point that integrity of the cord reef ecosystem isfully restored.
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6.0 ANALYSISOF PROPOSED MANAGEMENT MEASURE

This proposed rule, if promulgated, will establish aMarine Conservation Digtrict (MCD) in the Federd
waters Southwest of St. Thomas (Management Measure 1 in the Amendment document, Option A).
Other Options consdered by the Council during the last set of Public Hearings (June 1998) included
Regected Option B (the same areaas A but larger) and Regjected Option C (Federal Waters South of
. John). The various Options associated with the establishment of an MCD are listed below:

OPTION A (Management Measure 1): Establish ano-take Marine Conservation Didtrict
(MCD) inthe EEZ in the area known as the Hind Bank South of &. Thomas, U.SV.I.,

within the coordinates specified below.

POINT LATITUDE LONGITUDE

A 18E13.2'N 65E06.0'W
B 18E13.2'N 64E59.0W
C 18E11.8N 64E59.0'W
D 18E10.7'N 65E06.0'W

OPTION 1A: No action

REJECTED OPTION B: Egtablish a no-take Marine Conservation Digtrict (MCD) inthe EEZ,
including the area known as the Hind Bank South of St. Thomas, U.SV.I., but with a
modified northern boundary 1 NM north of the present demarcation line. That is,
within the coordinates specified below.

POINT LATITUDE LONGITUDE

A 18E14.2'N 65E06.0'W
B 18E14.2'N 64E59.0W
C 18E11.8'N 65E59.0'W
D 18E10.7'N 65E06.0'W
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REJECTED OPTION C: Edablish aMarine Conservation Digtrict (MCD) in the EEZ due
South of S. John, U.S.V.I. within the coordinates specified as follows:

The rhumb lines connecting the following coordinates enclose the MCD:

POINT DESCRIPTION LATITUDE LONGITUDE
A South of Bovocoap Point at 18E 15.3'N 64E 46.9'W
Boundary with Territorid
Sea
B South of Ram Heed at 18E 15.0' N 64E 42.2'W
Boundary with Territorid
Sea
C Southeast corner 18E 12.1'N 64E 42.2'W
D Southwest corner 18E 11.0'N 64E 46.9W

Before examining the specific benefits and codts rdated to the dternative options, areview of some
basc economic principlesin relaion to the establishment of marine reservesisin order. Thiswill hep
facilitate the discussion of benefits and codts in relation to the different options. The generd discussion is
presented in the following section.

6.0.1 Generd Economic Andyss of Marine Reserves

Market-failure arguments, as noted by Tisdell and Broadus (1989), are the basis of government
establishment of marine reserves to protect nature (see item 1 under Section (b) in Statement of
Regulatory Philosophy and Principles). Asthe authors further assert, two points need to be
considered in relation to government provision of such reserves. First, many of the aspects associated
with marine reserves tend to be nonriva in consumption, i.e., the margina costs associated with
providing the reserve to an additiona individua isequa to, or at least approaches, zero. The second
point that needs to be congdered, according to the authors, is that of excludability. Specificaly, itis
difficult if not impossible, given the nature of marine reserves, to deny awide range of individuas from
cagpitaizing on the benefits derived from establishment of such reserves. Because any one enterpriseis
unable to extract but a smal share of the societa benefits redlized from establishment of amarine
reserve, private enterprises cannot be expected to establish such reserves. Furthermore, the nonriva
nature of marine reserves provides further judtification of government intervention.

While the market failure arguments cited above provide a rationd for government intervention, such
falure, as noted by Panayotou (1993), provides a necessary, but not sufficient condition, for
intervention. Sufficient conditions, according to Panayotou, are: (1) government intervention
outperforms the market or improvesits functions and (2) the benefits accruing from such intervention
must exceed dl cogsincluding that of implementation and enforcement. If these sufficient conditions are
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met, a second issue that should be consdered in the establishment of amarine reserve isthat of
optimum size®

Following Tisdell and Broadhus (1989), net benefits (i.e., gross benefits minus costs) associated with
Setting asde an areafor amarine reserve can be mathematically expressed as follows:

NB = B(x) - C(X) )

where NB represents net benefits, B(x) represents the gross benefits associated with setting asde an
area of sze x, and C(X) represents the costs associated with setting aside an area of szex. If gross
benefits exceed costs for agiven level of X, say x,, then equation 1 will be positive at that

level of x implying that government intervention is warranted, conditioned on the assumption that
government intervention outperforms the market or improves on its functions.”

The economically optimum reserve size can be determined by differentiating equation 1 with respect to
x and setting the resultant equation equd to zero

MNB/Mx = MB(X)Mx - MC(x)/Mx =0 2

Thisimpliesthat, a the optimum, the margind benefits associated with the addition of a given amount of
area (say hectare), or MB(x)/Mx, are equa to the margina costs (i.e., MC(x)/Mx) associated with the
addition of that amount of area.

The above cited conditions can be illustrated graphically. Consider Figure 1, for example, where
margina benefits are denoted by the curve MB(x) while margina costs are denoted by the curve
MC(X). Inthisexamplethe margina costs exceed margind benefits a al levels of x implying that
government intervention in the cregtion of a marine reserve cannot be justified on the drict criteria of
enhancing society’ swelfare (i.e., the basis of welfare economics) 2

A third economic issue, not discussed herein, isthat of the optimum number of reserves. Discussion
of thisissue can be found in Tisdell and Broadus (1989).

The assumption that government intervention outperforms a private market created in say the
establishment of an ITQ system will be examined at alater point in the analysis.

8 The condition that marginal costs exceed marginal benefits at all levels of x implies, of course, that
costs exceed gross benefits at all levels of x.
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Figure 1: Illustration of the Marginal Cost of Marine Reserve Exceeding
Marginal Benefits at All Sizes of Marine Reserve

As asecond example, consider Figure 2.
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Figure 2: lllustration of Marginal Benefits of Marine Reserve Exceeding
Marginal Costs at Some Sizes of Marine Reserves

In this case, margina benefits exceed margina costs over awide range of X, i.e., from x, to x,. While
government intervention in cregtion of amarine resarve of any size x within the range of x, to x, can be
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justified based on welfare economic criteria, the economic optimum reserve Sze occurs at that point
where margind benefits, denoted by the curve MB, equals margina costs, denoted by the curve MC;
or X,. ltisnoteworthy, furthermore, that margina costs exceed margina benefits a al reserve szesto
the left of x, aswell asto theright of x,. One explanation for negative net benefits for amarine reserve
gzelessthan x, in areamay be related to rdatively high fixed enforcement costs associated with a
relatively small marine reserve rative to the benefits accrued therefrom. At the other extreme, i.e,
beyond a marine reserve size of x,, margina opportunity codts related to displaced fishermen etc. may
exceed the margind  benefits derived therefrom. While margind opportunity cogs are likely to bea
monotonicaly increasing function in relation to X, such areationship does not necessarily hold with
respect to benefits. Specifically, beyond the point denoted x**, the change in tota benefits associated
with an increase in marine reserve Sze varies from that of increasing a an increasing rate (i.e, the
derivative of MB(x)/Mx >0) to that of increasing at adecreasing rate (i.e., the derivative is negetive).

While the above discussion helps place the issue of whether to establish a marine reserve, aswell asits
optimum sze, in an economic context, discussion of specific benefits and costs associated with
edtablishment of a marine reserve to thispoint islacking. Benefits can be either use or non-usein
nature and Tisdell and Broadus (1989) list sx economic arguments in favor of public provison of
marine reserves. Firgt, there may be an existence value associated with the protection of nature within
the confines of the marine reserve. Second, there may be vaue associated with individuas being able
to keep their individua options open (i.e.,, option vaue), in this case the option to vist areatively
undisturbed area Southwest of St. Thomas or South of St. John a some future point in time. Third,
there exigts potentid vaue associated with maintaining alarger and more diversified gene poal (i.e, the
vaue of biodiversty). Fourth, there is a vaue associated with the avoidance of large potentia losses
that may occur when common accessis the only viable dternative® A fifth potential benefit of public
provison of marine reserves, according to Tisddl and Broadus (1989), is reflected in the potentia
increase in commercid and recregtiona harvests outside the reserve emanating from conserving species
within the reserve, i.e., the “spillover” and egg dispersd effects. Findly, according to Tisddl and
Broadus, discounting and risk arguments may favor public provison of marine reserves. Tisddl and
Broadus also note, as an aside, that “...an additional compelling reason for establishment of marine
reservesisthat they provide an dternative and, in some cases, a more efficient approach to extractive
activities (p. 39)".

Thesered or potentid benefits mugt, of course, be weighed againg the costs associated with the
edtablishment of a marine reserve (see item 6 of Section (b) in Statement of Regulatory Philosophy
and Principles). While avalable literature regarding costs associated with establishment of marine
reservesis sparse, severa codt factors are immediately apparent. Firdt, displaced fishermen may redize

Given the nature and associated difficulty embodied within the management of coral reef fisheries (e.g.,
the multi-species and multi-gear nature of these fisheries), relatively large losses may result even
outside acommon access regime. This aspect of coral reef fisherieswill be examined in greater detail
elsewhere in the report.
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areduction in profits (i.e., producer surplus), particularly in the short run, astheir “preferred” fishing
grounds are set aside for marine protection.’®  Second, there may be areduction in consumer surplus,
particularly in the short-run, if establishment of a marine reserve reduces the availability of fresh product
to the consumer and price responds to available supply. Third, disolacement of effort from the
“preferred” fishing Ste may result in increased stock and crowding externditiesin those areas remaining
open to fishing practices. Findly, disolacement of fishermen to other areas may negatively impact the
ecosystemn hedlth in those areas remaining open to fishing practices (i.e., those areas outsde the
proposed MCD).

6.0.2 Benefits, Costs, and Net Benefits Associated With Proposed Marine Reserve

Benefits and cogts associated with Management Measure 1 (Option A) of the Draft Amendment
Number 1 to the Fishery Management Plan for Corals and Reef Associated Plants and
Invertebrates of Puerto Rico and the United Sates Virgin Islands are examined below. Dueto a
lack of dataand economic andysis associated with many of the benefits and costs outlined above, the
discusson will belargdy quditative in nature. Where sufficient deta exi<, rlevant andyses are
presented.

In the following analysis of benefits and codts it is assumed that complianceis a aleve sufficient to
maintain, if not increase, the ecosystem integrity associated with the area encompassed by any of the
three areas considered by the Council for establishing an MCD.* If compliance is zero, costs
(particularly those related to enforcement) will be postive but benefitswill be zero, implying negeative
net benefits'? Overdl, gross benefits, and potentially net benefits'®, will be expected to increasein
relation to the level of compliance. Of rdlevance too is the issue of the level of compliance in the
absence of aufficient enforcement. While information is insufficient to provide a quantitative answer to

1 These short-run reductionsin profits may reflect either areduction in revenues associated with fishing

in less productive areas, an increase in costs from, say, increased time and distance traveled to the less
desirable fishing grounds, or some amalgam thereof. If, however, marine reserves are effectivein the
long-run enhancement of stocks outside the reserve (either from the “ spillover” effect or the egg-
dispersal effect), profitability among this group of fishermen may be aso be enhanced over some
longer period of time (particularly if controls are placed on the overall level of effort). Theseissuesare
discussed in greater detail later inthe RIR.

1 Thisassumptionis, of course, predicated on the additional assumption that ecosystem integrity isa

function of the level of fishing activities.

12 This example may be somewhat fallaciousin that the level of compliance is generally expected to be

positively related to the level of enforcement. Thisrelationship, however, holds only if penalties and

probability of apprehension associated with non-compliance are sufficiently high that non-compliance

isdeterred in part or whole.

18 Whether net benefitsincreasein relation to the level of compliance depends upon the cost function.

Specifically, if costs accrued are large relative to benefits, then net benefits may be negative.
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this question, some inferences can be drawn from the public hearings related to this Amendment.
Comments provided at the public hearing suggest that, in generd, there is strong opposition to any
MCD; implying that “voluntary” compliance (i.e., compliance in the absence of sufficient enforcement)
may be relaively minor. If oneisto be established, however, there appears to be some agreement that
Option A (Management Measure 1) is preferable to Rgected Options B and C; indicating that
compliance in the absence of sufficient enforcement, to the extent that it occurs, may be greater if an
MCD is egtablished in the Federal waters Southwest of St. Thomas when compared to establishment of
an MCD in the Federd waters South of St. John. Taking the andysis one step further, to the extent
that Option A is preferred (by the potentialy impacted parties) to Rgected OptionsB and C,
compliance with respect to either Option A or Rejected Option B may exceed that of Rejected Option
C a any leve of enforcement. A fina reason to expect that compliance may be higher if Option A or
Reected Option B is selected reflects the fact that there is a three-month closure (December-February)
each year in the area where the MCDs associated with these two Options would be established. As
such, fishermen are accustomed to a“temporary” closure and, hence, may be more willing to accept a
permanent closure.!

6.0.2.1 Benefits

Assuming each of the conddered MCDs associated with Options A through C listed in Section 6.0
exhibit the necessary conditions (e.g., sufficient Size, etc.) required to meet the overal godsreated to
the establishment of the MCD, the benefits can be discussed in aggregate rather than for each individua
Option. Insufficient information (economic as well as ecologica) excludes comparing the benefits
associated with one of the Options to that of the other Optionsin any amount of detail. To the extent
that establishment of an MCD under Rejected Option B encompasses the MCD associated with that
proposed under Option A, however, one would expect the gross benefits related to the MCD in
Reected Option B to be equd to or greater than the benefits derived under Option A. Furthermore,
the “equd to” condition would hold only in the extreme case where the size of the proposed MCD
(under Option A) is s0 large that no additiond benefits would be derived from increasing its size (i.e,, to
that associated with Rejected Option B). Such asituaion is highly unlikely.*> Anticipated differencesin
benefits between Option A and Rejected Option B are discussed in more detail where appropriate.

14 Related to thisissue, analysis by Beets and Friedlander (1997) suggests that the three-month closure of
the Hind Bank has been successful at protecting red hind grouper during the spawning aggregation
season. Commercial fishermen, to the extent that they have noted the impact of protection via
increased catches throughout the year, may see the benefits of additional protection throughout the
remainder of the year and, as such, may be more inclined to comply with the creation of an MCD
Southwest of St. Thomas.

15 Asnoted in the Draft Amendment Number 1 (May 1998), Dr. Joshua Nowlis suggested that an MCD
off the Southwest coast of St. Thomas may be superior to an MCD off the South Coast of St John
(Rejected Option C) if aportion of the Territorial waters off St. Thomasisalso closed. Without the
additional closure the performance of Options A and B might not be superior to Option C.
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1. Existence and option values associated with the protection of nature within the confines of
the marine park. 1® Krutilla(1967) is generally credited with introducing the concept of existence
vaue in the economic literature. In his semind article, the author claimed that individuas did not have to
actively use aresource to derive benefits (i.e.,, vaue) therefrom. Reasons for this claim are twofold.
Firg, individuals may wish to preserve options for future use. Second, individuals may have an interest
and, hence, value associated with bequegthing resourcesto hisor her heirs.

Asorigindly outlined in the literature , irreplacesbility of natural resources was the primary judtification
for the presence of existence value (see Krutillaand Fisher, 1975).” Assuch, the exisence vaue of a
marine reserve, the purpose of which isto protect the overal ecosystem integrity within the confines of
the park, gppears to be avaid argument to include in caculation of benefits associated with the
proposed marine reserve.

As reported by Spurgeon (1992), no studies have to date been conducted to determine the existence
vaue of cord reefs (and related ecosystem). There are, however, two easly identifiable factors, as
noted by the author, which will dictate the magnitude of exisence value. Firgt, existence vaue will be
positively related to “...the qudity, condition, and uniqueness of the reef on anational and globa scae
(p.534)". Second, “[t]he size of population, level of income, standard of education and the
environmenta perception of people in the country owning the reef will greetly influence the [existence]
vaue (p.534)". The cora reef which is the subject of the current analysis associated with Rejected
Option C is, by dl accounts, of high quality and in good condition. However, no information regarding
unique characteristics associated with the cord reef structure associated with Rejected Option C is
avaladle.

Based on discussion by Beets and Friedlander (1997), the Site associated with Option A (and by
extenson Regected Option B) aso appears to be of rdatively high quality and, potentialy, more unique
than the Ste associated with Rgected Option C.  In summarizing the information presented by Beets
and Friedlander, Draft Amendment 1 states the following concerning the Hind Bank: “[t]he dominant
cord in a this gte (i.e., spawning aggregation area observed by Beets and Friedlander) was
Montastrea annularis. These flattened colonies of Montastrea annularis measured 0.5-1 min
diameter by 05.-1 min height. Erosion of the Sde of the corals shielded mushroom-type structures.
These structures of high rdlief, compared to the mostly low rdlief but densdy covered shelf edge ridge
of souther (sic) St. Thomas, offers shelter. These structures are atypicd in the Virgin Idand shelf.” The
Draft Amendment further statesthat “[clords, in generd, are of dow growth. Montastrea in particular
has been reported as having annua growth rates of 0.4 - 1.2 cm/yr inthe USVI. This means that the
dimensonsof M. annularis ...are more than 100 years old; perhaps somewhat older since erosion of

6 The discussion with respect to existence and option values draws heavily upon the work by Freeman

(1993).
171t should be mentioned that this assumption has more recently been challenged (see Freeman, p.156).
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the sides of the cord were described as giving it mushroom appearance.” The Hind Bank (i.e, the Site
associated with Option A) is aso known as an aggregation Site for many species other than the red hind
grouper. Specificdly, Amendment 1 Sates that other species aggregating at the red hind bank include
ydlowfin grouper which aggregates in March, the yellowfin snapper, parrotfish, the creole wrasse, and
creolefish. In addition, according to the Draft Amendment, Nassau grouper once had spawning
aggregations at the bank but few fish are observed anymore.

Given the rdatively large quantities of cord reefs in the Caribbean Region, and more generdly,
throughout the rest of the world, the issue of uniqueness of the cord reefs associated with the three
proposed MCD dsitesis subject to a considerable amount of speculation. The atypica nature of the
structures associated with Option A (and by extension Rejected Option B) and the aggregation of
speciesin relation to these atypica structures suggest, however, that existence value may exceed that
which would be associated with more typica cord reef structuresin the U.S. Virgin Idands and
throughout the rest of the Caribbean Region. Paucity of information regarding any unique
characteristics associated the cord reef structure associated with the proposed MCD in Rejected
Option C limits comments regarding potentia existence vaue with the exception that it would be
positive.

The concept of option vaue, which is closaly related to that of existence value, was first introduced by
Weishrod (1964). Asargued by the author, an individua uncertain as to whether or not he will vist
some unique Site at some future point in time would be willing to pay asum in excess of his consumer
surplus to assure that the site would be available in the future should he wish to visit it.® The sum over
and above the consumer surplus was termed ‘option vaue by Weisbrod. The full measure of the value
of the environmenta service then becomes the summation of the expected consumer surplus plusthe
option value.’®

Spurgeon (1992) asserts that because cord reefs and their surrounding environs are “unique and
irreplacegble naturd environments with dwindling supplies and growing demands (p.534)”, the option
vaue asociated with their protection should be relatively high. While Spurgeon’ s overdl assessment

18 Asnoted, there is some similarity regarding the concept of existence value and the concept of option

value, especially concerning future use of some environmental service. However, the concept of
option val ue expresses a preference for the conservation of the environment or its components for
one’s own possible use at some future date in the face of uncertain future supply of that service. The
concept of existence value, on the other hand, expresses a preference for the conservation of the
resource or its components for use by one’ s heirs. Assuch, the concept of option value istied directly
to uncertainty whereas the concept of existence value isfree of uncertainty considerations.
¥ The concept of option value has been rigorously debated in the literature and there are questions
regarding its appropriate expected sign (i.e., positive or negative) if, in fact, it could be estimated (see
Freeman, 1993, for discussion). It isnoteworthy, however, that the Environmental Protection Agency
listed option value as alegitimate value to be included in intrinsic benefits when conducting benefit-
cost analysis of proposed regulations mandated under the terms of Executive Order 12291.
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regarding option value associated with cora reefs and their surrounding environsis theoreticaly sound,
its relevance with respect to the current andysis (i.e., Options A through C) is, a best, speculative.
Like that discussed with respect to existence vaue, the option vaue associated with any of the three
proposed MCDsis afunction of uniqueness. Uniqueness, in turn, is related to the quantity and quality
of cord reefsin adjacent and nearby areas and, to alesser extent, the quantity and quality of cord reefs
in more distant locations. With respect to adjacent and surrounding waters, the amount of coral reef
within any of the three proposed MCDs congtitutes but a smdl fraction of the total supply; though in
theory the MCD will enhance its quality vis-a-vis those areas not being protected. With respect of
cord reefsin more distant locations, Sobel (1993) suggests that in excess of 100 protected areas
currently exist throughout the Caribbean Region, though the percentage of these areas which were
protected to preserve cord reefs (in total or in part) isnot given. While specific information regarding
the percentage does not exig, the conclusion one draws from the more generd information is that the
more distant substitutes throughout the Caribbean Region are likdly to be large and increasing.

While the option value associated with the proposed marine reserve is undoubtedly postive, the
number of nearby and more distant substitutes suggests that its magnitude may be relaively low when
compared to the option value associated with more unique environmenta entities. Furthermore, given
the fact that insufficient information exists which would permit meaningful comparison between Option
A (or Regjected Option B) and Reected Option C, one cannot determine whether the option value
associated with an MCD created Southwest of St. Thomas would exceed that associated with an
MCD crested South of St. John.

2. The value of biological diversity associated with the protection of nature within the confines
of the proposed MCD. Sobel (1993) groups threats to marine biologica diversty into two classes.
Thefirg class includes those activities that involve overexploitation of marine resources, including
directed or intentiona harvesting and the incidentd taking of marine life. The second class of threatsto
marine biologica diversty include “...those that destroy or degrade marine habitats (p.21)”, such as
pollution and coasta development.

The functiona importance of cora reefs has been adequately covered esewhere (see, for example,
Smith, 1978) and, as such, will not be covered here with the exception of stating that cora reefs have
the highest divergity of any marine ecosystem. Overdl, according to Tabot (1995), they can sugtain
fish yidds of 15 tonnes per square km. Alcada (1988) suggests that yields from hedthy cord reefsin
the Philippines may approach 37 metric tons per square km.

Before congdering the economic benefits of biologica diversty (or biodiversty), it is useful to briefly
discuss what is meant by the term. Simply stated, biologica diversity isagenerd term referring to the
extent of variety in nature and is usudly consdered a three different levels. These levelsinclude
(Anonymous, 1993): (1) genetic diversity, i.e., the variety of information contained in dl of the individua
plants, animals, and microorganiams, (2) oecies diversity, or the variety of living species, and (3)
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ecosystem diversity, or the variety of habitats, biotic communities, and ecologica processes, aswdl as
the tremendous diversity present within ecosystemsin terms of habitat differences and the variety of
ecological processes.?

Genetic diversity refersto variation of genes within species. As noted by Polunin (1983) aswell as
others,?* genetic diversity can be diminished in heavily fished stocks which, among other things, can
result in fish stocks becoming more stressed from environmental perturbations. Thisincreased stress
can lead to recruitment failure, etc.

Species diversty is generdly classified into three groups of measurement: species richness, species
abundance, and taxonomic diversty. Species diversity, no matter how it is measured, tends to be
unevenly digtributed around the world. Specificaly, speciesrichnessis concentrated in the equatoria
regions and decreases in relation to distance from the equator. In the marine ecosystem, biologica
diversity appears to be highest on the continental shelves. In generd, cord reefs have the highest level
of diversity per unit area of any marine ecosystem (Tabot, 1995) and, as tated by the author “... are
the marine equivaent of the great rainforests of thetropics.” Like the marine ecosystem in generd, the
biologicd diveraty of cord reefsis highest in the equatorid regions and diminishesin relation to
distances therefrom.

Because the “boundaries’ of communities (i.e., associations of species) and ecosystems tend to be very
fluid, defining ecosystem diversity tends to be much more complicated than that of genetic or species
diversity and the measurement of ecosystem diversity is il inits early sages. Asnoted in Anonymous
(1993)”[€]cosystem diversity encompasses the broad differences between ecosystem types, and the
diversity of habitats and ecological processes occurring within each ecosystem type (p.5).” Some of
the potentid problems with community imbalances in reef fish organisms have dready been dluded to
(see Section 2.0).

In arecently completed study of the St. John trap fishery, Garrison (1997) reports some trends
suggesting relatively large changes in species composition and, indirectly, evidence of decreasing
biodiversty. In relaion to species composition, the author found that six pecies accounted for more
than 50% of thetotd catch during a recent three-year (1992-94) period with blue tang, gray angefish,
and porgies representing the most frequently caught species. The Six species, the author suggests,
represents a far fewer number than reported in other smilar studies. Furthermore, the number of blue
tang caught in trgps increased from 6.0% in 1992 to dmost 31% in 1994. As stated by the author,
“[t]he dominance of tangs in this study may be an example of Jennings and Polunin’s (1996) prediction
that asmadll, fast-growing species from alower tropic level would eventualy dominate catch as aresult

2 Discussion of these different classrelies heavily, and is often taken verbatim, from Anonymous (1993).

2l Seecitations within Polunin (1983).
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of intense fishing pressure. Change in catch compaosition would result from fishers Smply targeting the
remaining available species or keegping species previoudy considered ‘trash’ fish or ‘bycatch’ (p.8)”.
Similar trends are likely to be occurring in &t. Thomas given the proximity of the two Idands.

The obstacles associated with measuring the vaue of biodiverdty in atraditional neoclassical economic
framework have been doquently outlined by several economisgts, including Randall (1988) and Gowdy
(1997). While the measurement of the vaue of biodiversity isinherently complicated, few economigts
would argue that there isvaueto having it. Furthermore, the value of biodiversty in relation to any
ecosystem is likely related to: (1) the uniqueness of that ecosystem, (2) the complexity of that
ecosystem, (3) current and future (possibly unknown) services and functions provided by that
ecosystem, and (4) irreversibility of ecologicad damages. Mog, if not dl of these features, as noted in
earlier discussion, are characterigtics of cord reefsin generd. The vaue of preserving biodiversity by
maintaining cora reefsin an undisturbed environment is, therefore, likely to be large.

In lieu of being able to accurately va ue the benefits associated with any given ecosystem, many
economists have proposed employing the safe minimum standards approach??, as origindly proposed
by Bishop (1978). Following the discusson by Toman (1994), consder Figure 3 on the following

page.

A stuation of both modest long-run costs reated to environmental damage and a high degree of
reversbility is depicted in the lower-right portion of the Box in Figure 3. In this area, tradeoffs can be
evauated using atraditiona cost-benefit gpproach in that there is little danger of high long-term cogsto
society and damages can be easlly rectified given the high degree of reverghbility. While costs become
relatively high in the upper right-hand corner of the box, they are il rdaively reversble. Hence, the
current generation can compensate the future for environmenta damage through an intergenerationa
transfer. Because codts are relatively low in the lower left-hand corner of the box, they can be
absorbed without sgnificant detrimenta effects on future generations, even though irrevershility is
relativey high. Overdl, the ssfe minimum standard principle becomes particularly rdevant in the
upper-left hand corner of the box. In this region, impacts become irreversible due to the high long-run
cods and limited subgtitution options. In addition, since the impacts in question in the upper right-hand
corner of the box will often involve large-scae ecosystemns and ecological functions, uncertainty islikely
to be subgtantia.

2 Asnoted by Toman (1994), the logic of using a safe minimum standard approach in the decision-
making process is based on the premise that the cost-benefit approach traditionally used in evaluating
tradeoffs may beinadequate if the long-term costs of ecosystem loss are uncertain but potentially
substantial. Proponents of the safe minimum standard approach to evaluating tradeoffs argue that,
unless society judges that the costs of preservation are unreasonably high, it is best to err on the side
of preservation.
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Figure 3: lllustration of the Safe Minimum Standard for Balancing Natural
Resource Trade-offs and Imperatives for Prevention (Toman 1994:407)

As one moves toward the upper |eft hand corner of the figure, as argued by Toman, individudistic
vauation criteria (such as the concept of benefit-cost analyss) should give way to socid rules regarding
the preservation of natura capital. 1n other words, unless society deems the costs of conservation
(preservation) to be excessive, arguments favoring preservation should prevail.

With respect to cord reef ecosystems, the probability of irreversibility associated with ecosystem
damage is high given the long regeneration period of cord reefs. Given the many functions related to
the cord reef ecosystem, too, societd costs (current and future generations) may be large. These two
factors suggest preservation, through establishment of aMCD, may be warranted.

As of yet, there has been no discussion with respect to size of the three proposed MCDs and its
relaion to the preservation of biodiversity. In generd, one would expect, beyond some critica
minimum sSize, a positive relationship between maintaining and/or enhancing biodiveraty and the sze of
theMCD.%? Whether this relationship increases a an increasing or decreasing rate in relationship to
the amount of closed area (i.e., whether the second derivative a change in biodiversity to achangein
closed areais pogitive or negative) is unknown.

Overdl, the proposed MCD in Federal waters Southwest of St. Thomas associated with Option A
encompasses gpproximately 16 square miles. This area has been closed for three months during the
year (December through February) since 1990 to protect spawning aggregations of red hind groupers.

Z  Another way of saying thisisthat extremely small marine reserves probably serve no function in

maintaining biodiversity.

25



Reected Option B encompasses the area associated with Option A plus one additiond mile to the
north, or approximately 23 square milesin total. The proposed MCD associated with Regjected Option
Cisinthe Federd waters south of St. John and encompasses approximately 20 square miles. Ranging
from about 16 square miles (Option A) to 23 square miles (Option B), dl three of these Options cover
but asmal fraction of the total shelf area of St. Thomas and St. John (gpprox. 1,100 square miles).2
Without further information regarding range of movement of different species in the respective MCDs
associated with the dternative Options etc., it isimpossible to state whether any of the proposed
MCDs are sufficiently large to maintain or enhance biodiversity and associated benefits derived
therefrom. Furthermore, it isimpossble to compare between the three dternative Options with the
exception that benefits related to the protection of biodiversity under Rgected Option B likely exceed
those that would be generated under Option A, assuming the Size of ether of the proposed MCDsis
sufficient to protect the biodiversity.

3. Value associated with avoidance of large potential osses that may occur when common
accessisthe only viable alternative. Thereisample evidence to suggest that MCD’ s are successful
a increasing the biomass and the average size of fish ingde the boundaries of the MCD (see Rowley,
1992, for a generd review of the evidence and Polunin and Roberts, 1993, and Roberts, 1994 for two
examples specific to the Caribbean Region). Thisis particularly true when consdering species, such as
many of the reef fish in the Caribbean Region, that exhibit rdaively limited movements and have long
life gpans for which current sze digtribution is Sgnificantly below that historicaly reported (Rowley,
1994).%

2 Such comparisons, it is noted, are likely to be somewhat misleading. Specifically, much of the shelf
area surrounding the respective Islandsis not conducive to fishing activities. Assuch, the fraction of
the " effective” fishing area withdrawn as aresult of adoption of any of the alternative options will be
much larger than one would arrive at by dividing the arearelated to the different options by the total
shelf area. Thisassertion is supported in written comments received during the public hearing process
(seeletter to Mr. Miguel Rolon from Ms. Monica Lester and Mr. David Berry).

% Onefactor potentially favoring Option A or Option B over Option C with respect to biodiversity isthat
the Hind Bank is known to be a spawning aggregation area for many speciesincluding the red hind
grouper, the yellowtail snapper, the parrotfish, the creole wrasse, and the creole fish. In addition, the
Nassau grouper once had spawning aggregations at the site. These spawning aggregations appear to
be related to the presence of the dominant coral at the site, Montastrea annularis. The atypical relief
provided by this coral and the related aggregations may translate into a greater degree of biodiversity.

% See Garrison (1997) for adiscussion of the historical changein size of reef fish species harvested in St.
John.
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Benefits (value) associated with avoidance of large potentid losses (even in the absence of common
access) can take many forms. In the extreme, MCD’s can help ensure species’ survival.?” Less
draconian in nature, MCD’ s can help provide a hedge againgt recruitment fallure, assuming “ pillover”
and egg dispersal effects are positive®  Assuch, MCD’s can, in essence, provide “ insurance” against
the potentid, and perhaps, negative impacts related to overfishing. While not being able to quantify it,
this“insurance’ is a benefit and, hence, is vaued by society.?® Evauaing the issue in a somewhat
different manner, consder Figure 3. Asthe probability of recruitment failure increases, one might
expect both an increased probability of irreversble ecologica damages associated with alarge
redigtribution of species mix comprising the ecosystem and an increasing and potentidly permanent
impact/cost related to the disturbed ecosystem. This suggests a movement towards the northwest
quadrant of the graph and, as such, increased mora imperative for ecosystem protection; this
protection being, in essence, an insurance policy.

Findly, thereis a growing consensus that the multi-gpecies, multi-gear nature associated with the
harvesting of reef-fish assemblages, such as those prevailing in &. Thomas and St. John, makes
traditiona management methods somewhat ineffective (see, for example, Roberts, 1997) in sustaining
viable populations of targeted, as well asincidentally harvested, species. Management measures that
limit the overdl leve of effort (say boats) may aso be ineffective due to expanson of effort within the
exigting fleet (e.g., increased trips and/or pots).*® An Individua Transferrable Quota program, while
largely untested in fisheries as complex and diverse as that of the reef-fish assemblage fishery in S
Thomas and St. John, islikely to be extremely cumbersome (and expensive) and it is uncertain how
well it would perform.  As such, MCD’s may be a cost effective dternative to more cumbersome and
expendve programs (see item 5 in the Regulatory Philosophy section). In addition, they can provide
additional protection associated with the avoidance of large potentia |osses when used in conjunction
with more traditional management gpproaches.

27 Inthissituation, the concepts of existence value and option value become relevant in terms of the
benefits associated with the avoidance of large potential |osses.

2 The"“spillover” and egg dispersal effectswill be discussed in greater detail below.

% Examined somewhat differently, assume that the fish stocks are owned by asingle
individual/corporation. These fish stocks would be considered as capital which could be used in the
production process, i.e., the harvesting of fish. Aswith other forms of capital, the individual may take
out an insurance policy as protection in case of natural or human-induced disaster. The decision asto
whether such a policy would be taken would depend on: (a) the cost of obtaining such apolicy, (b) the
“perceived” risk of disaster, and (c) the payoff if adisaster occurs.

% This suggeststhat any effort limitation program will likely necessitate limits being placed on the overall

number of entities permitted in the fishery (e.g., vessels) aswell as limits being placed on the amount of
effort that can be exerted by each of the entities (e.g., traps per vessel).
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4. Value associated with (potential) increase in commercial and recreational harvests outside the
reserve emanating from conserving species within the reserve. One of the core concepts of marine
reservesistha over time (after initid establishment of a marine reserve) stock sizes outside the reserve
will be enhanced through the effects associated with “spillover”, the effects associated with the export
of larvae outsde the reserve, or some amagam thereof. The “spillover” effect emanates from larger fish
emigrating outside the border of the reserve over time as carrying capacity within the reserve is atained.
The export of larvae, smilarly, may enhance recruitment into neighboring fish stocks.

While intuitively gppedling, empirica evidence supporting the “ spillover” and export of larvee effectsis
limited. Thisis particularly true with respect to the export of larvae. As noted by Rowley (1992),
however, much of the reason for limited empirical evidence reflects the fact that scientific proof would
require rather complicated experimenta designsinvolving multiple Sites as well as the need for sampling
both before and after closure of the reserve.

To examine potential benefits associated with increased commercid and recreationd harvests outside
the reserve emanating from conserving pecies within the reserve, it isfirgt useful to examine current
fishing practices. Based on the 1995-96 trip ticket data for St. Thomas and St. John (see Table 1),
approximately 14% of the total number of trips taken in the area around these two idands and about
31% of the associated harvest occurred in the Federd waters Southwest of St. Thomeas (i.e,, the area
encompassing the proposed Option A and Rejected Option B). For the Federa waters South of S.
John (i.e., the area encompassing the proposed Rejected Option C), the proportion of trips equaled
gpproximately seven percent while the proportion of total catch approximated 14%. Thesefigures
establish an upper bound on the percentage of trips taken in and the catch taken from the three
dternative MCDs associated with Options A through C.3*

With respect to potfish, an estimated 19% of the tota 2,039 trips reported by the population of
fishermen occurred in Federd waters Southwest of St. Thomas (i.e., the area associated with proposed
Options A and B) while about 40% of the tota potfish harvest, equa to 92 thousand pounds was
harvested from thisarea (Table 1) The Federa waters South of St. John (i.e., the area encompassing
proposed Option C) accounted for gpproximately eight percent of the total number of potfish trips (158
of the 2,039 total) and 11% of the associated harvest.

81 Thefigures discussed herein reflect upper-bound estimates for two reasons. First, the areas covered
by the designations (1) Federal waters Southwest of St. Thomas and (2) Federal waters South of St.
John completely encompasses the proposed MCDs (Federal waters Southwest of St. Thomas with
respect to Options A and B and Federal waters South of St. John with respect to Option C) but also
encompasses additional areas not included in the proposed M CDs (unfortunately, the data did not
permit finer delineation). The second reason the figures represent upper boundsis that many
fishermen reported fishing in both Territorial and Federal waters on agiven trip. Intheseinstances, all
catch was attributed to Federal waters for purposes of analysis.
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Similarly, about four percent of the total number of hookfish trips (51 of 1,222) reported by the
population of fishermen occurred in Federa waters Southwest of St. Thomas (i.e., the area
encompassing Options A and B). These 51 trips represented about eight percent of the tota hookfish
catch in both the Territoria and Federd waters for St. Thomas and St. John. The Federd waters
South of S. John accounted for 6.5% of the total number of hookfish trips (i.e., 79 of the 1,222 total)
and seven percent of the tota hookfish catch (Table 1).

Finaly, amost 30% of the tota |obgter trips reported by al fishermen in &. Thomasand S. Johnin
1995-96 occurred in Federa waters Southwest of St. Thomas (i.e., 309 out of 1,033 tota) and these
309 trips accounted for more than one-half of the total reported take of lobgter for the period. By
comparison, only 65 lobster trips were reported in the Federd waters South of St. John in 1995-96
(i.e., Six percent of the 1,033 tota) but these 65 trips accounted for dmost 20% of the total take of
lobster.

For benefits to accrue in the short run in association with the expected “ spillover” and larva dispersal
effects (related to the establishment of a marine reserve), effort needs to be displaced in order for
growth of the MCD stock to occur. Asis evident from the information in Table 1, a moderate amount
of displacement is expected in association with the establishment of any of the three proposed
dternative MCDs. A moderate reduction in effort suggests, however, that short-run benefits related to
the establishment of the proposed MCD are adso likdly to be only moderate in nature.

The analyses regarding potential displacement with respect to the adternative proposed MCDs, of
course, include regions much larger than any of the MCDs that would be chosen under any of the
dternative Options.  Specifically, the Federd waters Southwest of St. Thomas includes a considerable
amount of area outside the proposed MCDs associated with Options A and B. Similarly, the Federd
waters South of St. John comprise asignificantly larger areathan is encompassed by the MCD
associated with Option C. This suggests that the upper-bound estimates regarding displacement, as
discussed above, may be subgtantialy higher than that which would actudly occur.

Thisissue can be examined in greater detail with respect to Option A and, to alesser extent, Option B.
Specificaly, Option A coincides with the area known as the Hind Bank which is closed for three
months during the year (December through February) to protect the red hind grouper during the period
in which they aggregate to spawn. Ogption B includes this area plus one mile to the north. While the trip
ticket data are of insufficient resolution to determine the actua number of fishermen/trips displaced from
the Hind Bank during this three month period, there exists sufficient data to provide a cursory
examination pertaining to the issue as to whether this closure displaces effort from the Federa weters
Southwest of St. Thomas or merdly in the specific area of the three month closure (i.e,, the Hind Bank).

Asindicated in Table 1, atota of 585 trips were reported in the Federal waters Southwest of S.
Thomasin 1995-96 and 384 of these trips reported the harvest of potfish. These trips delineated on a
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monthly basis are provided in Table 232 Thetotal number of trips made in the Federal waters
Southwest of St. Thomasin 1995-96, as indicated, ranged from 37 (October) to 72 (August).
Similarly, the number of potfish trips ranged from 29 (Jduly) to 46 (August). If closure of the red hind
bank (Option A) resultsin significant displacement of effort in the Federd waters Southwest of S.
Thomas, one would expect to find a sharp decline in the number of trips made in these waters during
the December-February period. This, however, is not the case (see Table 2), suggesting one of two
possible scenarios. Firs, there may exi little effort on the Hind Bank throughout the year in which
case there would be little displacement from this area associated with a permanent closure associated
with Option A. An dterndtive explanation is that a Sgnificant amount of effort is displaced from the red
hind bank during the closed months (i.e., December-February) but the displaced effort smply relocates
to other areas within the Federal waters Southwest of St. Thomas. Given the smilarities between
Options A and B, the same generd findings presented herein with respect to Option A likely are vaid
for Option B. Insufficient data excludes refinement of analysis with respect to Option C.3

Evauating only the immediate displacement and associated benefits may be somewhat “ short-sighted”
in nature. Specificdly, there is ample evidence to suggest that effort into the areas of any of the
proposed M CDs associated with the three dternative Optionsis likely to expand in the absence of a
permanent closure. Garrison (1997), for example, makes reference to “... the use of larger, more
seaworthy vessels powered by diesdl or gasoline engines which have enabled commercid fishers from
. Thomas and Puerto Rico (90 km to the west) to exploit St. John’s offshore waters - as far south as
the shdf edge... (p.3).” Smilarly, evidence of technologica changein the St. Thomas fleet which would
alow expansion of effort into the area of the proposed MCD associated with Option C is noted by
Impact Assessment Inc. (1997) and, de facto, into the areas associated with Options A and B. Findly,
declining catch per unit effort in the near-shore waters, as noted by Garrison, will most certainly
encourage fishermen to increasingly expand the range of fishing activities to deeper waters, such as
those in the area of the three dternate MCD proposals. These considerations lead to the conclusion
that the greatest benefits associated with increased stock outside the reserve, emanating from protection
of speciesingde any of the three proposed MCDs, may occur a some future point in time rather than
in the near term.

%2 A monthly breakdown of hookfish trips and lobster tripsis not provided due to concerns regarding

confidentiality.
% Tothe extent that a permanent closure of the area associated with Option A would result in little
displacement of effort, benefits accrued to its closure over time may be small. Nellis, inwritten
comments regarding the establishment of an MCD (see letter to Mr. Miguel Rolon dated 21 June),
appears to suggest that only a small fraction of the area associated with Option A supports significant
coral communities. If thisisthe case, effort in the area associated with the proposed MCD may have
historically been relatively minor, increasing only during red hind grouper spawning aggregations.
This supposition, however, belies evidence regarding aggregation of several other species at the Hind
Bank.
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Of course, the discussion of benefitsin this subsection is based on the premise that stocks outside the
reserve will be enhanced as aresult of protection of species within the confines of the reserve.

Table 1: Relationship of Effort and Catch in (1) Federal Waters Southwest of St. Thomas,
and (2) Federal Waters South of St. John to Total Effort and Catch in St. Thomas
and St. John Waters (Territorial and Federal Waters), 1995-19962.

Trips & Catch Inside TripsIn All Areas Percentage of Trips
Federal Waters S.W. of Inside St. Thomas S.W.
St. Thomas Federal Waters
#of Trips Tota Catch® #of Trips Tota Catch® Trips (%) Catch (%)b
Total 585 121,095 4,035 389,559 14.4% 31.1%
Potfish 334 92,160 2,039 228,084 18.8% 404%
Hookfish 51 6,579 1222 81,045 4.2% 81%
L obster 309 22,557 1,033 40,059 29.9% 56.3%
Trips & Catch Inside TripsIn All Areas Percentage of Trips
Federal Waters South of Inside St.
St. John South Federal
John Waters

#of Trips  Tota CatchP #of Trips Tota Catch® Trips (%) Catch (%)b

Total 283 41,601 4,035 389,559 7.0% 10.7%

Potfish 158 27,334 2,039 228,084 7.8% 12.0%

Hookfish 79 5925 1,222 81,045 6.5% 7.3%

Lobster 65 7,670 1,033 40,059 6.3% 19.1%
Notes:

a. Tripsand catch are based only on information reported in the trip tickets, i.e., not projected to the total.
b. Total catch exceeds summation of individual components (i.e., potfish, hookfish, and lobster) because
other fishing activities such as netfishing and conch are included in totals.

This premise raises three natural questions. First, what evidence exigts that the stocks outside of the
reserve will be enhanced over time? Second, what are the specific benefits that can be expected in
associaion with stock enhancement? Finally, what is the time frame in relation to the benefits. Each of

these questions are addressed in turn below.
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As discussed in the Draft Amendment 1 to the Fishery Management Plan for Corals and Reef
Associated Plants and Invertebrates of Puerto Rico and the United States Virgin Islands, the
selection of Rejected Option C was based on severd factors including: (1) the critica sze of the MCD
is sufficient and the habitats present are adequate to potentiadly

Table 2: Monthly Fishing Activitiesin Federal Water s Southwest of St. Thomas, 1995-96

Total Potfish
Month #of trips $itrip #of trips $itrip
July 48 844 29 o8
August 72 798 46 813
September 46 1,000 30 934
October 37 828 27 778
November 46 758 30 838
December 48 744 31 809
January 47 89%6 A 845
February 41 926 3 772
March 42 1,003 23 902
April 53 84 33 763
May 52 842 32 905
June 53 811 38 813

protect reef fish, (2) the area South of St. John is till protected from urban pollution®, coastal run-off,
and development through the protection of afforded to the area of the Nationa Park Service, and (3)
the areas are linked from coastal nursery areas, shalow water and deep water reefs, sea grass beds,
and dgd plainsto deep water (i.e., good representation of habitat). These consderations, while no
guarantee, should be beneficid to stock enhancement both insde and outside the proposed MCD. In

% A reviewer of an earlier draft of thisreport suggests that the proposed M CDs associated with Option
A and Option B are also not likely to be directly affected by land-based activities due to their offshore
distance.
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addition, information presented by Kojis (1997) suggests that larval dispersa outside the proposed
MCD, to the extent it is sSignificant, will likely bein the direction of St. Thomas®

35

Lessinformation is available regarding the M CDs associated with proposed Options A and B. Nowlis
(Northeast Fisheries Science Center, NMFS-NOAA), however, in arecent presentation to the
Caribbean Fishery Management Council suggests that an MCD off the Southwest Coast of St. Thomas
may be superior to one off the South Coast of St. Johnif a portion of the Territorial waters off St.
Thomasisalso closed. Without the additional closure of the Territorial waters, however, the
performance of Option A (or Option B) relative to Option C is unknown.
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Table3.a Trip and catch Information Based on 25 Identified Fishermen Who Reported Tripsin St
Thomas SW Federa Waters, 1995-1996

Trips Taken Inside St. Thomas SW Federal Waters

Avg. Catch/Trip

Trips® Boat Length Pots ¢
Ibs. Vaue($)?
Total 585 207 847 292 ---
Potfish 334 240 840 30.7 71
Hookfish 51 129 517 20.6 -
L obster 309 73 475 30.8 794
All Other Trips
Total 928 152 668 273 ---
(561) (167) (716) (27.2) (--)
Potfish 443 172 602 28.7 55
(254) (186) (651) (28.7) (57)
Hookfish 219 129 516 239 ---
(184) (140) (561) (24.2) (--)
L obster 451 82 532 29.2 56¢
(223) (92) (597) (29.2) (48)¢
Total Trips Taken
Total 1513 174 737 280 -
Potfish 827 204 712 295 63
Hookfish 270 129 516 233 ---
L obster 760 78 509 208 67¢

Notes:

a. Estimated revenues per trip reflect the retail value harvests based on prices reported by Meyersfor 1993-
94. Tothe extent that larger vessels may not process and market their catch to the final consumer,
the estimated revenues may be over-estimated.

b. Summation of trips by gear type will exceed total because some fishermen report harvesting more than
one specieson agiventrip.

¢. Numbersin parentheses reflect number of trips and related statistics pertaining to those tripsin Federal
Waters other that those in St. Thomas SW.

d. Average number of lobster potsisbased only on that portion of identified fishermen reporting the use of
lobster pots.



What are the expected benefits of the establishment of any of the three proposed MCDs in relation to
increased stocks outside the reserve?® First, commercid harvest is expected to be enhanced resulting
in ashort-term increase in profits (producer surplus). Second, the increased harvest will result ina
decline in price of the landed product, ceteris paribus, increasing the total level of consumer surplus
derived from consumption of the landed product (based on the assumption that price responds to
changesin landings). Third, increased fish stocks outside the reserve will result in higher levels of catch
per trip in the recreationd sector, resulting in increased consumer surplus in this sector of the fishing
industry. Fourth, consumer surplus associated with non-consumptive activities, such as recreationa
diving, should be enhanced. The increase in benefits related to these activities may be sSgnificant.
Findly, increased stocks outside the proposed MCD suggest that deterioration of the cord-reef habitat
outsde the MCD may be mitigated to the extent that the severity of community imbaance outsde the
marine resarve, in existence prior to the establishment of the MCD, is lessened ¥

The short-term increase in profits in the commercia sector will, over time, induce new entrantsinto the
fishery and islikely to encourage exigting firms (fishermen) to expand individud levels of effort. This
expangon of effort will, through time, lead to an erosion of profits (i.e., producer surplus) in relation to a
decline in the catch per unit effort. Because the stock size outside the reserve can be maintained at
higher levels than pre-MCD conditions, higher levels of consumer surplus, related to sustained higher
commercid harvestsin aggregate may be maintained over along-run period of time. With respect to
recreationa fishing activities, a short-run increase in catch per trip, as noted in the previous paragraph,
will encourage additiona recreationd fishing trips, assuming the demand for trips responds postively to
increases in catch per trip. The additional number of tripswill, in turn, tend to result in areduction in
catch per trip over time with a commensurate reduction in the per trip consumer surplus. Tota
consumer surplus related to recrestiond fishing activities may, however, remain & an enhanced leve in
the long run due to the overadl increase in the number of trips. The long-run demand for non-
consumptive activities should be enhanced in the long run in relaion to sustained enhancement of stocks
outsdethereserve. This should, in the absence of any significant congestion externdities, resultin a
long run increase in consumer surplus to this segment of the population that receives utility from the

% Thediscussion of benefitsis based, of course, on the premise that stock outside the proposed MCD
will be enhanced by a*“significant” amount over timein relation to “ spillover” and larval displacement
effects. If the enhancement is not “significant” benefits will be reduced accordingly and in the limit (i.e.,
no “spillover” or displacement effects) will tend towards zero.

87 Whether the deterioration of the coral-reef habitat outside the MCD is mitigated in the long run may, to
some extent, be related to the long-run change in effort outside the MCD in association to increased
stocks outside the MCD. Specifically, as discussed in greater detail later inthisRIR, anincreasein
effort outside the reserve in response to increased fish stocks may result in increased degradation of
the coral-reef habitat via possible effects associated with the increased setting and hauling of traps
over and around the coral reefs.
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non-consumptive use of the resource.®®. Findly, the long-run enhancement of fish stocks outside the
MCD, associated with its establishment, indicates that partid or total restoration of community balance,
and enhancement of the coral reefs therefrom, may be permanent in nature.>

6.0.2.2 Costs

Aswas the case with benefits, information which would alow comparison of costs associated with
establishment of an MCD under each of the three dternative Optionsis, for the most part, lacking.
Assuming cogts are positive under each of the three aternative Options, however, one would expect
them to be higher under Option B than under Option A. This reflects the fact that the proposed MCD
asociated with Option A istotdly contained within the MCD which would be established under
Option B.

1. Opportunity costs associated with displacement of fishermen from their preferred fishing
grounds. To examine opportunity costs associated with displacement of fishermen from their preferred
fishing grounds in association with establishment of amarine reserve, it is useful to begin discussion by
gating the objective function of commercid fishermen. In lieu of any empiricd information to the
contrary, fishermen are assumed to maximize profits on a per trip basis subject to possble capitd
and/or time congraints. Stated formaly, this can be represented as.

maxD,” TR&TC, st. ( capital, time ) (1)

where maxb; is equa to maximum per trip profits, TR, isequd to per trip revenues, and TC, isequd to
per trip totd variable costs. Expressed somewhat differently, the assumed function can be given as
follows

maxp * PQQ & pX (2)

% Congestion externalities with respect to non-consumptive activities (such as diving) may exist if, for
example, utility associated with, say, solitude is diminished due to an excessive number of diversin the
immediate vicinity.

% The permanent nature suggested herein reflects the fact that establishment of an MCD, to the extent it
is effective in restoring community balance, enhances the coral reef inside the MCD which, de facto,
resultsin an increased carrying capacity. Thisisakin to anincrease in the parameter k in the standard
Schaefer model. Within the confines of this scenerio, the “traditional” sustainableyield curve of the
fishery will be enhanced at all levels of effort. Thisincrease, however, must be weighed against the
potential for increased degradation outside the MCD and the reduction in carrying capacity associated
therefrom.
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Where P, isthe price received by the fisherman for the harvested product, Q is the quantity harvested
on aper trip bagis, p, represents a vector of input prices used in the production process, and X
represents a vector of inputs employed in the production process expressed on a per trip basis.(for
purposes of convenience, the subscript t is omitted but al discusson refersto a per trip basis).

To evauate the potentid didocation costs of establishing an MCD associated with any of the three
dternative Options outlined in Section 6.0 on the short-run objective function of the individua
fisherman, it is useful to rewrite equation (2) asfollows

maxp * PQQ & ( pxlxl % pxzx2 ) ©)

where X; represents a vector of inputs which will not be impacted by establishment of a marine reserve,
eg., costs associated directly with hauling pots in the potfish fishery, while X, represents a vector of
inputs that will likely be impacted (e.g., changein fuel costs per trip and the opportunity costs of time
associated with running to less preferable fishing locations). The terms p,; and p,, represent respective
vectors of input prices (i.e., costs).

Holding quantity of output Q congtant, the change in profits due to a change in preferred fishing location
(PL) can be expressed as *°

MD * M\ v P sz

—_ —=2 4
MPL X2 MPL “)

MX
Where P, M=PE' > 0 represents the change in costs to the fisherman on aper trip basisdueto a

changeininput usage. ** Alternatively, the fisherman may choose to hold costs rdlated to traveling

4 Thevariable PL istreated as continuous for purposes of the theoretical model. Whilethisis certainly

not the case in reality, the same conclusions would certainly be reached if a discrete model was

employed for analysis.
4 For purposes of the theoretical model, it is assumed that fishermen will have to travel more, rather than
less, to harvest the same amount of product under implementation of the Adopted Measure.
Intuitively, this assumption appearsvalid. Specifically, if afisherman could, under present conditions,
catch the same amount of product at alocation closer to point of embarkment as that in the proposed
MCD, traveling to the MCD site would, in fact, represent areduction in potential profits, ceteris
paribus due to increased traveling costs and the associated costs of one’ stime. In addition, it should
be noted that the assumption isimplicitly being made that other areas, more distant than the proposed
MCD, which will yield higher catches per trip are available to the fishermen. The validity of this
assumption is unknown.
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congtant but alow output to vary in regponse to achange in location fished (PL). Thiscan be
expressed as.

— MX
M0 e Py Ly (ML iy g
MPL MPL MPL MQ

where Py - % represents alower level of revenues on a per trip bass, and the second term

MX
(JQ Ly p
MPL  MQ
harvest. Given the maintained hypothesis of profit maximization, the reduction in revenues (i.e, thefirst
term on the right-hand side of equation 5) will necessarily exceed the reduction in harvest cogts (i.e, the
second term).

« representsareduction in harvesting cost associated with areduction in

While both of these decisions represent areduction in profits (B ) on a per trip basis, neither fulfills
conditions of the stated objective function, i.e., maximization of profits. To do so, quantity (Q) and
inputs (X; and X,) must be dlowed to vary smultaneoudy, or

X X
MO g, MLy (M iy p ke, =2 (9
MPL WPL  * WPL T WQ MPL

In the profit maximizing case, the fisherman will likely incur both achangein codts (i.e, MX,/MPL) from
traveling a different distance , some change in catch (i.e, MQ/MPL), and some change in cogts related to
achangein catch (i.e, MQMPL * MXIMQ)*P,,). If they travel a shorter distance, the changein costs
will be lessthan zero. The change in catch will dso, presumably, be less than zero (otherwise, it would
not have been economicaly rationae for them to travel agreater distance). Furthermore, it can be
dtated with certainty that the reduction in catch, which can be transformed to revenues by multiplying by
acongtant output price, will exceed the reduction in cogts, ceteris paribus. Thisindicates that profits
will be reduced.

Though the information necessary to estimate equation 6 is lacking, sufficient information does exist to
help ascertain whether displacement costs will occur and , to alesser extent, the degree of
displacement.. In totd, 25 individuals were identified in the Virgin Idand trip ticket data base as having
fished in the Federd waters Southwest of St. Thomas in 1995-96* (data pertaining to commercid

42 Thisfigureislikely to be somewhat lower than the actual number of fishermen due to the fact that a
certain percentage of licensed fishermen due not submit the required trip ticket information. Assuming
the group not submitting the trip ticket information is not significantly different from the group
submitting the required information, the analysis and results discussed herein should not be seriously
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fishing activitiesin the Virgin Idandsis collected on a July through June bagis). The fishermen reported
atotal of 1,513 trips, which trandates to an average of gpproximately 60 trips per fisherman (see Table
3.9). Of thetotal 1,513 trips reported by the 25 identified individuas, 585, or dmost 40%, were made
in the Federal waters Southwest of St. Thomas; the area encompassing the proposed Options A and B
outlined in Section 6.0. Overdl, 19 of the identified 25 fishermen in this category (76%) made 50% or
less of their totd tripsin the Federa waters Southwest of S. Thomas while more than 40% of the
group of fishermen in this category made less than one-quarter of their totdl tripsin the Federa waters
Southwest of St. Thomas.

Reected Option C encompasses the Federd waters South of St. John. The Virgin Idand trip ticket
data base for 1995-96 identifies 21 individudsfishing in thisarea. The total number of trips reported
by these identified fishermen equaled 1,061, or approximately 50 per fisherman (see Table 3.b on
following page). Of thetota 1,061 trips reported by the 21 identified individuas, 283, or 27%, were
made in the Federa waters South of St. John (the area encompassing Rejected Option C). Overal,
two-thirds of the 21 identified fishermen in this category made 50% or less of their totd tripsin the
Federal waters South of St. John (i.e., the area encompassing Rejected Option C) while 40% of the
fishermen made less than one-quarter of their totad tripsin the Federd waters South of . John.

The 25 identified individuas who reported fishing activities in the Federd waters Southwest of S.
Thomasin 1995-96 (i.e., the area associated with Options A and B), made atotal of 827 trips where
potfish was harvested, 46% (i.e., 384) of which were made in the area of the proposed MCDs
associated with Options A and B (i.e., the Federal waters Southwest of St. Thomas). This group of
fishermen dso made 270 trips where hookfish was harvested, 51 of which (i.e., 19%) were made in the
area of the proposed MCDs associated with Options A and B. Finally, about 40% of the 760 trips
where |obster was harvested by the 25 identified fishermen who reported fishing activities in the Federa
waters Southwest of St. Thomas in 1995-96 were taken in the area of the proposed Options A and
B.43

The 21 identified individuas who reported fishing activities in the Federd waters South of S. Johnin
1995-96 (i.e., the area associated with Regjected Option C) made atotal of 433 trips where potfish was

flawed. The same general comment holds with respect to the analysis and discussion presented with
respect to option C.

4 Two points need to be made regarding the current and ensuing discussion based on trip ticket data.
First, for purposes of analysis, catch information reported by fishermen who reported fishing in both
Territorial and Federal waterson agiven trip was all allocated to Federal waters. Hence, the catch from
Federal waterswill be somewhat overstated. Second, the proposed M CDs associated with the three
different Options outlined in Section 6.0 of thisreport all cover asomewhat smaller areathan the
Federal water designation used in the respective analyses. This factor will also tend to inflated the
estimated proportion of the total catch from the areas contained in the proposed M CDs associated with
the three alternative Options.
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harvested, 36% (i.e., 158) of which were made in the area of the proposed MCD associated with
Regected Option C. Of the 283 trips where hookfish was harvested by the 21 fishermen who reported
fishing activities in the Federal waters South of St. John, 28% were made in the area of the proposed
MCD associated with Rejected Option C. Findly, about 15% of the 422 trips where |obster was
harvested by the 21 fishermen who fished in the Federa waters South of St. John in 1995-96 occurred
in the area of the proposed MCD associated with Rejected Option C.

Catch among the 25 identified fishermen who reported activities in the Federa waters Southwest of S.
Thomasin 1995-96 (i.e., the area of the proposed M CDs associated with Options A and B outlined in
Section 6.0) equaled 174 pounds per trip, with associated per trip revenues of $737.4

4 Revenueswere calculated by multiplying quantity landed by the respective retail price asreported in
the 1992-93 published landings statistics for the United States Virgin Islands. To the extent that some
fishermen do not market their harvest directly to the final consumer (see Impact Assessment, Inc.),
estimated revenues per trip will be somewhat inflated.

40



Table 3.b: Trip and Catch Information Based on 21 Identified Fishermen Who Reported Tripsin St. John Federal Waters, 1995-
1996

Trips Taken Inside St. John Federal Waters

Avg. Catch/Trip

Trips® Boat Length Pots ¢
lbs. Vaue ($)?
Total 283 147 609 28.0 ---
Potfish 158 173 607 26.7 52
Hookfish 79 75 300 29.3 ---
L obster 65 118 770 31.1 1049

Trips Taken Outside St. John Federal Waters

Total 778 171 734 29.6
(366)° (210) (900) (31.2) (-=-)

Potfish 275 258 904 30.7 64
(160) (319) (1,119) (32.1) (72)

Hookfish 204 94 377 28.7
(85) (53) (213) (31.7) (-=-)
Lobster 357 92 598 31.6 90¢
(169) (112) (732) (30.7) (89)¢

Total Trips Taken

Total 1061 165 701 29.1 -
Potfish 433 227 796 29.2 60
Hookfish 283 89 356 28.9 -
L obster 422 96 624 31.5 924d

Notes from Table 3.b:

a. Estimated revenues per trip reflects the retail value harvest based on prices reported by Meyers for 1993-94. To the
extent that larger vessels may not process and market their catch to the final consumer, the estimated revenues
may be over-estimated.

b. Summation of trips by gear type will exceed total because some fishermen report harvesting more than one species on a
given trip.

¢. Numbersin parentheses reflect number of trips and related statistics pertaining to trips taken in federal waters outside the
federal waters south of St. John.

d. Average number of lobster pots is based only on that portion of identified fishermen reporting the use of lobster pots.

For the 585 trips made within the Federd waters Southwest of St. Thomas by this group of fishermen,
revenues per trip equaled $847, on average, or amost $180 per trip more than the $668 estimated for
the 928 trips reported outside the Federal waters Southwest of St. Thomeas by the 25 identified
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fishermen.*® Potfish revenues among the 25 fishermen who reported activities in the Federd waters
Southwest of St. Thomas averaged $712 per trip, on average. Thisfigureis based on per trip revenues
of about $600 for the 443 trips outside the area of the proposed M CDs associated with Options A and
B and per trip revenues of $340 for the 384 trips taken within the Federal waters of Southwest S.
Thomes (i.e., the area of the proposed MCDs associated with Options 1 and 2).%¢ Egtimated hookfish
revenues per trip for the 51 trips within the area of the proposed MCDs associated with Options A and
B (i.e., Federd waters Southwest of St. Thomas), however, were not found to be different than the
average hookfish revenues per trip outside the Federa waters Southwest of St. Thomeas (approximately
$515 per trip). Findly, per trip revenues received from lobster-based activities by the 25 identified
individuals who fished in St. Thomas Southwest Federd waters averaged $509 for the 760 |obster trips
taken intotal. For the 309 reported lobster trips occurring in the Federal waters Southwest of S.
Thomas, average revenues per trip equaled $475. Thisfigureis amost $60 less per trip than the $532
reported for the 451 lobster trips outsde the Federal waters Southwest of St. Thomas.

Catch among the 21 identified fishermen who reported activities in the federd waters South of . John
in 1995-96 (i.e., the area of the proposed MCD associated with Rgjected Option C outlined in Section
6.0) averaged 165 pounds per trip, with associated per trip revenues of about $700.4 For the 283
trips made within Federa waters south of . John by these 21 fishermen, revenues per trip equaled
$609, on average, or about $125 less than the $734 estimated for the 778 trips reported outside the
Federd waters South of St. John. Potfish revenues per trip among the 21 identified fishermen equaled
$795 per trip, on average. Thisfigure is based on per trip revenues of about $900 for the 275 trips
taken outside the Federd waters South of St. John and per trip revenues of dightly more than $600 for
the 158 trips taken within the Federa waters South of St. John (i.e., the area of the proposed MCD
associated with Rejected Option C).*® Similarly, estimated revenues per trip associated with hookfish
activities averaged about $70 less insde the Federa waters South of &. John (i.e, the area of the
propose MCD associated with Regjected Option C) than outside the area (i.e., $300per trip compared
with $370 per trip). Findly, per trip revenues received from lobster-based activities by the 21
fishermen who reported fishing activities in Federd waters South of St. John in 1995-96 averaged

4 Among Federal trips reported by the 25 identified individuals, exclusive of those in Federal waters
Southwest of St. Thomas, revenues per trip equaled $716, on average, based on atotal of 561 trips.

4% Two- hundred-and-fifty-four of the 443 trips taken outside the Federal waters Southwest of St. Thomas
by the 25 identified fishermen occurred in Federal waters, or approximately 57% of the total. Average
revenues among the 254 trips equaled $651, on average.

47 Among Federal trips reported by the 21 identified individuals, exclusive of those in Federal waters
South of St. John, revenues per trip equaled $900, on average, based on atotal of 366 trips.

48 One-hundred-and-sixty of the 275 potfish trips taken outside the Federal waters South of St. John by

the 21 identified individuals occurred in Federal waters, or about 60% of thetotal. Average revenues
among the 160 trips occurring in the Federal waters equaled $1,119, on average.
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$770 within the Federa waters South of St. John compared to about $600 outside the Federal waters
South of S. John.

The previous discussion regarding trips and catch per trip (and related per trip revenues) among the 25
identified fishermen who reported fishing activitiesin the Federal waters Southwest of St. Thomas (i.e,
the area of the proposed MCDs associated with Options A and B in Section 6.0) and the 21 identified
fishermen who reported fishing activities in the Federd waters South of . John (i.e, the area of the
proposed MCD associated with Rgected Option C) leads to severd findings. Fird, ardatively large
percentage of the 25 identified individuas who reported fishing activities in Federal waters Southwest of
. Thomasin 1995-96 utilized these waters for ardatively smadl proportion of thelr total overdl fishing
activities, when evauated on the basis of trips. This same conclusion holds but to an even greater
extent among the 21 identified individuals who reported fishing activities in the Federd waters South of
. Johnin 1995-96. A second finding isthat catch per trip (and related revenues) within the Federd
waters Southwest of St Thomeas (i.e., the area of the proposed M CDs associated with Options A and
B) tended to be subgtantidly higher than outsde these waters among the 25 individuas who utilized the
Federd waters Southwest of St. Thomasin 1995-96.%° Conversdly, catch per trip (and related
revenues) within the Federa waters South of St. John (i.e., the area of the proposed MCD associated
with Rgected Option C) tended to be lower than outside these waters among the 21 individuas who
utilized the Federd waters South of St. John in 1995-96.

Much of the differencesin reported catch per trip, as discussed above, is the result of differing levels of
effort used in the respective areas. For example, potfish revenues in the Federal waters Southwest of
. Thomas averaged $840 per trip by the 25 fishermen reporting harvests from this area while this
same group of fishermen reported potfish revenues averaging only $602 in other areas fished.
However, average number of pots hauled per trip in the Federa waters by this group of fishermen
equaled 71 compared to only 55 outside the Federa waters Southwest of St. Thomas. These figures
suggest revenues per trap haul of $11.80 within the Federa waters Southwest of St. Thomas compared
to $10.95 dsewhere. Similarly, potfish revenues per trip in the Federal waters South of St. John
equaed $607, on average, among the 21 identified fishermen who reported fishing activitiesin the
Federal waters South of St. John in 1995-96. Potfish revenues outside these Federa waters by the
same group of fishermen averaged $904 per trip. The number of pots hauled per trip in the Federa
waters averaged only 52, however, compared to 64 outside the Federal waters South of St. John. On
aper haul basis, these figures trandate into revenues of $11.70 within the Federal waters South of S.
John compared to $14.12 outside the Federal waters being considered.

4 Thesignificantly higher overall catches and revenues from the Federal waters Southwest of St. Thomas
primarily reflects, asindicated from the information contained in Table 3, higher potfish catches.
Specifically, average potfish catch in the Federal waters Southwest of St. Thomas equaled 240 pounds
per trip within the Federal waters (i.e., the area of the proposed M CDs associated with Options A and
B) compared to only about 170 pounds per trip outside the St. Thomas Southwest Federal waters.

43



Overdl, the discusson and supporting information leads to two generd conclusions. The first oneisthat
the vast mgority of the fishermen who target speciesin the areas of the three proposed Options tend to
be relatively mobile. This suggests that they can compensate, to alarge extent, for an area closure by
moving gear to different areas. The discussion and supporting information aso suggests thet catch (and
associated revenues) per trip, after accounting for differencesin the leve of gear employed tends not to
differ sgnificantly, in many cases, between the areas of the proposed MCDs and other areas not being
consdered for closure. Both of these conclusions suggest that displacement cogts are probably
relaively smdl. Asfurther evidence that displacement cost are probably low, no evidence of
displacement was gpparent when examining the red hind grouper closure during the months of
December through March (see Table 2).

The charter boat fleet in the &. John area, as noted by Impact Assessment Inc. (1997), generdly
operates vesselsin the 25 foot to 48 foot range. Intotd, four vesselsfall in the 25 foot to 31 foot range
while another seven vesselsfdl in the 40-foot to 48-foot range. Fishing in the MCD which would be
edtablished under Rgected Option C by this fleet is rdatively common, particularly in the winter months
when westher conditions prevent extensve charter activities on the north sde (Impact Assessment Inc.,
1997). Thisfleet will likely experience some minor short-run displacement costs associated with the
establishment of the proposed MCD. No information is available to ascertain potentia displacement
costs of the charter boat fleet in the St. Thomas area that would be forthcoming with adoption of
Option A or Option B.

Findly, analyss by Impact Assessment Inc.(1997) aso indicates that the MCD associated with
Regected Option C isfrequented by the recreationd sector. As such, this group may aso experience
some displacement costs associated with the establishment of an MCD. Potentid displacement costs to
the recreational sector associated with adoption of Option A or Option B is unknown due to lack of
relevant information pertaining to the recreetiond sector in St. Thomas.

In genera, one can dtate that the displacement costs associated with establishment of an MCD under
Reected Option B will exceed those associated with establishment of an MCD under Option A
because the MCD specified under Regected Option B contains dl the area within the MCD specified
under Option A plus additiona area (gpprox. seven square milesmore). Thereisinsufficient
information, however, to compare potentia displacement costs which would be incurred under
Reected Option C with those of either Option A or Rejected Option B.

2. Costsrelated to stock and crowding externalities related to displacement of fishermen
associated with establishment of an MCD. As noted, up to seven percent of thetota fishing effort
occursin the area of the MCD to be established under Rejected Option C and upwards of 10% of the
total reported harvest is taken from the region.®®  Displacement of this effort to areas outside the

% Aspreviously noted, these figures should be considered upper-bound estimates because the area
delineated as Federal waters South of St. John includes the entire area of the proposed MCD and a
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proposed MCD will likely result in a short-run increase in both stock and crowding externdities given
the apparent heavily fished nature of many of the speciesin the region and the limited amount of shelf
areaavalable to fishing activities>

The stock externdity is expected to result in areduction in catch per fisherman, the extent of which
depends on: (1) the amount of displaced effort which is transferred to areas outside the proposed
MCD and (2) the biologica status of the targeted stocks. Profits per trip (i.e., per trip producer
surplus) will fal by asgnificantly higher amount than the decline in catch (or revenue) due to the overal
relationship between revenues and costs. Given the heavily fished nature of many of the species
(indicating thet tota catch will respond only minimally to further increases in effort), reduction in short-
run profits (i.e., producer surplus) may be sizegble.

The crowding externdity associated with the limited shelf arealis expected to result in ahigher leve of
costs per unit of effort independent of catch or other factors. While the short-run codts (i.e., reduction
in producer surplus) associated with this externdlity is thought to be postive, it may be rdatively minor.

If stocks outside the proposed MCD expand over time as the result of spillover and larva dispersd
effects, the initid impacts on flegt profitability will be postive. This, however, may encourage additiona
capitd in the fishery which could exacerbate crowding externdities.

In general, one would expect the crowding externality costs associated with establishment of the MCD
under Rgected Option B to exceed those associated with Option A.

3. Costsrelated to a short-run (and possibly long-run) reduction in consumer surplus associated
with establishment of an MCD. As noted above, establishment of an MCD associated with any of
the three Optionsis expected to result in areduction in the overall level of harvest in the short run.
Assuming price of the landed product is negatively related to quantity harvested, the short-run reduction
in harvest will result in a commensurate reduction in consumer surplus®  Furthermore, if long-run

sizeable amount of additional area.

51 Itispossible that the reduction in profitsin the short run may lead to alarge amount of exit from the
fishery mitigating theinitial impacts related to both the stock and crowding externalities.

52 Thevalidity of the assumption that price responds to changesin local landings may be somewhat
tenuous and depends strongly on the availability of substitute products, primarily imported product.
Specifically, if priceisinvariant to quantity produced (implying a horizontal demand curve) then
changesin local production will have no impact on consumer surplus. If for example, there exists
perfect substitutability of imported product for domestic landings, demand for imports can be specified
asfollows (see Goldstein and Kahn 1985)

D=f(P,Y) f,<0,f,>0
S=g(P,F) 0,>0,9,<0
I=D-S
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increases in harvestable stocks, emanating from “spillover” and egg dispersal impacts associated with
establishment of the MCD, do not occur, as predicted, long-run losses in consumer surplus related to
long-run reductions in domestic harvests become a distinct possibility.

4. Costs related to deterioration of ecosystem stability outside the MCD. Displacement of fishing
effort in association with the establishment of an MCD in associaion with any of the three Options will
result in ashort run increase in effort in the remaining shelf area open to harvesting.®® Thiswill, inthe
short run, result in increased deterioration of the habitat outside the proposed MCD. Furthermore, if
“goillover” and/or egg dispersdl effects are positive and sgnificant, additiond effort (including
recregtiond fishing activities) will be directed in those areas outsde the MCD  auitable to fishing
activities. Thiswill place further stress on the habitat (particularly cord reef) outsde the proposed
MCD.* Interestingly, while profitsin the commerciad fishery may be dissipated in the long run in
associaion with increased effort, ssocks will not fal to pre MCD levels (assuming they remain
successful over time with respect to “ spillover” and egg dispersd effects). Hence, overdl effort will, in
the long run, exceed that which was being sustained, at alower stock Sze, before establishment of the
proposed MCD, ceteris paribus. Thisincreased effort, furthermore, will be distributed over asmaller
area, suggesting higher habitat degradation per unit of effort than that which prevalled prior to
establishment of the MCD.*® The increased habitat degradation, while not quantifiable, represents a

where D isthetotal quantity of species imports (related to those being impacted by the proposed
MCD) inthe U.S.V.1., Sisthe supply of the species’ produced in St. Thomas and St. John, Pisthe
domestic price of the species’ , Y and F are money income and factor costs, and | is equal to imports.
Inthisrelatively naive model, the demand for imported product represents and “excess’ demand for the
locally produced product. Assuming demand and supply conditionsinthe U.S.V.l. aretoo small to
effect the world price of the product, an increase (decrease) in the domestic supply will reduce
(increase) import demand directly with no corresponding price change.
% Itispossiblethat stock and crowding externalities are sufficiently large in magnitude that overall level
of effort inthefishery is reduced by asignificant amount in the short run. If this occurs, habitat
degradation associated with increased concentration of effort in amore confined area may be
minimized. Empirical evidence on other fisheries suggests a certain amount of ‘ stickiness' in relation to
vessels exiting.

5 A reviewer of theinitial draft of this RIR questioned whether further deterioration of the habitat outside
the MCD would occur in association with increased effort. Specifically, he suggested that the habitat
outsidethe MCD islikely already so degraded that additional effort would have only minimal, if any,
impacts. Thisisan empirical issue for which no information exists. To the extent that further
degradation will not be forthcoming, however, associated costs related to habitat degradation will be
minima.

%5 Thedistribution of effort over asmaller areais of particular relevanceif “spillover” effects are very

large. Specifically, stockswill be highest on the outside fringes of the MCD and will decreasein

relation to distance from the MCD. In asituation such asthis, effort is expected to be very high on the

MCD fringes and declinein relation to the decline in stock as one moves away from the MCD. It

follows, if the coral reef within the MCD is of particular importance, the coral reef on the fringes of the

MCD will also be relatively important.
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loss to society and, hence, a potentidly significant cost which needs to be recognized. And
interestingly, the more successful the MCD at increasing sock outside the reserve, the greeter the
potentia environmental degradation and costs to society.*

6.0.2.3 Summary of Benefits and Costs

Benefits associated with the adoption of any of the three Options establishing an MCD, as analyzed in
Section 6.0.2.1, while potentidly large, were found to accrue primarily in the future. Costs, with the
exception of long run habitat degradation, were found to occur in the short run. These codts,
particularly when including those associated with the potentia increase in habitat degradation, were dso
potentidly large. If “spillover” and larva dispersal effects are sgnificant, no concluson can be drawn
regarding benefits associated with adoption of any of the three Options relative to costs, because much
of the economic outcome would depend on the value of habit outside the MCD that was being
damaged. Specificdly, the following benefits and costs associated with establishing an MCD were
identified in the preparation of the RIR:

Bendfits

1. Exigtence and option vaues associated with the protection of nature within the confines of an
MCD. This benefit, under establishment of any of the three MCDs associated with the three
dternative Options, was estimated to be pogitive. The structure of the cord reefsin
association with Options A and B gppear atypicd to those generdly observed throughout
much of the U.S. Virgin Idands and, hence, potentiadly increasing the existence and option
vaues associated with these gtes. Insufficient information regarding the characteristics
associated with cord regfsin the area of Option C limits meaningful discussion regarding
existence and option vaues except to say that they are pogtive.

2. Thevdueof biologicd diversty associated with the protection of nature within the confines of
any of the three proposed MCDs. In particular, the benefits associated with restoring
community balance outsde the proposed MCDs may be large. While positive, based on the
assumption that the sizes of the proposed MCDs are sufficient, no quantitative estimates
could be established. To the extent, however, that the area associated with Option A and
Option B is known to support spawning aggregations for several species, one might expect
that the value of biologica diversity associated with either of these two Options may exceed
that associated with the creation of an MCD in accordance to Option C. Specifically, the
issue of whether biologica diversty will be preserved/enhanced if an MCD is crested South
of &. Johniis, dueto lack of empirical data, more speculative than if an MCD s created
Southwest of St. Thomas where known aggregations occur. Findly, to the extent that the
MCD created under Option B includesin entirety the MCD created under Option A plus

% These environmental degradation costs must, of course, be weighed against potential environmental
benefits associated with an increased ecosystem stability.
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Codts:

additiond area, one would generaly expect the value of biodiveraty under Option B to
exceed that under Option A.

Vaue associated with avoidance of large potentia |osses that may occur when common
accessisthe only viable dternative. The problems associated with managing a multi-species
and multi-gear fishery such asthat present in the United States Virgin Idands was discussed
insection 6.0.1. An MCD, to the extent that it protects older fish, can thus be consdered as
an insurance policy againg large potentia losses.

Vaue associated with the potentia increase in commercia and recregtiond harvests outside
the MCD emanating from conserving species within the MCD. Thisvaue, while believed to
be positive could not be quantified. In generd, to the extent that the “ spillover” and egg
dispersa effects associated with creation of an MCD are forthcoming, creation of an MCD is
akin to increasing carrying capacity. As such, populations outside the MCD may be
enhanced even in thelong run. As such, consumer surplus associated with the harvested
product may increase, even in the long run. Also, long-run consumer surplus derived from
non-consumptive activities, such as diving, may be enhanced.

Opportunity costs associated with displacement of fishermen from preferred fishing grounds.
This cogt, while positive, is thought to be relatively smal under each of the three proposed
MCDs due to the large degree of mobility among fishermen. This conclusion is supported by
empiricd evidence. With respect to Options A and B, for ingtance, little or no movement
outside the St. Thomas Southwest quadrant was evident during the three-month period during
which time the Hind Bank is closed to potfish activities suggesting that didocation costs
associated with a permanent closure of the Hind Bank may be rdatively minor.

Codts rdated to stock and crowding externdities. Implementation of any of the three
proposed MCD siteswill result in an increased concentration of effort in the remaining shelf
area. Asaresult, crowding externdities, as aresult of an MCD implementation, are
anticipated to be positive. Given available evidence, however, they are anticipated to be
relatively minor.

Codts rdated to short-run (and possibly long run) reduction in consumer surplus associated
with establishment of an MCD. Establishment of an MCD is expected to result in areduction
inthe overdl leve of harvest in the short run. The short-run reduction in harvest will likely
result in a commensurate reduction in consumer surplus.

Codgts related to deterioration of ecosystem stability outsde the MCD. Depending on the

overd| condition of the current fishing grounds, establishment of an MCD may result in the
long-run degradation of the habitat outsde the MCD. Specifically, if the MCD is successful
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at increasing the stock of fish outsde the MCD, long-run effort outside the MCD can be
expected to expand. To the extent that the fishing area outsde the MCD is not aready
severdly degraded, theincrease in effort may result in habitat degradation.

Interestingly, the establishment of an MCD associated with any of the three Options considered may be
more judtified, on the basis of welfare economics, if “spillover”and egg dispersa effects are not
ggnificant. In this Stuation benefits il accrue in terms of maintaining biodiversity, existence and option
vaue, and insurance. Two primary benefits, however, will be foregone. These two benefits reflect
increased consumer surplus (passive use vaues and the possible decline in price associated with along-
run increase in commercia harvest) and the ecosystemn stability provided by increased grazing stocks
(see Section 2.0 for adiscusson of the importance of grazing speciesin a cord reef community) outsde
the MCD. While these two benefits will be foregone in the absence of “ spillover” and egg dispersal
effects, costs may aso be reduced by asignificant amount. In the absence of “spillover” and egg
dispersal effects, goecificdly, long-run effort is not expected to increase sgnificantly, ceteris paribus.
Without this long-run increase in effort, increased habitat degradation caused by anchoring, traps, €tc.
will not subsequently forthcoming.

Based on the previous discussion, some conclusions can be drawn as to conditions under which the
expected net benefits associated with the three aternative Options would be less than, greater than, or
about equal to the benefits under the status quo. Specifically, if cogts related to deterioration of the
ecosystem outside the MCD are minor, than net benefits associated with adoption of any of the three
proposed Options are expected to be positive. The larger the deterioration, however, the smaller
becomes the net benefits and if deterioration islarge, net benefits will likely be negative. The extent of
the deterioration is, as previoudy noted, afunction of severd empiricaly unknown factors. Thefirg of
these factorsis the current condition of coral-reef ecosystem outside the proposed MCDs. If the cord
reefs outside the proposed MCDs are aready heavily degraded, then creation of an MCD will have
little to no additiond negative impact. The second of these factors is the extent of “ spillover” and egg
dispersa effectsthat will be forthcoming in associaion with cregtion of an MCD. If thisfactor isminor
(i.e, the“spillover” issmdl, then the creation of an MCD will have little to no additiona negative impact
on ecosystem stability outsde the MCD. Findly, the responsein effort to changes in stocks outside the
proposed MCDs will influence the ecosystem stability outside the MCD. Specificdly, if responsesin
effort in relaion to increases in ock Sze are minor, then there will be little additiona degradation of the
ecosystem outside the MCD.

Option 1A, asoutlined in Section 6.0, cdls for maintaining the status quo (i.e., no establishment of an
MCD). The costs of maintaining the status quo would be the loss in benefits, as outlined above, which
would be derived from the establishment of an MCD. The benefits of maintaining the status quo would
be the absence of codts, as outlined above, which would be forthcoming if a MCD is created.
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Possible alter natives to activities within the M CD established within the framework of Option
C asoriginally set forth by the Council: Note; these alter natives ar e with respect only to
Option C because the MCDs that would be established under Options A and B are designated
asnotake. Also, thefollowing discussion applies only to the consider ation of activities that
wer e considered under Option C (South of St. John).

Alternative 1. No Take within the MCD established thr ough the management measur e above.

This dternative is Smilar to Rgected Option C but more stringent. Specificdly, removd of organisms
for restoration, educationa, or scientific purposes would aso be prohibited or would be alowed under
permit on a case by case bags. The vaue of these organisms for educationa and/or scientific purposes
isunknown. If an MCD is established, therefore, it is not known whether Option C is superior to
Alternative 1 based on relative benefits and costs. Given the fact, however, that much of the
information that would be required for educationd and scientific purposes could be collected using non-
extractive methods (e.g., videotaping etc.), the benefits associated with dlowing any take for these
purposes gppear to be rdatively minimdl.

Alternative 2: Allow hand linesor floating within the M CD established through the
management measur e above.

This dternative management measure is aless redtrictive measure than Rejected Option C. Asindicated
by the information contained in Table 1, hookfish activities within the proposed MCD associated with
Option C arerdatively minor in relation to the total number of hookfish trips reported by St. Thomas
and St. John fishermen in 1995-96. Furthermore, the overdl level of hookfish harvest within the
proposed MCD areais rdatively small compared to the total (an estimated 7.3% of the totd).

The cogts of dlowing hand lines or floating within the proposed MCD associated with Option C include
at least three separate components. Firdt, there exists an increased probability of cora reef degradation
related to anchoring activities associated with floating. Second, enforcement becomes more
complicated and, hence, potentialy costly. Findly, whilelittle is known of the characterigtics of the
ecosystem within the proposed MCD, it islikely that taking fish by hand lines or floats will result inan
imbaance in the ecosystem and, hence, a deterioration in its overdl condition.

The benefits of dlowing hand lines or floating within the proposed MCD include potentialy higher
profitability (producer surplus) and a potentialy lower price to the consumer (consumer surplus). Given
the small amount of reported hookfish product taken from the area, however, potentia benefits appear
to be smdl.

Overdl, the RIR concludes that if an MCD is established, Option C is superior to Alternative 2 based
on relative benefits and costs.
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Alternative 3: Prohibit all gear except trolling within the MCD established through the
management measur e above.

This dternative management measure is less restrictive than the Option C but more redtrictive than
Alternative 2. As such, the expected benefits derived from this proposed measure are less than those
derived in Alternative 2 but costs are also reduced.

Specificaly, the probability of cord reef degradation due to anchoring activitiesis minimized within the
context of Alternative 3. Also, complications with enforcement are minimized since it can (presumably)
easlly be established whether avessd istrolling inthe MCD. Findly, as noted in the Amendment,
tralling activities are unlikdly to affect the cord reef ecosystem, particularly if planners are prohibited.

Bendfits, as noted, are potentidly minor. This claim is especidly true if the species harvested by trolling
gear tend to migrate through the area of the proposed MCD. It is noted in the Amendment that trolling
has been known to harvest yellowtall and other reef fish assemblage species.

Overdl, the RIR cannot conclude whether Option C is superior to Alternative 3 on the basis of relative
benefits and codts.

Alternative 4: No Action

Overdl, the examination of benefits and costs associated with Option C suggested that potential
benefits associated with the establishment of an MCD could be significant. It dso identified that
potential costs could be significant. A determination as to whether benefits exceeded costs could not
be made. As such the RIR cannot conclude whether the Option C is superior to Alternative 4 on the
basis of relative benefits and codts. It isworthwhile noting, however, that if action is taken, long-term
management costs, primarily associated with enforcement will be incurred (see Section 8.0). Assuch,
the MCD net discounted benefits (associated with Option C) over the time period of andlys's (assuming
they are positive) would have to exceed the discounted costs of management to have a determination of
an expected increase in overdl net benefits.

7.0 OPTIONS CONSIDERED BUT REJECTED

Reected Option D: (see draft Amendment 1 pages 37-38)

Thisoption is practicdly the same as current Option C except that the Southern most boundary,
following the 100 fathom contour line, would aso be included in the MCD and, hence, would be

considered a no take area.

Thereis, overdl, little or no information which alows comparison of the origina Option B with the
current Option C. To the extent that this option encompasses alarger area than the current Option C,
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overdl cogswill likely be somewhat larger. Given that benefits are dso likdly to increase in relaion to
MCD size, this option may yield some additiona benefits not provided within the context of the current
Option C. Whether the additiond costs are judtified by the commensurate increase in benefitsis
unknown.

Rgected Option E, F and G: (see draft Amendment 1 pages 38-41)

Since any fish migrating to the east would enter BVI waters, potential 1osses would accrueto U.S\V.I.
fishermen in the form of profits (producer surplus). Also, there may aso be a reduction in consumer
surplus vis-a-vis any of the proposed current Options due to lower available supply and associated
higher price. Third, recreationd fishing activitiesby U.SV.1. resdents and tourigts visting the idands
may be lower than that associated with any of the three proposed current Options indicating a potential
lossin consumer surplus due to areduction in demand for recregtiond activities.
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8.0 MANAGEMENT COSTS

One of the management measures included in the Cord FMP cdled for the establishment of aMarine
Conservation Digrict (MCD) (marine reserve) south off St. John, USVI. The measure became a
controversd one specificdly, inthe USVI. The Council decided to hold a series of meetings with the
fishers from the area of the proposed MCD to discuss the pertinent data and issues related to the
reserve. On March 15, 1994, a Workshop on Marine Reserves was held in St. Thomas, USVI.
Experts from NOAA/NMFS and from different Caribbean countries presented their findings and
experiences regarding marine reserves established in the continenta US and in the Caribbean. On June
22, 1994, the MCD Sub-Committee met in St. Thomas, USVI. On August 30, 1994, the MCD Work
Group met in St. Thomas, USVI. On September 28, 1994, one Council member and three staff
members met with fishersin &. John, USVI.

At its 82nd Mesting, the Council discussed the possibility of cooperation with the BVI government to
establish an MCD contiguous to the USVI. Government officids from the BVI were invited to these
meseting. At the 83rd Mesting, the Council decided that the management measure to establish the
MCD proposed in the Cora FMP was to be reserved and that the establishment of the MCD was to
be included in the first amendment to the FMP. On November 1995, the Find Rule on the Cord FMP
was published.

Public hearings were held between March 12 and March 14, 1996, in the USVI, regarding the
establishment of the MCD. The Scientific and Statistical Committee (SSC) and the Advisory Pand
(AP) held meetings on March 25, 1996, in St. Thomas, USVI, to discuss and make recommendations
to the Council on the establishment of the MCD. At its 88th Regular Meeting in &. Thomas, USVI, the
Council, based on recommendations from the SSC and the AP, instructed the staff to prepare draft
amendment number one to the Cord FMP establishing an MCD south off St. John.

At its 89th Regular Meeting held on August 1996, the Council decided to conduct a socioeconomic
study on the projected MCD. On October 1996, the Council contracted with Impact Assessment, Inc.
for the Rapid Socioeconomic Study on the Marine Conservation Didtrict off S. John, USVI. The
results of the socioeconomic study were presented to the Council at its 91st Regular Meeting held on
March 1997, in St. Thomas, USVI. The Council decided to contract with Dr. Walter Keithly for the
preparation of the Regulatory impact Review (RIR) on the establishment of the Marine Conservation
Didrict. The report on the RIR was presented to the Council by Dr. Walter Keithly at its 92nd
Meeting held on August 11-13, 1997, in &, Croix, USVI.

Public hearings were again held between October 213 and October 239, 1997, in St. John, S.
Thomas, and St. Croix, respectively. Significant changes were made to the proposed MCD options
and afind set of Public Hearings were held between June 9 and June 11, 1998, inthe USVI. Find
action was taken by the Council a its 94" Regular Megting held during August 12" and 13", 1998 in
St. Thomas, USVI.
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Statement of Estimated Cost - As of August 1998

|. Condderation at the Council Medtings

Estimated Cost of Council Members Compensation for One Council Megting ¥ $5,994.00
Estimated Cost of Compensation and Travel Expenses? $3,948.00
Estimated Cost of Compensation and Travel Expenses $9,942.00

Council mesetings are estimated to last 16 hours, of which at least an average of 3 hours have been
devoted to the discussion of the establishment of the Marine Conservation Didrict, during the meetings
82nd through 94th. (8 mestings; no discussion on meetings 84", 85", 86™, 90" and 93 )

Edtimated Cost Per Mesting:

3 hours + 16 hours = 18.75%
$9,942 x 18.75% x 8 meetings $14,913.00

) Based on the average daily compensation for the years 1995 to 1998
2 Based on the average per Diem for the years 1995 to 1998

[l. Time Devoted by the Staff

It is estimated that the Special Assstant to the Executive Director devoted ten percent (10%) of her
time to the development of Amendment number one to the Cord FIMP during the period 1995 to 1998.

Sdary for 1995 $45,214.00
Sdary for 1996 $46,120.00
Sdary for 1997 $48,609.00
Sdary for January - August, 1998 $33,095.00

Tota $173,095.00

Estimated Cost - $173,095 x 10% = $17,309.00



It is estimated that the Executive Director devoted ten percent (10%) of his time to the development of
the First Amendment to the Cora FMP during the period 1995 to 1997.

Sdary for 1995 $72,471.00
Sdary for 1996 $73,920.00
Sdary for 1997 $77,982.00
Sdary for January - August 1998 $54,798.00

Tota $279,171.00

Estimated Cost - $279,171 x 10% = $27,917.00

[11. Public Hearings

The Council held public hearings related to the establishment of the MCD on March 12- 14, 1996;
October 21-23, 1997; and June 9-11, 1998 in the USVI.

Estimated Council Members Compensation ( 1 x 3 days x 3 meetings) $2,934.00
Estimated Council Member Travel Expenses (1 x 3 days x 3 mestings) $1,974.00
Edimated Staff Travel Expenses (3 x 3 days x 3 meetings) $3,948.00

Estimated Cost $8,856.00

IV, Other Related Mextings

Workshop on Marine Resarves - March 15, 1995

Estimated Council Members Compensation ( 5 x 1 day) $1,595.00
Estimated Council Member Travel Expenses (5 x 1 day) $1,040.00
Edimated Staff Travel Expenses (3 x 1 day) $625.00

Estimated Cost $3,260.00
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MCD Sub-Committee Mesting - June 22, 1994

Estimated Council Members Compensation ( 2 x 1 day)
Egtimated Council Member Travel Expenses (2 x 1 day)
Edtimated Staff Travel Expenses (2 x 1 day)

Estimated Cost

MCD Work Group Mesting - August 30, 1994

Estimated Council Members Compensation ( 2 x 1 day)
Edtimated Council Member Travel Expenses (2 x 1 day)
Edtimated Staff Travel Expenses (2 x 1 day)

Egimated Cost

Cora FMP Committee - August 31, 1994

Estimated Council Members Compensation ( 6 x 1 day)
Egtimated Council Member Travel Expenses ( 6 x 1 day)
Edtimated Staff Travel Expenses (3 x 1 day)

Estimated Cost

V. Contractors

Contract with Impact Assessment for the Rapid Socioeconomic Study on the
MCD

Contract with Dr. Walter Keithly for the Preparation of the RIR
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$638.00
$416.00
$416.00

$1,470.00

$638.00
$416.00
$416.00

$1,470.00

$1,914.00
$1,248.00
$624.00

$3,786.00

$38,770.00

$9,000.00




Egtimated Cost

V1. NMFES Adminisrative Costs

VI11. Summary of Edimated Cogs

V111.

Congderation at Council Mestings

Time devoted by Staff

Public Hearings

Other Related Meetings

Contractors

NMFS adminigtrative (not included in the Total Council Costs)
Total Estimated Council Costs

Enforcement Codts
NMFS Agent response/investigation and oversight 18 days annualy

NMFS reimbursement for USVI patrol expense 4 hours week
equipment & personnel

U.S. Coast Guard surface patrol 110' cutter 2 hours week

Tota Edimated Enforcement Costs

SUMMARY CO COSTS OF FMP

Caribbean Council (through August, 1998)
Enforcement (annua)
NMFS

TOTAL FIRST YEAR COSTS
Note: The estimated enforcement cogts, as presented, were those provided in relation to the
implementation of Option C (i.e, theinitid Preferred Option). Enforcement costs associated with
either Option A or Option B may be somewhat |ess than this estimate because the three-month closure
of the Hind Bank suggests that enforcement is dready present in this area during a portion of the year.

ANNUAL COSTSAFTER FIRST YEAR
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$47,770.00

$25,000.00

$14,913.00
$45,226.00
$8,856.00
$9,986.00
$47,770.00

$25,000.00
$126.751.00

$6,000.00

$8,500.00
$47,500.00

$62.000.00
$126,751.00

$62,000.00
$25,000.00

$213,751.00

$62,000.00



9.0 SUMMARY OF NET ECONOMIC BENEFIT OF PREFERRED AND
ALTERNATIVE MANAGEMENT MEASURES

The following table condtitutes the summary of economic outcomes associated with the three dternative
options.

CORALSAND REEF ASSOCIATED PLANTSAND INVERTEBRATES FMP

1(a). Option A (Edtablish a no-take Marine Conservation Digtrict (MCD) inthe EEZ in the area
known as the Hind Bank South of St. Thomas, U.SV.I.,

A. Bendfits,

(i.) Long-run increase in consumer surplus related to positive existence and option vaues.

(ii.) Long-run incresse in consumer surplus related to non-consumptive activities (eg.,
diving) if “spillover” and egg-dispersd effects are positive in ration to establishment
of MCD.

(iii.) Potentid for long-term increase in consumer surplus derived from charter boat and
recregtiond activitiesif “spillover” and egg-dispersd effect are postivein reaion to
establishment of MCD.

(iv.) Potentid for long-run increase in consumer surplus derived from the consumption of a
lower priced locally harvested product (if “spillover and egg-dispersd effects are
positive).

(v.) Someintermediate increase in producer surplus within the commercid fishing fleet
(assuming “ spillover” and egg-dispersd effects are positive).

(vi.) Potentia increase in protection of the cord reef habitat outsde of MCD in association
with restoring community baance (assuming “spillover” and egg dispersdl effects are
positive).

Codts:

(i.) Anticipated short-run decline in producer surplus within the loca commercid fishing
flest.

(ii.) Anticipated short-run decline in consumer surplus associated with both the charter boat
sector and recreational sector.

(iii.) Potentia short-run decline in consumer surplus as aresult of lower quantity of localy
harvested product (assuming price responds to loca harvest levels)

(iv.) Potentia for long-run increase in habitat degradation outside the MCD associated with
increased commercid (trgp and anchor damage) and recreationd activities (anchor
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1(b).

1(c).

damage) if long-run stock sizes outside the MCD increase resulting in increased long-
run commercid and recreationd activities.

Net Benefits:

(i) Net benefits will be postiveif the cost resulting from long-run increasesin commercid
and recregtiond fishing activities (i.e,, item iv. under summary costs) is not sgnificant.

(ii.) If costs related to habitat degradation are large due to long-run increased commercia
and recregtiond activities (i.e., item iv. under the summary of costs), then it becomes
uncertain as to whether net benefits are positive or negative).

Option B: Edtablish a no-take Marine Conservation Didrict (MCD) in the EEZ, including the area
known as the Hind Bank South of St. Thomas, U.S\V I, but with amodified northern
boundary 1 NM north of the present demarcation line.

Benefits: The expected benefits under Option B will be the same as those noted with respect
when evauated on aquditative basis.

Costs. The expected costs under Option B will be smilar to those noted with respect to Option A
when evauated on aquditative basis.

Net Benefits: The expected net benefits under Option B will be the same as those noted with
respect to Option A when evaluated on a quditative basis.

Option C: Egtablish a Marine Conservation Didrict (MCD) in the EEZ due South of S. John,
U.SV.I.

Benefits: The expected benefits under Option C will be the same as those noted with respect to
the two previous Options when evaluated on a quditative basis.

Costs. The expected costs under Option C will be the same as those noted with respect to the
two previous Options when evauated on a quditative basis with minor exceptions.
Specificaly, enforcement costs may be somewhat higher for two reasons. Firs, thereis
greater opposition to the MCD created under Option C than under either Option A or
Option B and, hence, more enforcement may be required for agiven level of compliance.
Second, enforcement in the area associated with Options A and B is currently in place for
the three month period from December through February.
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Net Benefits The net benefits under Option C will be the same as those noted with respect to the
two previous Options when evauated on a quditative basis.

Discussion: In generd, insufficient information exists by which to compare the benefits and costs across
the establishment of an MCD in relation to the three dternative options. A few generd comments are,
however, warranted. Firdt, the relative benefits between Option C and Option A (or Option B) will
depend primarily on the overall level of habitat degradation associated with the proposed MCD to be
established under Option A (or Option B). Specifically, The habitat associated Option C isthought to
be in relatively good condition. Lessisknown regarding the habitat condition associated with Option A
(or Option B). If this habitat is serioudy degraded, than the benefits which would be derived under
adoption of Option C would probably be substantidly grester than those which would accrue under
Option A (or Option B).

If the habitat associated with Option A (or Option B) is serioudly degraded, the costs associated with
edtablishment of an MCD are likely to be rlatively minor. Specificaly, the more degraded the habitat,
the less effort thereislikely to beinthe area. As such, displacement costs are likely to be relatively
minor. If thisisthe case, the costs associated with adoption of Option C would likely to be
substantially higher than those associated with adoption of Option A (or Option B).

Finaly, there is a perception that fishermen favor Option A (or Option B) over Option C. This
suggests a higher level of compliance with respect to adoption of Option A in the absence of sufficient
enforcement. Furthermore, since thereis currently a three month closure each year associated with the
areawhere the MCD under Option A would be established, fishermen may be more willing to accept
this Option (and comply voluntarily).

2. Possible dternatives to activities within the MCD established under Option C.

A. No take within the MCD established through the management measure above (Option C).

Benefits. Bendfits are essentidly those listed with respect to Option C but may be dightly more
since no dlowances will be given for take for scientific purposes associated with Option C.

Cogts Codgsare essentidly those listed with respect to Option C but may be dightly more if
there is vaue in the scientific information that can be obtained from the take of organisms
within the MCD

Net Benefits: Could be either more or less than those associated with Option C depending upon
vaue of scientific information obtained from the take of organisms within the MCD rdative
to the benefits of leaving the organismsin situ.
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B. Allow hand lines or floating within the MCD established through Option C.

Benefits. Benefits are essentidly those listed with respect to Option C with the exception that,
given the less retrictive nature of this aternative, short-term losses in producer and
consumer surplus will be less than those associated with Option C.

Codts. Costs are likely to be higher than those reported under Option C for three reasons. Firdt,
there is an increased probability of cord reef degradation from anchoring which isused in
floating activities. Second, enforcement may be more complicated and, hence, expensive.
Findly, the take of fish by handlines will perpetuate community imbaance in the cord reef
ecosystem. Short-run displacement costs, however, will be lessened.

Net Benefits: If net benefits from the implementation of Option C are positive, they will be
somewhat diminished if handlining and floating are permitted.
3. Prohibit al gear except trolling within the MCD established through Option C

Benefits. Roughly equivaent to those specified under Option C with exception that short-run
producer and consumer surplus may be dightly higher than that associated with Option C
because this dternative entails less redtrictive harvesting practices.

Costs. Overdl cogsare likely to be less than those reported under Option C because
displacement costs will be somewhat lessened.

Net benefits. May be either greater or less than those of the Adopted Measure.

4. No Action.
Bendfits. Costs specified within the context of Option C will not be incurred.
Codts Benefits specified within the context of Option C will not be forthcoming.

Net Benefits: Sinceit is unknown whether or not implementation of Option C will generate
positive net benefits, it cannot be determined whether “no action” generates more or less
net benefits.
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10.0 INITIAL REGULATORY FLEXIBILITY ANALYSS

The Regulatory Flexibility Act requires a determination as to whether or not a proposed rule has a
sgnificant impact on a substantia number of samall entities. If the rule does have thisimpact then an
Initiadl Regulatory Hexibility Analysis (IRFA) has to be completed for public comment. The IRFA
becomes fina after the public comments have been addressed. If the proposed rule does not meet the
criteriafor “subgtantid number” and “ significant impact,” then a certification to this effect must be
prepared.

This proposed rule, if promulgated, will establish a Marine Conservation Didrict (MCD) in the Federd
waters Southwest of St. Thomas. The various other Options associated with the establishment of an
MCD are listed below:

OPTION A (Management Measure 1): Establish a no-take Marine Conservation District (MCD)
in the EEZ in the area known as the Hind Bank South of St. Thomas, U.S.V I, within the

coordinates specified below.

POINT LATITUDE LONGITUDE
A 18E13.2'N 65E06.0'W

B 18E13.2'N 64E59.0W

C 18E11.8'N 64E59.0W

D 18E10.7'N 65E06.0W

OPTION B (Reected): Establish a no-take Marine Conservation Digtrict (MCD) in the EEZ,
including the area known as the Hind Bank South of St. Thomas, U.S.V 1., but with a
modified northern boundary 1 NM north of the present demarcation line. That is, within the

coordinates specified below.

POINT LATITUDE LONGITUDE
A 18E14.2'N 65E06.0'W

B 18E14.2'N 64E59.0W

C 18E11.8'N 65E59.0W

D 18E10.7'N 65E06.0'W
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OPTION C (Rgected): Egtablish aMarine Conservation Digtrict (MCD) in the EEZ due South
of &. John, U.S.V.I. within the coordinates specified on the following page.

The rhumb lines connecting the following coordinates enclose the MCD:

POINT DESCRIPTION LATITUDE LONGITUDE
A South of Bovocoap Point at 18E 15.3N 64E 46.9'W
Boundary with Territorid
Sea
B South of Ram Head at 18E 15.0'N 64E 42.2'W
Boundary with Territorid
Sea
C Southeast corner 18E 12.1'N 64E 42.2'W
D Southwest corner 18E 11.0N 64E 46.9'W

All of thefinfish and/or shellfish harvesters affected by the rule will qudify as smdl business entities
because their gross revenues are less than $3 million annualy. Hence, it is clear that the criterion of a
substantia number of smdl business entities comprising the finfish and shdlfish harvesting industry being
affected by the proposed rule will be met. The outcome of “significant impact” isless clear but can be
triggered by any of the five conditions or criteria discussed below.

The regulations are likely to result in a change in annud gross revenues by more than 5 percent. The
magor economic effects associated with any of the three dternative Options will directly impact
goproximately 20 to 30 entities that will no longer be able to take any fishing tripsin their preferred
fishing grounds. The proposed regulation will aso indirectly impact up to approximately 100 additiona
entities through increased fishing effort in a more confined area. While it is unclear how much the
revenues among these two groups of entities will be reduced, information provided in the RIR indicates
that the five percent criteria may not be reached. This conclusonisbased on two findings. Firg, the
majority of entities that fished in the preferred grounds dso made multiple tripsin areas outside the
proposed MCD suggesting that movement in effort from one areato another is reatively flexible.
Second, with respect to Option C, gross revenues per trip outside the proposed MCD, in generd,
exceeded those reported insde the proposed MCD. While revenues per trip within the Federa waters
Southwest of St. Thomas (i.e., that areawhich encompasses Options A and B) were higher than
outsde this area, on average, much of the difference can be explained by more pots being hauled per
trip. On a per pot basis, revenuesinside and outside the Federa waters Southwest of St. Thomas are
relatively close. It is expected that with adoption of either Option A or Option B, impacted fishermen
will increase the number of pots outside the closed area.
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Annud compliance codts (annudized capital, operating, reporting, etc) increase total costs of

production for small entities by more than 5 percent. Anadysis presented in the RIR suggests that annud
compliance costs will not increase total costs of production for small entities by more than 5 percent.
Congder firg, sdlection of Option C; the establishment of an MCD South of St. John. Mogt of the trips
originating to this proposed MCD area originated from St. Thomas. Analysis presented in the RIR
indicated that catch per trip, in generd, tended to be relatively high in the waters South of St. Thomeas.
Hence, it is expected that much of the displaced effort (trips) will relocate in the area South of S.
Thomas. Assuch, fud costs, opportunity costs of time, etc. may actually decline.

Now, consider the sdection of Option A or Option B; the establishment of an MCD Southwest of S.
Thomas. While limited, empirical evidence tends to suggest that the adoption of ether of these two
Options will result in only small, if any increases, in total cost of production for small entities.
Specificdly, the Hind Bank (i.e., the area associated with the MCD which would be established under
Option A and containing Option B) is currently closed to potfishing activities during the red hind
Spawning aggregation season (December-February). Little movement of effort outsde the St. Thomas
Southwest quadrant is evident during this period suggesting little displacement of effort. Assuch, itis
believed that a permanent closure of thisareawill not result in Sgnificant costs to small entities.

Compliance costs as a percent of salesfor smdll entities are at least 10 percent higher than compliance
costs as a percent of salesfor large entities. All of the firms expected to be impacted by the rule are
amadl entities and hence there is nor differentia impact.

Capitd cogts of compliance represent a Sgnificant portion of capital available to small entities
congdering internal cash flow and externd financing capabilities. Since annua compliance costs are
thought to be extremely smdl (if pogtive at dl), the capital costs of compliance do not represent a
sgnificant portion of capita avallableto smal entities.

The requirements of the regulation are likely to result in a number of the small entities affected being
forced to cease business operations. This number is not precisaly defined by SBA but a*“rule of thumb”
to trigger this criterion would be two percent of the small entities affected. If any one of the three
propose MCDsis implemented, there will likely result in some, but an unknown, reduction in short-run
profits among entities in the . Thomas and S. John fishing fleet. This reduction in profitability may
result in certain entities exiting the fishing sector dthough whether two percent or more exit is not
known.

Consdering dl the criteria discussed above, no definitive conclusion can be drawn as to whether small
businesses will be significantly affected by the proposed rule. It appears possible, however, that the
proposed rule may have a sgnificant economic impact on asubstantial number of small business
entities.  Further, thisaction is of high public interest, the federa action would be unique in US



Caribbean waters, and the action proposes amgjor change in management policy. Hence, an Initid
Regulatory Hexibility Anadyss (IRFA) was conducted.

The full details of the economic anayses conducted for the proposed rule are contained in the RIR and
some of the relevant results are summarized for the purposes of the IRFA.

Description of the reasons why action by the agency is being considered: The Fishery Management
Pan for Coras and Resf Associated Plants and Invertebrates of Puerto Rico and the United States
Virgin Idands (FMP) which became effective in December, 1995 included a reserved management
measure establishing a Marine Conservation Didtrict (MCD). It isthe proposed establishment of and
MCD (in the Federd waters Southwest of St. Thomas) which congtitutes the proposed Amendment to
the FMP and why action is being consdered. Theintent of the management measureisto consarve
and manage representative samples of marine habitats and ecosystems and to maintain marine
biodiversty. In addition, the management measure will provide protection, conservation, and
management of economicaly important species.

Statement of the objectives of, and legal basisfor, the proposed rule: The objectives of the FMP are to
conserve and protect the species in the Fishery Management Unit for the maximum benefit of the
Nation, to fairly alocate resources among different user groups, to reduce the potentia for user conflict,
to identify data gaps which impede management, and to provide relevant recommendations to the
states.

The objectivesin the FMP are unchanged and addressed in the proposed amendment in the following
manner. It is continuoudy reported that cord reefs (localy, regiondly, and worldwide) arein peril. A
management option available to the Council is the establishment of MCD’s “to conserve and protect
the species in the FMU for the maximum benefit of the Nation” (i.e., Objective 1 in the FMP).
Objective 2 (to minimize adverse human impacts on cord, live-rock, seagrasses and reef-associated
plants and invertebrate resources by reducing fishing pressure, wasteful harvest practices, and the
anthropogenic stressors directly affecting them, and dlowing for the restoration of naturaly-balanced
reef systems) and Objective 4 (to provide, where appropriate, for specia management of reef and
seagrass habitats of particular concern or ecologica importance through the establishment of reserves
or other protected areas) are met through the management strategies of “no take’, alowing non-
consumptive use of the resource (e.g., diving), or dlowing certain types of activities. The Magnuson-
Stevens Fishery Consarvation and Management Act provides the legd basisfor therule.

Destription and estimate of the number of small entities to which the proposed rule will apply: A tota of
about 121 licensed commercia fishermen reported harvests in 1995-96 (This number will to some
extent underestimate the total number of fishermen because not dl fishermen provided the required
caich data. Specificaly, another 28 licensed fishermen reported that they commercidly fished but
reported no harvest). These fishermen reported atotal catch of approximately 390 thousand pounds
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vaued a approximately $1.7 million (retail value). Thisindicates per entity gross sdes of
approximately $12 thousand. |dentified fishermen made approximately 35 trips each (associated with
Option C), on average, and approximately 60 trips each when Options A and B are examined. Only a
small portion of these trips, however, take place in the areas which would be effected by any of the
three proposed MCDs. The smdll firms generally operated vessasin the 16 to 40 foot range. Crew
szeisnormdly two, but some of the smaler vessals may fish with a crew of only one (Impact
Assessment Inc., 1997). The proposed rule will apply to dl of these entities.

Description of the projected reporting, recordkeeping, and other compliance requirements of the
proposed rule, induding an esimate of the dlasses of smdl entities which will be subject to the

requirement and type of professona skills necessary for the preparation of the report or records: No
additiona reporting, recordkeeping, or other compliance requirements by small entities are envisoned.

|dentification of al relevant Federa rules which may duplicate, overlap, or conflict with the proposed
rule: No duplicative, overlapping, or conflicting Federa rules have been identified.

Description of Sgnificant aternatives to the proposed rule and discussion of how the dternatives
attempt to minimize economic impacts on smal entities: The revised amendment presented four
Options. Thefirst two of these Options, designated as Option A and Option B, would create an MCD
Southwest of St. Thomas. The third Option, designated Option C, would create an MCD South of S.
John. The find Option, designated Option D, was for a status quo. The Council has taken find action
and adopted Option A as Management Measure 1 in the Amendment document.

The firg two Options, i.e.,, Options A and B, were defined as no-take MCDs. As such, no extractive
activities would be permitted within the confines of the established MCDs associated with these two
Options. No dternatives to these Options were presented. Option C, i.e., creation of an MCD South
of St. John, was not origindly defined as ano-take MCD. Three sgnificant aternatives were proposed
in relation to this Option. Thefirg dternative (i.e., Alternative 1) would establish the MCD created
under Option C asano-take MCD. This dternative would prohibit the remova of organismsfor
restoration, educationd, or scientific purposes.. The second dternative in reation to Option C would
alow hand lines or floating within the MCD established within the confines of Option C. Similarly, the
third dternative in relation to Option C would prohibit al gear except trolling within the MCD
established within the confines of Option C.

Thefirg of these dternatives, i.e., the prohibition of the removal of organismsfor restoration,
educationd, or scientific purposes, would have minimad or no differentia economic impact on smdl
entities when compared to Option C. Ingtead, the additiona costs (if any) associated with this
dternative would be borne primarily by the educational and scientific communities. The second
dternative, dlowing hand lines or floating within the MCD established within the confines of Option C,
would reduce economic impacts on sma| entities by permitting limited types of fishing activitieswithin
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the MCD. Overdl, an estimated 7.3% of the total level of hookfish harvest in St. Thomas and . John
occurred within the boundaries of the proposed MCD associated with Option C. Allowing hand lines
or floating would provide the opportunity for some unknown portion of this 7.3% to remain active
within the MCD thereby reducing, by some unknown extent, economic burdens on the 21 fishermen
who would be displaced from their “preferred” fishing ground. Hookfish activities represented an
estimated 13.8% of the revenues generated from the area of the proposed MCD associated with
Option C. Thethird dternativein relaion to Option C, the prohibition of al gear except tralling within
the confines of Option C, like the second dternative would permit limited fishing activities within the
MCD and, hence, would reduce the economic impact on smdl entities resulting from a cregtion of an
MCD.
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