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6 Environmental Consequences

6.1 Fishery management units and sub-units

The fishery management unit defined by each Council FMP identifies the specific fishery (or that
portion thereof) that is relevant to the FMP's management objectives. 50 CFR §600.320(d)(1)
provides that FMUs may be organized around biological, geographic, economic, technical,
social, or ecological goals.  Decisions about the composition of FMUs are an integral part of the
plan development process, as FMUs define the specific species that are to be the target of
conservation and management.  Species may be included in an FMU for data collection (e.g.,
monitoring) purposes only if the Council determines there is not enough information available to
specify biological reference points or to establish management measures for that species (50 CFR
§600.320(d)(2)).

6.1.1 Defining fishery management units and sub-units

Modifying definitions of FMUs and FMU sub-units is an administrative action and, as such,
would not directly affect the biological, ecological, social, or economic environment.  However,
the Council's authority to manage the take of specific species is dependent on their inclusion in
an FMU.  Thus, the alternative definitions of FMUs considered in this section could have indirect
biological or socioeconomic effects associated with adding or removing species from the
authority of federal fishery managers.  The potential environmental consequences of each FMU
alternative are explained below. 

6.1.1.1 Alternative 1.  No action.  Retain the current FMUs designated by the
original FMPs.

The current FMUs are defined at 50 CFR Part 622.2 and in associated appendices.  The
Caribbean spiny lobster FMU includes a single species, Panulirus argus.  The Caribbean conch
resource, reef fish, and coral reef FMUs are composed of multiple species, and are described in
Tables 2-4, respectively.

6.1.1.1.1 Direct and indirect effects on physical environment and their significance

Fishery management actions or inactions that affect the physical environment mostly relate to the
interactions of fishing with bottom habitat, either through gear impacts to bottom habitat or
through the direct harvest of bottom habitat.  The degree to which a habitat is impacted by fishing
gear depends largely on the vulnerability of the affected habitat to disturbance, and on the rate at
which the habitat can recover from disturbance (Barnette 2001).  For example, coral reef habitat
is more vulnerable to adverse impacts from fishing gear than is sand and mud bottom habitat. 
The complex structure and vertical growth pattern of many species that characterize coral reef
communities causes them to be easily snared or entangled by fishing gear (Barnette 2001). 
Additionally, fully restoring the ecological functions of these slow-growing communities may
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require tens to hundreds or thousands of years, particularly if underlying habitat structure is
destroyed, or if prevailing environmental conditions have been chronically degraded over time
(U.S. Coral Reef Task Force 2002).

The status quo definition of the Spiny Lobster, Caribbean Conch, and Reef Fish FMUs is not
expected to indirectly affect the physical environment in a positive or negative way because these
FMUs do not include species that provide EFH.  However, the Caribbean coral reef resource
FMU is currently defined to include a vast array of plants and invertebrates that provide habitats
that are essential to the growth, development, and survival of managed finfish and other marine
organisms.  While these organisms could be adversely affected by fishing gear interactions, their
inclusion in an FMU does not directly or indirectly affect the Council's ability to manage such
interactions.  Coral reef resources are currently identified as EFH (CFMC 1998) and would
continue to be identified as EFH under the Council's preferred revision to the EFH
definitiondescribed in Section 4.7.1 (EFH Alternative 2).

However, as previously noted, fisheries also may adversely affect habitat through direct harvest.
Because the Council's authority to manage the direct harvest of marine species is dependent on
their inclusion in an FMU, the current definition of the Caribbean coral reef resource FMU could
be expected to indirectly benefit the physical environment by providing the Council with the
authority to manage the take of these plants and invertebrates that constitute EFH for other
managed species.  Through the Coral FMP, the Council has prohibited the take, possession, and
sale of gorgonians, stony corals, and any species in the Caribbean coral reef resource FMU if
attached or existing upon live rock.  Because these resources are generally sedentary, these
regulations are believed to be effective in protecting those coral reef communities that occur in
federal waters from the impacts of fishing.  Therefore, this alternative is not expected to result in
any direct or indirect impacts to the physical environment that are not already occurring under
current fishery conditions. 

6.1.1.1.2 Direct and indirect effects on biological and ecological environment and their
significance

6.1.1.1.2.1 Caribbean spiny lobster

The Caribbean spiny lobster FMU is currently defined to include just one species, the Caribbean
spiny lobster (Panulirus argus), which is targeted within the 100-fathom contour on the
continental shelf surrounding Puerto Rico and the USVI (CFMC 1981).  Including the Caribbean
spiny lobster in an FMU is expected to indirectly benefit the biological and ecological
environment by providing the Council the authority to manage the take of this species to sustain
catches over time.  The Council manages the spiny lobster fishery primarily through a minimum
size limit and through a prohibition on the retention of egg-bearing (berried) lobsters (see Section
2.2.1).
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The degree to which these management measures benefit the spiny lobster resource is unknown,
but is believed to depend largely on the effectiveness of management measures established for
this species in state and in international waters.  State regulations managing the take of spiny
lobster off Puerto Rico and the USVI are a critical component of spiny lobster management, as
federal management measures affect only about 14% of the area within which the fishery occurs
in the U.S. Caribbean (Figure 1).  Additionally, studies suggest that the spiny lobster resource in
the U.S. Caribbean recruits, at least in part, from larvae entering the area from areas to the south
and southeast on the prevailing South Equatorial Current (CFMC/NMFS 1980).  NMFS (1999a)
has identified a need to identify the actual sources of all spiny lobster stocks (both U.S. and
foreign) and to establish an international management regime to prevent overfishing.

6.1.1.1.2.2 Caribbean conch resource

The Caribbean Council defined the Caribbean conch resource FMU to include queen conch
(Strombus gigas) and twelve other gastropods that are similar to queen conch and that the
Council believed may need to be actively managed in the future (CFMC 1996a).  The complete
list of species representing this FMU is provided in Table 2.  

Including the queen conch in the FMU is expected to indirectly benefit the biological and
ecological environment by providing the Council the authority to manage the take of this species
to sustain catches over time.  The Council manages the queen conch fishery primarily through a
minimum size limit, commercial catch limit, recreational bag limit, and an annual spawning
season closure (see Section 2.2.2).  

The degree to which these management measures benefit the queen conch is unknown, but it is
believed to depend largely on the effectiveness of management measures established for this
species in state and international waters, and on the availability of suitable habitat (CFMC
1996a).  State regulations managing the take of queen conch off Puerto Rico and the USVI are a
critical component of queen conch management, as federal management measures affect only
about 14% of what is described as the "fishable habitat" (e.g., the 100 fathom contour) of the
U.S. Caribbean (Figure 1).  Further, Rivera (1999) reports that conch fishing in federal waters is
very minor off Puerto Rico.  While somewhat more pronounced in federal waters off the USVI
due to disparity in state boundaries (i.e., 9 nm versus 3 nm), it is still rather limited, illustrated by
the fact that total USVI queen conch harvest (including state waters) has averaged approximately
39,000 pounds (Table 5).  Because queen conch are generally harvested by hand, fisheries for
queen conch in federal waters are further constrained by the depth limitations confronted by
divers.  In general, conch is harvested in the shallower inshore waters of the U.S. Caribbean.

Rhines (2000) indicates that, in the Bahamas, deep water populations of queen conch may sustain
smaller shallow water populations.  If this is true for populations in the U.S. Caribbean, federal
regulations also could make a substantial contribution to sustaining the queen conch resource. 
However, CFMC (1996a) reports that islands situated upstream in the Caribbean arc may provide
the source for most conch settling off Puerto Rico and the USVI.  Consequently, to the extent
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that larval transport occurs, pan-Caribbean efforts would be required to effectively manage queen
conch resources.

Various international meetings have been held to discuss approaches for the assessment and
management of this species, including the Queen Conch Stock Assessment and Management
Workshop hosted by the Caribbean Council in 1999 (CFMC, CFRAMP 1999).  The results from
these studies have revealed that the resource is indeed heavily exploited (Valle-Esquivel 2002a). 
And the Council is considering in this amendment additional management measures to rebuild
this overfished species.

The only federal regulation affecting the other twelve gastropods in the Caribbean conch resource
FMU is the requirement that these species be landed with meat and shell intact.  This regulation
is not expected to benefit these species in a significant way, as they are believed to be landed in
minimal numbers in federal waters, if at all.  Information from the Academy of Natural Sciences
of Philadelphia (2002) indicates that four of these species, including the Caribbean helmet,
Caribbean vase, flame helmet, and whelk (West Indian top shell), probably do not occur in
federal waters of the U.S. Caribbean.

6.1.1.1.2.3 Caribbean reef fish

The Caribbean reef fish FMU, as currently defined, contains virtually all reef fish species that are
believed to be fished commercially, recreationally, for subsistence purposes, and for the
aquarium trade.  These species are identified in Table 3.  Theoretically, defining the reef fish
FMU to be all inclusive would be expected to provide indirect biological and ecological benefits,
as it would provide the Council the authority to manage the take of all reef fish species to sustain
catches over time.  

The Council manages the reef fish fisheries through gear restrictions and prohibitions, areal and
seasonal closures, and by establishing a minimum size limit on yellowtail snapper, and catch
prohibitions on Nassau and Goliath grouper, seahorses, and foureye, banded, and longsnout
butterflyfish (see Section 2.2.3).  In reality, the degree to which reef fish benefit from federal
management depends largely on the effectiveness of management measures established for these
species in state waters.  The distribution of catches between state and federal waters is unknown. 
However, the vast majority of catches are believed to derive from state waters, as only about 14%
of the fishable habitat in the U.S. Caribbean occurs in the EEZ (Figure 1). 

The current definition of the reef fish FMU does not identify complexes, or groups, of reef fish
species that could be effectively managed as a unit.  As a result, the status quo alternative
requires that biological and management reference points, such as MSY, OY, MFMT, and
MSST, be defined on a species-specific basis, or for the entire FMU, rather than tailored to the
biology, ecology, and status of complexes of species that occur together, or are fished together
and, thus, better managed as a unit. 
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Information on Caribbean fisheries is not adequate to define reliable management reference
points on a species-specific basis.  Defining management reference points to apply to the FMU as
a whole would appear to present an unnecessary risk that, if taken, could be expected to have
indirect adverse effects on the biological and ecological environment.  Such an unrefined
approach could prevent fishery managers from identifying "weak stocks," or specific species in
the FMU that are overfished or experiencing overfishing, and that may be in need of special
attention.
   
6.1.1.1.2.4 Caribbean coral reef resource

The Caribbean coral reef resource FMU, as currently defined, is sub-divided into two
components.  The first component includes coral reef-associated invertebrates and live rock that
are marketed in the marine aquarium trade.  The second component includes coral species that
may not be marketed, but that support the coral reef communities of the U.S. Caribbean.  Table 4 
provides a complete list of species in the Caribbean coral reef resource FMU.  

Defining the coral reef resource FMU to be all inclusive is believed to provide indirect biological
and ecological benefits, as it provides the Council the authority to manage the take of
ecologically important species that are marketable or that may be marketable in the future.  The
Council has prohibited the take, possession, and sale of gorgonians, stony corals, and any species
in the coral reef resource FMU if attached or existing upon live rock, and has established
regulations requiring that only dip nets, slurp guns, hands, and other non-habitat destructive gear
types be used to harvest allowable corals.  The Council also has required that those individuals
harvesting allowable corals obtain a permit from the local or federal government.  Because the
affected species are generally sedentary, these regulations are believed to be effective in
protecting those coral reef communities that occur in federal waters from the impacts of fishing. 

6.1.1.1.2.5 Other affected species/resources

The potential adverse and/or beneficial indirect effects of FMU definitions to Caribbean
Council-managed species described in Section 6.1.1 could ultimately affect species and resources
that are not managed by the Council by impacting predator-prey relationships, competition, and
other ecological functions/processes.  For example, FMU alternatives that indirectly benefit
Caribbean reef fish also could benefit sharks and other species that prey on reef fish.  Conversely,
these same alternatives could result in a reduction in abundance of species on which reef fish
prey.  Such an impact would not necessarily be perceived as adverse, but rather as beneficial, as
it would indicate that the reef fish community is in the process of recovering a natural
predatory-prey balance.  Available information on predator-prey relationships, competition, and
other ecological processes is summarized on a species-specific basis in Section 5.2.
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6.1.1.1.3 Direct and indirect effects on social and economic environment and their
significance 

Retaining the current definitions of the Caribbean spiny lobster, Caribbean conch resource, and
Caribbean reef fish FMUs in the Council’s FMPs will likely have no significant direct effects on
the social and economic environment since this alternative does not impact the resource, resource
users, or current fishing practices (i.e., resource use patterns).  Direct effects associated with
changes in resource utilization rates would only occur with subsequent management measures. 
Maintaining the FMU designation simply preserves the universe of species that could be
impacted by future management actions, and, as noted earlier, virtually all fisheries prosecuted by
the commercial, recreational and subsistence sectors and/or for the aquarium and ornamental
trade are included in the FMUs of the various FMPs.  Thus, almost all species receive
management protection. 

Since Alternative 1 does not call for new resource use restrictions, no behavioral changes by the
various fishing sectors and the communities dependent on or engaged in fishing are anticipated. 
Fishing sectors include, but are not limited to, commercial harvesters, charter sport-fishing,
recreational and subsistence sectors.  Similarly, fisher cooperatives, markets, marketing
arrangements, support sector operations (e.g., marine industry operations, marinas, gear sale
outlets, and other types of fishery support services), sport-fishing organizations and other related
sectors such as diver operators may not experience changes either.  The absence of likely
behavioral changes by resource users and their communities suggests that there will be no
significant indirect effects.  No changes in historical, social and cultural dependency and
engagement are anticipated either. 

Since only 14% of fishable habitat in the U.S. Caribbean occurs in federal waters (Figure 1),
granting the Council the authority to manage these stocks will likely have minimal indirect
impacts on participants in the queen conch, reef fish, and spiny lobster fisheries.  However, due
to the difference in state boundaries between Puerto Rico and the USVI (i.e., 9 nm and 3 nm,
respectively) and the USVI’s greater dependence on federal waters, USVI fishermen may be
more affected than Puerto Rico fishermen by any potential indirect effects resulting from this
alternative. 

6.1.1.1.4 Direct and indirect effects on administrative environment and their significance

Decisions about the composition of FMUs directly affect the administrative environment because
FMUs define the specific species that are to be the target of conservation and management.  The
administrative effects of the status quo definitions of the Caribbean spiny lobster and coral reef
resource FMUs are expected to positive in that they include those species that are believed to
require federal protection.  

Conversely, the administrative effects of the status quo definitions of the Caribbean conch
resource and reef fish FMUs are expected to be negative because the Caribbean conch resource
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FMU includes species that seldom (and possibly never) occur in federal waters (see Section
6.1.1.1.2.1.2) and the Caribbean reef fish FMU does not identify species that could be managed
together as a unit based on the best available scientific information on an indicator species. 
These broad definitions could directly compromise the Council's and NMFS' ability to achieve
legal mandates related to defining management reference points and preventing overfishing while
achieving, on a continuing basis, the optimum yield from these fisheries.

The all-inclusive status quo definition of the Caribbean conch resource FMU could indirectly
benefit federal fishery administrators by providing for their participation in fishery management
decisionmaking at the state level.  The Caribbean Council has a long history of making
recommendations to the governments of Puerto Rico and the USVI related to better protecting
threatened fish stocks and habitat.

6.1.1.2 Alternative 2 (Preferred).  Redefine the FMUs and FMU sub-units in Council
FMPs as detailed in Table 8.  Delete from the Caribbean Conch Resource
FMU the Caribbean helmet, Cassis tuberosa; Caribbean vase, Vasum
muricatum; flame helmet, Cassis flammea; and whelk (West Indian top shell),
Cittarium pica, leaving nine other species detailed in Table 2.

The FMUs and FMU sub-units that would be defined under this alternative are described in
Table 8. 

6.1.1.2.1 Direct and indirect effects on physical environment and their significance

With the exception of the Caribbean conch resource FMU, the composition of FMUs defined
under this alternative would be consistent with the status quo.  As discussed in Section 6.1.1.1.1,
management actions or inactions that affect the physical environment mostly relate to the
interactions of fishing gears with bottom habitat.  The modification to the Caribbean conch
resource FMU proposed by this alternative would not be expected to affect such interactions. 
Consequently, the effects of this alternative on the physical environment do not differ from those
described in Section 6.1.1.1.1 for Alternative 1.

6.1.1.2.2 Direct and indirect effects on biological and ecological environment and their
significance

6.1.1.2.2.1 Caribbean spiny lobster

This alternative for redefining FMUs would not affect the current definition of the Caribbean
spiny lobster FMU.  The potential direct and indirect effects of this definition to the biological
and ecological environment are described in Section 6.1.1.1.2.1.
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6.1.1.2.2.2 Caribbean conch resource

This alternative would retain queen conch (Strombus gigas) in the Caribbean conch resource
FMU.  It also would recognize as part of the FMU eight other species of gastropods which are
identified in CFMC (1996a) and 50 CFR §622.2, but which were inadvertently excluded from the
Council's previous Draft Comprehensive SFA Amendment.  These are the:

•  Atlantic triton's trumpet
(Charonia variegata),

•  Cameo helmet (Cassis
madagascarensis),

•  Green star shell (Astrea tuber),
•  Hawkwing conch (Strombus

raninus),

•  Milk conch (Strombus costatus),
•  Roostertail conch (Strombus

gallus),
•  True tulip (Fasciolaria tulipa), and 
•  West Indian fighting conch

(Strombus pugilis).

The queen conch is the focal point of the Queen Conch FMP.  This snail is a staple food in many
Caribbean nations (including the U.S. Caribbean) and its shell is utilized in the ornamental trade. 
The other eight species are not believed to be of great commercial significance; there are no
commercial landings of other conch species landed in Puerto Rico, but the USVI has averaged
1,616 lbs of “whelk” from 1994-2002, some of which could be species in the Queen Conch FMP
(Table 5).  But at least some may be occasionally marketed for food and/or as ornamentals.  The
Council included these species in the FMU thinking that they might be in need of management in
the future (CFMC 1996a).  Because these species are legally recognized as belonging to the
Caribbean conch resource FMU, their retention in the FMU under this alternative would
represent no change from the status quo.

This alternative would remove from the Caribbean conch resource FMU the remaining four
species of conchs identified in 50 CFR §622.2, including the:

•  Caribbean helmet (Cassis tuberosa)
•  Caribbean vase (Vasum muricatum)
•  Flame helmet (Cassis flammea), and 
•  Whelk (West Indian top shell) (Cittarium pica).

According to the Academy of Natural Sciences of Philadelphia (2002), the known depth
distribution of these snails extends to only 27 m, and none have been recorded live in depths
greater than 15 m. Consequently, it is not likely that they could be directly influenced by federal
fishery management. 
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6.1.1.2.2.3 Caribbean reef fish

Preferred Alternative 2 does not add or delete any species from the Caribbean reef fish FMU.  It
does, however, formally recognize a number of distinct sub-units within the FMU.  The first
division of the FMU would separate "food fish" from "aquarium trade species."  While the
Caribbean Council made this distinction in Amendment 1 to the Reef Fish FMP (CFMC 1993),
that amendment identified many species as belonging to both market categories.  Furthermore,
this distinction was not reflected in Table 2 of Appendix A (50 CFR §622.).  This alternative
classifies each species according to its primary use (i.e., food fish versus aquarium trade), in
order to facilitate potential future management actions. 

The following species would be moved from the aquarium trade species complex defined in
CFMC (1993) to the "food fish complex," based on the determination that they are utilized
primarily as food fish:

•  Holocentrus adscensionis
(squirrelfish)

•  Holocentrids (unclassified
squirrelfish)

•  Myripristis jacobus (blackbar
soldierfish)

•  Priacanthus arenatus (bigeye)
•  Halichoeres radiatus

(puddingwife)
•  Bodianus rufus (Spanish

hogfish)
•  Sparisoma chrysopterum

(redtail parrotfish)
•  Scarus taeniopterus (princess

parrotfish)
•  Scarids (unclassified parrotfish)
•  Pomacanthus paru (French

angelfish)
•  Pomacanthus arcuatus (gray

angelfish)
•  Holacanthus ciliaris (queen

angelfish)
•  Paranthias furcifer (creole fish)

•  Epinephelus fulvus (coney)
•  Epinephelus guttatus (red hind)
•  Anisotremus virginicus (porkfish)
•  Acanthurus coeruleus (blue tang)
•  Acanthurus chirurgus (doctorfish)
•  Balistes vetula (queen triggerfish)
•  Xanthichthys ringens (Sargassum

triggerfish)
•  Canthidermes sufflamen (ocean

triggerfish)
•  Melichthys niger (black durgon)
•  Aluterus scriptus (scrawled filefish)
•  Cantherhines macrocerus

(whitespotted filefish)
•  Monacanthids (unclassified

filefishes)
•  Ostracids (trunkfishes and

cowfishes)

Refining the classification of these species to be consistent with more current data and
information on how they are utilized is somewhat of a "house-keeping" task and, as such, is not
expected to have direct impacts on the biological or ecological environment.  However, when
considered in concert with alternatives in Section 6.1.2 related to how aquarium trade species



242

would be treated, this action could result in indirect impacts to the biological and ecological
environment.  

Under the current system, the Council has the authority to manage both food fish and aquarium
trade species.  With the adoption of Preferred Alternative 2 under Section 6.1.2, aquarium trade
species would be moved to a "data collection only" category of the FMU.  Consequently, current
regulations that apply to aquarium species would be lifted.  The potential impacts of removing
those regulations are described in Section 6.1.2.  They would not affect the species identified in
the above list if this alternative were adopted because those species would be included in the
food  fish complex. 

Additionally, this alternative sub-divides the "food fish complex" into various multispecies
complexes based on biological, technical, social, economic, and other considerations (see Section
4.1.1.2; Table 8).  This also is an administrative-type action, but is expected to indirectly benefit
the biological and ecological environment by assisting managers in achieving biological goals.  

Recognizing differences in the biology and status of species included in the Caribbean reef fish
FMU and in the way in which they are harvested would help fishery scientists and managers to
fine tune the definitions of biological reference points and stock status determination criteria
required by the MSFCMA.  For example, managers would have the flexibility to adopt a more
conservative target control rule for stocks or complexes that are believed to be at risk because of
their perceived status or because their life histories make them particularly vulnerable to fishing
mortality.  Under the current system, the poor condition of such "weak" stocks can be masked
because the status of stocks in relationship to biological parameters is evaluated for the entire
FMU as a whole. 

Defining stock- or complex-specific biological parameters allows scientists and managers to
better identify differences in the status of stocks and to tailor management measures in response. 
Managers also could consider the interactions of species in multispecies complexes to ensure that
regulations do not promote bycatch.  For example, if the status of silk snapper indicates that
catch reductions are needed, measures to reduce catch could be applied to all species in Snapper
Unit 1 (see Table 8) to ensure that silk snappers are not taken incidentally when targeting other
species in that FMU sub-unit.

6.1.1.2.2.4 Caribbean coral reef resource

The preferred alternative removes the following species from the aquarium trade species sub-unit
of the Caribbean coral reef resource FMU:

•  Atlantic triton's trumpet (Charonia tritonis),
•  Hawkwing conch (Strombus raninus),
•  Milk conch (Strombus costatus), 
•  Roostertail conch (Strombus gallus), and 
•  West Indian fighting conch (Strombus pugilis).  
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The removal of these gastropods from the Caribbean coral reef resource FMU is intended to
eliminate duplication among FMUs, as these species are already included in the Caribbean conch
resource FMU.  Consequently, it is not expected to have direct or indirect impacts on the
biological or ecological environment.  The selection of this alternative would make current
regulations that restrict the take of aquarium trade species to hand-held dip nets and slurp guns
no longer applicable to these species.  But those regulations are not believed to benefit these
gastropods, which generally are harvested by hand.  The potential effects to the biological and
ecological environment associated with retaining the remaining plants and invertebrates in the
Caribbean coral reef resource FMU are described in Section 6.1.1.1.2.4.

6.1.1.2.2.5 Other affected species/resources

The potential adverse and/or beneficial indirect effects of FMU definitions to Caribbean
Council-managed species described in Section 6.1.1.2.2.2 could ultimately affect the surrounding
ecosystem by impacting the predator-prey relationships, competition, and other ecological
functions/processes described in Section 5.2.  For example, if the revision of the queen conch
resource FMU described in Section 6.1.1.2.2.2.2 were to adversely affect the four gastropods
proposed for deletion from the FMU under this alternative, prey species could increase in
abundance.  But it is important to reiterate that this alternative would not be expected to
adversely affect those gastropods.

6.1.1.2.3 Direct and indirect effects on social and economic environment and their
significance

6.1.1.2.3.1 Caribbean spiny lobster

This alternative for redefining FMUs would not affect the current definition of the Caribbean
spiny lobster FMU.  The potential direct and indirect effects of this definition to the social and
economic environment are described in Section 6.1.1.1.3

6.1.1.2.3.2 Caribbean conch resource

Alternative 2 proposes removing Caribbean helmet (Cassis tuberosa), Caribbean vase (Vasum
muricatum), Flame helmet (Cassis flammea), and Whelk (West Indian top shell) (Cittarium pica)
from the current Caribbean conch FMU.  This narrower definition of the conch resource FMU,
would only include those species that have been documented to occur in federal waters.

Limiting the number of gastropod species in the conch resource FMU will likely have no direct
effects on the social and economic environment because this is an administrative action that does
not immediately impact the resource, resource users, or current fishing practices (i.e., resource
use patterns).  Removing some species from the FMU could have indirect social and economic
effects because the Council's authority to manage the take of specific species is dependent on
their inclusion in an FMU.  But any indirect effects associated with this FMU alternative are
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expected to be minimal because the species it proposes to delete from the Caribbean conch
resource FMU do not make up a significant share of the conch landings, particularly in federal
waters (most of the conch resource is harvested at depths ranging between 45-95 feet).  Rivera
(1999) estimated that there are about 209 commercial conch fishers in Puerto Rico, 16 of them
who fish in federal waters (beyond 9 nm);  no full-time conch fishermen but 23 part-time conch
fishermen from St. Thomas and St. John, with none of these fishing in federal waters; and 16
full-time and 12 part-time fishermen, with two of these working in federal waters off St. Croix. 
This further underscores that this alternative will likely have no (or a minimal) impact on fishers
and fishing communities, unless Puerto Rico and the USVI impose future management measures
that limit the harvest of these conch resources.  Moreover, queen conch makes up the majority of
the conch resource landings in both federal and state waters.  Therefore, the Council forgoing the
legal authority to manage take of these other conch species in federal waters will likely have no
direct impact on the resource, current fishing practices, or fishing communities.  However, the
Council will retain the authority to manage the queen conch resource in the EEZ.  

6.1.1.2.3.3 Caribbean reef fish resource

Alternative 2 proposes dividing the Caribbean reef fish FMU into two separate categories:  "food
fish" and "aquarium trade species."  This alternative would categorize the reef fish resource
according to the primary use of species as to facilitate future conservation and management
actions.  In addition, this alternative proposes to subdivide the "food fish" complex into different
multispecies complexes (i.e., FMU sub-units).

The proposed re-classification of the Caribbean reef fish FMU will have no direct impacts on the
resource, resource users, fishing practices, or fishing operations.  Consequently, fishing
communities, fisher cooperatives, market arrangements, support sector operations (e.g., marine
industry operations, marinas, gear sale outlets, and other types of fishery support services), sport-
fishing organizations, and other related sectors (e.g., dive operations) are not expected to
experience any immediate effects.

However, this alternative will indirectly affect participants in the reef fish fishery by 
influencing the development and specification of management measures.  Organizing food fish
species into multispecies complexes is expected to indirectly benefit the socioeconomic
environment by assisting fishery scientists and managers in developing more sustainable
biological parameters and management measures.  With adoption of Preferred Alternative 2
under Section 6.1.2, species included in the aquarium trade category defined by this alternative
would be moved to a "data collection only" category of the Caribbean reef fish FMU, and current
regulations that apply to aquarium trade species would be lifted.  The potential socioeconomic
impacts of rescinding those regulations are described in Section 6.1.2.1.3.

6.1.1.2.3.4 Caribbean coral reef resource
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This alternative would remove the following species from the aquarium trade species sub-unit of
the Caribbean coral reef resource FMU:

•  Atlantic triton's trumpet (Charonia tritonis),
•  Hawkwing conch (Strombus raninus),
•  Milk conch (Strombus costatus), 
•  Roostertail conch (Strombus gallus), and 
•  West Indian fighting conch (Strombus pugilis).  

The removal of these gastropods from the Caribbean coral reef resource FMU is intended to
eliminate duplication among FMUs, as these species are already included in the Caribbean conch
resource FMU.  As a result, it will have no direct impacts on the resource, resource users, fishing
practices, or fishing operations.  Consequently, fishing communities, fisher cooperatives, market
arrangements, support sector operations (e.g., marine industry operations, marinas, gear sale
outlets, and other types of fishery support services), sport-fishing organizations, and other related
sectors (e.g., dive operations) are not expected to experience any immediate effects.

However, this alternative may indirectly affect participants in the coral reef fishery by 
influencing the development and specification of management measures.  Organizing food fish
species into multispecies complexes is expected to indirectly benefit the socioeconomic
environment by assisting fishery scientists and managers in developing more sustainable
biological parameters and management measures.  With the adoption of Preferred Alternative 2
under Section 6.1.2, species included in the aquarium trade category defined by this alternative
would be moved to a "data collection only" category of the reef fish FMU, and current
regulations that apply to aquarium trade species would be lifted.  The potential socioeconomic
impacts of rescinding those regulations are described in Section 6.1.2.2.3.

With the adoption of Preferred Alternative 2 under Section 6.1.3, species other than queen conch
would be moved to a "data collection only" category of the Caribbean conch resource FMU, and
current regulations that apply to those species would be lifted.  The potential socioeconomic
impacts of rescinding those regulations are described in Section 6.1.3.2.3.

6.1.1.2.4 Direct and indirect effects on administrative environment and their
significance

Decisions about the composition of FMUs directly affect the administrative environment because
FMUs define the specific species that are to be the target of conservation and management.  This
alternative would not change the current definition of the Caribbean spiny lobster FMU.  This
definition is expected to provide positive administrative effects in that it provides federal fishery
managers the authority to manage the Caribbean spiny lobster, which is believed to require
federal protection.  
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The new definitions of the Caribbean conch resource, reef fish, and coral reef resource FMUs
proposed by this alternative also are expected to provide positive administrative effects.  These
new definitions would streamline and make more cost-effective the fishery management process
by enabling fishery managers to focus their attention and limited resources only on those species
that are believed to potentially benefit from federal fishery management.  Additionally, they
would identify species within each FMU that could be managed together with others in
multispecies complexes to assist federal fishery managers in achieving legal mandates related to
defining management reference points and preventing overfishing while achieving, on a
continuing basis, the optimum yield from these fisheries.

Eliminating four gastropods from the Caribbean conch resource FMU could delay federal
management action to conserve those species in the future should the need arise.  Furthermore,
such an action would likely reduce or eliminate the Council's ability to affect management of
these species at the state level.  But the need for federal involvement in the management of these
four species is not anticipated.

6.1.1.3 Alternative 3.  With the exception of the aquarium trade species sub-units in
the Coral and Reef Fish FMPs, redefine the FMUs and FMU sub-units in
Council FMPs to be consistent with those specified in Table 8.  Redefine the
aquarium trade species FMU sub-units to comprise those aquarium trade
species recognized and managed by state governments, and that are not
otherwise included in other sub-units of any FMU.

With the exception of the Caribbean reef fish and Caribbean coral reef resource FMUs, the
FMUs defined under this alternative are consistent with the status quo.  This alternative modifies
the composition of the aquarium trade species sub-units within the Caribbean reef fish and
Caribbean coral reef resource FMUs.  That modification would not result in any additions to the
current list of aquarium trade species.  It would, however, result in a number of deletions. 
Species that would be deleted from the aquarium trade species sub-units of the Caribbean reef
fish and coral reef resource FMUs if this alternative were to be adopted are identified in Tables 3
and 4, respectively .

6.1.1.3.1 Direct and indirect effects on physical environment and their significance

As discussed in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  The
definitions of the Caribbean spiny lobster, conch resource, and reef fish FMUs proposed by this
alternative would not be expected to affect such interactions (see Section 6.1.1.1.1). 

Through the Coral FMP, the Council has prohibited the take, possession, and sale of gorgonians,
stony corals, and any species in the Caribbean coral reef resource FMU if attached or existing
upon live rock.  This alternative would remove those organisms identified in Table 4 that might
be attached to live rock from the purview of this prohibition.  However, since those species
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would be illegal to harvest, posses, or export in Puerto Rico, it would not result in any jeopardy
to those species; harvest of aquarium trade species is restricted to educational permits in the
USVI. 

6.1.1.3.2 Direct and indirect effects on biological and ecological environment and their
significance

6.1.1.3.2.1 Caribbean spiny lobster

This alternative for redefining FMUs would not affect the current definition of the Caribbean
spiny lobster FMU.  The potential effects of this definition to the biological and ecological
environment are described in Section 6.1.1.1.2.1.

6.1.1.3.2.2 Caribbean conch resource

This alternative for redefining FMUs would not affect the current definition of the Caribbean
conch resource FMU.  The potential effects of this definition to the biological and ecological
environment are described in Section 6.1.1.1.2.2.

6.1.1.3.2.3 Caribbean reef fish

The effects of this alternative on the Caribbean reef fish FMU are the same as those described for
FMU Alternative 2 (Section 6.1.1.2.2.3), with the exception that this alternative would remove
the aquarium trade species identified in Table 3 from the purview of federal fishery management. 
As a result, current management measures regulating the take of these species in federal waters
would no longer be applicable.  These include a prohibition on the use of gear other than dip nets
and slurp guns to harvest aquarium trade species, and a prohibition on the take and possession of
seahorses, and of foureye, banded, and longsnout butterflyfish.  The vast majority of these
species are collected by divers in relatively shallow (< 40 m) waters, and, therefore, the fishery is
predominantly, or entirely, prosecuted in state waters.  Thus, the direct and indirect effects of
removing these species from the purview of federal fishery management are believed to be
minimal, but potentially beneficial since many species would be protected from harvest due to
prohibitions in state waters.

6.1.1.3.2.4 Caribbean coral reef resource

The effects of this alternative on the Caribbean coral reef resource FMU are the same as those
described for FMU Alternative 2 (Section 6.1.1.2.2.4), with the exception that this alternative
would remove the aquarium trade species identified in Table 4 from the purview of federal
fishery management. 

Many of the species that this alternative proposes to eliminate are commonly encountered on
coral habitat.  If they were no longer included in the Caribbean coral reef resource FMU, they
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would no longer be subject to the Council's prohibition on the take, possession, and sale of
species in the coral reef resource FMU that are attached or exist upon live rock.  They also would
no longer be subject to federal regulations requiring that only dip nets, slurp guns, hands, and
other non-habitat destructive gear types be used to harvest allowable corals, or to regulations
requiring that those individuals harvesting allowable corals obtain a permit from the local or
federal government.  These regulations are believed to be effective in protecting those coral reef
communities that occur in federal waters from the impacts of fishing.  However, since the USVI
currently restricts the harvest of aquarium trade species to educational permits, and Puerto Rico
prohibits the harvest, possession or exportation of all but eight invertebrates, in regard to the
deletion of species from the Caribbean coral reef resource FMU, this alternative would not have
any significant direct or indirect effect on the biological or ecological environment.

6.1.1.3.2.5 Other affected species/resources

The potential adverse and/or beneficial direct and indirect effects of the FMU definitions
proposed by Alternative 3 to Caribbean Council-managed species described in Section 6.1.1.3.2
could ultimately affect the surrounding ecosystem by impacting the predator-prey relationships,
competition, and other ecological functions/processes described in Section 5.2.  However, it is
expected that the alternative will not result in any significant direct or indirect effects.

6.1.1.3.3 Direct and indirect effects on social and economic environment and their
significance

6.1.1.3.3.1 Caribbean spiny lobster

This alternative for redefining FMUs would not affect the current definition of the Caribbean
spiny lobster FMU.  The potential effects of this definition to the social and economic
environment are described in Section 6.1.1.1.3.1. 

6.1.1.3.3.2 Caribbean conch resource

This alternative for redefining FMUs would not affect the current definition of the Caribbean
conch resource FMU.  The potential effects of this definition to the social and economic
environment are described in Section 6.1.1.1.3.2. 

6.1.1.3.3.3 Caribbean reef fish

The effects of this alternative on the Caribbean coral reef resource FMU are the same as those
described for FMU Alternative 2 (Section 6.1.1.2.3.3), with the exception that this alternative
would remove the aquarium trade species identified in Table 3 from the purview of federal
fishery management. 
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Removing these species from the purview of federal management will likely have no significant
direct effect on the social and economic environment because, due to the fact that aquarium trade
species are collected by divers, the majority of aquarium species’ harvest occurs in state waters
primarily due to water depth.  Diver harvest in federal waters is probably limited to a small area
of shelf-extension off southwestern Puerto Rico, while some deep water ornamentals may be
taken by traps and also incidentally by commercial fishers in federal waters.  However,
specimens caught as bycatch in commercial gear are generally in poor condition, which does not
facilitate their use in the aquarium trade.  There is no commercial harvest of aquarium trade
species in USVI waters.  Presently, the only permits in USVI that allow the harvest of aquarium
trade species have been granted to educational facilities.  

While this alternative does not impose new resource use restrictions (which could potentially
impact fisheries and fishing communities), it would establish consistent regulations with the
states and introduce a de facto prohibition on aquarium trade species not specified in Puerto
Rican fishery regulations.  However, since those regulations are already in place for Puerto Rican
waters where the majority of harvest occurs, no immediate behavioral changes by the resource
users and their communities are anticipated.  Likewise, fisher cooperatives, markets and market
arrangements, support sector operations (e.g., marine industry operations, marinas, gear sale
outlets, and other types of fishery support services), sport-fishing organizations and other related
sectors such as diver operators will likely not be impacted either.  The absence of likely
behavioral changes by resource users and their communities suggests that there will likely be no
significant indirect effects.  No changes in historical, social and cultural dependency and
engagement are for foreseen either.

6.1.1.3.3.4 Caribbean coral reef resource

The effects of this alternative on the Caribbean coral reef resource FMU are the same as those
described for FMU Alternative 2 (Section 6.1.1.2.3.4), with the exception that this alternative
would remove the aquarium trade species identified in Table 4 from the purview of federal
fishery management.  Further, the direct and indirect effects of this alternative is expected to be
similar for aquarium trade species in the coral reef resource FMU to those documented in Section
6.1.1.3.3.3. 

6.1.1.3.4 Direct and indirect effects on administrative environment and their
significance

This alternative would not change the current definitions of the Caribbean spiny lobster or conch
resource FMUs.  Retaining the current definition of the queen conch resource FMU would fail to
recognize that four of these species probably do not occur in federal waters.  This is likely to
compromise the Council's and NMFS' ability to achieve legal mandates related to defining
management reference points, and to preventing overfishing while achieving, on a continuing
basis, the optimum yield from each fishery.  
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This alternative would, however, remove a number of species in the aquarium trade species
complex of the Caribbean reef fish and coral reef resource FMUs from the purview of federal
fishery management, recognizing that many species currently managed by the Caribbean Council
are captured primarily in state waters and, thus, are not likely to be influenced by federal fishery
management.   

Dividing the Caribbean reef fish FMU into sub-units for the purposes of conservation and
management is expected to streamline and to make more cost-effective the fishery management
process, by enabling fishery managers to focus their attention and limited resources on keystone,
or indicator species.  It also is expected to simplify fishery management by enabling fishery
managers to develop and implement fishery management measures on a complex-specific basis.  

6.1.1.4 Alternative 4.  Delete the aquarium trade species from the Caribbean reef
fish resource FMU.

This alternative would modify the definitions of the Caribbean reef fish FMU to exclude all
species that are currently recognized as aquarium trade species in the Reef Fish FMP (Table 3).

6.1.1.4.1 Direct and indirect effects on physical environment and their significance

As discussed in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  The definition
of the Caribbean reef fish FMU proposed by this alternative is not expected to affect such
interactions (see Section 6.1.1.1.1).  While this alternative would result in the elimination of
regulations requiring that only dip nets and slurp guns be used to harvest aquarium trade species,
coral habitat would continue to be protected by regulations prohibiting the use of poisons, drugs,
and other chemicals and explosives to take reef fish, and by the MSFCMA mandate to minimize
to the extent practicable the adverse effects of fishing gear on EFH.

6.1.1.4.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would not affect the current definition of the Caribbean spiny lobster, conch
resource, and coral reef resource FMUs.  A discussion on the potential effects to Caribbean reef
fish and other resources follows.

6.1.1.4.2.1 Caribbean reef fish

This alternative would remove all aquarium trade species in the Caribbean reef fish FMU from
the Council's jurisdiction.  These species are identified in Table 3.  As a result, current
management measures regulating the take of these species in federal waters would no longer be
applicable.  These include a prohibition on the use of gear other than dip nets and slurp guns to
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harvest aquarium trade species, and a prohibition on the take and possession of seahorses, and of
foureye, banded, and longsnout butterflyfish.

Removing these species from the purview of federal fishery management is not expected to result
in a significant direct effect to the biological or ecological environment because the vast majority
of aquarium trade collection activity off Puerto Rico occurs in state waters due to the depth
limitations faced by divers.  The aquarium trade species collection off the USVI is heavily
regulated through that state's permit program.  This alternative would in essence defer
management of the aquarium trade to the respective states. 

The marine ornamental fish industry exported 120 species of fish from Puerto Rico from
1998-2000, 47 of which are not included in the Caribbean Council's reef fish FMU.  However,
only 10 of those 120 species accounted for 76% of the exports, and only 17 of those species were
harvested in numbers greater than 1,000 specimens during the three-year study period
(Ojeda-Serrano et al. 2001).  Furthermore, 2004 revisions to Puerto Rico’s fishing regulations
currently restricts harvest, possession, and exportation to only 20 reef fish species in the
aquarium trade, all of which also have individual quotas.

Deleting the aquarium trade species from the Caribbean reef fish FMU could potentially result in
an indirect effect by reducing the Council's ability to act in a timely fashion to conserve those
species in the future should the need arise.  However, the need for federal involvement in the
management of these species is not anticipated.

6.1.1.4.2.2 Other affected species/resources 

As discussed in Section 6.1.1.4.2.1, this alternative is not expected to directly or indirectly affect
Caribbean-Council managed species in a positive or negative way.  Consequently, it also is not
expected to have a major impact on the predator-prey or other ecological relationships described
in Section 5.2.

6.1.1.4.3 Direct and indirect effects on social and economic environment and their
significance

Deleting the aquarium traded species categories from the Caribbean reef fish FMU will likely
have no significant direct effects on the social and economic environment.  While this alternative
may impact the resource, resource users, current fishing practices (or resource use patterns), as
well as potentially impacting various fishing sectors and the communities dependent on or
engaged in fishing for aquarium trade species, and such effect is expected to be minor.  Most of
the ornamental fishery occurs in state waters rather than federal waters due to depth restrictions
faced by divers collecting aquarium trade species.  The USVI only allows fishing with special
permit; these permits are reserved for research and educational uses.
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While this alternative does not impose new resource use restrictions (which could potentially
impact fisheries and fishing communities), it would establish consistent regulations with the
states and introduce a de facto prohibition on aquarium trade species not specified in Puerto
Rican fishery regulations.  However, since those regulations are already in place for Puerto Rican
waters where the majority of harvest occurs, no immediate behavioral changes by the resource
users and their communities are anticipated.  Likewise, fisher cooperatives, markets and market
arrangements, support sector operations (e.g., marine industry operations, marinas, gear sale
outlets, and other types of fishery support services), sport-fishing organizations and other related
sectors such as diver operators will likely not be impacted either.  The absence of likely
behavioral changes by resource users and their communities suggests that there will likely be no
significant indirect effects.  No changes in historical, social and cultural dependency and
engagement are for foreseen either.  

6.1.1.4.4 Direct and indirect effects on administrative environment and their
significance

Removing aquarium trade species from the purview of federal fishery management would relieve
the Council and NMFS of the burden of defining management reference points and measures for
these species based on limited, or no, catch data.  However, the Council's Preferred Alternative 2
in Section 6.1.2 would grant this administrative relief without fully removing these species from
the Caribbean reef fish FMU.  Removing these species entirely from the Caribbean reef fish
FMU could delay  management action to conserve these species in the future should the need
arise, although the need for federal involvement in the management of these species is not
anticipated. 

6.1.2 Additional options for aquarium trade species

Through the Coral FMP (CFMC, 1994), the Caribbean Council defined the coral FMU to include
more than 160 species of coral, plants, and invertebrates that the Council was concerned could be
adversely affected by increasingly serious anthropogenic impacts to coral reefs and potential
impacts of the marine aquarium industry related to overfishing and habitat degradation.  The
Council implemented a number of management measures designed to address these problems,
including a prohibition on the harvest of corals and on the use of explosives and chemicals in
U.S. Caribbean fisheries and a regulation that limited the harvest of invertebrates (e.g., hard and
soft corals, sponges, worms, mollusks, shrimps, crabs, starfish, sea urchins, sea squirts, marine
algae, flowering plants) to gears that were demonstrated to be non-destructive to the associated
habitat. 

Through Amendment 2 to the Reef Fish FMP (CFMC 1993), the Council also assumed
management responsibility for about 90 species of tropical fish, many of which were identified
by Puerto Rico permit reports as being utilized by the marine aquarium industry.  The vast
majority of these species are collected by divers (via slurp gun, dip net, etc.) in relatively shallow
(< 40 m) waters.  Because the government of Puerto Rico has an extended jurisdiction over
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fisheries that extends nine nautical miles from the shoreline, and the 100-fathom (183 m) contour
largely exists well within this boundary, most of the catch landed in Puerto Rico is assumed to be
taken from state waters.  However, there is a small area off southwest Puerto Rico where harvest
by divers could occur in federal waters due to the extension of the shelf edge.  There may also be
a few species harvested from federal waters off Puerto Rico because the life stage at which they
are collected for the aquarium trade is associated with deeper waters.  

Additionally, some aquarium trade species caught incidental to the commercial fish trap fisheries
operating off Puerto Rico and the USVI could enter the ornamental market.  In contrast to Puerto
Rico, the jurisdiction of the USVI extends only three miles from the shoreline, which broadens
the area in federal waters in which the collection of tropicals could occur.  But little if any
aquarium trade activity has been reported in federal waters off the USVI (Uwate, pers. comm.). 
It is generally assumed that most of the tropical collection throughout the U.S. Caribbean occurs
in state waters.  The USVI fishery agency manages the take of aquarium trade species through a
permit system, with associated reporting requirements.  Currently, permits are limited to marine
education facilities.  

The marine ornamental fish industry exported 120 species of fish from Puerto Rico from 1998-
2000, 47 of which are not included in the Caribbean Council’s reef fish FMU.  However, only 10
of those 120 species accounted for 76% of the exports, and only 17 of those species were
harvested in numbers greater than 1,000 specimens during the three-year study period (Ojeda-
Serrano et al. 2001).  Furthermore, 2004 revisions to Puerto Rico’s fishing regulations currently
restricts harvest, possession, and exportation to only 20 reef fish species in the aquarium trade,
all of which also have individual quotas.  

Since USVI restricts the harvest of aquarium trade species to a limited number of permits, the
majority of harvest likely occurs off Puerto Rico.  Further, since these species are hand-
harvested, harvest activities would be restricted to depths attainable by SCUBA.  Therefore, it
could be assumed that the vast majority of aquarium trade species are harvested from the
shallower state waters within Puerto Rico’s nine-mile boundary.  This is also supported by the
fact that the vast majority of reef habitat occurs in state waters off Puerto Rico (Figure 1).

6.1.2.1 Alternative 1.  No action. 

The list of aquarium trade fish species was identified in Amendment 2 to the Reef Fish FMP. 
However, current regulations broadly define a marine aquarium fish as a Caribbean reef fish that
is smaller than 5.5 inches (14.0 cm), TL (§622.41(b)).  Other regulations that pertain to the
aquarium trade include the prohibition on gear aside from dip nets and slurp guns (§622.41(b)); a
prohibition on the harvest and possession of foureye, banded, and longsnout butterflyfish, as well
as seahorses (§622.32(b)(1)(ii)); and the prohibition on the sale or purchase of live red hind or
mutton snapper for use in the marine aquarium trade (§622.45(b)).
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6.1.2.1.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat, either through
gear impacts to bottom habitat or through the direct harvest of bottom habitat.  Retaining
management authority over aquarium trade species in the Caribbean reef fish FMU would not be
expected to affect such interactions (see Section 6.1.1.4.1).

6.1.2.1.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would not affect the definition or management of species in the Caribbean spiny
lobster or Caribbean conch resource FMUs.  Therefore, no significant direct or indirect impacts
are expected pertaining to those FMUs.  A discussion of the potential effects associated with a
decision to continue managing aquarium trade species in the Caribbean reef fish and coral reef
resource FMUs follows.

6.1.2.1.2.1 Caribbean reef fish

Theoretically, retaining management authority for the aquarium trade species in the Caribbean
reef fish FMU would be expected to provide indirect benefits to the biological and ecological
environment, as it would enable the Council to manage the take of these species to sustain
catches over time.  Current management measures regulating the take of aquarium trade species
in federal waters include a prohibition on the use of gear other than dip nets and slurp guns to
harvest aquarium trade species, and a prohibition on the take and possession of seahorses, and of
foureye, banded, and longsnout butterflyfish. 

In reality, the degree to which aquarium trade species benefit from federal management depends
largely on the effectiveness of management measures established for these species in state
waters.  The distribution of catches between state and federal waters is unknown.  However, the
vast majority of catches are believed to derive from state waters, as only about 14% of the
fishable habitat in the U.S. Caribbean occurs in the EEZ (Figure 1).  As aquarium trade species
are predominantly, if not entirely, harvested by SCUBA divers, such activities are significantly
constrained by water depth.  Therefore, the influence of federal fishery management on these
species is believed to be limited. 

6.1.2.1.2.2 Caribbean coral reef resource

Retaining management authority for the aquarium trade species in the Caribbean coral reef
resource FMU would be expected to provide indirect benefits to the biological and ecological
environment, as it would enable the Council to manage the take of these species.  The Council
has prohibited the take, possession, and sale of gorgonians, stony corals, and any species in the
coral reef resource FMU if attached or existing upon live rock, and has established regulations
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requiring that only dip nets, slurp guns, hands, and other non-habitat destructive gear types be
used to harvest allowable corals.  The Council also has required that those individuals harvesting
allowable corals obtain a permit from the local or federal government.  Because the affected
species are generally sedentary, these regulations are believed to be effective in protecting those
coral reef communities that occur in federal waters from the impacts of fishing.  

However, the states also have implemented regulations that afford protection to coral reef
resources.  The USVI requires permits for aquarium species collection, and have only issued such
permits to educational entities.  Furthermore, Puerto Rico amended their fishing regulations in
2004 that restricts the harvest, possession, and exportation of invertebrates included in the coral
reef resource FMU to eight species.

6.1.2.1.2.3 Other affected species/resources

Should Caribbean reef fish and coral reef resources benefit from this alternative, the ecosystem
that supports those resources would be expected to benefit as well.  Healthy coral reef
communities are characterized by healthy predator-prey relationships and other ecological
functions/processes described in Section 5.2.  As described in Section 6.1.2.1.2.1, the benefits of
this alternative to reef fish are expected to be minimal, as the vast majority of the populations of
managed species occur in state waters.  Thus, the benefits to other affected species/resources
associated with sustaining healthy reef fish communities are expected to be minimal as well.  In
contrast, the benefits of this alternative to coral reef resources described in Section 6.1.2.1.2.2
could be more significant.  Thus, this alternative also could provide significant benefits to finfish
and invertebrates that depend on healthy coral reef communities for their growth, development,
and survival. 

6.1.2.1.3 Direct and indirect effects on social and economic environment and their
significance

Preserving the status quo will have no significant direct effects on the social and economic
environment since this alternative does not impact the resource, resource users, current fishing
practices (or resource use patterns) nor does it impact various fishing sectors and the
communities dependent on or engaged in fishing.  Fishing sectors include, but are not limited to,
commercial harvesters, charter sport-fishing, recreational and subsistence sectors.  Direct effects
associated with changes in resource utilization rates would only occur with subsequent
management measures.

However, since this alternative would require the development of stock status parameters, it
could potentially lead to future management measures that could restrict resource use, resulting
in potential behavioral changes by the resource users and their communities.  Similarly, fisher
cooperatives, markets and market arrangements, support sector operations (e.g., marine industry
operations, marinas, gear sale outlets, and other types of fishery support services), sport-fishing
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organizations and other related sectors such as diver operators may be impacted, but those
impacts, if any, are expected to be minor. 

6.1.2.1.4 Direct and indirect effects on administrative environment and their
significance

This alternative would require the Council and NMFS to define management reference points
and status determination criteria for aquarium trade species based on limited catch data, and to
manage those species consistent with defined biological goals.  As noted previously, it is unlikely
that federal management would have much effect on aquarium trade species in the Caribbean reef
fish FMU due to the predominance of the species, and the fisheries that rely on those species, in
state waters.  Further, since the USVI strictly regulates aquarium trade collection to only two
permit holders, and Puerto Rico recently amended their fishing regulations to permit the
collection of only 20 reef fish species, the impact of any federal management on reef fish species
in the aquarium trade is expected to be minor. 

Retaining management authority for the aquarium trade species in the Caribbean coral reef
resource FMU would theoretically be expected to provide indirect benefits to the administrative
environment, as it would enable the Council to manage the take of these species and protect
EFH.  However, the states also have implemented regulations that afford protection to coral reef
resources.  The USVI requires permits for aquarium species collection, and have only issued such
permits to educational entities.  Furthermore, Puerto Rico amended their fishing regulations in
2004 that restricts the harvest, possession, and exportation of invertebrates included in the coral
reef resource FMU to eight species.  Therefore, and administrative effects related to EFH
management stemming from this alternative are expected to be minor. 

6.1.2.2 Alternative 2 (Preferred).  Move aquarium trade species from a management
to a data collection only category.

This alternative would acknowledge the Council’s conservation mandate by retaining aquarium
trade species in their respective FMUs, but would recognize that there is little need to manage
these species in federal waters at this time because the majority of harvest activity occurs in state
waters.  There is a general lack of specific biological information on almost all of the 200 species
in the aquarium trade.  A decision to retain these species in the management unit for data
collection purposes only (50 CFR §600.320(d)(2)) would acknowledge the need to obtain more
data and information on these species and would be consistent with the objectives of the Coral
and Reef Fish FMPs. 

6.1.2.2.1 Direct and indirect effects on physical environment and their significance

The impacts of this alternative to the physical environment would be the same as those described
in Section 6.1.1.4.1 under FMU Alternative 4.  This alternative differs from FMU Alternative 4
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only in that it would retain aquarium trade species in the Caribbean reef fish FMU for
data-collection purposes only, rather than eliminate them entirely from the FMU.

6.1.2.2.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would not affect the definition or management of species in the Caribbean spiny
lobster or Caribbean conch resource FMUs.  Therefore, there would not be any direct or indirect
impacts associated with this alternative expected relative to those FMUs.  A discussion on the
potential impacts to Caribbean reef fish, coral, and other resources follows

6.1.2.2.2.1 Caribbean reef fish

The effects of this alternative on the Caribbean reef fish FMU are identical to those described in
Section 6.1.1.4.2.1.3 under FMU Alternative 4, with one exception.  While FMU Alternative 4
would completely remove all aquarium trade species from the reef fish FMU, this alternative
would retain those species in the FMU, but would relieve the Council of the responsibility to
develop reference points and measures for their conservation and management.  As explained in
Section 6.1.1.4.2.1.3, removing these species from the purview of federal fishery management is
not expected to result in a significant adverse effect to the biological or ecological environment
because the vast majority of aquarium trade collection activity off Puerto Rico occurs in state
waters.  And aquarium trade species collection off the USVI is heavily regulated through that
state's permit program.  

A decision to retain aquarium species in a data-collection only category of the reef fish FMU
would indicate that the Council believes these species may require more active conservation and
management in federal waters in the future, or that it is likely to have more influence over state
management of these species if it retains management authority over these species in federal
waters.

While the Reef Fish FMP has included most species utilized in the aquarium trade in the reef fish
FMU, the Council has implemented few management measures for the conservation and
management of these species (i.e., species-specific limitations, quotas, daily species limits, etc.). 
This is because most aquarium species collection occurs in state waters due to the depth
limitations confronted by divers in federal waters, and because reef habitat is more abundant in
shallower, state waters.  

As aquarium trade species are collected alive from the marine environment for the purposes of
exhibition, observation, or to maintain them in captivity, it is paramount that they be collected in
a manner that will insure their survival until sale and/or exportation.  Therefore, it is unlikely that
new gears would be employed to harvest these species that would result in significant direct or
indirect biological impacts, aside from those associated with removing the target species. 
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Furthermore, aquarium trade collectors are highly selective, and typically pursue those species
which are valued and demanded by aquarists.  

For example, the Gramma loreto was the species most sought after by Puerto Rican collectors
from 1998-2000.  During that period of time, 37,560 specimens were exported from Puerto Rico,
averaging approximately 12,500 fish per year.  However, only 1,802 specimens of the tenth most
sought after species, Centropyge argi, were collected over the same time period, an average of
approximately 600 fish per year.  While there were 120 aquarium trade species exported from
Puerto Rico from 1998-2000, the vast majority (75%) of these are subject to harvest levels well
under 100 specimens per year.  Moreover, almost 50% of all aquarium trade species are subject
to landings on the scale of 10 specimens per year (Ojeda-Serrano et al. 2001), assuming that the
number of specimens exported is equivalent to specimens landed.  

The industry can only expand at a rate that it can support, in that collectors would have to have
sufficient storage facilities on land to maintain specimens in captivity before exportation or sale. 
Many times, specimens need to be isolated in individual tanks or compartments, to insure they
are not harassed by competitive or predatory species.  Therefore, there are economic constraints
that aquarium trade collectors face, which may prevent uncontrolled expansion of the industry.  

6.1.2.2.2.2 Caribbean coral reef resource

This alternative would retain coral reef species in the FMU, but would relieve the Council of the
responsibility to develop reference points and measures for their conservation and management. 
As explained in Section 6.1.1.4.2.1.4, removing these species from the purview of federal fishery
management could adversely affect the biological or ecological environment, as federal
regulations are believed to be effective in protecting those coral reef communities that occur in
federal waters from the impacts of fishing gear.

A decision to retain aquarium species in a data-collection only category of the coral reef resource
FMU would indicate that the Council believes these species may require more active
conservation and management in federal waters in the future, or that it is likely to have more
influence over state management of these species if it retains management authority over these
species in federal waters.

6.1.2.2.2.3 Other affected species/resources

Moving aquarium trade species in the reef fish FMU to a data-collection only category would not
be expected to directly or indirectly affect the status of those species, or of other affected species. 
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6.1.2.2.3 Direct and indirect effects on social and economic environment and their
significance

Moving from a management to a data collection category will likely not cause significant direct
effects on the social and economic environment since this alternative does not impact the
resource, resource users, or current fishing practices;  nor does it impact various fishing sectors
and the communities dependent on or engaged in fishing because most of the harvesting occurs
in state waters.  As noted earlier, harvesting in state waters requires a permit.  Since most of the
harvesting occurs in inshore waters, limiting the Council’s ability to regulate these species will
probably result in no behavioral changes.  Resource users and their communities will continue to
harvest as usual.  The absence of likely behavioral changes suggests that there will probably be
no significant indirect effects.  No changes in historical, social and cultural dependency and
engagement are anticipated either. 

6.1.2.2.4 Direct and indirect effects on administrative environment and their
significance

This alternative would acknowledge the Council's conservation mandate by retaining aquarium
trade species in their respective FMUs, but would indicate that the Council believes there is little
need to manage these species in federal waters at this time because the majority of harvest
activity occurs in state waters.  There is a general lack of specific biological information on
almost all of the 200 species in the aquarium trade.  These data deficiencies would make it
virtually impossible to define reliable biological reference points and status determination criteria
for aquarium trade species.  Even the use of proxies or representative species would be
complicated due to the biological diversity of the numerous species and the lack of knowledge of
their respective life histories.

This alternative also would require the revocation of the legal definition of a  "marine aquarium
fish" as a Caribbean reef fish that is smaller than 5.5 inches (14.0 cm) TL (50 CFR §622.41(b)). 
This definition actually conflicts with the definition of aquarium trade species established by the
Council through Amendment 2 to the Reef Fish FMP.  Therefore, this alternative would rectify
an existing regulatory issue, in that it would amend Table 2 of Appendix A to the Part 622
regulations to specify which species are aquarium trade species, based on the list provided by the
Council in Amendment 2.  Furthermore, this alternative would also require the revocation of the
prohibition on the harvest and possession of foureye, banded, and longsnout butterflyfish, as well
as seahorses (§622.32(b)(1)(ii)).  These species-specific harvest limitations in §§622.32(b)(1)(ii)
have little to no impact due to the fact that harvest of these species continues to occur in state
waters, and that the majority of the habitat that these species depend on, and are harvested from,
occurs in state waters.  

Inclusion in a data collection only category would result in no specification of MSY, OY, or
other stock status determination criteria for these species due to no real need for federal
conservation and management of these species.  Therefore, they are excluded from discussion in
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those sections.  As mentioned before, due to the lack of need of conservation and management of
these species, not specifying the various stock status determination criteria for aquarium trade
species will not result in any effects to those species.

6.1.3 Additional options for Caribbean conch resources

While the Queen Conch FMP (CFMC 1996a) actively manages only queen conch, the plan
includes 12 other species in the Caribbean Conch Resource FMU, as defined by 50 CFR §622.2. 
The Queen Conch FMP (CFMC 1993) cited the rationale for including these species as: "Since
other marine gastropods are occasionally marketed, they must be included in the fishery
management unit."  This FMU includes the following species:

•  Atlantic triton's trumpet, Charonia variegata
•  Cameo helmet, Cassis madagascarensis
•  Caribbean helmet, Cassis tuberosa
•  Caribbean vase, Vasum muricatum
•  Flame helmet, Cassis flammea
•  Green star shell, Astrea tuber
•  Hawkwing conch, Strombus raninus
•  Milk conch, Strombus costatus
•  Queen conch, Strombus gigas
•  Roostertail conch, Strombus gallus
•  True tulip, Fasciolaria tulipa
•  West Indian fighting conch, Strombus pugilis
•  Whelk (West Indian top shell), Cittarium pica

According to a citation in the Caribbean Council's Draft Essential Fish Habitat Environmental
Impact Statement (Academy of Natural Sciences of Philadelphia 2002), several species have
been documented strictly in state waters.  These include:

•  Caribbean helmet, Cassis tuberosa – depth range 0 to 27m (live 0 to 9m)
•  Caribbean vase, Vasum muricatum – depth range 0 to 15m (live 0.3 to 15m)
•  Flame helmet, Cassis flammea – depth range 1 to 12m (live 3 to 5m)
•  Whelk (West Indian top shell), Cittarium pica – depth range 0 to 2m (live 0 to

0m)

6.1.3.1 Alternative 1.  No action.  

Data deficiencies would make it virtually impossible to define reliable biological reference points
and stock status determination criteria for conch species aside from queen conch.  Furthermore,
the use of proxies or representative species would be complicated due to the biological diversity
of the numerous species and the lack of knowledge of their respective life histories.  
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6.1.3.1.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with the sea floor.  Since the
primary fishing method for queen conch is through hand harvest, this alternative would not be
expected to directly or indirectly affect the physical environment over the short or long term. 

6.1.3.1.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would not affect (directly or indirectly) the definition or management of species
in the Caribbean spiny lobster, reef fish, or coral reef resource FMUs.  A discussion on the
potential impacts to Caribbean queen conch and other resources follows.

6.1.3.1.2.1 Caribbean conch resource

Theoretically, retaining management authority for all gastropods in the Caribbean conch resource
FMU would be expected to provide indirect benefits to the biological and ecological
environment, as it would enable the Council to manage the take of these species to sustain
catches over time.  The Council manages the fishery for queen conch primarily through a
minimum size limit, commercial catch limit, recreational bag limit, and an annual spawning
season closure.  As noted in Section 6.1.1.1.2.1.2, the degree to which these management
measures benefit the resource is unknown, but is believed to depend largely on the effectiveness
of management measures established for this species in state and international waters, and on the
availability of suitable habitat (CFMC 1996a).

The only federal regulation affecting the remaining twelve gastropods in the Caribbean conch
resource FMU is the requirement that these species be landed with meat and shell intact.  This
regulation is not expected to benefit these species in a significant way, as they are believed to be
landed in minimal numbers, if at all.  Information from the Academy of Natural Sciences of
Philadelphia (2002) indicates that four of these species, including the Caribbean helmet,
Caribbean vase, flame helmet, and whelk (West Indian top shell), probably do not occur in
federal waters of the U.S. Caribbean. 

6.1.3.1.2.2 Other affected species/resources

Any indirect benefits to the queen conch resource provided by this alternative could effect the
surrounding ecosystem by influencing the predator-prey relationships, competition, and other
ecological functions/processes described in Section 5.2. 
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6.1.3.1.3 Direct and indirect effects on social and economic environment and their
significance

Preserving the status quo will have no significant direct effects on the social and economic
environment since this alternative does not impact the resource, resource users, current fishing
practices (or resource use patterns) nor does it impact various fishing sectors and the
communities dependent on or engaged in fishing.  Fishing sectors include, but are not limited to,
commercial harvesters, charter sport-fishing, recreational and subsistence sectors.  Direct effects
associated with changes in resource utilization rates would only occur with subsequent
management measures.

Since this alternative does not call for new resource use restrictions (which could potentially
impact fisheries and fishing communities), no behavioral changes by the resource users and their
communities are anticipated.  Similarly, fisher cooperatives, markets and market arrangements,
support sector operations (e.g., marine industry operations, marinas, gear sale outlets, and other
types of fishery support services), sport-fishing organizations and other related sectors such as
diver operators will likely not be impacted either.  The absence of likely behavioral changes by
resource users and their communities suggests that no there will likely be no significant indirect
effects.  No changes in historical, social and cultural dependency and engagement are anticipated
either. 

6.1.3.1.4 Direct and indirect effects on administrative environment and their
significance

This alternative would require the Council and NMFS to define management reference points
and status determination criteria for all gastropods in the queen conch resource FMU based on
limited, or no, catch data, and to manage those species consistent with defined biological goals. 
Data deficiencies would make it virtually impossible to define reliable biological reference points
and status determination criteria for conch species, excluding queen conch.  Further, the use of
representative species would be complicated due to the biological diversity of the numerous
species and the lack of knowledge of their respective life histories. 

On the other hand, assuming responsibility for species that are captured primarily (or totally) in
state waters would provide federal fishery managers the incentive to influence fishery
management decision-making at the state level.  The Caribbean Council has a long history of
making recommendations to the governments of Puerto Rico and the USVI related to better
protecting threatened fish stocks and habitat. 

6.1.3.2 Alternative 2 (Preferred).  Move all species in the Caribbean conch resource
FMU, with the exception of queen conch, from a management to a data
collection only category.



263

There is a general lack of specific biological information on these species.   Additionally, catches
of those species are believed to be minor.  A decision to retain these species in the FMU for
monitoring purposes only (50 CFR §600.320(d)(2)) would acknowledge the need to obtain more
data and information on these species, and would be consistent with the objectives of the Queen
Conch FMP. 

6.1.3.2.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with the sea floor.  Therefore, this
alternative would not be expected to directly or indirectly affect the physical environment over
the short or long term. 

6.1.3.2.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would not affect (directly or indirectly) the definition or management of species
in the Caribbean spiny lobster, reef fish, or coral reef resource FMUs.  A discussion on the
potential impacts to Caribbean queen conch and other resources follows.

6.1.3.2.2.1 Caribbean conch resource

This alternative would make inapplicable to all conch species, excluding queen conch, the federal
regulation requiring that all conch species be landed with meat and shell intact.  This would not
be expected to adversely affect the biological or ecological environment because these species
are believed to be landed in minimal numbers, if at all.  Information from the Academy of
Natural Sciences of Philadelphia (2002) indicates that four of these species, including the
Caribbean helmet, Caribbean vase, flame helmet, and whelk (West Indian top shell), probably do
not occur in federal waters of the U.S. Caribbean.

While the Council originally included in the queen conch resource FMU virtually all conch
species that could be harvested and marketed, including a species in an FMU due to a potential
threat of exploitation may not always be warranted.  Management is not automatically justified
simply because a resource is utilized, especially if only at very low levels.  In all likelihood, any
exploitation of these species that does occur would be sporadic, at low levels, and confined to
state waters.  This is due to the fact that most of these conch species occur in shallow water, and
the fisheries that may exploit them would be constrained due to the depth limitations confronted
by divers in federal waters.  Therefore, the placement of these lesser conch species into a
data-collection only category of the queen conch resource FMU would be expected to have little
direct or indirect effect on the biological or ecological environment, or on the species themselves.
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6.1.3.2.2.2 Other affected species/resources

Should Caribbean conch resources be adversely affected by this alternative, predator-prey
relationships and other ecological functions provided by these resources would be expected to be
adversely affected as well.  Available information on those relationships is summarized in
Section 5.2.

6.1.3.2.3 Direct and indirect effects on social and economic environment and their
significance

Re-classifying the conch resource FMU will likely have no direct effects on the social and
economic environment because these species are not believe to make up a significant share the
conch landings.  Queen conch makes up the majority of the conch resource landings.
Furthermore, since most of the commercial harvest of the conch resource, which also includes
queen conch, is conducted in Commonwealth or Territorial waters (at depths between 45-95
feet), the proposed re-classification to a data collection category will likely have no impact on the
resource, current fishing practices and fishing communities.  Federal regulations only apply to
waters in EEZ outside the Commonwealth of Puerto Rico and the Territory of the US Virgin
Islands waters.  However, the Council will continue to have the authority to manage the mainstay
conch species, queen conch, in the EEZ.  As noted earlier, Rivera (1999) estimated that are about
209 commercial conch fishers in Puerto Rico, 16 of them who fish in federal waters (beyond 9
nautical miles) and 51 commercial conch fishers in USVI, 2 of them who fish in federal waters
(beyond 3 nautical miles), further underscoring that this alternative will have no (or a minimal)
impact on fishers and fishing communities.

Similarly, the re-classification of the conch FMU will likely have no indirect impacts since no
behavioral changes in fishing practices (or resource use patterns), which could impact various
fishing sectors and the communities dependent on or engaged in fishing, are anticipated.  For
behavioral changes in existing fishing practices to occur, Commonwealth and Territorial
regulations will likely have to be amended since the lion’s share of the catch occurs in
Commonwealth and Territorial waters.  It is not anticipated that this proposed alternative would
trigger regulatory changes at the Commonwealth and Territorial levels.  No changes in historical,
social and cultural dependency and engagement are anticipated either.

6.1.3.2.4 Direct and indirect effects on administrative environment and their
significance

Data deficiencies would make it virtually impossible to define reliable biological reference points
and stock status determination criteria for these minor conch species, should they be retained in
the FMU for active management.  There are no current regulations applicable to these conch
species that would have to be revoked, should the Council opt to place these species into a data
collection category.  
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Inclusion in a data collection only category would result in no specification of MSY, OY, or
other stock status determination criteria for these species due to no real need for federal
conservation and management of these species.  Therefore, they are excluded from discussion in
those sections.  As mentioned before, due to the lack of need of conservation and management of
these species, not specifying the various stock status determination criteria for aquarium trade
species will not result in any effects to those species.  This alternative is not expected to result in
any significant direct or indirect impacts to the administrative environment. 

6.2 Biological reference points and stock status determination criteria

6.2.1 Maximum sustainable yield (MSY)

Defining MSY would not directly affect the physical, biological and ecological, or
social/economic environments because this is an administrative action that simply provides
fishery managers with a reference point against which to measure the status and performance of a
fishery.  However, it could result in indirect environmental effects because MSY is used to
determine the maximum rate of fishing mortality that can be applied to a fishery over the long
term and the resultant allowable biological catch levels.  This section describes the potential
indirect effects of the various MSY alternatives on the environment.

6.2.1.1 Alternative 1.  No action.  Retain current definitions of MSY (if any).

6.2.1.1.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, fishery management actions or inactions that affect the physical
environment mostly relate to the interaction of fishing gears with bottom habitat.  MSY estimates
can influence the degree of fishing gear interactions with bottom habitat by defining what
constitutes a sustainable rate of fishing mortality.  However, the number, nature, and extent of
such interactions are more greatly influenced by the type of management measures implemented
to manage the extent and distribution of fishing effort.

The major gear types used in the spiny lobster, conch, reef fish, and coral reef fisheries are
described in Sections 5.3.3 through 5.3.6.  These include vertical line gear, traps, gill and
trammel nets, spear fishing, and hand harvest.  Vertical line gear has the potential to snag and
entangle bottom structures, which can result in breakage and abrasions (Barnette 2001).  Traps
can cause damage to coral habitat, which offers significant benthic structure in the U.S.
Caribbean (Barnette 2001).  Gill and trammel nets generally do not affect bottom habitat, but can
snare and break off benthic structures if set near coral and other hard bottom habitats (Barnette
2001).  Anchors set by fishing vessels can also potentially damage or alter benthic structure. 
According to Bohnsack (in Hamilton 2000), “favorite” fishing areas such as reefs are targeted
and revisited multiple times.  The cumulative effects of repeated anchoring could damage (e.g.,
reduce vertical relief) hard bottom areas where fishing occurs.  
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6.2.1.1.2 Direct and indirect effects on biological and ecological environment and their
significance

MSY represents the largest average catch that can be sustained from a stock under average
environmental conditions.  If overestimated, this parameter could lead to overfishing.  Because
fisheries tend to remove the largest, fastest growing, oldest, and most genetically fit members of
a population, continued heavy fishing pressure over many generations can reduce the size
distribution of a population, depress the mean size at age and maturity, and decrease genetic
diversity (PDT 1990).  Overfishing also may result in changes in the size/age at sexual transition
of hermaphroditic species, in growth overfishing, and/or in recruitment failure.  

The number of young that are produced each year (recruitment) is generally highly variable due
to natural variability in environmental factors that affect the survival of eggs and larvae.  A stock
maintained at a sustainable biomass level can withstand several years of poor recruitment that
may occur due to natural factors.  However, recruitment also depends on the abundance of adults. 
In addition to reducing stock biomass, heavy fishing pressure reduces the number of age classes
in the stock.  This can make it more difficult for stocks to recover from several years of poor
recruitment that may occur due to natural environmental conditions.

Conversely, if MSY were underestimated, catches would likely be constrained to a level that
would cause stock biomass to increase above BMSY.  Maintaining the stocks at high biomass
levels would likely benefit the biological and ecological environment by reducing the potential
for overexploitation due to scientific uncertainty, poor recruitment, and other environmental
factors.  Consequently, the age and size structure, sex ratio, and genetic integrity of a stock is
expected to better approximate more natural levels as fishing pressure is reduced.  

Council-managed species are part of a complex reef ecosystem, in which co-occurring species
compete for resources, such as habitat and food.  Consequently, any effects realized by one stock
are likely to impact in some way the ecological community.  For example, the abundance of
piscivorous and herbivorous fishes could increase (or decrease) in response to a decrease (or
increase) in the abundance of apex predators, such as the large groupers and jacks.  This, in turn,
could lead to a ripple effect, affecting the abundance of plants and invertebrates that are
consumed by these piscivorous and herbivorous fishes.

6.2.1.1.2.1 Caribbean spiny lobster

The estimate defined by MSY Alternative 1 for the Caribbean spiny lobster (830,000 lbs; Table
9) is the highest of all those estimates considered.  Consequently, this alternative would be
expected to support the highest rate of fishing mortality on that species relative to the other
alternatives. 



267

6.2.1.1.2.2 Caribbean conch resource

The estimate defined by MSY Alternative 1 for the queen conch (738,000 lbs; Table 9) is the
highest of all those estimates considered.  Consequently, this alternative would be expected to
support the highest rate of fishing mortality on that species relative to the other alternatives. 

6.2.1.1.2.3 Caribbean reef fish

MSY Alternative 1 would retain the aggregate MSY estimate for all food fish species in the
Caribbean reef fish FMU (7,700,000 lbs; Table 9).  That estimate is much greater than those that
would be defined by MSY Alternatives 2 (3,232,000 lbs; Table 9), 3 (0 lbs; Table 9), and 4
(3,894,000 lbs; Table 9).  Consequently, this alternative would be expected to support the highest
level of fishing mortality on food fish species in the reef fish FMU relative to the other
alternatives.

Some of these species, including the graysby, coney, red hind, and red grouper, are protogynous,
functioning first as females, then as males.  This reproductive strategy may make them
particularly vulnerable to fishing because fisheries that target older, larger individuals may
reduce the number of males that enter the population.  Reducing the density of a population
(Bohnsack 1999) and the proportion of males in a population (Coleman et al. 1999) also reduces
the genetic diversity of a population, making it less resilient to environmental change (Bohnsack
1999).  Additionally, some species, such as the Goliath and Nassau groupers, aggregate in the
same locations to spawn, making it  easy for fishermen to target and to remove them in large
numbers (Coleman et al. 2000).

Additionally, the aggregate MSY definition specified by Alternative 1 would make it difficult for
fishery managers to identify weak, or particularly vulnerable, stocks that require special attention. 
Species- or unit-specific landings trends that would normally signal overexploitation or fishery
instability would be less apparent if overall landings were within the desired level defined by the
aggregate MSY. 

6.2.1.1.2.4 Caribbean coral reef resource

MSY Alternative 1 would not provide fishery managers with an MSY reference point for species
in the Caribbean coral reef resource FMU.  This could have adverse environmental effects if it
resulted in overfishing.  However, this is unlikely to occur because catches of these species in
federal waters have been limited over the years despite the lack of management reference points
or of severe restrictions on the take of non-prohibited species. 

6.2.1.1.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.



268

6.2.1.1.3 Direct and indirect effects on social and economic environment and their
significance

MSY is defined as the largest long-term average catch that can be taken continuously (sustained)
from a stock under prevailing ecological and environmental conditions.  MSY serves as a
maximum limit on catch that, in the long run, cannot be exceeded.  As a result, specifying or
modifying MSY may result in more stringent regulations if current catches are too high to
achieve the adopted MSY on a continuing basis.  Conversely, it could result in relaxing catch
restrictions that restrict expansion of effort and/or long-run catches if current catches are low
relative to the adopted MSY definition. 
 
Furthermore, while MSY is a biological, not an economic concept, underestimating MSY could
result in classification of a stock as being overfished or undergoing overfishing when, in reality,
the stock is not overfished and/or excessive fishing is not occurring.  As a result of this
classification error, actions may be taken to curtail effort and/or long-term catches.  Depending
on the restrictiveness of these actions, as well as the methods taken, economic losses and social
disruptions will almost certainly be forthcoming.  Certainly, the likelihood and potential extent of
economic losses and social disruptions are likely to increase as the amount by which MSY is
underestimated increases.

Conversely, overestimating MSY may result in relaxation of current catch restrictions or failure
to implement new catch restrictions.  To the extent that such actions result in overfishing, the
potential exists for a reduction in economic benefits and/or social disruptions due to a long-run
depletion in stock and a long-run catch level that is less than MSY.  One might anticipate that
long-term economic losses and social disruptions would be particularly acute in those instances
where MSY is largely overestimated; hence, potentially leading to significant overfishing.

Finally, some other issues associated with the specification of MSY should be recognized.  First,
while temporarily exceeding the specified (modified) MSY triggers the need for more acute
attention to the fishery, it does not necessarily require immediate increased restrictiveness of
catch since temporary high catch rates may reflect natural variability of the resource and not
necessarily an excessive fishing mortality rate.  Second, while the specification of MSY has no
immediate effects on fishing participants (i.e., no incremental effects beyond those currently
existing), the regulatory measures designed to achieve MSY could have effects on these
participants, such as changes in fishing effort and catch.  The effects of the particular measures
selected can, therefore, very from the effects of alternative regulatory measures.  Third, one
should recognize that MSY considers the entire resource, both in the EEZ and state waters, and
encompasses landings by all fishing sectors.  Therefore, the degree to which current practices and
relationships will be altered by a new MSY definition may be minimized depending upon the
amount of catch occurring in federal waters.  

At one extreme, if no catch occurs in federal waters, specification (modification) of MSY will
have no economic or social effects (i.e., no incremental effects) unless the states adopt a



1
 MSY Alternative 4 is based on long-term (1983-2001 ) commercial landings; please refer to Table 9 under the column “MSY Alt 4" for long-

term catch statistics for the various FMU sub-units under each FMP.

2
 This discussion is, of course, conditioned on spiny lobster fishing activities occurring in federal waters with adequate provisions to enforce any

catch restrictions.  
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compatible definition.  At the other end of the spectrum, if all catch occurs in federal waters,
specification (modification) of MSY will have potentially large economic effects and social
disruptions if catch restrictions are necessitated in order to rebuild stocks.  Finally, negative
economic impacts (costs) and social disruptions associated with any proposed catch restrictions
will be forthcoming only to the extent that compliance is at an acceptable level.  The expected
level of compliance is positively related to the level of enforcement as well as the expected
penalty if apprehended.  Realistically, if either of these two factors is low, compliance will also
likely be low.  Low compliance translates directly to diminished economic effects and social
disruptions beyond the baseline.

From the perspective that satisfactory specification of MSY parameters establishes a viable FMP
and the platform for subsequent responsible management, the adoption of the appropriate
benchmark facilitates the achievement of economic and social benefits associated with a healthy
and prosperous fishery.

6.2.1.1.3.1 Caribbean spiny lobster

With respect to Caribbean spiny lobster, MSY in the Spiny Lobster FMP was established at
830,000 lbs (Table 9).  Long-term catch (i.e., 1983-2001) averaged 613,000 lbs1 while more
recent catch (i.e., 1997-2001) averaged 547,000 lbs (Table 8).  Hence, MSY under Alternative1
(no action) is 26% above long-term catch and 34% above the more recent catch.  This could
suggest (i.e., if the MSY under Alternative 1 is accurate) that the stock is not overfished and no
regulatory measures are necessary to restrict fishing effort and catch of Caribbean spiny lobster.

If the current definition of MSY (830,000 lbs) is an overestimate, regulatory actions to prevent
overfishing conditions may not be enacted.  This may, in the long run, result in depletion of the
stock.2  Because long-run economic benefits are usually positively related to the size of the stock,
one can surmise that significant overfishing would result in significantly lower than optimal
long-run economic benefits.

Overfishing results in lower fishing opportunities in the fishing sector in the long-run, and
correspondingly diminished job opportunities in related sectors (e.g., wholesale sector).  Since
about three-quarters of the reported Puerto Rico commercial spiny lobster catch is landed along
the south and west coasts, one would expect these areas to be particularly impacted by job losses
due to overfishing.

Conversely, if the current definition of MSY (830,000 lbs) is an underestimate, regulatory actions
may be more restrictive than necessary and result in less than optimal fishing effort and catch.   



3
 Under the preferred alternative in Section 6.2.4 (MSST), queen conch would be defined as overfished.

4
 This discussion is, of course, conditioned on queen conch activities occurring in federal waters with adequate provisions to enforce any catch

restrictions.  Analysis by Rivera (1999) suggests that commercial queen conch activities in federal waters off Puerto Rico are extremely limited. 
For St. Croix, where the majority of queen conch is captured in the USVI, approximately 35% of reported production (from trip tickets) came
from federal waters (three miles or more) during 2000-2001.
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Unnecessary restrictions would provide less than optimal employment opportunities and preclude 
achievement of maximum benefits to the nation derived from the optimal yield of the resource.

6.2.1.1.3.2 Caribbean conch resource

With respect to Caribbean queen conch, MSY in the Queen Conch FMP was established at
738,000 lbs.  Long-term catch (i.e., 1983-2001) averaged 567,000 lbs, while more recent catch
(i.e., 1997-2001) averaged 439,000 lbs (Table 8).  Hence, MSY under Alternative1 (no action) is
23% above long-term catch and 41% above the more recent catch.  This could suggest (i.e., if the
MSY under Alternative 1 is accurate) that the stock is not overfished and no regulatory measures
are necessary to restrict fishing effort and catch of queen conch.3 

If the current definition of MSY (738,000 lbs) is an overestimate, regulatory actions to prevent
overfishing conditions may not be enacted.  This may, in the long run, result in depletion of the
stock.4  Because long-run economic benefits are usually positively related to the size of the stock,
one can surmise that significant overfishing would result in significantly lower than optimal
long-run economic benefits.  

Overfishing results in fewer fishing opportunities in the fishing sector in the long-run, and
correspondingly diminished job opportunities in related sectors (e.g., wholesale sector).  Since
more than one-half of the reported Puerto Rico commercial queen conch landings occur along the
west coast, one would expect this area to be particularly impacted by overfishing.

Conversely, if the current definition of MSY (738,000 lbs) is an underestimate, regulatory actions
may be more restrictive than necessary and result in less than optimal fishing effort and catch of
Caribbean queen conch.  Unnecessary restrictions would provide less than optimal employment
opportunities and preclude achievement of maximum benefits to the nation derived from the
optimal yield of the resource.

6.2.1.1.3.3 Caribbean reef fish

Estimated Caribbean reef fish landings (commercial and recreational) during 1997-2001
averaged approximately 3,300,000 lbs annually (Table 8).  MSY in the Reef Fish FMP was set at
7,700,000 lbs.  Therefore, the present MSY is 57% above current catch levels.  This definition of
MSY was set for reef fish in aggregate and includes a wide variety of species (and FMU sub-
units) within the reef fish complex.  This broad MSY designation inhibits management because it
can mask the condition of a particularly vulnerable stock or unit.
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Since the implementation of the Council’s Reef Fish FMP, considerably more information has
been collected that can assist in management of the reef fish complex, including discrete
management of FMU sub-units (species) within the overall complex.  For example, based on
2000-2001 trip ticket data for St. Croix, about 44% of the reported commercial grouper catch in
federal waters, while about 55% of the commercial catch of snapper occurred in federal waters. 
Yet, while landings data from USVI differentiates between state and federal waters, little
information exists which would help to ascertain the amount of reef fish fishing activities in
federal waters off Puerto Rico.  

Discrete and, hence, more effective management is predicated on defining MSY on a more
refined basis (i.e., species or FMU sub-unit).  If MSY for the various FMU sub-units/species is
underestimated or overestimated, then the effects discussed in Sections 6.2.1.1.3 and 6.2.1.1.3
may be relevant.  Regardless, maintaining the current definition of MSY would inhibit more
effective management.  

6.2.1.1.3.4 Caribbean coral reef resource

The Council enacted a complete prohibition on the catch or possession of stony corals, whether
dead or alive (except for legally permitted research, education, and restoration programs), in
federal waters of the U.S. Caribbean in 1995, via implementation of the Coral FMP.  Given this
situation, there has been no (legal) take of coral in federal waters since 1995 and, as such, no
direct participation in the fishery.  Hence, near-term indirect effects associated with the no action
alternative would be negligible.

6.2.1.1.4 Direct and indirect effects on administrative environment and their
significance

The relatively high MSY status quo estimates for the Caribbean spiny lobster, queen conch, and
reef fish could result in direct adverse administrative effects if they resulted in overfishing, as the
MSFCMA provisions related to ending overfishing and rebuilding overfished stocks are
generally resource intensive.  The aggregate MSY definition for Caribbean reef fish provided by
the Reef Fish FMP would likely negatively affect the administrative environment because that
definition is not consistent with the MSFCMA mandate to use the best available information in
fishery management decision making.  With improved species-specific landings information, it is
possible to derive a reasonable MSY proxy for discrete units with that FMU.

6.2.1.2 Alternative 2.  In the absence of MSY estimates, the proxy for MSY will be
derived from recent average catch (C), and from estimates of the current
biomass (BCURR/BMSY) and fishing mortality (FCURR/FMSY) ratios as:  MSY = C  /
[(FCURR/FMSY) x (BCURR/BMSY)]; where C is calculated based on commercial
landings for the years 1997-2001 and on recreational landings for the years
2000-2001.
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This alternative is preferred for Caribbean spiny lobster, queen conch, and reef fish,
excluding those species retained for data collection purposes.

The MSY values that would be defined by this alternative relative to the Council's Preferred
FMU Alternative 2 (Section 4.1.1.2) are detailed in Table 9 under the column “MSY Alt 2.” 
These values were calculated using the preferred B and F ratio alternatives described in Section
4.2.2 and analyzed in Section 6.2.2.  Details on the data and information used to develop this
MSY proxy are described in Section 4.2.1.2.

6.2.1.2.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
estimates specified by MSY Preferred Alternative 2 for all four Caribbean FMUs are generally
more conservative than those specified by MSY Alternatives 1 and 4, but less conservative than
those specified by MSY Alternative 3.  Consequently, this alternative would be expected to
support a relatively low rate of fishing mortality and habitat interactions relative to the other
alternatives.  The potential effects of gear used in the spiny lobster, queen conch, reef fish, and
coral reef fisheries are described in Section 6.2.1.1.1.

6.2.1.2.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.1.2.2.1 Caribbean spiny lobster

The estimate defined by MSY Preferred Alternative 2 for the Caribbean spiny lobster (547,000
lbs; Table 9) is the lowest of all those MSY estimates considered, with the exception of MSY
Alternative 3, which would require that federal fisheries for the spiny lobster be closed. 
Consequently, this alternative would be expected to support a relatively low rate of fishing
mortality on that species relative to the other alternatives.  Section 6.2.1.1.2 describes the
potential effects of fishing on the biological and ecological environment. 

6.2.1.2.2.2 Caribbean conch resource

The estimate defined by MSY Preferred Alternative 2 for the Caribbean queen conch (452,000
lbs; Table 9) is intermediate to all the MSY estimates considered for that species.  Consequently,
this alternative would be expected to support an intermediate rate of fishing mortality on that
species relative to the other alternatives.  Section 6.2.1.1.2 describes the potential effects of
fishing on the biological and ecological environment. 
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6.2.1.2.2.3 Caribbean reef fish

The estimates defined by MSY Preferred Alternative 2 for food fish units in the Caribbean reef
fish FMU are generally the lowest of all those MSY estimates considered, with the exception of
MSY Alternative 3, which would require that federal reef fish fisheries be closed.  Consequently,
this alternative would be expected to support a relatively low rate of fishing mortality on
Caribbean reef fish relative to the other alternatives.  Section 6.2.1.1.2 describes the potential
effects of fishing on the biological and ecological environment. 

6.2.1.2.2.4 Caribbean coral reef resource

Because the status quo for coral species is the prohibition of their harvest, catch data are not
available to calculate this MSY proxy for Caribbean coral reef resources.  Furthermore, it would
be problematic to estimate a biomass ratio due to the biological diversity of the numerous
managed coral species and due to the influence of other environmental factors that influence
coral biomass.  Please refer to Section 6.2.1.3.2.4 for more discussion on this issue.

6.2.1.2.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.1.2.3 Direct and indirect effects on social and economic environment and their
significance

6.2.1.2.3.1 Caribbean spiny lobster

The estimated recent (i.e., 1997-2001) catch of spiny lobster in the EEZ has averaged 547,000 lbs
annually (Table 8).  Under Preferred Alternative 2, MSY would be set at 547,000 lbs (MSY Alt
2; Table 9).  Hence, there would be no direct economic or social effects associated with this
alternative.  However, if this MSY value is underestimated or overestimated, then the effects
discussed in Section 6.2.1.1.4.1 may be relevant.

6.2.1.2.3.2 Caribbean conch resource

Under MSY Preferred Alternative 2, the MSY estimate would result in a determination that the
queen conch is overfished and undergoing overfishing if the Council's preferred status
determination criteria are adopted.  

To the extent that management measures are imposed to end overfishing and rebuild the queen
conch stock towards the optimal biomass, BMSY, one would anticipate negative economic and
social effects in the short term in the form of decreased catches and associated benefits.  Until
such time that specific measures are specified, one cannot conclusively state what the social and



5
 Recent catch being below MSY definition is not meant to imply that overfishing is not occurring.  Specifically, catch below MSY may occur as

a result of long-term overfishing.
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economic effects would be.  The size of the impact is expected to be directly correlated with the
amount of queen conch activity occurring in federal waters.  Assuming the imposed regulations
are successful at rebuilding the stock, long-term economic benefits could be achieved if a proper
management regime is substituted for the largely open access regime currently in place.  This
discussion is, of course, premised on the accuracy of the proposed MSY definition.  If this MSY
value is underestimated or overestimated, then the effects discussed in Section 6.2.1.1.2 may be
relevant. 

6.2.1.2.3.3 Caribbean reef fish

Under Preferred Alternative 2, MSY would be defined for each FMU sub-unit (or species) in the
Council’s Reef Fish FMP.  MSY levels associated with each of these FMU sub-units are
provided in Table 9 (MSY Alt 2).  For Snapper Unit 1 (including silk snapper, unclassified
snapper, black snapper, vermilion snapper, and blackfin snapper), for example, MSY would be
set at 520,000 lbs.  Estimated recent catch (1997-2001) of this FMU sub-unit has averaged
504,000 lbs; approximately 3% below the MSY definition.5  For other FMU sub-units, such as
Snapper Unit 4, recent catch is greater than MSY as defined by Alternative 2.

While specification of MSY has no immediate effects on fishing participants, measures designed
to achieve that level could have effects.  Furthermore, the definition of MSY influences the
definition of OY, status determination criteria, and control rules.  This MSY definition would
result in a determination that some reef fish FMU sub-units are overfished and undergoing
overfishing if the Council's preferred status determination criteria are adopted.

To the extent that management measures are imposed to rebuild specific sub-units (species) of
the Caribbean reef fish FMU towards optimal biomass, BMSY, one would anticipate negative
economic and social effects in the short term in the form of decreased catches and associated
benefits.  Until such time that specific measures are specified, one cannot conclusively state what
the social and economic effects would be.  The size of the impact is expected to be directly
correlated with the amount of reef fish activity (by FMU sub-unit) occurring in federal waters. 
Assuming the imposed regulations are successful at rebuilding overfished stocks, long-term
economic benefits could be achieved if a proper management regime is substituted for the largely
open access regime currently in place. 

This discussion is, of course, premised on the accuracy of the proposed MSY definitions.  If
these MSY values are underestimated or overestimated, then the effects discussed in Sections
6.2.1.1.2 and 6.2.1.1.3 may be relevant.  The extent of the effects reflects, to a large extent, the
amount of fishing activity in federal waters.  If fishing activities in federal waters are negligible,
underestimating or overestimating MSY would have only minor social and economic effects,
unless the same definition was adopted by the state governments. 
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6.2.1.2.3.4 Caribbean coral reef resource

Because the status quo for coral species is the prohibition of their harvest, catch data are not
available to calculate this MSY proxy for Caribbean coral reef resources.  Furthermore, it would
be problematic to estimate a biomass ratio due to the biological diversity of the numerous
managed coral species and due to the influence of other environmental factors that influence
coral biomass.  Please refer to Section 6.2.1.3.2.4 for more discussion on this issue.

6.2.1.2.4 Direct and indirect effects on administrative environment and their
significance

The MSY estimates proposed by Preferred Alternative 2 for the Caribbean spiny lobster, queen
conch, and reef fish stocks would be expected to directly benefit the administrative environment
by incorporating the best available information into fishery management decision making.  These
estimates would indicate that some immediate reductions in catches were needed to end
overfishing in some cases, which would burden fishery administrators in the short term, however,
long-term sustainability of these fisheries would improve, which would reduce the number of
resource intensive actions required in the future.  The MSY definitions would indicate that some
immediate reductions in catches were needed to end overfishing, which would burden fishery
administrators in the short term. 

6.2.1.3 Alternative 3.  Set MSY = 0.

This alternative is preferred for all species in the Caribbean coral reef resource FMU,
excluding those species retained for data collection purposes.

6.2.1.3.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
definition provided by MSY Alternative 3 is far more conservative than that specified by MSY
Alternatives 1, 2, and 4.  In effect, any fishery for which this definition is adopted would have to
be closed.  Consequently, this alternative would be expected to indirectly benefit the physical
environment by eliminating fishing gear interactions with benthic habitat.  The potential effects
of gear used in the spiny lobster, queen conch, reef fish, and coral reef fisheries are described in
Section 6.2.1.1.1. 

6.2.1.3.2 Direct and indirect effects on biological and ecological environment and their
significance
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6.2.1.3.2.1 Caribbean spiny lobster

Alternative 3 would define MSY as zero, effectively requiring that catches of the Caribbean
spiny lobster be reduced to zero as well.  As explained in Section 6.2.1.1.2, reducing (or in this
case eliminating) fishing mortality would be expected to benefit the biological and ecological
environment by helping to restore the natural age, size, and sex structure of the stock, and
promoting genetic integrity.  However, because federal fisheries represent only a small portion of
the total fishing mortality on the Caribbean spiny lobster (Sections 5.2.1.1.1, 5.3.3), the
realization of such effects would be largely influenced by the amount of fishing mortality applied
to the stock in state waters.

Although populations characterized by natural age structures, size structures, and sex ratios are
more resilient to anthropogenic and environmental perturbations, the yield they produce becomes
reduced as they reach their carrying capacities and density-dependent effects become more
dominant.  At high population sizes, older, larger fish occupy the available habitat and use the
available food.  The presence of these older fish limits the survival of young and inhibits
recruitment.  Recruitment and production of younger fish can be enhanced with the removal of
some of these older, larger fish.  Therefore, fishing and density-dependence can have the effect of
creating a “surplus production” of fish in the population that is available for capture. The type
and magnitude of density- dependent effects that populations will experience as they grow in size
are difficult to predict, as they vary from species to species and are based on available resources
in a particular system (Wilson and Bossert 1971).

6.2.1.3.2.2 Caribbean conch resource

The effects of defining MSY as zero for stocks in the Caribbean conch resource FMU would be
similar to those described for the Caribbean spiny lobster in Section 6.2.1.3.2.1.

6.2.1.3.2.3 Caribbean reef fish

The effects of defining MSY as zero for stocks in the Caribbean reef fish FMU would be similar
to those described for the Caribbean spiny lobster in Section 6.2.1.3.2.1.

6.2.1.3.2.4 Caribbean coral reef resource

This alternative would be consistent with the Council’s current management of coral reef species,
that is, the harvest and possession of coral is prohibited in the EEZ.  The biological and
ecological environments would benefit from an MSY value of zero for species in the Caribbean
coral reef resource FMU.  Such benefits would be expected to be greater than those realized from
applying this definition to the spiny lobster, conchs, and reef fish because many coral reef
resources are more susceptible to disturbance and recover much more slowly from disturbance
relative to other marine resources.
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Currently, the most vulnerable coral reef species are protected from fishing pressure based on the
Council's determination that their ecological or non-consumptive value exceeds their commercial
value (CFMC 1994, 2004).  While the National Standard Guidelines suggest that ecological
factors be addressed in the specification of OY, rather than MSY, setting MSY equal to zero for
those species which the Council has decided should never be captured in any amount would
ensure the protection of those species over the long term.  

The sheer number and diversity of species within the Caribbean coral reef resource FMU would
make it difficult to develop biological reference points for the unit as a whole.  And catch-based
proxies cannot be calculated as long as current prohibitions on catch remain in effect.  This
alternative would be consistent with Council policy on coral resources, which recognizes that
coral reefs provide habitat that is essential to the recruitment, survival, and growth of many
species.  Further, due to the very slow growth rates of many (stony) coral species, they are not
capable of harvest at any level that would be considered sustainable.  The Council has identified
this MSY definition as the preferred for all species in the Caribbean coral reef resource FMU,
with the exception of aquarium trade species. 

6.2.1.3.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.1.3.3 Direct and indirect effects on social and economic environment and their
significance

6.2.1.3.3.1 Caribbean spiny lobster

The MSY of spiny lobster is certainly greater than zero.  Since MSY defines the upper limit on
catch, setting MSY equal to zero would, by necessity, require closing the federal fishery to all
fishing activities.  Consequently, revenues and profits from spiny lobster catches in the EEZ
would be reduced to zero.  

A total closure of federal waters would be incapable of achieving a long-run yield equal to an
MSY of zero, unless state governments also closed their waters.  In absence of state closures, a
spiny lobster fishermen could either:  (a) move fishing activities from EEZ waters to state waters,
(b) switch fishing behavior to other target species, and/or (c) cease fishing activities.  To the
extent that traditional fishing practices are simply transferred to state waters, catch per unit effort
(CPUE) and, therefore, profits among those fishermen would likely be diminished.

This alternative also could result in significant declines in revenues because revenues (and
profits) from spiny lobster catches in the EEZ would be reduced to zero.  The estimated
commercial catch of spiny lobster during the 1997-2001 period averaged 370,856 lbs annually
(Table 5).  The dockside price for this species averaged $5.265 per lb between 1998-2001



6
 Ex-vessel values for Puerto Rico were used for the entire U.S. Caribbean to determine economic impacts (i. e., value).  While prices for USVI

fish and shellfish and typically higher than those in Puerto Rico, the product is marketed differently between the two states.  Fishermen in the
USVI generally market their product directly to the consumer or to restaurants, so it does not reflect a true ex-vessel value.  Therefore, for the
purposes of the analyses herein, ex-vessel values for Puerto Rico have been applied to combined Puerto Rico and USVI landings.
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(Matos-Caraballo 20026).  This suggests dockside revenues of $1,952,557 annually (370,856 lbs
x $5.265 per lb) and a loss of those revenues if all fishing activities (in both state and federal
waters) were to cease.  However, only a limited (potentially small) amount of the total catch is
derived from federal waters so we expect a cessation of spiny lobster activities only in federal
waters would result in only a portion (potentially small) of the total loss that would occur if all
spiny lobster fishing activities were to cease.

6.2.1.3.3.2 Caribbean conch resource

The potential social and economic effects of defining MSY as zero for stocks in the Caribbean
conch resource FMU would be similar to those described for the Caribbean spiny lobster in
Section 6.2.1.3.3.1 (e.g., redistribution of fishing effort to state waters and to other species,
reduced CPUE, diminished revenues and profits, and potential cessation of fishing activities). 
The estimated commercial catch of queen conch during the 1997-2001 period averaged 287,364
lbs annually (Table 5).  The dockside price for queen conch averaged $2.285 per lb between
1998-2001 (Matos-Caraballo 2002).  This suggests dockside revenues of $656,627 annually,
which would be lost with complete prohibition of queen conch fishing (287,364 lbs x $2.285 per
lb).

6.2.1.3.3.3 Caribbean reef fish

The effects of defining MSY as zero for stocks in the Caribbean reef fish FMU would be similar
to those described for the Caribbean spiny lobster in Section 6.2.1.3.3.1 (e.g., redistribution of
fishing effort to state waters and to other species, reduced CPUE, diminished profits, reduced
revenues, potential cessation of fishing activities).

6.2.1.3.3.4 Caribbean coral reef resource

The highest value of all coral resources throughout the U.S. Caribbean may reflect non-
consumptive and ecological services.  Recognizing this fact, the Council enacted in 1995 a
complete prohibition on the catch or possession of stony corals in federal waters, whether dead or
alive (except for legally permitted research, education, and restoration programs).  Given this
situation, there has been no (legal) take of coral in federal waters since that time and, as such, no
direct participation in the fishery.  Hence, applying this alternative (MSY=0) to the Caribbean
coral reef resource FMU would essentially have no impact on the social and economic
environment in the near term.  To the extent that landings, prior to 1995, exceeded any
sustainable level, one could argue that benefits from the 1995 regulation will increase over time
as the resource is allowed to repopulate.
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This alternative would further demonstrate the Council’s intent to prohibit catch and protect coral
species, and would not be expected to impose any new impacts on fishermen and related
communities.  Little or no aquarium trade activity (i.e., coral reef resources) has been reported in
federal waters off the USVI and most of the catch landed in Puerto Rico is assumed to be taken
from state waters.

6.2.1.3.4 Direct and indirect effects on administrative environment and their
significance

Defining MSY as zero would be expected to directly benefit the administrative environment by
eliminating the need to develop fishery management measures to constrain catches to a specified
level.  Closing all federal fisheries to fishing also would reduce the administrative burden
associated with enforcing minimum size limits, area closures, and other species-specific
management measures.  However, if fishing (i.e., for species in the Reef Fish, Spiny Lobster,
and/or Queen Conch FMPs) were prohibited in federal, and not state, waters, dockside
enforcement would be ineffective because fishermen could claim all of their catch came from
state waters.  Further, prohibiting fishing for all species (in the Reef Fish, Spiny Lobster, and
Queen Conch FMPs) in the EEZ would be highly controversial.

6.2.1.4 Alternative 4.  Set MSY equal to long-term average catch based on
commercial landings data from 1983 to present and on recreational data
provided by MRFSS for the years 2000-2001.

The MSY values that would be defined by this alternative relative to the Council's Preferred
FMU Alternative 2 (Section 4.1.1.2) are detailed in Table 9 under the column “MSY Alt 4.” 
These values were calculated using the preferred B and F ratio alternatives described in Section
4.2.2 and analyzed in Section 6.2.2.  Details on the data and information used to develop this
MSY proxy are described in Section 4.2.1.4.

6.2.1.4.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
estimates specified by MSY Alternative 4 for all four Caribbean FMPs are substantially more
conservative than those specified by MSY Alternative 1, generally slightly less conservative than
those specified by MSY Preferred Alternative 2, and much less conservative than those specified
by MSY Alternative 3.  Consequently, this alternative would be expected to support an
intermediate rate of fishing mortality and habitat interactions relative to the other alternatives. 
The potential effects of gear used in the spiny lobster, queen conch, reef fish, and coral reef
fisheries are described in Section 6.2.1.1.1.
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6.2.1.4.2 Direct and indirect effects on biological and ecological environment and their
significance

The catch-based MSY proxy proposed by this alternative differs from that used in Alternative 2
in that it calculates average catches using a longer time series of commercial catch data and that
it does not incorporate estimates of stock status (BCURR/BMSY) and fishery status (FCURR/FMSY)
during that period of time.

6.2.1.4.2.1 Caribbean spiny lobster

The estimate defined by MSY Alternative 4 for the Caribbean spiny lobster (613,000 lbs; Table
9) is intermediate to all those MSY estimates considered.  Consequently, this alternative would
be expected to support an intermediate rate of fishing mortality on that species relative to the
other alternatives.  Section 6.2.1.1.2 describes the potential effects of fishing on the biological
and ecological environment.

6.2.1.4.2.2 Caribbean conch resource

The estimate defined by MSY Alternative 4 for the Caribbean queen conch (567,000 lbs; Table
9) is greater than to that defined by MSY Preferred Alternative 2, but less than Alternative 1, and
therefore, is an intermediate MSY estimates.  Consequently, this alternative would be expected to
support an intermediate rate of fishing mortality on that species relative to the other alternatives
or the status quo.  Section 6.2.1.1.2 describes the potential effects of fishing on the biological and
ecological environment. 

6.2.1.4.2.3 Caribbean reef fish

The estimates defined by MSY Alternative 4 for food fish units in the Caribbean reef fish FMU
are generally higher than those defined by MSY Preferred Alternative 2, and intermediate to
those defined by Alternatives 1 and 3.  Consequently, this alternative would be expected to
support an intermediate rate of fishing mortality on Caribbean reef fish relative to the other
alternatives.  Section 6.2.1.1.2 describes the potential effects of fishing on the biological and
ecological environment. 

6.2.1.4.2.4 Caribbean coral reef resource

Catch data are not available to calculate this MSY proxy for species in the Caribbean coral reef
resource FMU. 

6.2.1.4.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.
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6.2.1.4.3 Direct and indirect effects on social and economic environment and their
significance

6.2.1.4.3.1 Caribbean spiny lobster

Long-term catch (i.e., 1983-2001) averaged 613,000 lbs while more recent catch (i.e., 1997-
2001) averaged 547,000 lbs (Table 8).  MSY for Caribbean spiny lobster resource under
Alternative 4 would be set at 613,000 lbs which is about 11% more then MSY as defined in
Preferred Alternative 2 and about 26% less then MSY as defined in the status quo.

The definition of MSY influences the definition of OY, status determination criteria, and control
rules.  However, no measures to reduce catch would be required by this alternative because it
defines MSY to be larger than the recent average catch of spiny lobster (Table 7).

If this MSY value is underestimated or overestimated, then the effects discussed in Section
6.2.1.1.4.1 may be relevant.  The degree of these effects is expected to be directly correlated with
the amount of spiny lobster activity occurring in federal waters.  If fishing activities are
negligible, underestimating or overestimating MSY would have only minor social and economic
effects, unless the state governments also adopted that definition.
  
6.2.1.4.3.2 Caribbean conch resource

MSY for the Caribbean queen conch resource under Alternative 4 would be set at 567,000 lbs,
which is 20% more than the MSY defined by Preferred Alternative 2 and 33% less then MSY as
defined by the status quo.

The definition of MSY influences the definition of OY, status determination criteria, and control
rules.  However, no measures to reduce catch would be required by this alternative because it
defines MSY to be larger than the recent average catch of queen conch (Table 7).

If this MSY value is underestimated or overestimated, then the effects discussed in Section
6.2.1.1.2 may be relevant.  The degree of these effects is expected to be directly correlated with
the amount of queen conch activity occurring in federal waters.  If fishing activities are
negligible, underestimating or overestimating MSY would have only minor social and economic
effects, unless the state governments also adopted that definition. 

6.2.1.4.3.3 Caribbean reef fish resource

Under Alternative 4, MSY would be defined for each sub-unit in the Caribbean reef fish FMU
based on the long-term average catch (commercial catch from 1983 to present, and recreational
catch provided by MRFSS for the years 2000-2001).  Comparison of MSY under Alternative 4 to
that provided in Alternative 1 (no action) has little relevancy because the latter definition applies
to the unit as a whole; other then stating that if MSY specifications at the FMU sub-unit level are
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accurate, such specification could greatly assist in a more refined management process of the reef
fish resources of the U.S. Caribbean.

The estimates specified by MSY Alternative 4 for reef fish FMU sub-units are generally slightly
less conservative than those specified by MSY Preferred Alternative 2.  Consequently, one might
anticipate less severe management measures (if any) than those which would be imposed under
Alternative 2.  Until such time that specific measures are specified, one cannot conclusively state
what the social and economic effects would be.

6.2.1.4.3.4 Caribbean coral reef resource

Catch data are not available to calculate this MSY proxy for species in the Caribbean coral reef
resource FMU.  However, since harvest of coral species is currently prohibited, no social and
economic impacts are expected from this alternative.

6.2.1.4.4 Direct and indirect effects on administrative environment and their
significance

The MSY estimates proposed by Alternative 4 for the Caribbean spiny lobster, queen conch, and
reef fish stocks would be expected to adversely affect the administrative environment by failing
to comply with the MSFCMA mandate to use the best available scientific information in fishery
management decision making.  The reliability of catch data collected in the early years of the
state trip ticket programs has been compromised by a series of periodic lapses in the programs
over the years, as well as significant under and/or misreporting, and changes in the type of data
collected (Valle-Esquivel 2002).  Landings in the USVI were historically reported by gear group
(e.g., pot fish, net fish), while those in Puerto Rico were reported by species or species groups
(e.g., Nassau grouper, grouper). 

6.2.2 Fishing mortality (F) and biomass (B) ratios

MSY Preferred Alternative 2 (Sections 4.2.1.2; 6.2.1.2) requires quantitative definitions of stock
status and of fishery status, defined as the relationship between BCURR and BMSY (B ratio) and
between FCURR and FMSY (F ratio), respectively.  The larger the F ratio (i.e., higher FCURR as
compared to FMSY), the more exploited the stock or unit.  Conversely, the smaller the B ratio (i.e.,
lower BCURR as compared to BMSY), the more depressed the biomass of the stock or unit. 
Incorporating these ratios into catch-based MSY proxies allows scientists to consider scenarios
where stock biomass and/or fishing mortality rates were not at desirable levels during the period
over which catch data used in the calculations were collected.  An F ratio larger than 1.00
indicates that the fishing mortality rate during that period was above FMSY, and would generally
adjust the MSY estimate downward.  A B ratio smaller than 1.00 indicates that the stock biomass
was below BMSY during that period, and would generally adjust the MSY upward.  These
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estimates of stock status and fishery status also are incorporated in several of the control rule
alternatives described and evaluated in Sections 4.2.5 and 6.2.5.

Defining F and B ratios would not directly affect the physical, biological and ecological, or
social/economic environments because this is an administrative action that simply provides
fishery managers with estimates of stock status and fishery status that can be used to calculate
management reference points.  However, it could result in indirect environmental effects by
affecting the MSY estimate and, therefore, decisions about the maximum rate of fishing mortality
that can be applied to the fisheries over the long term.  This section describes the potential
indirect effects of the various F and B ratio alternatives.

6.2.2.1 Alternative 1.  No action.  Do not define F and B ratios for managed stocks.

This alternative is preferred for all species in the Coral Reef FMP, excluding those species
retained for data collection purposes.

6.2.2.1.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat. 
Alternative 1 would not provide fishery managers with F and B ratios for Council-managed
species.  As a result, this alternative would not be compatible with MSY Preferred Alternative 2,
which is the Council's preferred for most stocks.  It would require the Council to select from
MSY Alternatives 1, 3, and 4.  The potential indirect effects on the physical environment
associated with the remaining MSY alternatives are described in Section 6.2.1.

6.2.2.1.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.2.1.2.1 Caribbean spiny lobster

Alternative 1 would not be compatible with the Council's preferred MSY alternative for the
Caribbean spiny lobster, which requires that F and B ratios be defined for that species.  This
would force the Council to select from MSY Alternatives 1, 3 and 4.  Section 6.2.1 describes the
potential indirect effects of those MSY alternatives on the biological and ecological
environments.

6.2.2.1.2.2 Caribbean conch resource

Alternative 1 would not be compatible with the Council's preferred MSY alternative for the
queen conch, which requires that F and B ratios be defined for that species.  This would force the
Council to select from MSY Alternatives 1, 3 and 4.  Section 6.2.1 describes the potential
indirect effects of those MSY alternatives on the biological and ecological environments.



284

6.2.2.1.2.3 Caribbean reef fish

Alternative 1 would not be compatible with the Council's preferred MSY alternative for food fish
species in the Caribbean reef fish FMU, which requires that F and B ratios be defined for those
species.  This would force the Council to select from MSY Alternatives 1, 3 and 4.  Section 6.2.1
describes the potential indirect effects of those MSY alternatives on the biological and ecological
environments.

6.2.2.1.2.4 Caribbean coral reef resource

Alternative 1 would be compatible with the Council's preferred MSY alternatives for species in
the Caribbean coral reef resource FMU.  Those alternatives do not require that F and B ratios be
specified.  The status quo for coral species is the complete prohibition of harvest (i.e., F equal to
zero).  In regard to the B ratio proxy, it would be problematic to estimate a biomass ratio due to
the biological diversity of the numerous managed coral species and due to the influence of other
environmental factors that influence coral biomass.

6.2.2.1.2.5 Other affected species/resources 

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.2.1.3 Direct and indirect effects on social and economic environment and their
significance

To the extent that these ratios contribute to the determination of MSY and control rules, taking
no action (Alternative 1) would inhibit the development of measures which could, in theory,
assist in more rational management of the fishery.  Taking no action in specifying F and B ratios
may indirectly and in the long run result in management strategies that are sub-optimal to those
that would be forthcoming if F and B ratios are specified.  This finding, however, is premised on
the use of accurate ratios when implementing management actions.  If the ratios adopted are
overly optimistic or pessimistic regarding the status of the fisheries, taking no action (Alternative
1) may be preferable to any of the alternatives. 

6.2.2.1.3.1 Caribbean spiny lobster

Alternative 1 would not be compatible with the Council's preferred MSY alternative for the
Caribbean spiny lobster, which requires that F and B ratios be defined for that species.  This
would force the Council to select from MSY Alternatives 1, 3 and 4.  Section 6.2.1 describes the
potential indirect effects of those MSY alternatives on the social and economic environments.
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6.2.2.1.3.2 Caribbean conch resource

Alternative 1 would not be compatible with the Council's preferred MSY alternative for the
queen conch, which requires that F and B ratios be defined for that species.  This would force the
Council to select from MSY Alternatives 1, 3 and 4.  Section 6.2.1 describes the potential
indirect effects of those MSY alternatives on the social and economic environments.

6.2.2.1.3.3 Caribbean reef fish

Alternative 1 would not be compatible with the Council's preferred MSY alternative for food fish
species in the Caribbean reef fish FMU, which requires that F and B ratios be defined for those
species.  This would force the Council to select from MSY Alternatives 1, 3 and 4.  Section 6.2.1
describes the potential indirect effects of those MSY alternatives on the social and economic
environments.

6.2.2.1.3.4 Caribbean coral reef resource

Alternative 1 would be compatible with the Council's preferred MSY alternatives for species in
the Caribbean coral reef resource FMU.  Those alternatives do not require that F and B ratios be
specified.

6.2.2.1.4 Direct and indirect effects on administrative environment and their
significance

This alternative would have direct adverse effects on the administrative environment if the
Council retains MSY Alternative 2 as the preferred alternative for the Caribbean spiny lobster,
queen conch, and reef fish resources (excluding aquarium trade species).  The proxy proposed by
that MSY alternative requires that F and B ratios be defined for each stock or FMU sub-units; the
Council FMPs require MSY proxies to comply with the MSFCMA.

6.2.2.2 Alternative 2.  For each FMU sub-unit for which BCURR/BMSY and FCURR/FMSY

have not been estimated through a stock assessment or other scientific
exercise (i.e., stock status unknown), the following estimates will be used for
the BCURR/BMSY and FCURR/FMSY proxies:   1) For species that are not believed
to be at risk based on the best available information, the FCURR/FMSY proxy is
estimated as 0.75 and the BCURR/BMSY proxy is estimated as 1.25; 2) For
species for which no positive or negative determination can be made on the
status of their condition, the default proxies for FCURR/FMSY and BCURR/BMSY

are estimated as 1.00; and 3) For species that are believed to be at risk based
on the best available information, the FCURR/FMSY proxy is estimated as 1.50
and the BCURR/BMSY proxy is estimated as 0.75.

This alternative is preferred for Caribbean spiny lobster, queen conch, and all reef fish,
excluding those species retained for data collection purposes.
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The F and B ratios that would be assigned to Council-managed stocks and units if this alternative
were selected are detailed in Table 9 under the column "F and B Ratio Alt 2."  These ratios are
described relative to the Council's Preferred FMU Alternative 2 (Section 4.1.1.2) and are based
on status determinations made by the SFA Working Group.  The information considered in those
determinations is described in Section 4.2.2.

6.2.2.2.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
F ratio assigned by Alternative 2 to those species believed to be at risk is the same as that
assigned by Alternative 3, but more conservative than that assigned by Alternative 4.  The B ratio
assigned by Alternative 2 to those species believed to be at risk is generally less conservative
than that assigned by Alternatives 3 and 4.  Consequently, this alternative would be expected to
support a higher rate of fishing mortality, and the greatest amount of habitat interactions, relative
to the other alternatives when stock biomass is below BMSY.  However, the B and F ratios
proposed by this alternative would adjust MSY estimates downward, serving to reduce the rate of
fishing and habitat interactions over the long term.  The potential effects of the major gear types
used in Caribbean fisheries on the physical environment are described in Section 6.2.1.1.1.

6.2.2.2.2 Direct and indirect effects on biological and ecological environment and their
significance

The B ratio defined by Alternative 2 would support increasing the fishing mortality rate applied
to stocks or units that are not believed to be at risk, based on the assumptions that stock biomass
is above BMSY and the current fishing mortality rate is below FMSY.  However, at present, no
stocks or units fall into this "healthy" category.  Alternative 2 would support maintaining the
status quo fishing mortality rate for those stocks or units of unknown status, based on the
assumptions that stock biomass is at BMSY and that the fishing mortality rate is at FMSY.  Finally,
Alternative 2 would require that the current fishing mortality rate applied to those stocks or units
that have been determined to be at risk be decreased, based on the assumptions that stock
biomass is at 75% of BMSY and that the fishing mortality rate is at 150% of FMSY.  

The reduction in F required by this alternative under such a scenario is generally less than what
would be required by F and B Ratio Alternatives 3 and 4.  Consequently, Alternative 2 is likely
to support a higher rate of fishing mortality on "at risk stocks" relative to the other alternatives
when stock biomass is below BMSY.  However, the B and F ratios proposed by this alternative
would adjust MSY estimates downward, serving to reduce the rate of fishing mortality applied to
the fishery over the long term.  

Section 6.2.1.1.2 describes the potential effects of fishing on the biological and ecological
environments.  In summary, overfishing could jeopardize the long-term viability of the stocks
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and adversely affect the ecosystem of which they are a part.  Maintaining the stock at a high
biomass level would be expected to reduce the potential for overexploitation due to scientific
uncertainty, poor recruitment, and other environmental factors.  However, the available yield
associated with leaving more fish in the water becomes reduced as populations reach their
carrying capacities and density-dependent effects become more dominate.

6.2.2.2.2.1 Caribbean spiny lobster

The F and B ratios defined by Alternative 2 for the Caribbean spiny lobster (1.00; Table 9) do not
differ from those proposed by Alternatives 3 and 4 because the status of that species is unknown. 
These ratios would result in an MSY definition for that species that is equal to the recent average
catch if the Council retains MSY Alternative 2 as its preferred.  

If the spiny lobster were determined to be at risk, Alternative 2 would allow a higher rate of
fishing on this species relative to F and B Ratio Alternatives 3 and 4 when stock biomass was
below BMSY.  However, the B and F ratios proposed by this alternative would adjust the MSY
estimate downward, serving to reduce the rate of fishing mortality applied to the fishery over the
long term.

6.2.2.2.2.2 Caribbean conch resource

The Caribbean queen conch does not fall into one of the three categories (e.g., not at risk,
unknown, at risk) on which the F and B ratios assigned by Alternative 2 are based.  That stock
has been formally declared "overfished" and "undergoing overfishing" by NMFS (NMFS 2002). 
However, the relationship between BCURR and BMSY and between FCURR and FMSY has not been
quantified.  Consequently, the F and B ratios assigned to this stock are defined simply as "greater
than one" and "less than one," respectively.  This approach allows fishery managers to recognize
the need to end overfishing and rebuild this stock, without requiring  precise estimates of the B
and F ratios.

6.2.2.2.2.3 Caribbean reef fish

The F and B ratios defined by Alternative 2 for reef fish stocks or units of unknown status do not
differ from those proposed by Alternatives 3 and 4.  These ratios would result in MSY estimates
that are equal to recent average catches if the Council retains MSY Alternative 2 as its preferred
for those stocks or units.  The F and B ratios defined by this alternative for those reef fish stocks
or units that are determined to be at risk (e.g., Snapper Unit 1, Grouper Unit 4, and Parrotfish)
would support a higher rate of fishing on those stocks or units relative to F and B Ratio
Alternatives 3 and 4 when stock biomass was below BMSY.  However, the B and F ratios proposed
by this alternative would adjust MSY estimates downward, serving to reduce the rate of fishing
mortality applied to these stocks or units over the long term. 
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6.2.2.2.2.4 Caribbean coral reef resource

The F and B ratios defined by Alternative 2 for Caribbean coral reef resources (1.00; Table 9) do
not differ from those proposed by Alternatives 3 and 4 because the status of those species is
unknown.  If coral reef resources were determined to be at risk, Alternative 2 would allow a
higher rate of fishing on these species relative to F and B Ratio Alternatives 3 and 4 when stock
biomass was below BMSY.  However, the B and F ratios proposed by this alternative would adjust
MSY estimates downward, serving to reduce the rate of fishing mortality applied to these stocks
over the long term.  F and B ratios do not need to be defined for these species if the Council
retains MSY Alternative 3 as preferred alternative. 

6.2.2.2.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.2.2.3 Direct and indirect effects on social and economic environment and their
significance

Defining F and B ratios could provide indirect long-term benefits to fishing participants and the
nation, though there could be short-term negative effects if the chosen F and B ratios for
managed stocks lead to the implementation of more restrictive management measures in the short
term. 

6.2.2.2.3.1 Caribbean spiny lobster

Under Alternative 2, the B and F ratios would equal 1.00 (Table 9), indicating that no positive or
negative determination can be made about the condition of the Caribbean spiny lobster stock. 
These ratios would result in an MSY definition for that species that is equal to the recent average
catch if the Council retains MSY Alternative 2 as its preferred.  Consequently, no social or
economic effects that differ from the status quo would be expected.

6.2.2.2.3.2 Caribbean conch resource

Under preferred Alternative 2, the B and F ratios for the queen conch stock would be <<1 and
>1, respectively (Table 9).  These figures would indicate that the stock is overfished and
undergoing overfishing.  This provides an indication that additional management measures will
be forthcoming.  If these management measures pertain only to fisheries in federal waters, one
might anticipate that any effects to fishing participants in the USVI would exceed those in Puerto
Rico since, apparently, a much higher proportion of queen conch is taken in federal waters in the
USVI than in Puerto Rico. 
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When additional management measures are imposed, one might anticipate direct, short-term
social and economic effects on fishing participants, such as loss in revenue stemming from catch
limits.  However, to the extent that these management measures protect (rebuild) the queen conch
stock, they will translate into long-term benefits, including increased job opportunities in the
fishing and related sectors as well as increased recreational activities.  From an economic
perspective, protected (rebuilt) stocks will yield only modest (if any) benefits to commercial
fishermen since rents tend to be dissipated in an open-access system (a more rational
management system, however, could yield significant sustainable rents).  The increased stocks
(and long-term catch) may, to some extent, benefit consumers in the form of lower prices and
more conch to consume.  Given that conch imports into Puerto Rico dominate domestic
production, one might question whether the level of domestic landings influence price in any
meaningful manner because domestic and imported queen conch are essentially the same
commodity. 

6.2.2.2.3.3 Caribbean reef fish resource

Under Alternative 2 (preferred), some of the sub-units in the Caribbean reef fish FMU would be
considered at risk, while the status of other FMU sub-units would be classified as unknown. 
None of the FMU sub-units would be assigned to the "not at risk" category.  Those stocks that
have already been declared overfished (e.g., Nassau grouper, Goliath grouper, and queen conch)
would not be affected by this alternative because, as overfished, they are already considered at
risk.  It should be noted that species classified as "at risk" are not overfished, as described in
Section 4.2.2.  

The effects of the B and F ratio assigned to stocks of unknown status are described in Section
6.2.2.2.3.1.  If the specified B and F ratios are overly pessimistic, they could result in adverse
short-term effects, with little or no long-term benefits.  If the specified F and B ratios are overly
optimistic, they could result in overfishing and stock depletion.  Overfishing, through time,
would negatively impact fishery participants and reduce employment opportunities in the fishing
and related sectors over the long term.  The B and F ratio assigned to "at risk" stocks may trigger
corrective management actions leading to catch reductions in the short term.  However, if the
ratios are estimated correctly, the corrective management actions, though imposing short-term
adverse effects on fishing participants, would provide long-term benefits in terms of ending
overfishing and/or rebuilding the stock.  

6.2.2.2.3.4 Caribbean coral reef resource

Under Alternative 2, the B and F ratios would equal 1.00 (Table 9) indicting that the current
biomass of those resources is equal to BMSY and the current fishing mortality rate on those
resources is equal to FMSY.  F and B ratios do not need to be defined for these species if the
Council retains MSY Alternatives 1 and 3 as preferred alternatives. 
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6.2.2.2.4 Direct and indirect effects on administrative environment and their
significance

This alternative would directly benefit fishery administrators by providing them information that
allows proxy definitions of management reference points to be fine tuned to reflect the best
available information on managed stocks or units.  This, in turn, would improve management of
the resources.  

6.2.2.3 Alternative 3.  For each FMU sub-unit for which BCURR/BMSY and FCURR/FMSY

have not been estimated through a stock assessment or other scientific
exercise (i.e., stock status unknown), the following estimates will be used for
the BCURR/BMSY and FCURR/FMSY proxies:  1) For species that are not believed to
be at risk based on the best available information, the FCURR/FMSY proxy is
estimated as 0.75 and the BCURR/BMSY proxy is estimated as 1.25; 2) For
species for which no positive or negative determination can be made on the
status of their condition, the default proxies for FCURR/FMSY and BCURR/BMSY

are estimated as 1.00; and 3) For species that are believed to be at risk based
on the best available information, the FCURR/FMSY proxy is estimated as 1.50
and the BCURR/BMSY proxy is estimated as 0.50.

The F and B ratios that would be assigned to Council-managed stocks and units if this alternative
were selected are detailed in Table 9 under the column "F and B Ratio Alt 3."  These ratios are
described relative to the Council's Preferred FMU Alternative 2 (Section 4.1.1.2) and are based
on status determinations made by the SFA Working Group.  The information considered in those
determinations is described in Section 4.2.2.

6.2.2.3.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
F ratio assigned by Alternative 3 to those species believed to be at risk is the same as that
assigned by Alternative 2, but more conservative than that assigned by Alternative 4.  The B ratio
assigned by Alternative 3 to those species believed to be at risk is more conservative than that
assigned by Alternative 2, and generally less conservative than that assigned by Alternative 4. 
Consequently, this alternative would be expected to support an intermediate rate of fishing
mortality and habitat interactions relative to the other alternatives when stock biomass is below
BMSY.  However, the B and F ratios proposed by this alternative would adjust MSY estimates
upward, serving to increase the rate of fishing mortality and habitat interactions in the fishery
over the long term.  The potential effects of the major gear types used in Caribbean fisheries on
the physical environment are described in Section 6.2.1.1.1.
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6.2.2.3.2 Direct and indirect effects on biological and ecological environment and their
significance

The F and B ratios defined by Alternative 3 are the same as those defined by Alternative 2 for
those stocks or units that are not believed to be at risk (e.g., healthy) or that are of unknown
status.  At present, no stocks or units fall into the "healthy" category.  The status of most stocks
or units is unknown.  Alternative 3 differs from Alternative 2 in that it would assume that the
biomass of those stocks or units that have been determined to be at risk is at just 50% of BMSY,
rather than at 75% of BMSY.  The B ratios proposed by Alternative 4 are generally even less
optimistic.  In effect, Alternative 3 is likely to support a lower rate of fishing mortality on "at risk
stocks" relative to Alternative 2 when stock biomass is below BMSY, but a higher rate of fishing
mortality on "at risk stocks" relative to Alternative 4.  The B and F ratios proposed by this
alternative would adjust MSY estimates upward, which would serve to increase the rate of
fishing mortality applied to the fishery over the long term relative to Alternatives 2 and 4.

Section 6.2.1.1.2 describes the potential effects of fishing on the biological and ecological
environments.  In summary, overfishing could jeopardize the long-term viability of the stocks
and adversely affect the ecosystem of which they are a part.  Maintaining the stock at a high
biomass level would be expected to reduce the potential for overexploitation due to scientific
uncertainty, poor recruitment, and other environmental factors.  However, the available yield
associated with leaving more fish in the water becomes reduced as populations reach their
carrying capacities and density-dependent effects become more dominate.

6.2.2.3.2.1 Caribbean spiny lobster

The F and B ratios defined by Alternative 3 for the Caribbean spiny lobster (1.00; Table 9) do not
differ from those proposed by Alternatives 2 and 4 because the status of that species is unknown. 
These ratios would result in an MSY definition for that species that is equal to the recent average
catch if the Council retains MSY Alternative 2 as its preferred.  

If the spiny lobster were determined to be at risk, Alternative 3 would support an intermediate
rate of fishing on this species relative to F and B Ratio Alternatives 2 and 4 when stock biomass
was below BMSY.  However, the B and F ratios proposed by this alternative would adjust the MSY
estimate upward, serving to increase the rate of fishing mortality applied to the fishery over the
long term relative to Alternatives 2 and 4.

6.2.2.3.2.2 Caribbean conch resource

The Caribbean queen conch does not fall into one of the three categories (e.g., not at risk,
unknown, at risk) on which the F and B ratios assigned by Alternative 3 are based.  That stock
has been formally declared "overfished" and "undergoing overfishing" by NMFS (NMFS 2002). 
However, the relationship between BCURR and BMSY and between FCURR and FMSY has not been
quantified.  Consequently, the F and B ratios assigned to this stock are defined simply as "greater
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than one" and "less than one," respectively.  This approach allows fishery managers to recognize
the need to end overfishing and rebuild this stock, without requiring  precise estimates of the B
and F ratios.

6.2.2.3.2.3 Caribbean reef fish

The F and B ratios defined by Alternative 3 for reef fish stocks or units of unknown status do not
differ from those proposed by Alternatives 2 and 4.  These ratios would result in MSY estimates
that are equal to recent average catches if the Council retains MSY Alternative 2 as its preferred
for those stocks or units.  

The F and B ratios defined by this alternative for those reef fish stocks or units that are
determined to be at risk (e.g., Snapper Unit 1, Grouper Unit 4, and Parrotfish) would support an
intermediate rate of fishing on those stocks or units relative to F and B Ratio Alternatives 2 and 4
when stock biomass was below BMSY.  However, the B and F ratios proposed by this alternative
would adjust the MSY estimate upward, serving to increase the rate of fishing mortality applied
to those stocks or units over the long term relative to Alternatives 2 and 4.

6.2.2.3.2.4 Caribbean coral reef resource

The F and B ratios defined by Alternative 3 for Caribbean coral reef resources (1.00; Table 9) do
not differ from those proposed by Alternatives 2 and 4 because the status of those species is
unknown.  If coral reef resources were determined to be at risk, Alternative 3 would support an
intermediate rate of fishing on these species relative to F and B Ratio Alternatives 2 and 4 when
stock biomass was below BMSY.  However, the B and F ratios proposed by this alternative would
adjust the MSY estimate upward, serving to increase the rate of fishing mortality applied to the
fishery over the long term relative to Alternatives 2 and 4.  F and B ratios do not need to be
defined for these species if the Council retains MSY Alternative 3 as preferred alternative.

6.2.2.3.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.2.3.3 Direct and indirect effects on social and economic environment and their
significance

6.2.2.3.3.1 Caribbean spiny lobster

The ratios for Caribbean spiny lobster, because no negative or positive determination of risk can
be made, would not differ from those given in Alternative 2.  Therefore, the reader is referred to
Section 6.2.2.2.3.1 for relevant discussion of effects.
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6.2.2.3.3.2 Caribbean conch resource

Under preferred Alternative 3, the BCURR/BMSY and FCURR/FMSY proxies for the queen conch
resource of the U.S. Caribbean would be <<1 and >1, respectively (Table 9).  These are the same
ratios used in Alternative 2 and, hence, the reader is referred to section 6.2.2.2.3.2 for a
discussion of social and economic effects on the human environment.

6.2.2.3.3.3 Caribbean reef fish resource

The B ratio defined by Alternative 3 for those FMU sub-units believed to be at risk (e.g., Snapper
Unit 1, Grouper Unit 4, and Parrotfish) would be set at 0.50, while the ratio would be set at 0.75
under Alternative 2.  Hence, a greater depletion of the stock relative to its size at MSY is
assumed under Alternative 3 than under Alternative 2.  This could result in more severe short-
term social and economic effects in the short term if management measures are enacted to end
overfishing and/or rebuild the "at risk" stocks.  See Section 6.2.2.2.3.3 for a general discussion of
the potential effects associated with the proposed definitions for at risk species.

6.2.2.3.3.4 Caribbean coral reef resource

The ratios for Caribbean coral reef resources, because no negative or positive determination of
risk can be made, would not differ from those given in Alternative 2.  Therefore, the reader is
referred to Section 6.2.2.2.3.4 for relevant discussion of effects.

6.2.2.3.4 Direct and indirect effects on administrative environment and their
significance

This alternative would directly benefit fishery administrators by providing them information that
allows proxy definitions of management reference points to be fine tuned to reflect the best
available information on managed stocks or units.  This, in turn, would improve management of
the resources.  

6.2.2.4 Alternative 4.  For each FMU sub-unit for which BCURR/BMSY and FCURR/FMSY

have not been estimated through a stock assessment or other scientific
exercise (i.e., stock status unknown), the following estimates will be used for
the FCURR/FMSY and BCURR/BMSY proxies:   1) The default proxies for
FCURR/FMSY and BCURR/BMSY are estimated as 1.00; 2) For species that are
believed to be at risk based on the best available information, the FCURR/FMSY

proxy is estimated as 1.33 and the BCURR/BMSY proxy = c, whereas c is equal to
the natural mortality rate (M) or 0.50, whichever is smaller; and 3) For
species that are overfished, the FCURR/FMSY proxy is estimated as 2.0 and the
BCURR/BMSY proxy = 0.67c, whereas c is equal to the natural mortality rate (M)
or 0.50, whichever is smaller.
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The F and B ratios that would be assigned to Council-managed stocks and units if this alternative
were selected are detailed in Table 9 under the column "F and B Ratio Alt 4."  These ratios are
described relative to the Council's Preferred FMU Alternative 2 (Section 4.1.1.2) and are based
on status determinations made by the SFA Working Group.  The information considered in those
determinations is described in Section 4.2.2.

6.2.2.4.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
F ratio assigned by Alternative 4 to those species believed to be at risk is less conservative than
that assigned by Alternatives 2 and 3.  However, the B ratios assigned by Alternative 4 to those
species believed to be at risk are generally more conservative than those assigned by Alternatives
2 and 3.  Alternative 4 would assign more conservative F and B ratios to overfished stocks,
including the Nassau and goliath groupers and the queen conch, relative to Alternatives 2 and 3. 
Consequently, this alternative would be expected to result in the lowest rate of fishing mortality
and habitat interactions relative to the other alternatives when stock biomass is below BMSY. 
However, because the B and F ratios proposed by this alternative would adjust MSY estimates
upward, this alternative would support an intermediate rate of fishing mortality and habitat
interactions in the fishery over the long term relative to Alternatives 2 and 3.  The potential
effects of the major gear types used in Caribbean fisheries on the physical environment are
described in Section 6.2.1.1.1.  

6.2.2.4.2 Direct and indirect effects on biological and ecological environment and their
significance

Alternative 4 would define F and B ratios of 1.00 for those stocks or units that are not believed to
be at risk (e.g., healthy) or that are of unknown status.  At present, no stocks or units fall into the
"healthy" category.  The status of most stocks or units is unknown.  Both the F and B ratios
defined by this alternative for those stocks or units that have been determined to be at risk are
generally lower relative to Alternatives 2 and 3.  In effect, this means that this alternative would
presume that "at risk" stocks are experiencing a rate of fishing mortality that is lower than that
presumed by Alternatives 2 and 3 (e.g., FCURR is closer to FMSY).  However, this alternative also
would presume that the biomass of "at risk stocks" is more depressed than what is presumed by
Alternatives 2 and 3 (e.g., BCURR is farther below BMSY).  Additionally, Alternative 4 would assign
more conservative F and B ratios to overfished stocks, including the Nassau and goliath groupers
and the queen conch, relative to Alternatives 2 and 3.  As a result, this alternative would be
expected to result in the lowest rate of fishing mortality relative to the other alternatives when
stock biomass is below BMSY, and an intermediate rate of fishing mortality over the long term.  

Section 6.2.1.1.2 describes the potential effects of fishing on the biological and ecological
environments.  In summary, overfishing could jeopardize the long-term viability of the stocks
and adversely affect the ecosystem of which they are a part.  Maintaining the stock at a high
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biomass level would be expected to reduce the potential for overexploitation due to scientific
uncertainty, poor recruitment, and other environmental factors.  However, the available yield
associated with leaving more fish in the water becomes reduced as populations reach their
carrying capacities and density-dependent effects become more dominate.

6.2.2.4.2.1 Caribbean spiny lobster

The F and B ratios defined by Alternative 4 for the Caribbean spiny lobster (1.00; Table 9) do not
differ from those proposed by Alternatives 2 and 3 because the status of that species is unknown. 
These ratios would result in an MSY definition for that species that is equal to the recent average
catch if the Council retains MSY Alternative 2 as its preferred.  If the spiny lobster were
determined to be at risk, Alternative 4 would support the lowest rate of fishing mortality relative
to the other alternatives when stock biomass is below BMSY, and an intermediate rate of fishing
mortality over the long term.  

6.2.2.4.2.2 Caribbean conch resource

Alternative 4 would define an F ratio of 2.0 for the Caribbean queen conch and a B ratio of 0.20. 
These definitions are difficult to compare with those provided by F and B Ratio Alternatives 2
and 3, which simply acknowledge that the stock is overfished and experiencing overfishing as
reported by NMFS in the 2003 Report to Congress (NMFS 2002).  Although this stock was
formally declared overfished, the relationship between BCURR and BMSY and between FCURR and
FMSY has not been quantified.  Any of these approaches would allow fishery managers to
recognize the need to end overfishing and rebuild this stock.  Alternative 4 would provide precise
estimates of the B and F ratios, which were proposed during the scoping process.

6.2.2.4.2.3 Caribbean reef fish

The F and B ratios defined by this alternative for those reef fish stocks or units that are
determined to be at risk (e.g., Snapper Unit 1, Grouper Unit 4, and Parrotfish) would support the
lowest rate of fishing mortality relative to F and B Ratio Alternatives 2 and 3 when stock
biomass was below BMSY.  However, the B and F ratios proposed by this alternative would adjust
the MSY estimate upward, which would likely result in an intermediate fishing mortality rate
over the long term relative to Alternatives 2 and 3.

6.2.2.4.2.4 Caribbean coral reef resource

The F and B ratios defined by Alternative 4 for Caribbean coral reef resources (1.00; Table 9) do
not differ from those proposed by Alternatives 2 and 3 because the status of those species is
unknown.  If coral reef resources were determined to be at risk, Alternative 4 would support the
lowest rate of fishing mortality relative to the other alternatives when stock biomass is below
BMSY, and an intermediate rate of fishing mortality over the long term.  F and B ratios do not need
to be defined for these species if the Council retains MSY Alternative 3 as a preferred alternative.
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6.2.2.4.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.2.4.3 Direct and indirect effects on social and economic environment and their
significance

6.2.2.4.3.1 Caribbean spiny lobster

Because the status of spiny lobster is unknown, this alternative would set the F and B ratio for
this species equal to 1.0.  Therefore, the effects on the social and economic environment
associated with this alternative are identical to those presented in 6.2.2.2.3.1 and are not repeated
here.  The F and B ratios proposed by Alternative 4 would adjust the MSY estimate upward,
which would likely result in an intermediate fishing mortality rate over the long term relative to
Alternatives 2 and 3.

6.2.2.4.3.2 Caribbean conch resource

Under Alternative 4, the B and F ratio for the Caribbean queen conch would be set at 0.20 and
2.0, respectively (Table 9).  This would indicate that the fishing mortality rate applied to the
stock is twice that which would produce MSY, and that the biomass of the stock is at just 20% of
that needed to produce MSY.  These definitions are not directly comparable with those provided
by F and B Ratio Alternatives 2 and 3, which simply acknowledge that the stock is overfished
and experiencing overfishing as reported by NMFS in the 2003 Report to Congress (NMFS
2002).  Any of these approaches would allow fishery managers to recognize the need to end
overfishing and rebuild this stock.  Alternative 4 would provide precise estimates of the B and F
ratios, which were proposed during the scoping process.  The F and B ratios proposed by
Alternative 4 would adjust the MSY estimate upward, which would likely result in an
intermediate fishing mortality rate over the long term relative to Alternatives 2 and 3.

6.2.2.4.3.3 Caribbean reef fish resource

For those reef fish FMU sub-units for which no determination of risk can be made, the effects on
the human environment associated with this alternative would be the same as those identified in
Alternatives 2 and 3.  The F and B ratios defined by Alternative 4 for those FMU sub-units
believed to be at risk would support the lowest fishing mortality rate relative to Alternatives 2
and 3 when stock biomass was below BMSY.  This could result in more severe short-term social
and economic effects in the short term if management measures are enacted to end overfishing
and/or rebuild the "at risk" stocks.  See Section 6.2.2.2.3.3 for a general discussion of the
potential effects associated with the proposed definitions for at risk species.  The F and B ratios
proposed by Alternative 4 would adjust the MSY estimate upward, which would likely result in
an intermediate fishing mortality rate over the long term relative to Alternatives 2 and 3.
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6.2.2.4.3.4 Caribbean coral reef resource

The ratios for Caribbean coral reef resources, because no negative or positive determination of
risk can be made, would not differ from those given in Alternative 2.  Therefore, the reader is
referred to Section 6.2.2.2.3.4 for relevant discussion of effects.

6.2.2.4.4 Direct and indirect effects on administrative environment and their
significance

This alternative would directly benefit fishery administrators by providing them information that
allows proxy definitions of management reference points to be fine tuned to reflect the best
available information on managed stocks or units.  This, in turn, would improve management of
the resources.  

6.2.3 Optimum yield (OY)

Defining OY would not directly affect the physical, biological and ecological, or social/economic
environments because this is an administrative action that simply provides fishery managers with
a benchmark against which to measure fishery performance.  However, it could result in indirect
environmental effects because OY is used to determine the optimum rate of fishing mortality to
be applied to a fishery over the long term.  In this way, the definition of OY can influence
decisions about total allowable catch levels.

OY represents the amount or yield of a stock that provides the greatest overall benefit to the
Nation.  It is to incorporate economic and social factors, but may not be defined as an amount
that is greater than MSY.  The smaller the buffer between OY and MSY, the greater the risk to
the long-term sustainability of the fishery and its surrounding ecosystem.  However, short-term
social and economic benefits become reduced as the buffer between OY and MSY increases. 
This section describes the potential indirect effects of the various OY alternatives.

6.2.3.1 Alternative 1.  No action.  Retain current definitions of OY (if any).

The OY values that would be defined by this alternative relative to the Council's Preferred FMU
Alternative 2 (Section 4.1.1.2) are detailed in Table 9 under the column “OY Alt 1.”

6.2.3.1.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, fishery management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  OY estimates
can influence the degree of fishing gear interactions with bottom habitat by defining what
constitutes an optimum rate of fishing mortality.  However, the number, nature, and extent of
such interactions are more greatly influenced by the type of management measures implemented
to manage the extent and distribution of fishing effort.
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The estimates defined by OY Alternative 1 for the Caribbean spiny lobster and for queen conch
are the highest of all those estimates considered in OY Alternatives 1-4.  Consequently, this
alternative would be expected to support the highest rate of fishing mortality on those species,
and the greatest amount of habitat interactions, relative to the other alternatives.  OY Alternative
1 would retain the aggregate OY estimate for Caribbean reef fish.  That estimate is much greater
than those which would be defined by OY Alternatives 2-4.  Consequently, this alternative would
be expected to support the highest rate of fishing mortality on reef fish, and the greatest amount
of habitat interactions, relative to the other alternatives.

6.2.3.1.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.3.1.2.1 Caribbean spiny lobster

The estimate defined by OY Alternative 1 for the Caribbean spiny lobster (582,000 - 830,000 lbs;
Table 9) is the highest of all those estimates considered in OY Alternatives 1-4.  Consequently,
this alternative would be expected to support the highest rate of fishing mortality on that species
relative to the other alternatives.  Section 6.2.1.1.2 describes the potential effects of fishing on
the biological and ecological environment.  

6.2.3.1.2.2 Caribbean conch resource

The OY for queen conch is current defined as all those queen conch that can be landed by
commercial and recreational fisheries consistent with management measures set forth in the
Queen Conch FMP under a goal of allowing 20% of the spawning stock biomass to remain
intact.  This OY definition is the least conservative of all those considered in OY Alternatives 1-
4.  Consequently, this alternative would be expected to support the highest rate of fishing
mortality on that species relative to the other alternatives.  Section 6.2.1.1.2 describes the
potential effects of fishing on the biological and ecological environment.  

6.2.3.1.2.3 Caribbean reef fish

OY Alternative 1 would retain the aggregate OY estimate for species in the Caribbean reef fish
FMU (7,700,000 lbs; Table 9).  That estimate is equal to the status quo MSY estimate and is
considerably larger than the estimates provided by OY Alternatives 2-4.  The life history (e.g.,
hermaphroditism), behavioral (e.g., aggregation) characteristics, and ecological functions of a
number of species in the reef fish FMU described in Section 6.2.1.1.2 indicate that a more
conservative OY definition could be warranted.

Additionally, the aggregate OY definition specified by Alternative 1 would make it difficult for
fishery managers to manage and monitor catches of individual species or species groups that
require special attention due to life history traits or to a particularly depressed stock biomass. 
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This is because species- or unit-specific landings trends would be less apparent if overall
landings were within the desired level defined by the aggregate OY.

6.2.3.1.2.4 Caribbean coral reef resource

OY Alternative 1 would not provide fishery managers with an OY reference point for species in
the Caribbean coral reef resource FMU.  Theoretically, failing to define an OY benchmark for
these species could adversely affect the biological and ecological environment if biological and
ecological goals and objectives were not accounted for (and monitored through) other
management reference points.  However, the Council has prohibited the take of the most
vulnerable coral reef resources since 1995.  

6.2.3.1.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.3.1.3 Direct and indirect effects on social and economic environment and their
significance

6.2.3.1.3.1 Caribbean spiny lobster

In the Council’s Spiny Lobster FMP, OY is defined as “all the non-berried spiny lobsters in the
management area having a carapace length of 3.5 inches or greater that can be harvested on an
annual basis.”  One feature of this OY value (i.e., the status quo OY definition) is the absence of
any explicit economic or social considerations.  Understandably, the biological component needs
to be considered, as required by the MSFCMA.  However, a simple specification of OY in
biological terms is deficient, particularly when management measures are developed to achieve
OY.  

A second feature of this OY definition is that it does not appear to take a precautionary approach
to its specification.  In discussing the MSFCMA, Restrepo et al. (1998) note that the National
Standard Guidelines, in paragraph (f)(5) call for the use of a precautionary approach in specifying
OY.  In essence, since females will be berried for only part of a year, OY allows for the capture
of all spiny lobsters having a carapace length of 3.5 inches or more.  Finally, this definition of
OY does not consider ecological factors, such as the interaction of fishing gear with habitat.  If
the capture of spiny lobster using the preferred gear causes any significant habitat degradation,
one could argue that OY should be reduced accordingly.  Traps account for the majority of spiny
lobster landings in the U.S. Caribbean (Section 5.3.3).  In 2002, almost one-half of the reported
commercial spiny lobster catch in Puerto Rico was taken with fish traps and lobster traps, while
most of the remaining catch was taken with SCUBA gear. 
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OY, as stated in the Council’s Spiny Lobster FMP was estimated to range from 582,000 to
830,000 lbs per year.  Total catches of this species have averaged 546,640 lbs, annually, during
recent years (Table 7).  Since current catch is within the range of OY, one would anticipate no
indirect effects on the social or economic environment associated with this alternative.

6.2.3.1.3.2 Caribbean conch resource

In the Council’s Queen Conch FMP, OY is defined as “all queen conch commercially and
recreationally harvested from the EEZ landed consistent with the management measure set forth
in this FMP under a goal of allowing 20% of the spawning stock biomass to remain intact.” 
Because scientists do not know whether 20% of the spawning stock biomass is remaining intact,
one can not state with any certainty that the OY goal is being achieved.  However, the overfished
determination provided by NMFS (2002) provides an indication that it is not.   

One feature of this definition of OY, which would be retained under Alternative 1, is that it is not
specified relative to MSY.  A second feature is that it does not explicitly consider social or
economic considerations.  Third, this OY definition is specified relative to only the EEZ
fisheries.  One could argue that this may not be consistent with National Standard 3, which states
that “to the extent practicable, an individual stock of fish shall be managed as a unit throughout
its range, and interrelated stocks of fish shall be managed as a unit or in close coordination.”  

Finally, one could argue that this alternative is not precautionary since the OY definition does not
appear to be risk averse.  Specifically, a spawning stock biomass of 20% tends to be at the low
end of the current range of estimates for species similar to queen conch.  This factor, in
conjunction with the known problems associated with management of the queen conch stock in
state waters (particularly Puerto Rico), would tend to suggest that a risk averse goal would call
for substantially more than “20% of the spawning stock biomass to remain intact.”  SCUBA
represents the predominate queen conch capture method in both Puerto Rico (accounting for
almost 95% of catch in recent years) and the USVI (approximately 90%).  Consequently, there
appears to be no rationale for adjusting OY to account for ecological factors unless there is some
significant (and unknown) predator-prey relationship.

Because the current definition of OY for queen conch would be retained under this alternative, it
would not be expected to result in significant indirect social and economic effects unless the
status of the stock continues to deteriorate as a result of maintaining the status quo definition of
OY. 

6.2.3.1.3.3 Caribbean reef fish resource

Under the Council’s Reef Fish FMP, OY is defined as “all of the fishes in the management unit
that can be harvested by U.S. fishermen under the provisions of the FMP...."  This amount was
estimated at 7,700,000 lbs.  One feature of the status quo OY definition is the absence of any
economic or social considerations.  Understandably, the biological component needs to be
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considered, as required by the MSFCMA.  However, a simple specification of OY in biological
terms is deficient, particularly when management measures are developed to achieve OY.  A
second feature of this OY definition is that it does not appear to take a precautionary approach to
its specification.  Specifically, OY is set equal to MSY.  Such a setting would not be considered
risk averse.

Third, this definition of OY does not consider ecological factors, such as the interaction of
fishing gear with habitat.  According to trip ticket data, almost 60% of the commercial reef fish
catch taken in 2002 was taken by vertical line gear, while another 18% was taken by fish pots.
One can surmise from limited catch data on USVI fisheries that the percentage of commercial
reef fish catch derived from traps in the USVI exceeds that reported in Puerto Rico.  For
example, more than 55% of the reported commercial catch of grunts in St. Croix was taken by
traps in 2001-2002.  But only 16% of the grouper catch was taken with traps.  In St. Thomas,
more than 85% of the grouper catch was derived from traps, compared to about 27% for
snappers.  To the extent that fishing gear interactions alter bottom habitat, one could argue that
OY should be modified accordingly.  

Finally, the current OY definition pertains to the reef fish FMU in aggregate.  To the extent that
MSY is specified for FMU sub-units (assuming the preferred alternatives in Sections 6.1.1 and
6.2.1 are selected), specification of OY in aggregate would be inconsistent with a desire to
manage at a FMU sub-unit basis.  Considering all of these factors, one can conclude that the OY
definitions provided by Alternative 1 for food fish in the Caribbean reef fish FMU would be
inconsistent with MSFCMA guidelines and would result in sub-optimal benefits when compared
to other alternatives in this section.

6.2.3.1.3.4 Caribbean coral reef resource

The Council has prohibited the take or possession of all coral resources, other than aquarium
trade species, since the implementation of the Coral FMP.  Since participation in the fishery,
other than the taking of aquarium trade species is prohibited, maintaining the no action
alternative (i.e., Alternative 1) is not expected to have any effects on the social or economic
environment.  The Council would not be required to specify OY for aquarium trade species if the
preferred alternative for managing these resources is implemented (Section 4.1.2.2). 

6.2.3.1.4 Direct and indirect effects on administrative environment and their
significance

The relatively high OY estimates provided by Alternative 1 for the Caribbean spiny lobster,
queen conch, and for food fish species in the reef fish FMU could adversely affect the
administrative environment if they failed to sustain the fisheries over the long term, as the
MSFCMA provisions related to ending overfishing and rebuilding overfished stocks are
generally resource intensive.  The aggregate OY definition for Caribbean reef fish provided by
Alternative 1 would likely negatively affect the administrative environment because that
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definition is not consistent with the MSFCMA mandate to use the best available information in
fishery management decision making.  With improved species-specific landings information, it is
possible to derive reasonably valid OY estimates for discrete units within that FMU.

6.2.3.2 Alternative 2.  Set OY = 0.75(MSY). 

The OY values that would be defined by this alternative relative to the Council's Preferred FMU
Alternative 2 (Section 4.1.1.2) are detailed in Table 9 under the column “OY Alt 2.”  These
values were calculated using the Council's preferred MSY (Sections 4.2.1 and 6.2.1) and B and F
ratio (Sections 4.2.2 and 6.2.2) definitions.  They are generally more conservative than those
specified by OY Alternatives 1 and 4, but less conservative than those specified by OY
Alternative 3.  In effect, this alternative would reduce short-term social and economic benefits in
favor of ensuring the long-term sustainability of the stocks and associated long-term biological,
ecological, social, and economic benefits.  The FOY proxy associated with a yield that is equal to
(0.75)(MSY) would be defined as 0.5FMSY, based on assumptions of the logistic growth equation.

6.2.3.2.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  This
alternative would be expected to support a relatively low rate of fishing mortality and habitat
interactions relative to the other alternatives.  The potential effects of gear used in the spiny
lobster, queen conch, reef fish, and coral reef fisheries are described in Section 6.2.1.1.1.

6.2.3.2.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.3.2.2.1 Caribbean spiny lobster

The estimate defined by OY Alternative 2 for the Caribbean spiny lobster (410,000 lbs; Table 9)
is the lowest of all those OY estimates considered, with the exception of OY Alternative 3. 
Consequently, this alternative would be expected to support a relatively low rate of fishing
mortality on that species relative to the other alternatives.  Section 6.2.1.1.2 describes the
potential effects of fishing on the biological and ecological environment. 

6.2.3.2.2.2 Caribbean conch resource

The estimate defined by OY Alternative 2 for the Caribbean queen conch (339,000 lbs; Table 9)
is the lowest of all those OY estimates considered, with the exception of OY Alternative 3. 
Consequently, this alternative would be expected to support a relatively low rate of fishing
mortality on that species relative to the other alternatives.  Section 6.2.1.1.2 describes the
potential effects of fishing on the biological and ecological environment.  Catch data are not
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available to calculate an MSY proxy and, therefore the OY value associated with this definition,
for the remaining conch resources. 

6.2.3.2.2.3 Caribbean reef fish

The estimates defined by OY Alternative 2 for food fish units in the Caribbean reef fish FMU are
generally the lowest of all those OY estimates considered, with the exception of OY Alternative
3.  The OY estimate defined by OY Alternative 2 for aquarium trade species in the Caribbean
reef fish FMU (22,102 specimens; Table 9) is much higher relative to the estimate defined by
Alternative 3 (0 specimens; Table 9), but more conservative relative to Alternatives 1 (OY would
be undefined) and 4 (27,627 specimens; Table 9).  Consequently, this alternative would be
expected to support a relatively low rate of fishing mortality on Caribbean reef fish relative to the
other alternatives.  Section 6.2.1.1.2 describes the potential effects of fishing on the biological
and ecological environment.  The Council would not be required to define OY for aquarium trade
species if the preferred alternative to move those species to a data collection category of the FMU
(Section 4.1.2.2) is implemented.

6.2.3.2.2.4 Caribbean coral reef resource

The Council's preferred alternative is to continue prohibiting the take of the most vulnerable
coral reef resources, which would effectively define OY as zero for those species (Section
6.2.3.3).  Because the status quo for coral species is the prohibition of their harvest, catch data
are not available to calculate an MSY or OY proxy for Caribbean coral reef resources. 
Furthermore, it would be problematic to estimate a biomass ratio due to the biological diversity
of the numerous managed coral species and due to the influence of other environmental factors
that influence coral biomass.  Please refer to Section 6.2.1.3.2.4 for more discussion on this
issue.

6.2.3.2.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.3.2.3 Direct and indirect effects on social and economic environment and their
significance

The OY proposed by Alternative 2 is risk averse.  In discussing the MSFCMA, Restrepo et al.
(1998) note that the National Standard Guidelines, in paragraph (f)(5) call for the use of a
precautionary approach in specifying OY:  “[i]n general, Councils should adopt a precautionary
approach to specification of OY."  There could well be indirect social and economic implications
associated with selection of this alternative if catches were managed to achieve OY.  The extent
and magnitude of such effects would strongly depend upon whether states would adopt the same
management goal.  To see why this is the case, recall that National Standard 3 states that “to the
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extent practicable, an individual stock of fish shall be managed as a unit throughout its range....” 
For species managed by the Council, the range relates to both (a) Puerto Rico and the USVI in
total, and to (b) state and federal waters.  While a large proportion of federally managed species
captured in the USVI apparently are taken in federal waters, evidence, based on very limited
information, suggests that catches of federally managed species in federal waters off Puerto Rico
are limited; at least for many species.  

One alternative for regulating fishing mortality would have NMFS and the states implement
compatible regulations via a MOU (Sections 4.3.6, 6.3.6).  If an MOU were successfully
implemented (and enforcement in state waters is adequate), one can surmise that this alternative
could result in catch reductions in state as well as federal waters.  If the states elected not to
adopt the same management goal, it could be impossible for fishery managers to achieve OY in
federal waters.  Furthermore, given the catch domination of certain species in Puerto Rico vis-a-
vis the USVI, one can surmise that, in the absence of compatible goals and regulations in state
waters of Puerto Rico, catch reductions in state waters of the USVI may be insufficient to
achieve OY for the region (i.e., the U.S. Caribbean).

6.2.3.2.3.1 Caribbean spiny lobster

Under preferred Alternative 2, OY would be set at 410,000 lbs.  Total catch of spiny lobster in
the U.S. Caribbean has averaged 546,640 lbs annually in recent years (Table 7).  Hence to
achieve OY, catch, in the long term, would need to be reduced by 25%.  This would translate into
a reduction in revenues of about $719,410 annually, based on the 1998-2001 average price of
$5.265/lb for Puerto Rican spiny lobster (Matos-Caraballo 2002).  This number should be used
cautiously for at least two reasons.  First, a proportion of the reduction would be derived from
recreational activities, yet the price used to determine the reduction in revenues pertains only to
the commercial dockside price.  Second, prices in the USVI tend to exceed those reported in
Puerto Rico by a substantial amount (due to direct marketing).  But the estimate is based only on
the price reported by fishermen in Puerto Rico.  Finally, this estimate of reduction in revenues
assumes that landings in both state and federal waters are reduced by 25%.

For Puerto Rico, there is no information regarding how much, if any, spiny lobster is captured in
federal waters.  Given the depth of federal waters, one might expect that catches are relatively
limited.  Hence, social and economic effects associated with reducing catch in federal waters
would likely be relatively limited.  However, the social and economic effects associated with
reducing catches in state waters would be significantly greater.  

Total combined catch of spiny lobster in Puerto Rico averaged 426,187 lbs during 1997-2001. 
Thus, a long-term reduction of 25% equates to 106,547 lbs annually.  Since about 40% of the
reported commercial Puerto Rico spiny lobster catch is generally landed in communities along
the southern coast, one would expect communities in this area to be particularly impacted,
followed by communities along the western coast which account for about a third of all reported
commercial landings.  More specifically, primary landing sites (based on percentage of total
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reported commercial landings in 2002) include Esperanza, Morropo, Pastillo, and Puerto Real. 
These four municipalities reported commercial landings in excess of 20,000 lbs (unadjusted) in
2002, and accounted for one-third of the reported commercial spiny lobster catch (unadjusted) in
2002.  Hence, communities in these areas might be particularly impacted by this OY alternative.

Total combined catch of spiny lobster in the USVI averaged 265,534 lbs annually during 1997-
2001.  A long-term reduction of 25% equates to 66,384 lbs annually.  According to monthly
catch records reported by St. Croix commercial fishermen, about 45% of the lobster catch is
reported along the eastern side of the island, while another third is reported along the southern
side of the island.  Hence, one might anticipate that the greatest impact on communities
associated with this alternative would be along the east and south coasts.  In St. Thomas/St. John,
about one-quarter of all spiny lobster landings are reported in the area Southwest of St. Thomas,
while about 10% of the reported landings occur in each of the following areas:  Southeast of St.
John, Northeast of St. Thomas, and Northwest of St. Thomas.  Hence, one might anticipate that
communities in these areas may also be impacted by this alternative.

There is little or no information regarding recreational spiny lobster activities in either Puerto
Rico or the USVI and, hence, they are not considered herein.

6.2.3.2.3.2 Caribbean conch resources

Under Alternative 2, OY for queen conch would be set at 339,000 lbs.  Recent catch of queen
conch in the U.S. Caribbean has averaged 438,948 lbs annually (Table 7).  Hence to achieve OY,
catch, in the long run, would need to be reduced by about 23%.  Loss in revenues at dockside
would approximate $230,689 annually, based on the 1998-2001 average price of $2.285/lb for
Puerto Rican queen conch (Matos-Caraballo 2002).  This number should be used cautiously for
at least two reasons.  First, a proportion of the reduction would be derived from recreational
activities, yet the price used to determine the reduction in revenues pertains only to the
commercial dockside price.  Second, prices in the USVI tend to exceed those reported in Puerto
Rico by a substantial amount (due to direct marketing).  But the estimate is based only on the
price reported by fishermen in Puerto Rico.  Finally, this estimate of reduction in revenues
assumes that landings in both state and federal waters are reduced by 23%.  Additionally, the
queen conch is overfished and, as such, current catch levels may be unsustainable.  

As indicated by Rivera (1999), the commercial catch of queen conch in federal waters is
apparently quite limited (Sections 5.3.4, 6.4.3.2.2).  Hence, if both state and federal governments
managed for this OY goal, the majority of the effects associated with a 23% reduction in Puerto
Rico landings would be felt by those who fish in state waters.  More than one-half of the reported
commercial queen conch catch in Puerto Rico is landed along the west coast of the state with
about an additional one-quarter of the total being landed in municipalities along the east coast. 
Landing sites of particular importance include Esperanza, Morropo, and El Combate.  These
three landing sites accounted for one-half of the total queen conch landings in Puerto Rico in
2002.  Hence, communities in these areas might be particularly impacted under this alternative.
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Based on monthly trip ticket reports for St. Croix, about one-third of the 2000-2001 (two-year
period) commercial queen conch catch occurred along the northeastern section of the island,
while about one-quarter of the total catch was taken along the eastern section of the island. 
Hence, communities in these areas may be particularly impacted by this alternative.  By
comparison, commercial catch along the western portion of the island was extremely limited. 
Hence, communities in this area would likely not be significantly impacted.  Similarly,
commercial queen conch landings in St. Thomas and St. John are extremely limited (less than
2,000 lbs per year).  Hence, this alternative would be expected to have minimal effects on
communities on these islands.

6.2.3.2.3.3 Caribbean reef fish resources

Under Alternative 2, each sub-unit of the Caribbean reef fish FMU would have its own OY
definition.  For FMU sub-units defined to be at risk (e.g., Snapper Unit 1, Grouper Unit 4, and
Parrotfish), this definition would require, on average, a 52% reduction in current catch.  For the
remaining FMU sub-units, this definition would require a 25% reduction in catch.  In total, OY
would require a reduction in catch of about 1,200,000 lbs; based on current catch of
3,290,285,000 lbs (Table 7).  At the average 1995-2001 landings price (for Puerto Rico) for all
reef fish in the Reef Fish FMP (i.e., $1.99351/lb), this would translate into a reduction from
current revenues of over $2,392,212 annually. 

This number should be used very cautiously for at least three reasons.  First, some FMU sub-
units are defined to be overfished and, as such, current catch levels may be unsustainable. 
Second, the required reduction in poundage includes both commercial and recreational activities. 
The price used to determine the reduction in revenues, however, refers only to the dockside price
for commercially harvested product.  Finally, the dockside price used was that for Puerto Rico. 
The USVI price, as a result of direct marketing of the product, tends to exceed that reported for
Puerto Rico by a significant amount.

With respect to Snapper Unit 1, silk snapper dominates commercial landings in Puerto Rico. 
About 60% of the reported commercial landings of silk snapper are along the west coast. 
Therefore, one might anticipate that communities in this area would be particularly impacted.  By
comparison, more than one-half of the reported landings of Snapper Unit 4 (yellowtail) are
reported along the south coast.  Hence, one might anticipate that communities in this area might
be primarily impacted in association with Alternative 2.  With respect to the USVI, catches of
grouper and snapper appear to be relatively evenly distributed throughout much of St. Croix, as
well as St. Thomas/St. John.  Hence, one would not expect to find significant disproportionate
effects on communities in the USVI associated with this alternative.

In general, however, great uncertainty underlies any type of inferences on effects on communities
with respect to reef fish.  Given the wide diversity of species, fishermen are likely to change
behavior and pursue new target species in response to new catch restrictions and other
regulations.  Certainly, such effects would be expected in response to the catch reduction
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associated with the OY definition proposed in Alternative 2.  However, almost all areas report
significant landings of reef fish (of one type or another) and, therefore, effects in any single
community would likely be quite limited.

6.2.3.2.3.4 Caribbean coral reef resource

The Council's preferred alternative is to continue prohibiting the take of the most vulnerable
coral reef resources, which would effectively define OY as zero for those species (Section
6.2.3.3).  Because the status quo for coral species is the prohibition of their harvest, catch data
are not available to calculate an MSY or OY proxy for Caribbean coral reef resources. 
Furthermore, it would be problematic to estimate a biomass ratio due to the biological diversity
of the numerous managed coral species and due to the influence of other environmental factors
that influence coral biomass.  Please refer to Section 6.2.1.3.2.4 for more discussion on this
issue.

6.2.3.2.4 Direct and indirect effects on administrative environment and their
significance

The relatively low OY estimates for the Caribbean spiny lobster, queen conch, and reef fish
provided by Alternative 2 should benefit the administrative environment by encouraging the
development and implementation of management measures that would sustain the stocks over the
long term, as well as promote greater constancy and stability in the fisheries. 
 
6.2.3.3 Alternative 3.  Set OY = 0.

This alternative is preferred for all species in the Caribbean coral reef resource FMU,
excluding those species retained for data collection purposes.

Alternative 3 would set OY equal to zero, indicating that maximum benefit to the Nation would
be derived from prohibiting the take of the affected stock or unit (Table 9).  This OY definition is
the most conservative that could be adopted. 

6.2.3.3.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
definition provided by OY Alternative 3 is far more conservative than that specified by OY
Alternatives 1, 2, and 4.  In effect, this definition would set a goal of reducing the take of affected
stocks or units to zero.  Consequently, this alternative would be expected to indirectly benefit the
physical environment by eliminating fishing gear interactions with benthic habitat.  The potential
effects of gear used in the spiny lobster, queen conch, reef fish, and coral reef fisheries are
described in Section 6.2.1.1.1.
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6.2.3.3.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.3.3.2.1 Caribbean spiny lobster

Alternative 3 would define OY as zero, indicating that the Caribbean spiny lobster fishery should
be closed.  As explained in Section 6.2.1.1.2, reducing (or in this case eliminating) fishing
mortality would be expected to benefit the biological and ecological environment by helping the
stock to return to a natural age, size, and sex structure, and promoting genetic integrity. 
However, because federal fisheries represent only a small portion of the total fishing mortality on
Caribbean spiny lobster, the extent to which such effects were realized would be largely
influenced by the amount of fishing mortality applied to the stock in state waters.

Additionally, although populations characterized by natural age structures, size structures, and
sex ratios are more resilient to anthropogenic and environmental perturbations, the yield they
produce becomes reduced as they reach their carrying capacities and density-dependent effects
become more dominant.  At high population sizes, older, larger fish occupy the available habitat
and use the available food.  The presence of these older fish limits the survival of young and
inhibits recruitment.  Recruitment and production of younger fish can be enhanced with the
removal of some of these older, larger fish.  Therefore, fishing and density-dependence can have
the effect of creating a “surplus production” of fish in the population that is available for capture.
The type and magnitude of density- dependent effects that populations will experience as they
grow in size are difficult to predict, as they vary from species to species and are based on
available resources in a particular system (Wilson and Bossert 1971).

6.2.3.3.2.2 Caribbean conch resource

The effects of defining OY as zero for stocks in the Caribbean conch resource FMU would be
similar to those described for the Caribbean spiny lobster in Section 6.2.3.3.2.1.

6.2.3.3.2.3 Caribbean reef fish

The effects of defining OY as zero for stocks in the Caribbean reef fish FMU would be similar to
those described for the Caribbean spiny lobster in Section 6.2.3.3.2.1.

6.2.3.3.2.4 Caribbean coral reef resource

Currently, the most vulnerable coral reef species are protected from fishing pressure based on the
Council's determination that their ecological or non-consumptive value exceeds their commercial
value (CFMC 1994).  These resources provide habitat for reef-associated and reef-dependent
organisms, buffer against coastal erosion, and have aesthetic values that support tourism and
related activities.  Given the limited distribution and slow regeneration rates of the majority of
these species, as discussed in Section 5.2.1.4, they are considered to be non-renewable resources,
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for which an OY of zero is the only level which can reasonably be expected to ensure no net loss. 

This alternative would support the Council's current prohibition on catch of vulnerable coral reef
resources, as well as the Council's policy on coral resources, which recognizes the important
ecological role of coral reefs in the marine environment.  The Council has identified this OY
definition as the preferred for all species in the Caribbean coral reef resource FMU, with the
exception of aquarium trade species. 

6.2.3.3.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.3.3.3 Direct and indirect effects on social and economic environment and their
significance

Setting OY equal to zero may be appropriate in some unusual cases; for example, where fishing
under any circumstances causes significant ecological disruption, or where the non-consumptive
value associated with maintaining current stocks greatly exceeds consumptive values.  However,
in most situations, setting OY equal to zero would be considered economically inefficient. 
Having said this, the situation in the U.S. Caribbean is somewhat unique because such a large
portion of the total landings occurs in state waters, particularly off Puerto Rico.  Puerto Rico,
historically, has not managed state fisheries in a manner that is consistent with federal regulations
(the USVI has, to some extent, adopted compatible regulations in many instances).  This has
reduced the effectiveness of management measures implemented by the Council and has likely
contributed to the overfished status of at least some Council-managed species.  Setting OY equal
to zero, which would effectively close federal waters to fishing, might be warranted if state
management is compromising the Council's rebuilding or conservation efforts.  From an
economic perspective, however, one would need to address the question of whether the benefits
of such an insurance policy exceed the costs.  The answer to this would depend upon the amount
of risk society is willing to accept and how much society is willing to pay to avoid the risk.

6.2.3.3.3.1 Caribbean spiny lobster

Because of a lack of information regarding commercial and recreational catches of Caribbean
spiny lobster in federal waters off Puerto Rico, it is difficult to precisely determine the indirect
effects associated with setting OY equal to zero.  Overall, catches of spiny lobster in the U.S.
Caribbean averaged 546,640 lbs annually during recent years (Table 7).  Based on the 1998-2001
average Puerto Rico dockside price of $5.265 per lb, the loss in revenue if all fishing activity
(state and federal) were curtailed would equal about $2,878,060 annually.  This number should
be used cautiously for at least two reasons.  First, a proportion of the reduction would be derived
from recreational activities, yet the price used to determine the reduction in revenues pertains
only to the commercial dockside price.  Second, prices in the USVI tend to exceed those reported
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in Puerto Rico by a substantial amount (due to direct marketing).  But the estimate is based only
on the price reported by fishermen in Puerto Rico.

If curtailment of fishing activity occurred only in federal waters, the reduction in revenues would
be significantly less.  Generally, the more fishing activity that occurs in federal waters, the
greater will be the negative impact; at least in the short-run.  The effects include the potential for
exiting the fishery by some participants and, more likely, movement of spiny lobster fishing
activities from federal waters to state waters.  Increased fishing effort in state waters would result
in a decline in CPUE among all participants and, likely, a reduction in inframarginal rents (if
any) currently accruing from the use of the scarce resource.  

Furthermore, increased fishing pressure in state waters implies increased pressure on the
proportion of the stock that occurs in state waters.  If significant, one can surmise that closing
federal waters to fishing for the Caribbean spiny lobster may not lead to any increased long-term
benefits generally associated with an increase in stock size because such an increase in stock size
would depend on the importance of federal waters to the spiny lobster resource.  However,
closure of federal waters would provide some measure of protection by effectively creating an
MPA for that species. 

Spiny lobster landings in St. Croix that were reportedly derived from federal waters between
January 2000 and December 2001 totaled about 46,000 lbs, or 45% of the total reported spiny
lobster landings of 101,000 lbs.  Commercial spiny lobster landings reported in St. Thomas
between 2001 and 2002 (i.e., a two year period) were much smaller (16,000 lbs) than those
reported for St. Croix.  However, the reported percentage of those landings that was derived from
federal waters (85%) was significantly higher.  Given the prevalence of spiny lobster activities in
federal waters off the USVI, one can surmise that USVI participants would be less likely to move
their fishing operations to state waters in response to a closure of the EEZ, at least in the short
run.

6.2.3.3.3.2 Caribbean conch resource

As is the case with Caribbean spiny lobster, setting OY equal to zero for queen conch would
entail closing federal waters to queen conch activities.  Section 6.4.3.2.2.3 describes the potential
effects of such a closure.

6.2.3.3.3.3 Caribbean reef fish resource

Setting OY equal to zero would entail closing federal waters in the U.S. Caribbean to reef fish
activities.  Section 6.3.3 provides a detailed discussion of the effects to the human environment
associated with such an action.  The significance of such effects on Puerto Rican fishermen
would, ultimately, depend on whether any significant amount of reef fish fishing activities occur
in federal waters off that state.  Given the depth of most EEZ waters off Puerto Rico, one might
anticipate that activities are quite limited.  However, to the extent that activities occur, one might
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anticipate the primary impact to be related to the movement of these activities to state waters. 
This movement, at least in the short term, would result in increased competition for the limited
reef fish stocks in local waters.  Hence, one might anticipate a reduction in CPUE among all
commercial participants and a concomitant reduction in revenues for the individual participants
in the fishery.  

As a result of the declining per participant revenues (and inframarginal profits, if any), one could
anticipate a proportion of the participants leaving the fishery in the short term.  Assuming closure
of federal waters results in long-term expansion of reef fish stocks, however, effort, in the
absence of a rational effort management system, would expand.  The extent to which the
increased effort results in a long-term reduction in stock biomass (i.e., pre-EEZ closure level)
would, ultimately, depend on numerous assumptions regarding MPAs.  These assumptions are
outlined in detail in Section 6.3.3.

While there may be little reef fish fishing activities in federal waters off Puerto Rico, available
information suggests that commercial activity in federal waters off the USVI is relatively large. 
Based on monthly reports by commercial fishermen in St. Croix, for example, about 55% of the
snapper catch, 44% of the grouper catch, 35% of the grunt catch, and 15% of the jack catch was
reportedly caught in the EEZ during 2000-2001.  For St. Thomas, about 45% of the commercial
snapper catch, 85% of the grouper catch, 40% of the grunt catch, and 40% of the jack catch
occurred in federal waters.  Hence, the social and economic effects of closing federal waters, as
outlined above and in Section 6.3.3, would be particularly acute in the USVI..

6.2.3.3.3.4 Caribbean coral reef resource

The Council has prohibited the take or possession of all coral resources, other than aquarium
trade species, since 1995.  Since participation in the fishery, other than the taking of aquarium
trade species is prohibited, this alternative would not be expected to have any effects on the
social or economic environment.  It represents the preferred alternative for coral reef resources,
other than aquarium trade species.  The Council would not be required to specify OY for
aquarium trade species if the preferred alternative for managing these resources is implemented
(Section 4.1.2.2).  That alternative would move these species to a data collection category of the
FMU.

6.2.3.3.4 Direct and indirect effects on administrative environment and their
significance

Defining OY as zero would be expected to directly benefit the administrative environment by
eliminating the need to develop fishery management measures to constrain catches to a specified
level.  Closing all federal fisheries to fishing also would reduce the administrative burden
associated with enforcing minimum size limits, area closures, and other species-specific
management measures.  However, prohibiting fishing for all species in the EEZ would be highly
controversial.  There would be little, if any, administrative effects associated with adopting this



312

alternative for all Caribbean coral reef resources excepting aquarium trade species, because the
take and possession of those species is already prohibited by the Council.

6.2.3.4 Alternative 4.  Set OY equal to the average yield associated with fishing on a
continuing basis at FOY; where FOY = 0.75FMSY.

This alternative is preferred for Caribbean queen conch, spiny lobster, and all reef fish,
excluding those species retained for data collection purposes.

The OY values that would be defined by this preferred alternative relative to the Council's
Preferred FMU Alternative 2 (Section 4.1.1.2) are detailed in Table 9 under the column “OY Alt
4.”  These values were calculated using the Council's preferred MSY (Sections 4.2.1 and 6.2.1)
and B and F ratio (Sections 4.2.2 and 6.2.2) definitions.  

This OY definition is derived from technical guidance on implementing the MSFCMA's National
Standard 1.  The authors of that guidance indicate that fishing at this level adds precaution and
maintains stocks at higher biomass levels, while sacrificing only a small amount of catch
(Restrepo et al. 1998).  The actual yield associated with this OY definition would be estimated as
93.75% of MSY.  This yield is intermediate to that specified by OY Alternatives 1-3.  Similar to
OY Alternative 2, this alternative would reduce short-term social and economic benefits in favor
of ensuring the long-term sustainability of the stocks and associated long-term biological,
ecological, social, and economic benefits.  But such reductions in short-term social and economic
benefits would be lesser than those resulting from the adoption of the more conservative OY
definition in Alternative 2.

6.2.3.4.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
estimates specified by OY Alternative 4 for the units in all four Caribbean FMUs are
intermediate to those specified by OY Alternatives 1-3.  Consequently, this alternative would be
expected to support an intermediate rate of fishing mortality and habitat interactions relative to
the other alternatives.  The potential effects of gear used in the spiny lobster, queen conch, reef
fish, and coral reef fisheries are described in Section 6.2.1.1.1.

6.2.3.4.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.3.4.2.1 Caribbean spiny lobster

The estimate defined by OY Preferred Alternative 4 for the Caribbean spiny lobster (513,000 lbs;
Table 9) is the highest of all those OY estimates considered, with the exception of OY
Alternative 1 (i.e., status quo).  Consequently, this alternative would be expected to support a
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relatively high rate of fishing mortality on that species relative to the other alternatives.  Section
6.2.1.1.2 describes the potential effects of fishing on the biological and ecological environment.  

6.2.3.4.2.2 Caribbean conch resource

The estimate defined by OY Preferred Alternative 4 for the Caribbean queen conch (424,000 lbs;
Table 9) is the highest of all those OY estimates considered, with the exception of OY
Alternative 1 (i.e., status quo).  Consequently, this alternative would be expected to support a
relatively high level of fishing effort on that species relative to the other alternatives. 

6.2.3.4.2.3 Caribbean reef fish

The estimates defined by OY Preferred Alternative 4 for food fish units in the Caribbean reef fish
FMU are generally the highest of all those OY estimates considered, with the exception of OY
Alternative 1 (i.e., status quo).  Consequently, this alternative would be expected to support a
fairly high rate of fishing mortality on Caribbean reef fish relative to the other alternatives. 

6.2.3.4.2.4 Caribbean coral reef resource

The Council's preferred alternative is to continue prohibiting the take of the most vulnerable
coral reef resources, which would effectively define OY as zero for those species (Section
6.2.3.3).  Because the status quo for coral species is the prohibition of their harvest, catch data
are not available to calculate an MSY or OY proxy for Caribbean coral reef resources. 
Furthermore, it would be problematic to estimate a biomass ratio due to the biological diversity
of the numerous managed coral species and due to the influence of other environmental factors
that influence coral biomass.  Please refer to Section 6.2.1.3.2.4 for more discussion on this
issue.

The Council would not be required to define OY for aquarium trade species in the Caribbean
coral reef resource FMU if the preferred alternative to move that sub-unit to a data collection
category of the FMU (Section 4.1.3.2) is implemented.

6.2.3.4.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.3.4.3 Direct and indirect effects on social and economic environment and their
significance

The indirect adverse effects on the human environment associated with this alternative are
similar to, but likely significantly less than, those associated with Alternatives 2 and 3 because
this preferred alternative would define OY to be a greater proportion (0.9375) of MSY relative to
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Alternative 2 (0.75) and Alternative 3 (0).  Given the likely paucity of all fishing activity in the
EEZ off Puerto Rico, the indirect social and economic effects associated with applying this
preferred alternative OY definition to any FMU would likely be minimal.  While effects in the
USVI would likely be somewhat greater, due to the higher proportion of fishable habitat, and
possibly catch, in federal waters, effects would likely still be relatively minor.

6.2.3.4.4 Direct and indirect effects on administrative environment and their
significance

The relatively high OY estimates for the Caribbean spiny lobster, queen conch, and reef fish
provided by Preferred Alternative 4 could adversely affect the administrative environment if they
are not sufficiently precautionary to sustain the fisheries over the long term, as the MSFCMA
provisions related to ending overfishing and rebuilding overfished stocks are generally resource
intensive.  While these definitions are consistent with the technical guidance provided by
Restrepo et al., the great deal of uncertainty about the status of U.S. Caribbean stocks and
fisheries could warrant a more conservative approach in some cases.  However, the preferred
alternative would be more conservative and risk aversive than fishing at MSY, it would be
consistent with the Technical Guidelines, and would not result in potentially overly-restrictive
catch limits as a result of the subsequent selection of a control rule alternative.

6.2.4 Minimum stock size threshold (MSST)

Defining MSST would not directly affect the physical, biological and ecological, or
social/economic environments because this is an administrative action that simply provides
fishery managers with a defined biomass threshold to use in assessing the sustainability of the
biomass of a stock or unit.  However, it could result in indirect environmental effects because the
MSST defines the proportion of stock or unit biomass that should remain in the water.  When
biomass decreases below the MSST, fishery managers are required to take action to rebuild the
stock or unit to BMSY.  This section describes the potential indirect effects of the various MSY
alternatives.

6.2.4.1 Alternative 1.  No action.  Do not define MSST for managed species.

This alternative is preferred for all species in the Coral Reef FMP, excluding those species
retained for data collection purposes.

NMFS is considering revisions to the National Standard 1 Guidelines, in particular to
§600.310(d)(2).  The proposed revisions would provide additional flexibility regarding the
requirement for MSSTs for data-poor stocks.  Depending on the publication of a Final Rule prior
to final action by the Council, the Council may choose not to establish a MSST for some or all
Caribbean stocks if it is determined that the available data are inadequate or insufficient for
providing a defensible and meaningful estimate. 
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6.2.4.1.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, fishery management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  Generally,
more conservative definitions of MSST call for reducing the overall rate of fishing mortality
applied to a fishery relative to less conservative definitions because they require that a larger
proportion of stock biomass be protected from fishing mortality.  In this way, more conservative
MSST definitions can reduce the degree of fishing gear interactions with the sea floor.  However,
the number, nature, and extent of such interactions are more greatly influenced by the type of
management measures implemented to manage the extent and distribution of fishing effort.

MSST Alternative 1 would not provide fishery managers with MSST reference points for
Council-managed species.  Failing to define MSST for these species could adversely affect the
physical environment if the absence of this "trigger" mechanism resulted in unlimited fishing
pressure on the stocks, and therefore increased habitat interactions.  However, this is unlikely to
occur as the fishing mortality rates applied to the stocks will be constrained by the Council's
adopted MSY definitions regardless of whether MSST values are specified. 

6.2.4.1.2 Direct and indirect effects on biological and ecological environment and their
significance

MSST Alternative 1 could result in indirect biological and ecological effects by failing to
explicitly define the proportion of stock or unit biomass that should remain in the water.  MSST
defines the biomass level below which a stock or unit would be considered overfished. 
Generally, failing to define MSST for Council-managed species could have adverse
environmental effects if the absence of this "trigger" mechanism resulted in stocks or units being
fished to a level that threatened their long-term viability.  This is unlikely to occur if the fishing
mortality rates applied to the stocks are suitably constrained at or below those rates that would
produce MSY.  However, data deficiencies make the MSY estimates considered for these stocks
or units somewhat uncertain.

6.2.4.1.2.1 Caribbean spiny lobster

Alternative 1 would not provide fishery managers with an MSST warning signal that would let
them know when the sustainability of the Caribbean spiny lobster stock was in jeopardy.  As a
result, this alternative could potentially result in adverse effects to the stock and surrounding
ecosystem.  Such effects are described in Section 6.2.1.1.2.

6.2.4.1.2.2 Caribbean conch resource

Alternative 1 would not provide fishery managers with an MSST warning signal that would let
them know when the sustainability of the Caribbean conch resources was in jeopardy.  As a
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result, this alternative could potentially result in adverse effects to the queen conch stock and
surrounding ecosystem.  Such effects are described in Section 6.2.1.1.2. 

6.2.4.1.2.3 Caribbean reef fish

Alternative 1 would not provide fishery managers with an MSST warning signal that would let
them know when the sustainability of Caribbean reef fish was in jeopardy.  As a result, this
alternative could potentially result in adverse effects to reef fish and the surrounding ecosystem. 
Such effects are described in Section 6.2.1.1.2. 

6.2.4.1.2.4 Caribbean coral reef resource

Because the status quo for coral species is the continued complete prohibition of harvest (i.e., F
equal to zero), and because it would be problematic to estimate a biomass ratio due to the
biological diversity of the numerous managed coral species and due to the influence of other
environmental factors that influence coral biomass, it is not possible to accurately define an
MSST for species in the Coral FMP.  Regardless, because the status quo for coral species is the
complete prohibition of harvest, and because the MSY and OY preferred alternative for species
in the coral FMP would be equal to zero, any harvest above that level (i.e., any harvest aside
from permitted collection activities for research, etc.) would introduce an overfished condition.

6.2.4.1.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.4.1.3 Direct and indirect effects on social and economic environment and their
significance

6.2.4.1.3.1 Caribbean spiny lobster

In the absence of an MSST definition, one would be lacking a trigger mechanism needed to
determine when more restrictive management measures are warranted.  This could lead to
significant overfished conditions that would translate, in the long term, to a significant reduction
in revenues being generated from the fishery, as well as a substantial loss in employment
opportunities in both the fishing and related sectors.  In the extreme, the fishery may require a
prohibition of fishing activities in total as a means of protecting the stock.  Such an action would
obviously have significant social and economic ramifications.

6.2.4.1.3.2 Caribbean conch resource

The potential indirect social and economic effects associated with this alternative are described in
Section 6.2.4.1.3.1. 
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6.2.4.1.3.3 Caribbean reef fish resource

The potential indirect social and economic effects associated with this alternative are described in
Section 6.2.4.1.3.1.

6.2.4.1.3.4 Caribbean coral reef resources

The potential indirect social and economic effects associated with this alternative are described in
Section 6.2.4.1.3.1.  Given the fact that take of the most vulnerable coral reef resources in federal
waters has been prohibited since 1995, one would expect no indirect effects on the human
environment associated with this alternative. 

6.2.4.1.4 Direct and indirect effects on administrative environment and their
significance

This alternative could have a direct adverse effect on the environment because the MSFCMA
requires that an objective and measurable criteria for identifying when a fishery is overfished. 

6.2.4.2 Alternative 2.  Set MSST = BMSY(1-c); where c = the natural mortality rate
(M) or 0.50, whichever is smaller.

This alternative is preferred for Caribbean spiny lobster, queen conch, and all species in
the reef fish and coral reef resource FMUs, excluding those species retained for data
collection purposes.

The MSST definition proposed in Alternative 2 is derived from technical guidance provided by
Restrepo et al.(1998).  It incorporates two important biological parameters: (1) the MSY, and (2)
the natural mortality rate (M).  MSY is important because the biomass associated with MSY
(BMSY) is the target of rebuilding.  The natural mortality rate (M) is intended to serve as a
surrogate for the productivity of a species and, thus, its rebuilding potential.  Species with a high
M typically will be able to sustain a higher rate of fishing mortality and rebuild more quickly in
response to reduced fishing mortality rates.  Therefore, this definition would trigger an
overfished determination earlier for those species with a low M and, thus, a lesser potential for
rebuilding, compared to species with a higher M and, thus, a greater potential for rebuilding.  

This MSST definition also caps the lower boundary at which MSST can be set at a minimum
value of 1/2BMSY to reduce the risk that stock biomass could decrease to a level from which it
would be difficult to rebuild the stock to BMSY within ten years when fishing at the maximum
fishing mortality threshold.  This is based on guidance provided at 50 CFR §600.310(d)(2)(ii),
which specifies that "to the extent possible, the stock size threshold should equal whichever of
the following is greater:  One-half the MSY stock size, or the minimum stock size at which
rebuilding to the MSY level would be expected to occur within ten years if the stock or stock
complex were exploited at the maximum fishing mortality threshold...."
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The MSST values that would be defined by this alternative relative to the Council's Preferred
FMU Alternative 2 (Section 4.1.1.2) are detailed in Table 10 under the column “MSST Alt 2.” 
These values were calculated using the Council's preferred MSY (Sections 4.2.1, 6.2.1) and B
and F ratio (Sections 4.2.2, 6.2.2) definitions.  Information on the natural mortality rate of each
stock and unit is provided in Section 5.2 and in Table 8, respectively.

6.2.4.2.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, fishery management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  The
proportion of stock or unit biomass that should be protected from fishing mortality if MSST
Alternative 2 is adopted is generally more than that which would be protected under MSST
Alternative 3 and less than that which would be protected under MSST Alternative 4.  As a
result, any indirect effects of this MSST definition to the physical environment would be
expected to be beneficial relative to those associated with Alternative 3, and adverse relative to
those associated with Alternative 4.

6.2.4.2.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.4.2.2.1 Caribbean spiny lobster

The estimate defined by MSST Alternative 2 for the Caribbean spiny lobster (1,463,000 lbs;
Table 10) is intermediate to those MSST estimates defined by Alternatives 3 and 4. 
Consequently, the proportion of stock biomass this MSST definition would propose to protect
from fishing mortality is intermediate to that associated with the other alternatives.  The potential
adverse effects of fishing on the biological and ecological environment are described in Section
6.2.1.1.2.

6.2.4.2.2.2 Caribbean conch resource

The estimate defined by MSST Alternative 2 for the Caribbean queen conch (1,185,000 -
1,309,000 lbs; Table 10) is intermediate to those MSST estimates defined by Alternatives 3 and
4.  Consequently, the proportion of stock biomass this MSST definition would propose to protect
from fishing mortality is intermediate to that associated with the other alternatives.  The potential
adverse effects of fishing on the biological and ecological environment are described in Section
6.2.1.1.2. 

6.2.4.2.2.3 Caribbean reef fish

The estimates defined by MSST Alternative 2 for food fish units in the Caribbean reef fish FMU
are generally intermediate to those MSST estimates defined by Alternatives 3 and 4. 
Consequently, the proportion of stock biomass this MSST definition would propose to protect
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from fishing mortality is intermediate to that associated with the other alternatives.  The potential
adverse effects of fishing on the biological and ecological environment are described in Section
6.2.1.1.2.

6.2.4.2.2.4 Caribbean coral reef resource

No BMSY estimate is available to calculate the MSST value associated with this definition for
species in the coral reef FMU.   

6.2.4.2.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.4.2.3 Direct and indirect effects on social and economic environment and their
significance

6.2.4.2.3.1 Caribbean spiny lobster

Under Alternative 2, MSST for Caribbean spiny lobster would equal 1,463,000 lbs (Table 10)
and the stock would not be considered overfished at this time (e.g., BCURR/MSST = 1.52; Table
8).  Because the resource would not be considered overfished, there would be no short-term
indirect effects to fishery participants associated with the selection of this preferred alternative. 
The current status of the Caribbean spiny lobster stock appears to suggest a low likelihood that
severely restrictive management measures would need to be imposed in the near future.  The
Council identified this alternative MSST definition as the preferred for the Caribbean spiny
lobster.

6.2.4.2.3.2 Caribbean conch resources

Under Alternative 2, MSST for queen conch would equal 1,185,000 - 1,309,000 lbs (Table 10),
and the stock would be considered to be overfished (e.g., BCURR/MSST < 1.00; Table 8).  The
specification of an overfished status for queen conch has no direct effects on fishing participants. 
However, rebuilding measures could result in indirect effects on these participants.  The effects
that would be forthcoming would be expected to be negative in the short term, with benefits
accruing over time as the stock is rebuilt.  However, in the absence of a comprehensive effort
management system, these benefits will be eroded over time as a result of entry into the fishery
and/or expanded effort among existing participants. 

In general, the type and degree of indirect short-term effects associated with the queen conch
rebuilding plan depend on a large number of factors.  The first, and perhaps the most relevant,
relates to the extent to which fishing activities related to this species occur in federal waters. 
Rivera (1999) provides evidence that fishing for queen conch in federal waters is relatively
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limited (Section 6.4.3.2.2).  To the extent that Rivera’s findings remain valid, if rebuilding
measures are applied only to federal waters, both short-term and long-term effects should be
negligible.  Second, the length of the rebuilding schedule will influence the extent of short-term
effects.  In general, lengthening the rebuilding schedule will lessen the short-term effects. 
However, lengthening the rebuilding schedule will also increase the time frame before benefits
begin to accrue in any meaningful manner.  

Third, the specific management measures selected to rebuild the stock will directly influence
short-term effects because alternative management measures impose different levels of costs on
participants.  Finally, though tied implicitly to management measures, in the absence of an
effective rational effort management system, the long-term benefits associated with rebuilding
the stock are likely to be considerably less than if some rational effort management system is
established.  The Council identified this alternative MSST definition as the preferred for the
queen conch.

6.2.4.2.3.3 Caribbean reef fish resource

The following sub-units in the Caribbean reef fish FMU would be considered overfished
according to the MSST definition provided by Alternative 2:  Grouper Unit 1 (MSST between
18,000 and 171,000 lbs (Table 10); BCURR/MSST << 0.90 (Table 8), Grouper Unit 2 (MSST
between 38,000 and 114,000 lbs (Table 10); BCURR/MSST << 0.95 (Table 8)), and Grouper Unit 4
(MSST equal to 528,000 lbs (Table 10); BCURR/MSST = 0.91 (Table 8)).  An overfished
determination necessitates management action to rebuild the stocks or FMU sub-units to BMSY,
and such action could have indirect effects on fishery participants.  The effects that would be
forthcoming would be expected to be negative in the short term, with benefits accruing over time
as the stocks are rebuilt.

In general, the type and degree of indirect short-term effects associated with reef fish rebuilding
plans depend on a large number of factors.  The first, and perhaps the most relevant, relates to the
extent to which fishing activities related to these species occur in federal waters.  If rebuilding
measures are applied only to federal waters and fishing activities on these stocks in federal
waters are negligible or nonexistent, both short-term and long-term effects also will be
negligible.  Second, the length of the rebuilding schedule will influence the extent of short-term
effects.  In general, lengthening the rebuilding schedule will lessen the short-term effects. 
However, lengthening the rebuilding schedule will also increase the time frame before benefits
begin to accrue in any meaningful manner.  Third, the specific management measures selected to
rebuild the stock will directly influence short-term effects because alternative management
measures impose different levels of costs on participants.  Finally, though tied implicitly to
management measures, in the absence of an effective rational effort management system, the
long-term benefits associated with rebuilding the stock are likely to be considerably less than if
some rational effort management system is established.
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The remaining food fish sub-units in the reef fish FMU would not be considered overfished and,
hence, no management action would be required.  These FMU sub-units include the Snapper
Units 1-3, Grouper Unit 3, Grunt Unit, Goatfish Unit, Porgy Unit, Squirrelfish Unit, Tilefish
Unit, Jack Unit, Parrotfish Unit, Surgeonfish Unit, Triggerfish and Filefish Unit, Boxfish Unit,
Wrasse Unit, and Angelfish Unit.  Because no further management actions would be required for
these stocks or units, there would be no indirect effects to fishery participants associated with the
selection of this alternative in the short term.  Should increased fishing pressure reduce these
stocks to an overfished condition, indirect effects would become relevant.  The Council
identified this alternative MSST definition as the preferred for food fish species in the Caribbean
reef fish FMU.

6.2.4.2.3.4 Caribbean coral reef resources

No BMSY estimate is available to calculate the MSST value associated with this definition for
species in the coral reef FMU. 

6.2.4.2.4 Direct and indirect effects on administrative environment and their
significance

Specifying MSST would directly benefit the administrative environment, as the MSFCMA
requires that this parameter be defined for managed species.  If stock biomass falls below the
threshold level defined by this parameter, fishery managers would be required to develop and
implement a plan to rebuild the stock.  Such plans are generally resource intensive, but benefit
management overall by recovering the biomass of overfished stocks to sustainable levels.  The
smaller the buffer between MSST and BMSY, the more often the rebuilding plan requirement will
be triggered but the sooner the stock will be rebuilt.  This alternative appears to provide a
compromise relative to the other alternatives in that it sets realistic goals for stock rebuilding
without frequently (or unnecessarily) burdening the administrative environment.

6.2.4.3 Alternative 3.  Set MSST = BMSY(0.50).

Alternative 3 would define MSST as one-half of BMSY regardless of the productivity of the stock. 
The MSST values that would be defined by this alternative relative to the Council's Preferred
FMU Alternative 2 (Section 4.1.1.2) are detailed in Table 10 under the column “MSST Alt 3.” 
These values were calculated using the Council's preferred MSY (Sections 4.2.1, 6.2.1) and B
and F ratio (Sections 4.2.2, 6.2.2) definitions.

6.2.4.3.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
proportion of stock or unit biomass that should be protected from fishing mortality if MSST
Alternative 3 is adopted is generally less than that which would be protected under MSST
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Alternatives 2 and 4.  As a result, any indirect effects of this MSST definition to the physical
environment would be expected to be adverse relative to those associated with Alternatives 2 and
4.

6.2.4.3.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.4.3.2.1 Caribbean spiny lobster

The estimate defined by MSST Alternative 3 for the Caribbean spiny lobster (1,109,000 lbs;
Table 10) is the lowest of all those MSST estimates considered, with the exception of MSST
Alternative 1, which would not define MSST for this species.  The lower the MSST, the greater
the risk to the long-term sustainability of the fishery and its surrounding ecosystem (Section
6.2.1.1.2).  As a result, any indirect effects of this MSST definition to the biological and
ecological environments would be expected to be adverse relative to those associated with
Alternatives 2 and 4.

6.2.4.3.2.2 Caribbean conch resource

The estimate defined by MSST Alternative 3 for the Caribbean queen conch (847,000 - 935,000
lbs; Table 10) is the lowest of all those MSST estimates considered, with the exception of MSST
Alternative 1, which would not define MSST for this species.  The lower the MSST, the greater
the risk to the long-term sustainability of the fishery and its surrounding ecosystem (Section
6.2.1.1.2).  As a result, any indirect effects of this MSST definition to the biological and
ecological environments would be expected to be adverse relative to those associated with
Alternatives 2 and 4. 

6.2.4.3.2.3 Caribbean reef fish

The estimates defined by MSST Alternative 3 for food fish units in the Caribbean reef fish FMU
are generally the lowest of all those MSST estimates considered, with the exception of MSST
Alternative 1, which would not define MSST for this species.  The lower the MSST, the greater
the risk to the long-term sustainability of the fishery and its surrounding ecosystem (Section
6.2.1.1.2).  As a result, any indirect effects of this MSST definition to the biological and
ecological environments would be expected to be adverse relative to those associated with
Alternatives 2 and 4. 

6.2.4.3.2.4 Caribbean coral reef resource

No BMSY estimate is available to calculate the MSST value associated with this definition for
species in the coral reef FMU. 
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6.2.4.3.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.4.3.3 Direct and indirect effects on social and economic environment and their
significance

6.2.4.3.3.1 Caribbean spiny lobster

Under this alternative, MSST for Caribbean spiny lobster would equal 1,109,000 lbs, which is
significantly less than BCURR, which is estimated to equal 2,217,334 lbs.  Because MSST is
significantly less than the estimated BCURR, the stock would not be considered overfished
according to this definition.  Because the resource would not be considered overfished, there
would be no indirect effects to fishery participants associated with the selection of this alternative
unless an increase in fishing pressure caused stock biomass to decline below the MSST.  The
current status of the Caribbean spiny lobster stock appears to suggest a low likelihood that
severely restrictive management measures would need to be imposed in the near future.

6.2.4.3.3.2 Caribbean conch resources

Since the threshold for defining overfishing under Alternative 3 is less restrictive than that
associated with Alternative 2, the effects on the human environment associated with this
alternative may not be as large as those associated with Alternative 2.  However, the general
types of effects would be the same as previously outlined in Section 6.2.4.2.3.2.

6.2.4.3.3.3 Caribbean reef fish resource

Since the threshold for defining overfishing under Alternative 3 is less restrictive than that
associated with Alternative 2, a number of the FMU sub-units that would be considered to be
overfished under Alternative 2 would not be considered overfished under Alternative 3 (e.g.,
Grouper Unit 4).  Grouper Units 1 (Nassau grouper) and 2 (Goliath grouper) are the only
Caribbean reef fish FMU sub-units that would be considered overfished under this alternative
definition of MSST.  Because possession of both Nassau grouper and Goliath grouper has been
prohibited in federal waters since 1990 and 1993, respectively, one would anticipate that the
indirect effects on the human environment associated with this alternative would be negligible. 

6.2.4.3.3.4 Caribbean coral reef resources

No BMSY estimate is available to calculate the MSST value associated with this definition for
species in the coral reef FMU. 
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6.2.4.3.4 Direct and indirect effects on administrative environment and their
significance

Specifying MSST would directly benefit the administrative environment, as the MSFCMA
requires that this parameter be defined for managed species.  If stock biomass falls below the
threshold level defined by this parameter, fishery managers would be required to develop and
implement a plan to rebuild the stock.  Such plans are generally resource intensive, but should
benefit management overall by recovering the biomass of overfished stocks to sustainable levels. 
The extent to such benefits were realized would depend on the amount of fishing activity
occurring in state waters.  The smaller the buffer between MSST and BMSY, the more often the
rebuilding plan requirement will be triggered but the sooner the stock will be rebuilt.  The MSST
definition provided by Alternative 3 could make it more difficult to rebuild a stock from MSST
to BMSY within ten years while fishing at MFMT, particularly if the stock was not very
productive.

6.2.4.4 Alternative 4.  Set MSST = BMSY.

The MSST values that would be defined by this alternative relative to the Council's Preferred
FMU Alternative 2 (Section 4.1.1.2) are detailed in Table 10 under the column “MSST Alt 4.” 
These values were calculated using the Council's preferred MSY (Sections 4.2.1, 6.2.1) and B
and F ratio (Sections 4.2.2, 6.2.2) definitions.  If all other factors remained constant, Alternative
4 would build additional conservatism into the definition of MSST by eliminating the buffer
between MSST and BMSY so that a stock would never be permitted to fall below BMSY without
triggering an "overfished" determination and the need to develop a rebuilding plan within one
year of that determination.  

6.2.4.4.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat.  The
proportion of stock or unit biomass that should be protected from fishing mortality if MSST
Alternative 4 is adopted is higher than that which would be protected under MSST Alternatives 2
and 3.  As a result, any indirect effects of this MSST definition to the physical environment
would be expected to be beneficial relative to those associated with Alternatives 2 and 3.

6.2.4.4.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.4.4.2.1 Caribbean spiny lobster

The estimate defined by MSST Alternative 4 for the Caribbean spiny lobster (2,217,000 lbs;
Table 10) is the highest of all those MSST estimates considered.  The potential biological and
ecological benefits of maintaining a higher stock biomass are discussed in Section 6.2.1.1.2.
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6.2.4.4.2.2 Caribbean conch resource

The estimate defined by MSST Alternative 4 for the Caribbean queen conch (1,693,000 -
1,871,000 lbs; Table 10) is the highest of all those MSST estimates considered.  The potential
biological and ecological benefits of maintaining a higher stock biomass are discussed in Section
6.2.1.1.2. 

6.2.4.4.2.3 Caribbean reef fish

The estimates defined by MSST Alternative 4 for food fish units in the Caribbean reef fish FMU
are the highest of all those MSST estimates considered.  The potential biological and ecological
benefits of maintaining higher stock biomass levels are discussed in Section 6.2.1.1.2. 

6.2.4.4.2.4 Caribbean coral reef resource

No BMSY estimate is available to calculate the MSST value associated with this definition for
species in the coral reef FMU. 

6.2.4.4.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.4.4.3 Direct and indirect effects on social and economic environment and their
significance

6.2.4.4.3.1 Caribbean spiny lobster

Alternative 4 would define the MSST of the Caribbean spiny lobster as 2,217,000 lbs (Table 10),
and the stock would not be considered overfished (e.g., BCURR/MSST = 1.00).  Because the
fishery would not be considered overfished, no management actions would be required. 
However, given that current biomass would be equal to the MSST, some management action
might be considered to ensure that the stock does not become overfished in the future.  While
such action would likely entail indirect effects on the social and economic environment, the
degree or extent of these effects cannot be determined in the absence of information on what
measures would be taken.  Long-term benefits would be in the provision of additional assurance
that the stock would not be placed in an overfished status.

6.2.4.4.3.2 Caribbean conch resources

MSST for Caribbean queen conch under Alternative 4 would be set at 1,693,000 - 1,871,000 lbs
(Table 10), and the stock would be considered overfished.  The specification of an overfished
status for queen conch would trigger the need for management action to rebuild the stock, and
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such action could affect fishery participants.  The effects that would be forthcoming would be
expected to be negative in the short term, with benefits accruing over time as the stock is rebuilt. 

In general, the type and degree of indirect short-term effects associated with the queen conch
rebuilding plan depend on a large number of factors.  The first, and perhaps the most relevant,
relates to the extent to which fishing activities related to this species occur in federal waters. 
Rivera (1999) provides evidence that fishing for queen conch in federal waters is relatively
limited (Section 6.4.3.2.2).  To the extent that Rivera’s findings remain valid, if rebuilding
measures are applied only to federal waters, both short-term and long-term effects should be
negligible.  Second, the length of the rebuilding schedule will influence the extent of short-term
effects.  In general, lengthening the rebuilding schedule will lessen the short-term effects. 
However, lengthening the rebuilding schedule will also increase the time frame before benefits
begin to accrue in any meaningful manner.  

Third, the specific management measures selected to rebuild the stock will directly influence
short-term effects because alternative management measures impose different levels of costs on
participants.  Finally, though tied implicitly to management measures, in the absence of an
effective rational effort management system, the long-term benefits associated with rebuilding
the stock are likely to be considerably less than if some rational effort management system is
established.  The Council identified this alternative MSST definition as the preferred for the
queen conch.

6.2.4.4.3.3 Caribbean reef fish resources

Because the threshold for defining an overfished condition under Alternative 4 is more restrictive
than that associated with Alternatives 2 and, the parrotfish sub-unit that would not be considered
to be overfished under Alternatives 2 and/or 3 would be considered overfished under Alternative
4.  The remaining food fish sub-units in the Caribbean reef fish FMU would not be considered
overfished.  The social and economic effects associated with both "overfished" and "not
overfished" determinations are described in Section 6.2.4.2.3.3. 

6.2.4.4.3.4 Caribbean coral reef resources

No BMSY estimate is available to calculate the MSST value associated with this definition for
species in the coral reef FMU. 

6.2.4.4.4 Direct and indirect effects on administrative environment and their
significance

Specifying MSST would directly benefit the administrative environment, as the MSFCMA
requires that this parameter be defined for managed species.  If stock biomass falls below the
threshold level defined by this parameter, fishery managers would be required to develop and
implement a plan to rebuild the stock.  Such plans are generally resource intensive, but benefit
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management overall by recovering the biomass of overfished stocks to sustainable levels.  The
smaller the buffer between MSST and BMSY, the more often the rebuilding plan requirement will
be triggered but the sooner the stock will be rebuilt. 

MSST Alternative 4 would provide the greatest assurance of all the MSST alternatives that an
overfished stock could be rebuilt to BMSY within ten years.  The tradeoff associated with this
assurance is that natural variation in recruitment could cause the stock to more frequently
alternate between an overfished and rebuilt condition, even if the fishing mortality rate applied to
the stock was within the limits specified by the MFMT.  As a result, this MSST definition could
excessively burden the administrative environment by frequently triggering overfishing
definitions and unnecessarily restricting fishing effort.  However, the likelihood of this occurring
would be reduced if the stocks were managed to achieve OY.

6.2.5 Maximum fishing mortality threshold (MFMT), and limit and target control
rules.

Defining limit (MFMT/ABC) and target (OY) control rules could directly affect the physical,
biological and ecological, and social/economic environments because such rules specify the
amount of fish that can (limit rule) and should (target rule) be taken annually in the fishery under
various conditions to achieve a long-term average catch approximating MSY and OY,
respectively.  This section describes the potential indirect effects of the various MSY
alternatives.

6.2.5.1 Alternative 1.  No action.  Do not define MFMT or control rules for FMU
sub-units.

6.2.5.1.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  The MFMT
(ABC) calculated by limit control rules defines the threshold that would trigger an overfishing
determination and related legal requirements.  Consequently, failing to define a limit control rule
could adversely affect the physical environment if the lack of this trigger mechanism resulted in
an unsustainable level of fishing activity (and associated habitat interactions) that continued
unabated.  Additionally, failing to define a target control rule could adversely affect the physical
environment if it compromised the ability of fishery managers to achieve OY over the long term. 
The potential effects of gear used in the spiny lobster, queen conch, reef fish, and coral reef
fisheries are described in Section 6.2.1.1.1.
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6.2.5.1.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.5.1.2.1 Caribbean spiny lobster
Alternative 1 would not provide fishery managers with control rules for the Caribbean spiny
lobster.  As a result, no MFMT would be defined for that species and there would be no pre-
agreed upon strategy for managing catches of that species to avoid overfishing and to achieve OY
over the long term.  This alternative could adversely affect the biological and ecological
environment if it resulted in overfishing that was left unchecked for too long.  As explained in
Section 6.2.1.1.2, overfishing could ultimately affect the size and age structure, size and age at
maturity, and sex ratio of the spiny lobster stock.  Additionally, it could lead to growth
overfishing and recruitment failure, compromise the genetic integrity of the population, and alter
the community structure and ecological functions of the supporting reef ecosystem.

6.2.5.1.2.2 Caribbean conch resource

Alternative 1 would not provide fishery managers with control rules for species in the Caribbean
conch resource FMU.  As a result, no MFMT would be defined for those species and there would
be no pre-agreed upon strategy for managing catches to avoid overfishing and to achieve OY
over the long term.  This alternative could adversely affect the biological and ecological
environment if it resulted in overfishing that was left unchecked for too long.  As explained in
Section 6.2.1.1.2, overfishing could ultimately affect the size and age structure, size and age at
maturity, and sex ratio of stocks.  Additionally, it could lead to growth overfishing and
recruitment failure, compromise the genetic integrity of affected populations, and alter the
community structure and ecological functions of the supporting reef ecosystem.

6.2.5.1.2.3 Caribbean reef fish

Alternative 1 would not provide fishery managers with control rules for species in the Caribbean
reef fish FMU.  As a result, no MFMT would be defined for those species and there would be no
pre-agreed upon strategy for managing catches to avoid overfishing and to achieve OY over the
long term.  This alternative could adversely affect the biological and ecological environment if it
resulted in overfishing that was left unchecked for too long.  As explained in Section 6.2.1.1.2,
overfishing could ultimately affect the size and age structure, size and age at maturity, and sex
ratio of stocks.  Additionally, it could alter the size and age at transition of hermaphroditic
species, lead to growth overfishing and recruitment failure, compromise the genetic integrity of
affected populations, and alter the community structure and ecological functions of the
supporting reef ecosystem.

6.2.5.1.2.4 Caribbean coral reef resource

Alternative 1 would not provide fishery managers with control rules for species in the Caribbean
coral reef resource FMU.  As a result, no MFMT would be defined for those species and there
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would be no pre-agreed upon strategy for managing catches to avoid overfishing and to achieve
OY over the long term.  This alternative could adversely affect the biological and ecological
environment if it resulted in overfishing that was left unchecked for too long.  However, this is
unlikely to occur because the Council has prohibited fishing for the most vulnerable coral reef
resources since 1995, despite the lack of management reference points for those species. 

6.2.5.1.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.5.1.3 Direct and indirect effects on social and economic environment and their
significance

The MFMT provides a benchmark for determining when overfishing is occurring.  Exceeding
MFMT for a period of one or more years would constitute overfishing and would trigger
management action to reverse the overfishing status.  Such management action could affect
fishery participants.  Without control rules, fishery scientists and managers would lack a trigger
mechanism to indicate when additional management measures are warranted.  This could lead to
significant overfished conditions that would translate, in the long term, to a significant reduction
in revenues being generated from the affected fisheries, as well as a substantial loss in
employment opportunities in both the harvesting and related sectors.  In the extreme, overfished
fisheries may require a prohibition of fishing activities in total as a means of protecting the
stocks.  Such an action would have significant social and economic ramifications. 

6.2.5.1.3.1 Caribbean spiny lobster

To the extent that MFMT is correctly specified, taking no action when overfishing is occurring
could result in depletion of the stock and, could, potentially, result in an overfished status. 
Depletion of the Caribbean spiny lobster stock would, in the long run, likely translate into lower
yields and, as such, lower revenues being generated from the fishery.  To the extent that
inframarginal rents are being generated in the fishery, the reduction in stock biomass would
likely result in a reduction in these rents.  Finally, if the overfishing causes stock biomass to fall
below the overfished threshold, more significant management actions would be required.  These
more severe restrictions could, potentially, have social and economic impacts significantly
greater than if action had been taken in the presence of overfishing.  If MFMT were
underestimated,, management action may be taken that is not warranted.  In this situation, costs
would be imposed on fishing participants with no long-term benefits forthcoming.

6.2.5.1.3.2 Caribbean conch resources

Assuming the preferred alternative in Section 6.2.4 (MSST) is adopted, queen conch will be
defined as overfished and management action will be required to rebuild the stock.  Given that
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rebuilding of the stock will be required, taking no action with respect to defining MFMT for
queen conch will likely have no impact on fishery participants as the stock is being rebuilt. 
However, specification of MFMT could, in practice, provide an additional benchmark to assist in
determining whether the fishing mortality rate applied to the stock is sustainable.  Failure to
define MFMT could result in overfishing once the stock is rebuilt.  Such activity could result in a
reversal of gains made in recovering stock biomass to BMSY.  Any benefits associated with an
interim rebuilding program will be dissipated over time if a more rational management system is
not adopted. 

6.2.5.1.3.3 Caribbean reef fish

Assuming the preferred alternative in Section 6.2.4 (MSST) is adopted, some reef fish FMU sub-
units will be considered as overfished, while others will not (see Section 6.2.4.2.3.3).  For those
not declared as overfished, the effects of not defining MFMT would be similar to those discussed
for the Caribbean spiny lobster (Section 6.2.5.1.3.1).  For those declared as overfished, the
effects would be similar to those defined for the queen conch resource (Section 6.2.5.1.3.2).  Any
benefits associated with an interim rebuilding program will be dissipated over time if a more
rational management system is not adopted. 

6.2.5.1.3.4 Caribbean coral reef resources

Alternative 1 would not provide fishery managers with control rules for species in the Caribbean
coral reef resource FMU.  As a result, no MFMT would be defined for those species and there
would be no pre-agreed upon strategy for managing catches to avoid overfishing and to achieve
OY over the long term.  This alternative could adversely affect the social and economic
environments if it resulted in overfishing that was left unchecked for too long.  However, this is
unlikely to occur because the Council has prohibited fishing for the most vulnerable coral reef
resources since 1995, despite the lack of management reference points for those species. 

6.2.5.1.4 Direct and indirect effects on administrative environment and their
significance

Control Rule Alternative 1 would leave undefined explicit yield-based strategies for managing
catches to avoid overfishing and to achieve OY.  Adjustments to current management measures
desired to accomplish these management goals and objectives could be achieved with or without
the use of a control rule.  However, NMFS’ Technical Guidance on the Use of Precautionary
Approaches to Implementing National Standard 1 of the Magnuson-Stevens Fishery
Conservation and Management Act recommends that fishery managers establish such a rule to
assist in planning how fishing effort will be managed to achieve established goals (Restrepo et al.
1999).  Additionally, the MFMT parameter defined by limit control rules, is required by the
MSFCMA.  Consequently, this alternative would be expected to have adverse effects on the
administrative environment if it were applied to managed species.
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6.2.5.2 Alternative 2.  

A) Specify an MSY control rule to define MFMT and ABC as follows:  1) If
BCURR/BMSY < BMIN, then ABC = 0; 2) If BCURR/BMSY $ 1, then ABC = MSY;
and 3) If BCURR/BMSY is between BMIN and 1, then ABC =
(MSY/(1-BMIN))((BCURR/BMSY)-BMIN); where BMIN = 0.25; and 

B) Specify an OY control rule to define target catch levels such that :  1) If
BCURR/BMSY < BMIN, then target catch levels = 0; 2) If BCURR/BMSY $ 1, then
target catch levels = OY; and 3) If BCURR/BMSY is between BMIN and 1, then
target catch levels = (OY/(1-BMIN))(BCURR/BMSY-BMIN); where BMIN = 0.25.

Control Rule Alternative 2 is based on a constant catch strategy.  When stock biomass is at or
above BMSY, the limit control rule described by this alternative would define the level of catch
that would trigger an overfishing determination to be equal to MSY.  This rule would not allow
the limit catch level to increase in response to an increase in stock biomass above the MSY level. 
If stock biomass decreased below BMSY, this rule would decrease the limit catch level
proportionately.  In other words, the further stock biomass declined below BMSY, the further the
limit catch level would be reduced from MSY.  The target control rule described by this
alternative would prescribe a harvest level equal to OY when stock biomass was at BMSY or
higher, and would reduce target catch levels proportionately when stock biomass decreased
below BMSY.  If stock biomass decreased below the identified threshold level defined as BMIN,
both the limit and target control rules would require that catches be reduced to zero.  The BMIN

component of the rule is defined to equal 25% of the unfished abundance level, or about 10-15%
of BMSY.  

Components of the rule that would scale back catch levels if stock biomass drops below BMSY ,
and prohibit fishing if stock biomass declines below BMIN, are meant to promote resiliency in the
face of management error.  Sladek Nowlis and Bollermann (2002) showed that the use of BMIN

nearly guaranteed that a species would not collapse, even in the face of very large directed errors
in the management system.  The constant catch policy employed by the rule also is designed to
promote greater resiliency, as well as constancy of catches, and stock abundance (Sladek Nowlis,
in press).  The tradeoff for such benefits is foregone yield, as well as associated social and
economic benefits.

Table 10 details the specific limit and target catch levels defined by this alternative relative to the
Council's Preferred FMU Alternative 2 (Section 4.1.1.2).  These values were calculated using the
Council's preferred biological reference point and status determination criteria alternatives, which
are summarized in Table 8.  Table 11 describes the reductions in catch that would be prescribed
by each rule relative to average catches from 1997-2001.  The MSY and OY rules described by
this alternative are illustrated in Figure 2.
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6.2.5.2.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, fishery management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  It is
impossible to determine with certainty how Control Rule Alternative 2 would affect such
interactions.  However, we can theorize about the magnitude of effects associated with this
alternative by considering the rate of fishing mortality it would support under various stock
conditions.  Overall, this control rule alternative would be expected to support an intermediate
rate of fishing mortality (and habitat interactions) relative to the other control rule alternatives. 
The potential effects of gear used in the spiny lobster, queen conch, reef fish, and coral reef
fisheries are described in Section 6.2.1.1.1.  

6.2.5.2.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.5.2.2.1 Caribbean spiny lobster

The limit and target catch levels defined by Control Rule Alternative 2 for the Caribbean spiny
lobster (547,000 lbs and 410,000 lbs, respectively; Table 10) are among the highest considered. 
However, the constant catch and BMIN components of this rule would add precautionary aspects
to the management of this species that are not shared by all the control rule alternatives. 
Consequently, the biological and ecological benefits of this alternative would be expected to be
intermediate to those provided by Control Rule Alternatives 3-7.  The types of benefits provided
would be related to preventing overfishing and maintaining a more natural stock structure (see
Section 6.2.1.1.2 for more information).

6.2.5.2.2.2 Caribbean conch resource

Because no discrete B and F ratios have been selected for queen conch, in large part due to its
overfished status, it is not currently practical to define limit and target catch levels for this
species.  Discussion on the Council’s preferred alternative to prohibit the harvest and possession
of queen conch in the EEZ is presented in Section 6.4.2.2.2.

6.2.5.2.2.3 Caribbean reef fish

The limit and target catch levels defined by Control Rule Alternative 2 for the sub-units of the
Caribbean reef fish FMU are among the highest considered.  However, the constant catch and
BMIN components of this rule would add precautionary aspects to the management of these
species that are not shared by all the control rule alternatives.  Consequently, the biological and
ecological benefits of this alternative would be expected to be intermediate to those provided by
Control Rule Alternatives 3-7.  The types of benefits provided would be related to preventing
overfishing and maintaining a more natural stock structure (see Section 6.2.1.1.2 for more
information).
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Because no discrete B and F ratios have been selected for Goliath and Nassau grouper, in large
part due to their overfished status, it is not currently practical to define limit and target catch
levels for these species.  Further, the harvest of both species is currently prohibited in federal
waters, as well as state waters, with the exception of Nassau grouper in the USVI.  

6.2.5.2.2.4 Caribbean coral reef resource

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points.

6.2.5.2.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.5.2.3 Direct and indirect effects on social and economic environment and their
significance

6.2.5.2.3.1 Caribbean spiny lobster

Under this alternative, the Caribbean spiny lobster would not be considered to be undergoing
overfishing and, hence, no management measures would be required if status quo fishing
conditions were to continue.  Therefore, one would anticipate no indirect effects on the human
environment associated with this alternative.  The constant catch and BMIN components of this
rule would promote resiliency if MFMT is underestimated or overestimated.

6.2.5.2.3.2 Caribbean conch resources

Under this alternative, the queen conch would be considered to be undergoing overfishing.  There
could be indirect effects since an overfishing determination would require additional
management measures to rehabilitate the stock.  In the short term, ending overfishing could lead
to a significant reduction in revenues being generated from the fishery, as well as a substantial
loss of employment opportunities in both the fishing and related sectors.  In the extreme, all
fishing activities could be prohibited as a means of protecting the stock.  Such an action would
have significant social and economic ramifications.  However, these adverse effects should be
weighed against the long term benefits associated with maintaining a healthy stock.  Any rents
generated by the fishery will be dissipated unless a more rational management strategy is
adopted. 
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6.2.5.2.3.3 Caribbean reef fish

Under this alternative Grouper Unit 4 and Parrotfish FMU sub-units would be considered to be
undergoing overfishing.  Consequently, there could be indirect effects associated with
management measures required to end overfishing.  In the short term, ending overfishing could
lead to a significant reduction in revenues being generated from the fishery, as well as a
substantial loss of employment opportunities in both the fishing and related sectors.  In the
extreme, all fishing activities could be prohibited as a means of protecting the stocks.  Such an
action would have significant social and economic ramifications.  However, these adverse
impacts should be weighed against the long term benefits associated with maintaining a healthy
stock.  Any rents generated by the fishery will be dissipated unless a more rational management
strategy is adopted. 

The remaining food fish FMU sub-units would not be considered to be undergoing overfishing
and, hence, no management measures would be required if status quo fishing conditions were to
continue.  Therefore, this alternative would not be expected to result in indirect effects on the
human environment related to the management of those FMU sub-units.  The constant catch and
BMIN components of this rule would promote resiliency if MFMT is underestimated or
overestimated. 

6.2.5.2.3.4 Caribbean coral reef resources

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points. 

6.2.5.2.4 Direct and indirect effects on administrative environment and their
significance

This alternative would benefit the administrative environment by providing fishery managers pre-
agreed upon strategies for managing catches to avoid overfishing and achieve OY over the long
term.  Monitoring and adjusting catches to effectively implement the control rule would present
somewhat of an administrative burden.  However, such activities are considered a routine part of
the fishery management process.

6.2.5.3 Alternative 3. 

A) Specify an MSY control rule to define MFMT and ABC as 0; and
B)  Specify an OY control rule to define target catch levels as 0.

This alternative is preferred for all species in the Coral FMP, excluding those species
retained for data collection purposes.
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Control Rule Alternative 3 would set limit and target catch levels equal to zero, requiring that
fisheries managed under this rule be closed.  This control rule is the most conservative that could
be adopted.

6.2.5.3.1 Direct and indirect effects on physical environment and their significance

As explained in Section 6.1.1.1.1, fishery management actions or inactions that affect the
physical environment mostly relate to the interactions of fishing gears with bottom habitat. 
Control Rule Alternative 3 would be expected to indirectly benefit the physical environment by
eliminating fishing gear interactions with benthic habitat.  The potential effects of gear used in
the spiny lobster, queen conch, reef fish, and coral reef fisheries are described in Section
6.2.1.1.1.

6.2.5.3.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.5.3.2.1 Caribbean spiny lobster

Alternative 3 would require that the Caribbean spiny lobster fishery be closed.  As explained in
Section 6.2.1.1.2, reducing (or in this case eliminating) fishing mortality would be expected to
benefit the biological and ecological environment by helping the stock to return to a natural age,
size, and sex structure, and promoting genetic integrity.  However, because federal fisheries
represent only a small portion of the total fishing mortality on Caribbean spiny lobster, the extent
to which such effects were realized would be largely influenced by the amount of fishing
mortality applied to the stock in state waters.

Additionally, although populations characterized by natural age structures, size structures, and
sex ratios are more resilient to anthropogenic and environmental perturbations, the yield they
produce becomes reduced as they reach their carrying capacities and density-dependent effects
become more dominant.  At high population sizes, older, larger fish occupy the available habitat
and use the available food.  The presence of these older fish limits the survival of young and
inhibits recruitment.  Recruitment and production of younger fish can be enhanced with the
removal of some of these older, larger fish.  Therefore, fishing and density-dependence can have
the effect of creating a “surplus production” of fish in the population that is available for capture.
The type and magnitude of density- dependent effects that populations will experience as they
grow in size are difficult to predict, as they vary from species to species and are based on
available resources in a particular system (Wilson and Bossert 1971).

6.2.5.3.2.2 Caribbean conch resource
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The effects of closing fisheries for stocks in the Caribbean conch resource FMU would be similar
to those described for the Caribbean spiny lobster in Section 6.2.4.1.2.1.

6.2.5.3.2.3 Caribbean reef fish

The effects of closing fisheries for stocks in the Caribbean reef fish FMU would be similar to
those described for the Caribbean spiny lobster in Section 6.2.4.1.2.1.

6.2.5.3.2.4 Caribbean coral reef resource

Currently, the most vulnerable coral reef species are protected from fishing pressure based on the
Council's determination that their ecological or non-consumptive value exceeds their commercial
value (CFMC 1994).  These resources provide habitat for reef-associated and reef-dependent
organisms, buffer against coastal erosion, and have aesthetic values that support tourism and
related activities.  Given the limited distribution and slow regeneration rates of the majority of
these species, as discussed in Section 5.2.1.4, they are considered to be non-renewable resources.
  
This alternative would support the Council's current prohibition on catch of vulnerable coral reef
resources, as well as the Council's policy on coral resources, which recognizes the important
ecological role of coral reefs in the marine environment.  The Council has identified this control
rule alternative as the preferred for all species in the Caribbean coral reef resource FMU, with the
exception of aquarium trade species.  The Council's preferred alternative to move aquarium trade
species to a data collection category of the FMU (Section 4.1.2.2) would eliminate the need to
adopt a control rule for that FMU sub-unit.

6.2.5.3.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.5.3.3 Direct and indirect effects on social and economic environment and their
significance

6.2.5.3.3.1 Caribbean spiny lobster

Under this alternative, the spiny lobster catch would be zero.  The short-term adverse effects on
the socioeconomic environment associated with this alternative would be significantly greater
than those associated with the other control rule alternatives.  Such effects would include a
significant reduction in revenues being generated from the fishery, as well as a substantial loss of
employment opportunities in both the fishing and related sectors.  Clearly, these adverse effects
should be weighed against the long-term benefits associated with maintaining a healthy stock. 
Any rents generated by the fishery will be dissipated unless more rational management strategy is
adopted. 
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6.2.5.3.3.2 Caribbean conch resources

Under this alternative, the queen conch catch would be zero.  The short-term adverse effects on
the socioeconomic environment associated with this alternative would be significantly greater
than those associated with the other control rule alternatives.  Such effects would include a
significant reduction in revenues being generated from the fishery, as well as a substantial loss of
employment opportunities in both the fishing and related sectors.  Clearly, these adverse effects
should be weighed against the long-term benefits associated with maintaining a healthy stock. 
Any rents generated by the fishery will be dissipated unless more rational management strategy is
adopted. 

6.2.5.3.3.3 Caribbean reef fish

Under this alternative, the catch of all species in the Caribbean reef fish FMU would be zero. 
The short-term adverse effects on the socioeconomic environment associated with this alternative
would be significantly greater than those associated with the other control rule alternatives.  Such
effects would include a significant reduction in revenues being generated from the fishery, as
well as a substantial loss of employment opportunities in both the fishing and related sectors. 
Clearly, these adverse effects should be weighed against the long-term benefits associated with
maintaining a healthy stock.  Any rents generated by the fishery will be dissipated unless more
rational management strategy is adopted.

6.2.5.3.3.4 Caribbean coral reef resources

Since participation in the fishery, other than the taking of aquarium trade species is prohibited,
this alternative would not be expected to have any effects on the social or economic environment. 
It represents the preferred alternative for coral reef resources, other than aquarium trade species. 
The Council would not be required to specify OY for aquarium trade species if the preferred
alternative for managing those species is implemented (Section 4.1.2.2).  That alternative would
move the aquarium trade species FMU sub-unit to a data collection category of the FMU.

6.2.5.3.4 Direct and indirect effects on administrative environment and their
significance

Control Rule Alternative 3 would be expected to directly benefit the administrative environment
by eliminating the need to develop fishery management measures to constrain catches to pre-
specified levels.  Closing EEZ waters to fishing also would reduce the administrative burden
associated with enforcing minimum size limits, area closures, and other species-specific
management measures.  However, prohibiting fishing in federal waters would be highly
controversial.  There would be little, if any, administrative effects associated with adopting this
alternative for all Caribbean coral reef resources excepting aquarium trade species, because the
take and possession of those species is already prohibited by the Council.
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6.2.5.4 Alternative 4.  

A) Specify an MSY control rule to define MFMT and ABC as follows:  1) If
BCURR/BMSY < BMIN, then ABC = 0; 2) If BCURR/BMSY $ 1, then ABC = FMSY(B);
and 3) If BCURR/BMSY is between BMIN and 1, then ABC = (FMSY(B)/(1-
BMIN))((BCURR/BMSY)-BMIN); where BMIN = 0.25.  If FMSY cannot be estimated
directly, use M as a proxy; and 

B) Specify an OY control rule to define target catch levels such that:  1) If
BCURR/BMSY is less than BMIN, then target catch levels = 0; 2) If BCURR/BMSY is
equal to or greater than 1, then target catch levels = FOY(B); and 3) If
BCURR/BMSY is between BMIN and 1, then target catch levels = (FOY(B)/(1-
BMIN))((BCURR/BMSY)-BMIN); where BMIN = 0.25.  If FOY cannot be estimated
directly, use 0.5(M) as a proxy.

Control Rule Alternative 4 is similar to Alternative 2, but is based on a constant fishing mortality
rate (F) strategy rather than on a constant catch strategy.  When stock biomass is at or above
BMSY, the limit control rule described by this alternative would define the level of catch that
would trigger an overfishing determination to be equal to the yield associated with fishing at
FMSY.  As a result, this alternative would allow the limit catch level to increase in response to an
increase in stock biomass above the MSY level.  The target control rule described by this
alternative would prescribe a catch level equal to the yield associated with fishing at FOY when
stock biomass was at BMSY or higher.  

The amount by which this limit and target control rule would decrease catches if stock biomass
decreased below BMSY is greater than the amount by which catches would be reduced using the
rules proposed in Control Rule Alternative 2.  Similar to the rules proposed by Alternative 2, if
stock biomass decreased below the identified threshold level defined as BMIN, these limit and
target control rules would require that catches be reduced to zero.  BMIN is defined to equal 25%
of the unfished abundance level, or about 10-15% of BMSY.  This component of the rules is meant
to promote resiliency in the face of management error.  Sladek Nowlis and Bollermann (2002)
showed that the use of BMIN nearly guaranteed that a species would not collapse, even in the face
of very large directed errors in the management system.

Table 10 details the specific ABC and target catch levels defined by this alternative, based on the
stock status determinations of the SFA workgroup.  Table 11 describes the reductions in catch
that would be prescribed by each rule relative to average catches from 1997-2001.  The MSY and
OY rules described by this alternative are illustrated in Figure 3.



339

6.2.5.4.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, fishery management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  It is
impossible to determine with certainty how Control Rule Alternative 4 would affect such
interactions.  However, we can theorize about the magnitude of effects associated with this
alternative by considering the rate of fishing mortality it would support under various stock
conditions.  Overall, this control rule alternative would be expected to support an intermediate
rate of fishing mortality (and habitat interactions) relative to the other control rule alternatives. 
The potential effects of gear used in the spiny lobster, queen conch, reef fish, and coral reef
fisheries are described in Section 6.2.1.1.1.  

6.2.5.4.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.5.4.2.1 Caribbean spiny lobster

The limit catch level defined by Control Rule Alternative 4 for the Caribbean spiny lobster
(547,000 lbs; Table 10) is among the highest considered.  The target catch level this rule would
define for this species (295,000 lbs; Table 10) is intermediate to the other values considered.  The
BMIN component of this rule would add a precautionary aspect to the management of this species
that is not shared by all the control rule alternatives.  However, the constant F strategy employed
by these rules is less precautionary from a biological and ecological perspective relative to a
constant catch strategy.  Consequently, the biological and ecological benefits of this alternative
would be expected to be intermediate to those provided by the other control rules.  The types of
benefits provided would be related to preventing overfishing and maintaining a more natural
stock structure (see Section 6.2.1.1.2 for more information).

6.2.5.4.2.2 Caribbean conch resource

Because no discrete B and F ratios have been selected for queen conch, in large part due to its
overfished status, it is not currently practical to define limit and target catch levels for this
species.  Discussion on the Council’s preferred alternative to prohibit the harvest and possession
of queen conch in the EEZ is presented in Section 6.4.2.2.2.

6.2.5.4.2.3 Caribbean reef fish

The limit catch levels defined by Control Rule Alternative 4 for reef fish FMU sub-units that are
at BMSY are among the highest considered.  The limit catch levels defined by this rule for reef fish
FMU sub-units that are below BMSY are intermediate to those specified by other alternatives.  The
target catch levels this rule would define for these species also are intermediate to the other
values considered.  The BMIN component of this rule would add a precautionary aspect to the
management of this species that is not shared by all the control rule alternatives.  However, the
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constant F strategy employed by these rules is less precautionary from a biological and ecological
perspective relative to a constant catch strategy.  Consequently, the biological and ecological
benefits of this alternative would be expected to be intermediate to those provided by the other
control rules.  The types of benefits provided would be related to preventing overfishing and
maintaining a more natural stock structure (see Section 6.2.1.1.2 for more information).

Because no discrete B and F ratios have been selected for Goliath and Nassau grouper, in large
part due to their overfished status, it is not currently practical to define limit and target catch
levels for these species.  Further, the harvest of both species is currently prohibited in federal
waters, as well as state waters, with the exception of Nassau grouper in the USVI.  

6.2.5.4.2.4 Caribbean coral reef resource

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points. 

6.2.5.4.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.5.4.3 Direct and indirect effects on social and economic environment and their
significance

6.2.5.4.3.1 Caribbean spiny lobster

Under this alternative, the MFMT for spiny lobster would be set at 547,000 pounds and the OY
target would be set at 295,000 pounds.  This alternative could affect the social and economic
environments if it leads the Council to impose management measures to reduce current catches to
the target level.  Such measures would have significant social and economic ramifications, in
terms of forgone revenues and employment alternatives.  Clearly, these adverse effects should be
weighed against the long-term benefits associated with maintaining a healthy stock.  As
mentioned earlier, any rents generated by the fishery will be dissipated unless more rational
management strategy is adopted.

6.2.5.4.3.2 Caribbean conch resources

Under this alternative, the queen conch would be considered to be undergoing overfishing.  There
could be indirect effects since an overfishing determination would require additional
management measures to rehabilitate the stock.  In the short term, ending overfishing could lead
to a significant reduction in revenues being generated from the fishery, as well as a substantial
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loss of employment opportunities in both the fishing and related sectors.  In the extreme, all
fishing activities could be prohibited as a means of protecting the stock.  Such an action would
have significant social and economic ramifications.  However, these adverse effects should be
weighed against the long term benefits associated with maintaining a healthy stock.  Any rents
generated by the fishery will be dissipated unless a more rational management strategy is
adopted. 

6.2.5.4.3.3 Caribbean reef fish

Under this alternative, Snapper Unit 1, Grouper Unit 4, and parrotfish would be considered to be
undergoing overfishing.  The catch reductions required to end overfishing on these FMU sub-
units would range from 35 to 54%.  There could be indirect effects associated with management
measures required to end overfishing and/or to achieve OY.  In the short term, such measures
could lead to a significant reduction in revenues being generated from the fishery, as well as a
substantial loss of employment opportunities in both the fishing and related sectors.  However,
these adverse impacts should be weighed against the long term benefits associated with
maintaining a healthy stock.  Any rents generated by the fishery will be dissipated unless a more
rational management strategy is adopted.

The remaining food fish FMU sub-units would not be considered to be undergoing overfishing
and, hence, no management measures would be required if status quo fishing conditions were to
continue.  Therefore, this alternative would not be expected to result in indirect effects on the
human environment related to the management of those FMU sub-units.  The BMIN component of
this rule would promote resiliency if MFMT is underestimated or overestimated. 

6.2.5.4.3.4 Caribbean coral reef resources

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points. 

6.2.5.4.4 Direct and indirect effects on administrative environment and their
significance

This alternative would benefit the administrative environment by providing fishery managers pre-
agreed upon strategies for managing catches to avoid overfishing and achieve OY over the long
term.  Monitoring and adjusting catches to effectively implement the control rule would present
somewhat of an administrative burden.  However, such activities are considered a routine part of
the fishery management process.



342

6.2.5.5 Alternative 5.  

A) Specify an MSY control rule to define MFMT and ABC as follows:  1) If
BCURR/BMSY < MSST/BMSY, ABC = 0.33MSY; 2) If BCURR/BMSY $ 1, ABC =
MSY; and 3) If BCURR/BMSY is between MSST/BMSY and 1, ABC = 0.67MSY;
and

B) Specify an OY control rule to define target catch levels such that:  1) If
BCURR/BMSY < MSST/BMSY, target catch levels = 0.25MSY; 2) If BCURR/BMSY $
1, target catch levels = 0.75MSY; and 3) If BCURR/BMSY is between MSST/BMSY

and 1, target catch levels = 0.5MSY.

Control Rule Alternative 5 would define the limit and target catch levels as MSY and 75% of
MSY, respectively, when stock biomass is at or above BMSY.  This rule would not allow catches
to increase in response to an increase in stock biomass above the MSY level.  If stock biomass
decreased below BMSY, but remained above the overfished threshold (i.e., MSST), this rule would
decrease the limit and target catch levels to 67% of MSY and to 50% of MSY, respectively.  The
limit and target catch levels would be further reduced to 33% of MSY and to 25% of MSY,
respectively, if stock biomass decreased below the overfished threshold.  This rule offers some
precaution and resiliency.  However, it does so in a non-strategic manner.  And the tradeoff for
such benefits is foregone yield, as well as associated social and economic benefits.  Additionally,
this rule lacks a precautionary BMIN component that would reduce the risk of stock collapse.

Table 10 details the specific ABC and target catch levels defined by this alternative, based on the
stock status determinations of the SFA workgroup.  Table 11 describes the reductions in catch
that would be prescribed by each rule relative to average catches from 1997-2001.  The MSY and
OY rules described by this alternative are illustrated in Figure 4.

6.2.5.5.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, fishery management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  It is
impossible to determine with certainty how Control Rule Alternative 5 would affect such
interactions.  However, we can theorize about the magnitude of effects associated with this
alternative by considering the rate of fishing mortality it would support under various stock
conditions.  Overall, this control rule alternative would be expected to support an intermediate
rate of fishing mortality (and habitat interactions) relative to the other control rule alternatives. 
The potential effects of gear used in the spiny lobster, queen conch, reef fish, and coral reef
fisheries are described in Section 6.2.1.1.1. 
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6.2.5.5.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.5.5.2.1 Caribbean spiny lobster

The limit and target catch levels defined by Control Rule Alternative 5 for the Caribbean spiny
lobster (547,000 lbs and 410,000 lbs, respectively; Table 10) are among the highest considered. 
The MSST component of this rule, which would increase the amount by which catches would
need to be reduced if stock biomass decreased below the overfished threshold, is a precautionary
mechanism that has not been incorporated in the other control rule alternatives.  The constant
catch strategy employed by this rule also adds a level of precaution.  However, this rule does not
contain the BMIN component that has been incorporated into Control Rule Alternatives 2-4 as a
means to guard against stock collapse.  Consequently, the biological and ecological benefits of
this alternative would be expected to be intermediate to those provided by the other control rules. 
The types of benefits provided would be related to preventing overfishing and maintaining a
more natural stock structure (see Section 6.2.1.1.2 for more information).

6.2.5.5.2.2 Caribbean conch resource

Because no discrete B and F ratios have been selected for queen conch, in large part due to its
overfished status, it is not currently practical to define limit and target catch levels for this
species.  Discussion on the Council’s preferred alternative to prohibit the harvest and possession
of queen conch in the EEZ is presented in Section 6.4.2.2.2.

6.2.5.5.2.3 Caribbean reef fish

The limit and target catch levels defined by Control Rule Alternative 5 for reef fish FMU sub-
units that are at BMSY are among the highest considered.  Similar to the other control rule
alternatives, this alternative would reduce catches if stock biomass decreased below BMSY. 
However, it is unique in that it would further reduce catches if stock biomass decreased below
the MSST.  Consequently, this rule would generally require greater catch reductions for
overfished stocks relative to the other alternatives.  The exception to this would be if stock
biomass decreased to a very low level (e.g., less than 10-15% BMSY), in which case Control Rule
Alternatives 2-4 would require that the affected fishery be closed.  Consequently, the biological
and ecological benefits of this alternative would be expected to be intermediate to those provided
by the other control rules.  The types of benefits provided would be related to preventing
overfishing and maintaining a more natural stock structure (see Section 6.2.1.1.2 for more
information).

Because no discrete B and F ratios have been selected for Goliath and Nassau grouper, in large
part due to their overfished status, it is not currently practical to define limit and target catch
levels for these species.  Further, the harvest of both species is currently prohibited in federal
waters, as well as state waters, with the exception of Nassau grouper in the USVI.  
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6.2.5.5.2.4 Caribbean coral reef resource

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points. 

6.2.5.5.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.

6.2.5.5.3 Direct and indirect effects on social and economic environment and their
significance

6.2.5.5.3.1 Caribbean spiny lobster

Under this alternative, MFMT for the Caribbean spiny lobster would be set at 547,000 lbs, and
the target catch rate would equal 295,000 pounds.  This alternative would have short-term
adverse effects on the human environment in terms of forgone economic benefits and
employment opportunities if the Council imposed management measures to reduce catches to the
OY level.  Clearly, these adverse effects should be weighed against the long-term benefits
associated with maintaining a healthy stock.  Any rents generated by the fishery will be
dissipated unless a more rational management strategy is adopted. 

6.2.5.5.3.2 Caribbean conch resources

Under this alternative, the queen conch would be considered to be undergoing overfishing.  There
could be indirect effects since an overfishing determination would require additional
management measures to rehabilitate the stock.  In the short term, ending overfishing could lead
to a significant reduction in revenues being generated from the fishery, as well as a substantial
loss of employment opportunities in both the fishing and related sectors.  In the extreme, all
fishing activities could be prohibited as a means of protecting the stock.  Such an action would
have significant social and economic ramifications.  However, these adverse effects should be
weighed against the long term benefits associated with maintaining a healthy stock.  Any rents
generated by the fishery will be dissipated unless a more rational management strategy is
adopted.

6.2.5.5.3.3 Caribbean reef fish resources

Under this alternative, Snapper Unit 1, Grouper Unit 4, and parrotfish would be considered to be
undergoing overfishing.  The catch reductions required to end overfishing on these FMU sub-
units would range from 31 to 69%.  There could be indirect effects associated with management
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measures required to end overfishing and/or to achieve OY.  In the short term, such measures
could lead to a significant reduction in revenues being generated from the fishery, as well as a
substantial loss of employment opportunities in both the fishing and related sectors.  However,
these adverse impacts should be weighed against the long term benefits associated with
maintaining a healthy stock.  Any rents generated by the fishery will be dissipated unless a more
rational management strategy is adopted.

The remaining food fish FMU sub-units would not be considered to be undergoing overfishing
and, hence, no management measures would be required if status quo fishing conditions were to
continue.  Therefore, this alternative would not be expected to result in indirect effects on the
human environment related to the management of those FMU sub-units. 

6.2.5.5.3.4 Caribbean coral reef resources

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points.

6.2.5.5.4 Direct and indirect effects on administrative environment and their
significance

This alternative would meet the legal requirements of the MSFCMA.  It would avoid overfishing
by limiting catches below MSY through an ABC control rule.  It would also achieve OY on a
continuing basis through a target, or OY, control rule.  An indirect effect of the alternative would
be that it would require a greater level of management action in order to achieve the benchmarks
set forth by the control rules.  However, such administrative activity is unavoidable in meeting
the requirements of the MSFCMA. 

6.2.5.5.5 Direct and indirect effects on administrative environment and their
significance

This alternative would benefit the administrative environment by providing fishery managers pre-
agreed upon strategies for managing catches to avoid overfishing and achieve OY over the long
term.  Monitoring and adjusting catches to effectively implement the control rule would present
somewhat of an administrative burden.  However, such activities are considered a routine part of
the fishery management process.

6.2.5.6 Alternative 6. 

A) Specify an MSY control rule to define ABC = FMSY(B).  When the data
needed to determine FMSY are not available, use natural mortality (M) as a
proxy for FMSY; and
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B) Specify an OY control rule to define target catch limits such that they
equal FOY(B). 

This alternative is preferred for Caribbean queen conch, spiny lobster, and reef fish,
excluding those species retained for data collection purposes.

Alternative 6 would define the limit and target catch levels as the yield associated with fishing at
FMSY and FOY, respectively, regardless of where stock biomass is in relation to BMSY and to MSST. 
This rule would use M and (0.5)(M) as proxies for FMSY and FOY when those parameters are
undefined.  The constant F strategy employed by this rule would allow catches to increase in
response to an increase in stock biomass, but would require that catches be reduced as stock
biomass decreased.  Table 10 details the specific ABC and target catch levels defined by this
alternative, based on the stock status determinations of the SFA workgroup.  Table 11 describes
the reductions in catch that would be prescribed by each rule relative to average catches from
1997-2001.  The MSY and OY rules described by this alternative are illustrated in Figure 5.

6.2.5.6.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, fishery management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  It is
impossible to determine with certainty how Control Rule Alternative 6 would affect such
interactions.  However, we can theorize about the magnitude of effects associated with this
alternative by considering the rate of fishing mortality it would support under various stock
conditions.  Overall, the limit control rule specified by this alternative would be expected to
support a high rate of fishing mortality (and habitat interactions) relative to the other control rule
alternatives.  The target control rule specified by this alternative would be expected to support an
intermediate rate of fishing mortality (and habitat interactions) relative to the other control rule
alternatives.  The potential effects of gear used in the spiny lobster, queen conch, reef fish, and
coral reef fisheries are described in Section 6.2.1.1.1.  

6.2.5.6.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.5.6.2.1 Caribbean spiny lobster

The limit catch level defined by Control Rule Alternative 6 for the Caribbean spiny lobster
(547,000 lbs; Table 10) is among the highest considered.  The target catch level this rule would
define for this species (295,000 lbs; Table 10) is intermediate to the other values considered. 
Similar to the control rules proposed in other alternatives, this rule would reduce catches as stock
biomass decreased below BMSY.  However, this rule lacks the precautionary mechanisms that are
incorporated in many of the other alternatives in the form of a maximum cap on catch and/or a
BMIN component.  Consequently, this rule is generally less precautionary from a biological and
ecological perspective relative to the other alternatives and, as a result, could provide less
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biological and ecological benefits.  The types of benefits provided would be related to preventing
overfishing and maintaining a more natural stock structure (see Section 6.2.1.1.2 for more
information).

6.2.5.6.2.2 Caribbean conch resource

Because no discrete B and F ratios have been selected for queen conch, in large part due to its
overfished status, it is not currently practical to define limit and target catch levels for this
species.  Discussion on the Council’s preferred alternative to prohibit the harvest and possession
of queen conch in the EEZ is presented in Section 6.4.2.2.2.

6.2.5.6.2.3 Caribbean reef fish

The limit catch levels defined by Control Rule Alternative 6 for reef fish FMU sub-units that are
at BMSY are among the highest considered.  The limit catch levels defined by this rule for reef fish
FMU sub-units that are below BMSY are the highest of those considered.  The target catch levels
defined by this rule are generally intermediate to those defined by the other alternatives.  Similar
to the control rules proposed in other alternatives, this rule would reduce catches as stock
biomass decreased below BMSY.  However, this rule lacks the precautionary mechanisms that are
incorporated in many of the other alternatives in the form of a maximum cap on catch and/or a
BMIN component.  Consequently, this rule is generally less precautionary from a biological and
ecological perspective relative to the other alternatives and, as a result, could provide less
biological and ecological benefits.  The types of benefits provided would be related to preventing
overfishing and maintaining a more natural stock structure (see Section 6.2.1.1.2 for more
information).

Because no discrete B and F ratios have been selected for Goliath and Nassau grouper, in large
part due to their overfished status, it is not currently practical to define limit and target catch
levels for these species.  Further, the harvest of both species is currently prohibited in federal
waters, as well as state waters, with the exception of Nassau grouper in the USVI.  

6.2.5.6.2.4 Caribbean coral reef resource

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points. 

6.2.5.6.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.
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6.2.5.6.3 Direct and indirect effects on social and economic environment and their
significance

6.2.5.6.3.1 Caribbean spiny lobster

Under this alternative, no reduction in status quo catch would be required to achieve the
MFMT/ABC, but a 46% reduction would be required to achieve the target catch level.  This
alternative could affect the social and economic environments if it leads the Council to impose
management measures to reduce current catches to the target level.  Such measures would have
significant social and economic ramifications, in terms of forgone revenues and employment
alternatives.  Clearly, these adverse effects should be weighed against the long-term benefits
associated with maintaining a healthy stock.  As mentioned earlier, any rents generated by the
fishery will be dissipated unless more rational management strategy is adopted.

6.2.5.6.3.2 Caribbean conch resources

Under this alternative, the queen conch would be considered to be undergoing overfishing.  There
could be indirect effects since an overfishing determination would require additional
management measures to rehabilitate the stock.  In the short term, ending overfishing could lead
to a significant reduction in revenues being generated from the fishery, as well as a substantial
loss of employment opportunities in both the fishing and related sectors.  In the extreme, all
fishing activities could be prohibited as a means of protecting the stock.  Such an action would
have significant social and economic ramifications.  However, these adverse effects should be
weighed against the long term benefits associated with maintaining a healthy stock.  Any rents
generated by the fishery will be dissipated unless a more rational management strategy is
adopted. 

6.2.5.6.3.3 Caribbean reef fish resources

Under this alternative, Grouper Unit 4 would be considered overfished, and Snapper Unit 1 and
parrotfish would be undergoing overfishing.  The catch reductions required to end overfishing on
these FMU sub-units would range from 23 to 30%.  There could be indirect effects associated
with management measures required to end overfishing and/or to achieve OY.  In the short term,
such measures could lead to a significant reduction in revenues being generated from the fishery,
as well as a substantial loss of employment opportunities in both the fishing and related sectors. 
However, these adverse impacts should be weighed against the long term benefits associated
with maintaining a healthy stock.  Any rents generated by the fishery will be dissipated unless a
more rational management strategy is adopted.

The remaining food fish FMU sub-units would not be considered to be undergoing overfishing
and, hence, no management measures would be required if status quo fishing conditions were to
continue.  Therefore, this alternative would not be expected to result in indirect effects on the
human environment related to the management of those FMU sub-units. 
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6.2.5.6.3.4 Caribbean coral reef resources

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points. 

6.2.5.6.4 Direct and indirect effects on administrative environment and their
significance

This alternative would benefit the administrative environment by providing fishery managers pre-
agreed upon strategies for managing catches to avoid overfishing and achieve OY over the long
term.  Monitoring and adjusting catches to effectively implement the control rule would present
somewhat of an administrative burden.  However, such activities are considered a routine part of
the fishery management process.

6.2.5.7 Alternative 7.

A) Specify an MSY control rule to define ABC = FMSY(B).  When the data
needed to determine FMSY are not available, use a proxy for FMSY calculated as
a fraction of the natural mortality rate (M) as follows: 1) Use 1.00(M) as a
proxy for FMSY for species that are not believed to be at risk based on the best
available information; 2) Use 0.75(M) as a proxy for FMSY for species for
which no positive or negative determination can be made on the status of
their condition; and 3) Use 0.50(M) as a proxy for FMSY for species that are
believed to be at risk based on the best available information; and

B) Specify an OY control rule to define target catch levels equal to
FMSY(B)(OY/MSY).  When the data needed to determine FMSY are not
available, use a proxy for FMSY calculated as a fraction of the natural
mortality rate (M) as follows:  1) Use 0.75(M) as a proxy for FMSY for species
that are not believed to be at risk based on the best available information; 2)
Use 0.50(M) as a proxy for FMSY for species for which no positive or negative
determination can be made on the status of their condition; and 3) Use
0.25(M) as a proxy for FMSY for species that are believed to be at risk based
on the best available information.

This alternative differs from Alternative 6 only in how it would define FMSY and FOY when those
parameters have not been estimated.  It would manage the fishery more conservatively in such
situations.  It states that for FMU sub-units determined to be not at risk, the MFMT should be set
equal to M, such that ABC = M(B), and the target catch level should be set equal to 3/4 of M
multiplied by B.  For FMU sub-units for which no determination can be made, MFMT should be
set equal to 2/3 of M, resulting in an ABC = 2/3M(B), while the target catch level should be set
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equal to ½ of M multiplied by B.  Finally for FMU sub-units believed to be at risk, MFMT
should be set equal to ½ of M, resulting in an ABC = 1/2M(B), while the target catch level
should be set equal to 1/4 of M multiplied by B.  Table 10 details the specific ABC and target
catch levels defined by this alternative, based on the stock status determinations of the SFA
workgroup.  Table 11 describes the reductions in catch that would be prescribed by each rule
relative to average catches from 1997-2001.  The MSY and OY rules described by this
alternative are illustrated in Figure 6.

6.2.5.7.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, fishery management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat.  It is
impossible to determine with certainty how Control Rule Alternative 6 would affect such
interactions.  However, we can theorize about the magnitude of effects associated with this
alternative by considering the rate of fishing mortality it would support under various stock
conditions.  Overall, this control rule would be expected to support a low rate of fishing mortality
(and habitat interactions) relative to the other control rule alternatives.  The potential effects of
gear used in the spiny lobster, queen conch, reef fish, and coral reef fisheries are described in
Section 6.2.1.1.1.   

6.2.5.7.2 Direct and indirect effects on biological and ecological environment and their
significance

6.2.5.7.2.1 Caribbean spiny lobster

The limit catch level defined by Control Rule Alternative 7 for the Caribbean spiny lobster
(426,000 lbs; Table 10) is the lowest considered, with the exception of that defined by Control
Rule Alternative 3, which would require that the fishery be closed.  The target catch level this
rule would define for this species (295,000 lbs; Table 10) is intermediate to the other values
considered.  Similar to the control rules proposed in other alternatives, this rule would reduce
catches as stock biomass decreased below BMSY.  However, this rule lacks the precautionary
mechanisms that are incorporated in many of the other alternatives in the form of a maximum
cap on catch and/or a BMIN component.  Additionally, this rule relies on M as a proxy for FMSY. 
Numerous studies have demonstrated that FMSY should be less than M in virtually all cases, with
specific studies suggesting that FMSY should equal 40-80% of M.  Consequently, this rule could
be considered less precautionary from a biological and ecological perspective relative to the other
alternatives (with the possible exception of Alternative 6) and, as a result, could provide less
biological and ecological benefits.  The types of benefits provided would be related to preventing
overfishing and maintaining a more natural stock structure (see Section 6.2.1.1.2 for more
information).
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6.2.5.7.2.2 Caribbean conch resource

Because no discrete B and F ratios have been selected for queen conch, in large part due to its
overfished status, it is not currently practical to define limit and target catch levels for this
species.  Discussion on the Council’s preferred alternative to prohibit the harvest and possession
of queen conch in the EEZ is presented in Section 6.4.2.2.2.

6.2.5.7.2.3 Caribbean reef fish

The limit and target catch levels defined by Control Rule Alternative 7 for reef fish FMU sub-
units that are at or below BMSY are generally the lowest considered, with the exception of those
defined by Control Rule Alternative 3, which would require that these fisheries be closed. 
Similar to the control rules proposed in other alternatives, this rule would reduce catches as stock
biomass decreased below BMSY.  However, this rule lacks the precautionary mechanisms that are
incorporated in many of the other alternatives in the form of a maximum cap on catch and/or a
BMIN component.  Consequently, this rule could be considered less precautionary from a
biological and ecological perspective relative to the other alternatives and, as a result, could
provide less biological and ecological benefits.  The types of benefits provided would be related
to preventing overfishing and maintaining a more natural stock structure (see Section 6.2.1.1.2
for more information).

Because no discrete B and F ratios have been selected for Goliath and Nassau grouper, in large
part due to their overfished status, it is not currently practical to define limit and target catch
levels for these species.  Further, the harvest of both species is currently prohibited in federal
waters, as well as state waters, with the exception of Nassau grouper in the USVI.  

6.2.5.7.2.4 Caribbean coral reef resource

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points. 

6.2.5.7.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.
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6.2.5.7.3 Direct and indirect effects on social and economic environment and their
significance

6.2.5.7.3.1 Caribbean spiny lobster

Under this alternative, a 22% reduction in the status quo level of harvest would be required to
achieve the MFMT/ABC, while a 46% reduction in harvest would be required to achieve the
target catch level.  Overall, the adverse socioeconomic effects associated with this alternative
would likely exceed those of any of the other alternatives in this section, with the exception of
Alternative 3, which would require that the fishery be closed.  Such effects are described in
Section 6.2.5.6.3.1.

6.2.5.7.3.2 Caribbean conch resources

Under this alternative, the queen conch would be considered to be undergoing overfishing.  There
could be indirect effects since an overfishing determination would require additional
management measures to rehabilitate the stock.  In the short term, ending overfishing could lead
to a significant reduction in revenues being generated from the fishery, as well as a substantial
loss of employment opportunities in both the fishing and related sectors.  In the extreme, all
fishing activities could be prohibited as a means of protecting the stock.  Such an action would
have significant social and economic ramifications.  However, these adverse effects should be
weighed against the long term benefits associated with maintaining a healthy stock.  Any rents
generated by the fishery will be dissipated unless a more rational management strategy is
adopted. 

6.2.5.7.3.3 Caribbean reef fish resources

Under this alternative, all food fish FMU sub-units would be considered to be undergoing
overfishing.  The catch reductions required to end overfishing would range from 19 to 64%.  The
adverse short-term socioeconomic effects associated with this alternative would exceed those
associated with any other alternative in this section, with the exception of Alternative 3, which
would require that the fishery be closed.  Such effects are described in Section 6.2.5.6.3.3. 

6.2.5.7.3.4 Caribbean coral reef resources

Catch data are not available to calculate an MSY proxy, and therefore limit and target catch
levels, for Caribbean coral reef resources.  This is not likely to adversely affect the biological or
ecological environments because the Council has prohibited the take of the most vulnerable coral
reef resources since 1995, despite the absence of management reference points. 
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6.2.5.7.4 Direct and indirect effects on administrative environment and their
significance

This alternative would benefit the administrative environment by providing fishery managers pre-
agreed upon strategies for managing catches to avoid overfishing and achieve OY over the long
term.  Monitoring and adjusting catches to effectively implement the control rule would present
somewhat of an administrative burden.  However, such activities are considered a routine part of
the fishery management process.

6.3 Regulating fishing mortality

Due to the required reductions in fishing mortality to end overfishing for managed species that
will ultimately be a result of the preferred control rule alternatives, it is necessary to evaluate
companion management actions that would lead to the desired goals of the aforementioned
control rules. 

The requirements of the MSFCMA mandate that any FMP shall contain the conservation and
management measures which are necessary to protect, restore, and promote the long-term health
and stability of the fishery.  Based on the preferred control rule alternatives, a maximum
reduction in mortality of 30% would be needed under the limit control rule to end overfishing for
Grouper Unit 4, Snapper Unit 1, and parrotfishes (Table 11).  While this reduction in mortality
would be needed for both state and federal waters, the Council only has jurisdiction in the EEZ.

Due to the nature of the Caribbean fisheries, in that the majority of harvest occurs in state waters
due to the predominance of fishable habitat occurring in state waters (Figure 1), and that the
stock status parameters and control rules are based on landings data that does not differentiate
between federal and state landings, it is highly likely that any benefits gained as a result of
reducing fishing mortality in federal waters would be masked by increased fishing activity in
state waters.  For example, if large areas of the EEZ were closed to fishing, it is likely that effort
would be displaced to other areas.  Furthermore, it is speculated that even if the entire EEZ were
closed to fishing that the desired reductions in mortality would not be realized due to
displacement of effort to state waters, resulting in no tangible change in landings.  However, the
MSFCMA requirements do not allow inaction due to scenarios such as what currently exists in
the U.S. Caribbean.  Regardless, it should be pointed out that without regulations to reduce
fishing mortality being implemented in state waters, the possibility of establishing sustainable
fisheries in the U.S. Caribbean is extremely remote.  The following proposed alternatives are
offered to reduce the required fishing mortality within the Council’s jurisdiction.  

6.3.1 Alternative 1.  No action.  Do not adopt additional management measures.

6.3.1.1 Direct and indirect effects on physical environment and their significance



354

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with bottom habitat, either through
gear impacts to bottom habitat or through the direct harvest of bottom habitat.  This alternative
would not result in any further direct impacts on the physical environment.  However, while most
fishing gear utilized in the U.S. Caribbean results is moderate to no impact on EFH (CFMC
2004), continued fishing activities that impact EFH, particularly coral, theoretically could
potentially degrade habitat to the point that it could indirectly impact spawning aggregations and
jeopardize sustainable fisheries. 

6.3.1.2 Direct and indirect effects on biological and ecological environment and their
significance

6.3.1.2.1 Caribbean spiny lobster

While spiny lobster is not considered to be overfished and is not undergoing overfishing based on
the preferred suite of stock status parameters, in order to achieve OY a 6% reduction in mortality
would be required under the preferred target control rule.  Therefore, the no action alternative
would not be sufficient to achieve the desired goal of managing spiny lobster at OY, and result in
a direct effect to the biological environment.  This could indirectly lead to more restrictive
management measures in the future, should inaction and environmental conditions (e.g., poor
recruitment) result in the fishery’s stability being jeopardized.  

6.3.1.2.2 Caribbean conch resources

Queen conch is considered to be overfished and is most likely undergoing overfishing, and
reductions in mortality would potentially be required to maintain MSY.  Further, a 3% reduction
in mortality would be required under the preferred target control rule.  Therefore, the no action
alternative would not be sufficient to achieve management under MSY (and be in violation of the
MSFCMA) or under the potentially more desirable goal of managing queen conch at OY, and
result in a direct effect to the biological environment.  This could indirectly lead to more
restrictive management measures in the future, should inaction and environmental conditions
(e.g., poor recruitment) result in the fishery’s stability being jeopardized.

However, as the preferred alternative for rebuilding queen conch under Section 6.4.3.2 is to
prohibit the harvest and possession of queen conch in the EEZ, the direct and indirect effects of
the no action alternative discussed above, as it applies to the EEZ, would largely be negated.

6.3.1.2.3 Caribbean reef fish resources

Maintaining the status quo would allow current fishing activity to continue unabated, even in the
presence of evidence that illustrated in some cases species are overfished (i.e., Goliath grouper,
Nassau grouper, and Grouper Unit 4), and others are undergoing overfishing (e.g., Grouper Unit
4 and parrotfishes).  Therefore, the no action alternative would not be sufficient to achieve
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management under MSY for several species (and be in violation of the MSFCMA) or under the
potentially more desirable goal of managing multiple species at OY, and result in a direct effect
to the biological environment.  This could allow the status of some species in FMU sub-units that
are undergoing overfishing to potentially be exacerbated, complicating future management
actions that could be implemented to improve their status.  Further, this alternative would not be
sufficient to achieve the potentially desirable goal of managing species at OY for all species
except the aquarium trade species in the Reef Fish FMP.  This could indirectly lead to more
restrictive management measures in the future, should inaction and environmental conditions
(e.g., poor recruitment) result in the fishery’s stability being jeopardized.

However, as the harvest and possession of Goliath and Nassau grouper is currently prohibited in
the EEZ, this alternative may not result in any additional direct or indirect effects to those two
overfished species. 

6.3.1.2.4 Caribbean coral reef resources

The direct and indirect effects on coral reef resources in taking no action would likely be the
same as those described in Section 6.3.1.1.  As the harvest and possession of coral reef resources
is currently prohibited in the EEZ (with the exception of several invertebrate species utilized in
the aquarium trade), this alternative may not result in any direct effects to those prohibited corals. 
Further, it should be noted that the preferred alternative in Section 6.7.2 would further minimize
fishery-related impacts on coral reef resources.

6.3.1.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  This alternative would maintain the present level of fishery
interactions with protected resources.  Available information on the biology and status of
protected species and the extent of their interaction with commercial and recreational fisheries in
the U.S. Caribbean is summarized in Section 5.2.  

6.3.1.3 Direct and indirect effects on social and economic environment and their
significance

The no action alternative would not result in any direct effects to the socioeconomic
environment, however, inaction could potentially lead to indirect negative impacts.  For example,
declining catch from decreased abundance or restricted catch due to the future implementation of
management measures may result in forgone socioeconomic benefits.  While Goliath and Nassau
grouper are considered overfished, the harvest and possession of these two species is currently
prohibited in the EEZ.  Additionally, their harvest and possession is also prohibited in Puerto
Rican waters, while only the harvest and possession of Goliath grouper is prohibited in USVI
waters.  As such, the no action alternative will likely result in no additional direct or indirect
impacts on socioeconomic environment in relation to these two species.  Likewise, as the
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directed harvest and possession of corals are prohibited in the EEZ, the no action alternative
would not result in any direct or indirect effects on the socioeconomic environment.  The
socioeconomic impacts associated with inaction, in regard to the incidental harvest of corals and
fishery-related impacts on coral habitat are described in the Section 2.5.1 of the EFH EIS (CFMC
2004).

6.3.1.4 Direct and indirect effects on administrative environment and their
significance

Current management measures could not effectively end overfishing or maintain fishing
mortality within target levels adopted through this amendment for the Spiny Lobster, Queen
Conch, and Reef Fish FMPs.  Therefore, this alternative would not comply with the MSFCMA
requirements required for those FMPs.  The harvest and possession of corals in the Coral FMP
are prohibited, and the no action would not have any direct or indirect impacts on the
administrative environment as it applies to this specific FMP.

6.3.2 Alternative 2.  Establish seasonal closures.

With respect to Alternatives 2f and 2g, reducing the fishing year by 25% or 50% would not
necessarily equate to a 25% or 50% reduction in federal landings, as effort would likely increase
during the open season.  Further, since landings are not differentiated between state and federal
waters, it may be hard to detect any significant reduction in landings, especially if effort is shifted
to the open seasons or to state waters.  Regardless, a portion of both seasonal closures would
coincide with the spawning season of a number of FMU sub-units.

Appeldoorn et al. (1992) stated in their 1992 assessment that the most obvious management
recommendation to increase the productivity of the reef fish fishery was to reduce fishing effort,
particularly on small fishes.  However, reductions in fishing effort would probably not be
sufficient to obtain significant increases in yield, especially for species that are undergoing
recruitment overfishing.  Therefore, they recommended the establishment of no harvest zones
and protection of known spawning aggregations as a means to improve the spawning stock size. 
The Council has implemented a permanent closed area on Hind Bank, to protect spawning
aggregations of red hind, as well as protect and conserve the localized coral reef ecosystem.  Yet,
it is highly unlikely that this one closed area would be sufficient to achieve the required reduction
in fishing mortality to end overfishing (30%) for the entire U.S. Caribbean.

Sub-alternatives considered in this section include:

Alternative 2a (Preferred).  Close the U.S. EEZ to the possession of all species except misty
grouper in Grouper Unit 4 (i.e., red, black, tiger, yellowfin, and yellowedge grouper) from
February 1 through April 30.



357

Grouper Unit 4 includes red, misty, black, tiger, yellowfin, and yellowedge grouper, and would
be considered overfished based on the preferred suite of stock status parameters.  Grouper Unit 4
would require a 30% reduction in fishing mortality to end overfishing (Table 11).  This
alternative is expected to achieve a 24% reduction in fishing mortality for all species in Grouper
Unit 4 (except misty grouper) in and of itself (Table 13).

Alternative 2b (Preferred).  Close the U.S. EEZ off the west coast of Puerto Rico to the
possession of red hind from December 1 through February 28.

For the purposes of this alternative, the delineation of the west coast of Puerto Rico would be
those waters in the U.S. Caribbean EEZ west of 67° 10' W longitude.  Red hind is included in
Grouper Unit 3, and is not currently undergoing overfishing, however, a 6% in fishing mortality
would be required to achieve OY for this FMU sub-unit (Table 11).  This alternative is expected
to achieve a 33% reduction in fishing mortality for red hind in and of itself (Table 13).

Alternative 2c (Preferred).  Close the U.S. EEZ to the possession of all species in Snapper
Unit 1 (including the black, blackfin, vermilion, and silk snapper) from October 1 through
December 31.

Snapper Unit 1 includes black, blackfin, silk, and vermillion snapper.  Snapper Unit 1 would
require a 23% reduction in fishing mortality to end overfishing (Table 11).  This alternative is
expected to achieve a 23% reduction in fishing mortality for all species in Snapper Unit 1 in and
of itself (Table 13).

Alternative 2d.  Close the U.S. EEZ to the possession of Snapper Unit 4 from April 1
through June 30.

Snapper Unit 4 consists of yellowtail snapper, and it would not be considered overfished based
on the preferred suite of stock status parameters; however, a 6% in fishing mortality would be
required to achieve OY for this FMU sub-unit (Table 11).  This alternative is expected to achieve
a 26% reduction in fishing mortality for yellowtail snapper in and of itself (Table 13).

Alternative 2e (Preferred).  Close the U.S. EEZ to the possession of mutton snapper and
lane snapper from April 1 through June 30.

Mutton and lane snapper are included in Snapper Unit 3, and they are not currently undergoing
overfishing, however, a 6% in fishing mortality would be required to achieve OY for this FMU
sub-unit (Table 11).  This alternative is expected to achieve a 29% reduction in fishing mortality
for mutton and lane snapper in and of itself (Table 13).

Alternative 2f.  Close the U.S. EEZ to the possession of all Caribbean Council-managed
species each year from January 1 to March 31 (3-month closure).
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Alternative 2g.    Close the U.S. EEZ to the possession of all Caribbean Council-managed
species each year from January 1 to March 31 and from July 1 to September 30 (6-month
closure).

Alternative 2h.    Close the U.S. EEZ to the possession of all Caribbean Council-managed
species all year round (total closure).

6.3.2.1 Direct and indirect effects on physical environment and their significance

Implementing a closed season could result in a reduction in fishing effort if the season were
applicable to all species (e.g., Alternatives 2f - 2h), in effect creating a closed area of limited
duration.  A reduction in fishing effort could directly benefit the physical environment, in
particular coral habitat, as it would reduce fishing-related impacts during that time period. 
During the closed season gear impacts and anchoring of fishing vessels would be expected to be
absent, allowing benthic communities to recover.  Yet, any benefits incurred from the closed
season could potentially be negated by increased fishing activity just prior to the closed season,
as well as just after.  Further, since the EEZ only includes approximately 14% of fishable habitat,
which would include areas identified as EFH, all of the proposed closed season alternatives
would have a limited benefit to the physical environment in the U.S. Caribbean.  Obviously, the
longer the duration of the closure (e.g., Alternative 2h versus Alternative 2f) the greater the direct
beneficial impact to the physical environment.

Any beneficial impacts of a closed area may not result if the season were only applicable to
particular species (e.g., Alternatives 2a - 2e).  Species-specific closed seasons would still allow
fishing activities to continue on other species that co-habitat with the closed-season species. 
Therefore, fishery-related impacts (Barnette 2001) could still occur to the physical environment,
and as the prohibited species in any alternative (i.e., Alternatives 2a - 2e) co-habitat with other
allowable species, it is unlikely that these alternatives would result in any measurable impact to
the physical environment that is not occurring under the status quo.

6.3.2.2 Direct and indirect effects on biological and ecological environment and their
significance

6.3.2.2.1 Caribbean spiny lobster

Alternatives 2a - 2e would have no direct or indirect impact on the biological environment for
spiny lobster not already occurring under the status quo.  Alternatives 2f - 2h would result in
direct, but limited, benefits to spiny lobster, in that reduced harvest could allow the species to
become more abundant throughout the U.S. Caribbean.  However, fishing pressure before and
after the closures in Alternatives 2f and 2g might negate some of the benefits accrued during the
closed season.  Additionally, increased fishing pressure in state waters may also negate any
conservation benefits derived by a closure in the EEZ.  A complete closure of federal waters
would protect the portion of the stock that resides in the EEZ.  Yet, only 14% of fishable habitat
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occurs in the EEZ, and the 100-fathom (200 m) contour is also considered the limits of spiny
lobster habitat, with a greater proportion likely occurring within 100 m (Section 5.2.1.1.1).  Due
to the differences in state boundaries (i.e., 9 nm for Puerto Rico and 3 nm for the USVI), and the
fact that there is a greater amount of fishable habitat in the EEZ that occurs off the USVI, it is
likely that Alternatives 2f - 2h would have a greater direct impact off the USVI than that which
would occur off Puerto Rico.  

While spiny lobster may benefit from a seasonal closure (i.e., Alternatives 2f - 2h), it is likely
that the U.S. Caribbean spiny lobster resource depends on larval input from outside jurisdictional
boundaries.  Since spiny lobster planktonic larvae spend up to 11 months at sea before settling
(Section 5.2.1.1.1), the source for a large proportion of U.S. Caribbean spiny lobster is likely
“upcurrent” of Puerto Rico and the USVI.  Likewise, only a small proportion of spiny lobster
larvae is likely retained within the U.S. Carribean; it is most likely that larvae spawned in the
U.S. Caribbean could, for example, settle at Bermuda (Munro 1974a).  Therefore, the biological
benefit of a closure for spiny lobster in the U.S. Caribbean will be limited.

6.3.2.2.2 Caribbean conch resources

Alternatives 2a - 2e would have no direct or indirect impact on the biological environment for
queen conch not already occurring under the status quo.  Alternatives 2f - 2h would result in
direct benefits to Caribbean conch by reducing harvest pressure on the resource.  Yet, the same
issues discussed for spiny lobster in Section 6.3.2.2.1 also apply to queen conch.  For example,
the documented range of queen conch extends to about 100 m in depth (Section 5.2.1.2.1.1). 
However, while there may be some export of conch larvae, their duration in the water column is
much shorter, and some studies have concluded that the majority of queen conch larvae are
retained locally.  Alternative 2f would not likely result in any significant benefit to the resource,
however, since Alternative 2g includes the latter portion of the queen conch spawning period in
the U.S. Caribbean, it could result in significant direct and indirect benefits.  Discussion of the
impacts to the biological environment resulting from a prohibition of catch year-round
(Alternative 2h) is provided in Section 6.4.3.2.4; this is the Council’s preferred alternative to
rebuild the queen conch resource.

6.3.2.2.3 Caribbean reef fish resources

Preferred Alternative 2a would create a three-month closure for Grouper Unit 4 (excluding misty
grouper), Preferred Alternative 2c would create a three month closure for Snapper Unit 1, while
Alternative 2d would result in a three month closure for Snapper Unit 4.  Grouper Unit 4 is
classified as overfished through this amendment.  Alternatives 2a - 2e are set up around known
spawning periods (Table 13) for the respective species, and thus could result in direct benefits to
the respective species due to spawning aggregation protection and increased reproductive
success.  However, if the species stocks are impacted severely enough just before and just after
the closed season, it could possibly reduce the potential benefits of the closure.
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Because of the nature of the reef fish fishery, in that fishermen can harvest numerous reef fish
species from the same location, it is possible that the benefit of a seasonal closure may be
impacted from bycatch mortality.  Fishermen would not be prohibited from fishing in particular
areas, and thus may still incidentally catch species such as grouper or snapper that are
encompassed by a closed season.  Should the fish be harvested from deep water, the greater the
chance the fish will not survive its release due to barotrauma and/or predation risk.  As
Alternatives 2a - 2e only apply to federal waters, and the various affected species in each
alternative are predominantly found in state waters due to the prevalence of habitat (Figure 1;
more applicable to Puerto Rico than the USVI), intensified fishing pressure in state waters could
negate any biological benefit from a seasonal closure in federal waters.  Therefore, it is unclear if
Alternatives 2a - 2e would be successful in ending overfishing for those species undergoing
overfishing or are overfished, and it is unlikely that any of these alternatives would result in
sufficient declines in fishing mortalities so that landings are approximating that of OY. 
However, Alternative 2b would be consistent with a currently-existing seasonal closure in Puerto
Rican waters, and Puerto Rico and the USVI stated at the 117th Council meeting in San Juan that
they would work to implement consistent (to the preferred alternatives) seasonal closure periods
in state waters.

Alternatives 2f and 2g would result in a three-month and six-month seasonal closure for all
Council-managed species, respectively.  Alternative 2f would occur during the spawning period
of many grouper species, such as those classified as overfished in Grouper Unit 4 (see Section
5.2.1.3.33).  Furthermore, Alternative 2g would occur not only during spawning periods of many
groupers in the Spring (Section 5.2.1.3.33), but also during the spawning periods of some
snappers (e.g., yellowtail and silk snapper) in the summer months (Section 5.2.1.3.19).  
However, it is not possible to determine if either of these closures would ensure that the
established targets are achieved, due to the fact that the majority of the catch originates from state
waters, the potential mitigation of mortality reduction stemming from increased fishery activity
just prior to and just after the closed season, as well as the likelihood that what effort that does
occur in the EEZ would be displaced to state waters during the closures.  Regardless, Alternative
2g would provide a greater buffer from this focus of fishing effort than Alternative 2f, due to the
greater length of the closed season.  However, the conservation benefits of any of these
alternatives are likely to be eroded if effort is shifted to state waters during closed seasons.  For
this reason, the selection of any of these alternatives should be coupled with one of the
administrative options provided in Alternative 6.  

Reducing catches by shortening (or eliminating) the fishing year would benefit both managed
stocks and the surrounding ecosystem.  Alternatives 2f - 2h would likely provide progressively
greater conservation benefits than the species-specific alternatives (2a - 2e).  However, due to the
logistical problems and financial costs of removing one’s supply of fish traps, it is possible that
trap fishermen will allow their traps to soak throughout the three-month periods proposed in
Alternatives 2f and 2g, resulting in some extent of ghost fishing mortality.
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6.3.2.2.4 Caribbean coral reef resources

Alternatives 2a - 2e would have no direct or indirect impact on the biological environment for
coral reef resources not already occurring under the status quo.  Alternatives 2f - 2h would result
in direct benefits to the coral reef resources.  Reducing fishing pressure and interactions of
fishing gear with habitat will undoubtedly protect coral habitat, which has been identified as
EFH.  Further applicable discussion on the biological impacts that could be associated with
Alternatives 2f - 2h can be found in Section 4.5.7.1 of the EFH EIS (CFMC 2004).

6.3.2.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Since the closures in Alternatives 2a - 2e are species-specific
rather than area or gear based, total fishing effort will not likely be reduced, and, therefore, they
will likely have no effect on protected species’ interactions.  Most cetaceans in the area are
sighted during winter and early spring, with the increase in sightings beginning in December,
peaking in February, and gradually decreasing in March and April.  Therefore, a January 1
through March 31 closure (Alternatives 2f - 2h) may reduce the possibility of fishery interactions
with whale species.  For sea turtles it would strictly depend on how much of the total fishing
effort would be reduced. 

6.3.2.3 Direct and indirect effects on social and economic environment and their
significance

To examine the impact of implementing closed seasons, it is useful to first analyze, from an
economic perspective, the dynamics that transpire in an open-access fishery7, such as the
situation in Puerto Rico.8  In theory, equilibrium will be achieved (i.e., entry will just equal exit)
when the average revenues per unit of effort (e.g., trip) equal marginal costs and average costs
per unit effort (assuming a homogenous fleet).  At this point, total revenues minus total costs
(including normal returns to capital and labor) are equal to zero and profits are equal to zero.  If
average revenues exceed the minimum of average variable costs, entry will be attracted into the
fishery.  Conversely, if the minimum of  average variable costs exceed average revenues, profits
will be negative, hence, encouraging exit from the fishery.

The change in the stock size of a given species over time period t is often defined as:

dP/dt = F(P) - H(t)
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Where dP/dt represents the change in stock size during time period t, F(P) is equal to the natural
growth rate of the stock, and H(t) is equal to the harvest rate.  The change in stock size over a
given time period is, therefore, the natural growth rate of the stock minus the harvest rate.  If F(P)
exceeds H(t), the change in population is positive.  Conversely, if H(t) exceeds F(P), the change
in population will be negative.

Implementing a closed season in the EEZ for any given species will result in H(t) equal to zero,
assuming full compliance and no bycatch.  The assumption of no bycatch is unrealistic when
considering a single species in a multi-species fishery, such as the reef fish fishery of the U.S.
Caribbean.  Of course, as the number of species included in the seasonal closure is expanded, the
amount of bycatch would be expected to decline accordingly.  For any level of F(P) > 0,
therefore, dP/dt will also be greater than zero, ensuring an increase in stock size in EEZ waters.

Effort, defined as the total number of trips, is, of course, a function of expected profits, where
profits per trip are equal to total revenues minus total costs.  Furthermore, total revenues per trip
are equal to the catch per trip multiplied by the price received for the landed product.  Finally,
catch per trip is expected to be positively related to population.

Based on the growth equation presented above, increasing the length of the closed season is
expected to increase the population size (density) of the species being considered in EEZ waters. 
The increased population, however, is expected to result in increased profits to fishermen during
that portion of the year when the fishery is open in EEZ waters, resulting in a potential increase
in effort in EEZ waters.  Specifically, average revenues will exceed average costs, encouraging
additional effort in the EEZ fishery.

The increased effort will, over time, result in a reduction in EEZ population and, hence, average
revenues per trip in EEZ waters.  As population and average revenues per trip decline, effort will
leave the EEZ waters.  Eventually, an equilibrium level of effort will be achieved.  This
equilibrium level of effort will be at that point where the average revenues per trip equal the
average costs per trip. 

6.3.2.3.1 Caribbean spiny lobster

Alternatives 2a - 2e would have no direct or indirect impact on the biological environment for
spiny lobster not already occurring under the status quo.  Because of a lack of information
regarding harvest (commercial or recreational) of Caribbean spiny lobster in federal waters off
Puerto Rico, determining direct or indirect impacts associated with Alternative 2h.  However,
due to the species’ range and habitat requirements (i.e., maximum depth of 100 fathoms), it is a
safe assumption that the predominance of Puerto Rico spiny lobster landings and fishing activity
occurs in state waters.  Regardless, the potential impacts of Alternative 2h include the potential
for exiting the fishery by some participants and, more likely, movement of spiny lobster
harvesting activities from federal waters to state waters.  Increased fishing effort in state waters
will result in a decline in catch per unit of effort among all participants and, likely, a reduction in
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inframarginal rents (if any) currently accruing from the use of the resource.  Furthermore,
increased fishing pressure in state waters implies increased pressure on proportion of the stock in
state waters.  As discussed above, this is not expected to be significant for the Puerto Rican
fishery.  However, one can surmise the closure of the EEZ may not, under certain conditions,
lead to any increased long-term benefits generally associated with an increase in stock size
because the stock size may not necessarily increase due to the suspected lack of importance of
the EEZ waters to the spiny lobster resource for Puerto Rico.  However, as noted, closure of the
federal waters would provide some measure of protection. 

In St. Croix, where commercial harvest by distance from shore is provided, spiny lobster
landings from federal waters (3+ nm from shore) for January 2000 to December 2001 totaled
about 46,000 pounds for the two-year period, or 45% of the total reported spiny lobster landings
of 101,000 pounds from St. Croix.  While the St. Thomas reported commercial spiny lobster
landings for 2001-2002 were much smaller (16,000 pounds) than those reported for St. Croix, the
reported percentage being derived from federal waters (85%) was significantly higher. Given the
prevalence of spiny lobster activities in federal waters off the USVI, one can surmise that
movement to state waters in response to closure of the EEZ might be relatively limited, at least in
the short run, and that the socioeconomic impact would be much more severe as compared to that
which would occur to Puerto Rican lobster fishermen.

6.3.2.3.2 Caribbean conch resources

Alternatives 2a - 2e would have no direct or indirect impact on the biological environment for
queen conch not already occurring under the status quo.  The socioeconomic consequences of
Alternative 2h is included in Section 6.4.3.2.2.3.

6.3.2.3.3 Caribbean reef fish resources

Preferred Alternative 2a, one of the least restrictive of the eight alternatives listed in this section,
would, if implemented, close the EEZ to the possession of all species in Grouper Unit 4
excluding misty grouper (i.e., red, black, tiger, yellowfin, and yellowedge grouper) from February
1 through April 30.  Selected statistics related to the commercial harvest of red, misty, black,
tiger, yellowfin, and yellowedge grouper in Puerto Rico are presented in Table 6.3.2a.9  In total,
79,686 pounds of Grouper Unit 4 species (i.e., red, misty, black, tiger yellowfin, and yellowedge
grouper) were landed in Puerto Rico on a total of 1,654 trips during 1995-2002.10  Trips by
month, expressed on a percentage basis, ranged from less than six (November) to 9.5 or more
(February, March, May, and August).  Average pounds per trip were relatively low, ranging from
less than 40 in several months to more than 90 (February).  The relatively low catch per trip
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likely reflects the fact that species included in Grouper Unit 4, while several, still constitute only
a portion of species harvested on any given trip.

In total, 28% of all trips (466 of the total 1,654 trips) were reported during the February through
April period.  Only a portion of these trips, possibly relatively small, occurred in the EEZ. 
However, it is expected that a larger proportion of reef fish trips occur in the EEZ off the USVI
than in the EEZ off Puerto Rico due to USVI’s greater dependance on EEZ waters.  That is, due
to the disparity in state boundaries – 9 nm for Puerto Rico versus 3 nm for the USVI – there is
more overall fishable habitat and in the EEZ off the USVI than off Puerto Rico, and a larger ratio
(federal:state) of fishable habitat occurs off the USVI.  This issue is applicable for Alternatives
6.2.1.3a - 6.2.1.3e.  Regardless, to the extent that the number of EEZ trips is significant,
however, implementation of a February through April closure would, in the absence of bycatch
mortality, allow increased reproductive success and for some growth in stock size.  This growth
in stock size, however, could potentially be quickly dissipated upon re-opening of EEZ waters to
the species included in the Grouper Unit 4 category.  Specifically, one would anticipate an
increasing number of trips during that portion of the year when the EEZ waters are not closed to
Grouper Unit 4 category harvest; particularly in the months directly following the closure.  As
such, no long-term economic benefits would likely accrue as a result of the three-month seasonal
closure.

Finally, some additional comments regarding Preferred Alternative 2a are in order.  First, as
indicated in Table 6.3.2a, pounds per trip of species included in the Grouper Unit 4 category is
relatively small, reflecting, in all probability, the multi-species nature of reef fish fishing
activities in the U.S. Caribbean.  Given this situation, one might question whether the total
amount of effort in the EEZ would be significantly reduced during the February through April
period upon the implementation of Preferred Alternative 2a.  If effort is not significantly reduced,
one might expect that harvest of the species in the Grouper Unit 4 category would not be
significantly lessened, though all harvest would be returned to the water assuming full
compliance.  If release mortality among these fish are high, the costs of implementing Preferred
Alternative 2a could well exceed any benefits.  Specifically, landed product could provide
benefits in terms of both consumer and producer surplus (assuming that some inframarginal rents
to the fishery exist).  If release mortality is exceedingly high, there would be little growth in stock
size, even in the absence of expansion of effort.  In this situation, the alternative would impose
costs (i.e., the reduction in consumer and producer surplus) with no concurrent or future benefits
being derived.  In this situation, net benefits associated with Preferred Alternative 2a would
likely be negative.  This outcome would, of course, depend upon the species’ release mortality
during the closed season, estimates for which are unknown.

Furthermore, implementation of Preferred Alternative 2a may result in a redirection or shifting of
effort.  Most likely, effort will move to state waters.  In this situation, a three-month closure in
EEZ waters will have minimal, if any, positive impact on stock size (assuming that the density of
these species in state waters is not significantly lower than in EEZ waters), even in the absence of
any expansion of effort in EEZ waters during those months when the EEZ is not closed to the
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harvest of species in the Grouper Unit 4 category.  Another possibility is that effort may be
directed to other species.  This redirection of effort would certainly exacerbate any existing
problems associated with species in Grouper Unit 4 (i.e., overfished and experiencing
overfishing).  Finally, some fishermen may cease fishing activities and enter an alternative
occupation.  One can surmise that since they had selected fishing over another occupation prior
to regulation, the welfare of these individuals will be affected.

Table 6 .3.2a.  Sele cted M onthly S tatistics Re lated to th e Repo rted Co mmercia l Harv est of Gr ouper 4  (i.e.,

red, misty, b lack, tiger y ellowfin , and yello wedg e group er) in Pu erto Ric o, 1995 -2002  Totals a.

________________________________________________________________________
Month Trips Pounds Revenues %Trips Pounds/Trip

January 146 6,078 $12,388  8.8 41.6
February 157 8,983 $18,354  9.5 57.2
March 158 6,939 $14,743  9.6 43.9
April 151 14,765 $30,480  9.1 97.8
May 160 7,670 $16,916  9.7 47.9
June 135 5,825 $12,801  8.2 43.1
July 144 5,344 $10,986  8.7 37.1
August 158 6,656 $13,554  9.5 42.1
September 111 3,945 $  8,744  6.7 35.5
October 135 5,033 $10,253  8.2 37.3
November  97 4,568 $10,020  5.9 47.1
December 102 3,880 $  7,872  6.2 38.0

TOTAL 1,654 79,686 $167,661 100 48.2
_____________________________________________________________________________
a 

Estimates derived from Puerto Rico trip ticket data for the 1995-2002 period.  To the extent that some fishermen did not complete trip tickets,
these figures should be considered lower-bound estimates (see Matos-Caraba llo 2002 for one possible conversion methodology).

Preferred Alternative 2b, if implemented, would close the EEZ to the possession of red hind off
the west coast of Puerto Rico from December 1 through February 28.  Selected statistics related
to the commercial harvest of red hind in Puerto Rico are presented in Table 6.3.2b.  As indicated,
the number of reported trips during the 1995-2002 period totaled about 11,000 or an average of
1,360 per year.  The average catch of red hind per trip, when evaluated on a monthly basis,
ranged from about 37 pounds (April and May) to 70 pounds (January).  Reported monthly trips in
relation to the total fell within the relatively narrow range of about 7% to 10%.  Over one-quarter
of all reported trips occurred during this three-month period and these trips accounted for about
one-third of the total reported commercial landings of red hind in Puerto Rico (Table 6.3.2b).

Similar to the situation with the discussion of Preferred Alternative 2a, harvest of red hind, on
average, likely contributes only a small proportion of total revenues associated with any given
trip.  This reflects the multi-species nature of the U.S. Caribbean reef fish fishery.  Specifically,
reported commercial harvest of red hind, based only on those trips where red hind was reportedly
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landed (i.e., 10,882 trips during 1995-2002) averaged 45 pounds per trip.  The number of trips
reporting the harvest of red hind accounted for only 17% of the trips where federally-managed
reef fish species were harvested (see Table 6.3.2f), while total red hind harvest per trip equaled
23% of the total pounds of federally-managed reportedly landed per trip, on average, during
1995-2002 (see Table 6.3.2f).  Therefore, the same conclusions reached with respect to Preferred
Alternative 2a are germane for Preferred Alternative 2b.

Table 6.3.2b.  Selected Mo nthly Statistics Related to the Reported Com mercial Harvest of Red H ind in Puerto

Rico, 19 95-20 02 Tot alsa.

________________________________________________________________________
Month Trips Pounds Revenues %Trips Pounds/Trip

January 1,123 78,940 $152,728 10.3 70.3
February 995 48,750 $ 99,868  9.1 49.0
March 952 36,441 $ 75,400  8.7 38.3
April 897 33,209 $ 69,139  8.2 37.0
May 936 34,618 $ 71,993  8.6 37.0
June 873 34,715 $ 71,297  8.0 39.8
July 884 38,378 $ 78,918  8.1 43.4
August    969 43,938 $ 90,998  8.9 45.3
September    867 37,521 $ 77,506  8.0 43.3
October    918 37,103 $ 77,379  8.4 40.4
November    751 30,692 $ 64,087  6.9 40.9
December    717 32,931 $ 67,353  6.6 45.9

TOTAL 10,882 487,236 $996,667 100 44.8
_____________________________________________________________________________
a Estimates derived from Puerto Rico trip ticket data for the 1995-2002 period.  To the extent that some fishermen did not complete trip tickets,
these figures should be considered lower-bound estimates (see Matos-Caraba llo 2002 for one possible conversion methodology).

Adoption of Preferred Alternative 2c would result in the closure in the EEZ to the possession of 
species in Snapper Unit 1 (i.e, black, blackfin, vermilion, and silk snapper) from October 1
through December 31.  Selected statistics related to the reported commercial harvest of these
species in Puerto Rico are presented in Table 6.3.2c.  As indicated, the number of reported trips
wherein species from Snapper Unit 1 harvest were harvested during the 1995-2002 period
equaled 17,198 and, when examined on a monthly basis, ranged from approximately 1,000
(December) to almost 1,700 (May).  Average catch per trip equaled 131 pounds with associated
revenues of $358. 

Given the relatively high catch per trip of Snapper Unit 1 species (either in terms of pounds or
value) in conjunction with the three-month duration of the proposed seasonal closure, one might
anticipate some redirection of reef fish effort, primarily trapping activities, in the EEZ.  While
some fishermen, in response to adoption of Preferred Alternative 2c, may cease fishing activities,
one might also anticipate a significant movement of effort to state waters during the October



367

through December period.  This movement of effort would certainly exacerbate crowding
externalities along the area-limited insular platforms and would, at least in the short run, result in
a reduction in catch per unit effort among all reef fishermen targeting reef fish in state waters. 
Furthermore, the 17,198 trips associated with Snapper Unit 1 species during 1995-2002 represent
only about one-quarter of the 65,733 trips wherein federally-managed reef fish species were
reportedly harvested during 1995-2002 (see Table 6.3.2f).  Hence, one might anticipate that the
ability to target non-Snapper Unit 1 species might increase if Preferred Alternative 2c is adopted
which would, likely, result in a decline in catch per unit effort for participants targeting non-
Snapper Unit 1 species.  This could result in a reduction in inframarginal rents among
participants and, in the long run, negatively impact stock sizes of the non-Snapper Unit 1 species.

Furthermore, assuming that adoption of Preferred Alternative 2c does result in a significant
increase in the stock sizes of those species included in Snapper Unit 1 in EEZ waters, effort in
EEZ waters could expand during that portion of the year (i.e., January through September) when
harvest of species in the Snapper Unit 1 category is permitted.  As such, any economic benefits,
as well as biological benefits, will likely be dissipated over time.

Table 6.3.2c.  Selected Mon thly Statistics Related to the Reported Comm ercial Harvest of Snapper U nit 1

(i.e., black, bla ckfin, verm ilion, and silk sn apper)  in Puert o Rico, 1 995-2 002 To talsa.

________________________________________________________________________
Month Trips Pounds Revenues %Trips Pounds/Trip

January 1,463 192,302 $526,192 8.5 131.4
February 1,398 211,557 $584,832 8.1 151.3
March 1,607 226,438 $620,543 9.3 140.9
April 1,607 207,495 $570,677 9.3 129.1
May 1,697 209,572 $568,071 9.9 123.5
June 1,428 180,634 $482,066 8.3 126.5
July 1,372 153,035 $416,004 8.0 111.5
August 1,510 184,761 $510,479 8.8 122.4
September 1,418 172,230 $475,495 8.2 121.5
October 1,453 217,550 $586,069 8.4 149.7
November 1,214 153,232 $422,196 7.1 126.2
December 1,023 145,520 $394,554 5.9 142.2

TOTAL 17,198 2,254,326 $6,157,180 100 131.1
_____________________________________________________________________________
a 

Estimates derived from Puerto Rico trip ticket data for the 1995-2002 period.  To the extent that some fishermen did not complete trip tickets,
these figures should be considered lower-bound estimates (see Matos-Caraba llo 2002 for one possible conversion methodology).

Adoption of Amendment 2d would close the EEZ to the possession of yellowtail snapper from
April 1 through June 30.  Summary statistics related to the reported commercial harvest of
yellowtail snapper in Puerto Rico are presented in Table 6.3.2d.  In total, about 2.3 million
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 This should be interpreted as a minimum estimate of number of trips, as well as catch and revenues, since reporting was not mandatory during
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12
 As discussed earlier in this analysis, the significance of reef fish activities in the EEZ are likely to be more pronounced off of the USVI than
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pounds of yellowtail snapper was landed in Puerto Rico on a total of approximately 28,500 trips
during 1995-2002.11    

In total, 27% of all trips were reported during the April through June period.  Only a portion of
these trips, possibly relatively small, occurred in the EEZ.12   To the extent that the number of
EEZ trips is significant, however, implementation of an April through June closure would, in the
absence of bycatch mortality, allow for some growth in stock size.  This growth in stock size,
however, would, in theory, be quickly dissipated upon re-opening of EEZ waters to yellowtail
snapper harvesting activities.  Specifically, one would anticipate an increasing number of trips
during that portion of the year when the EEZ waters are not closed to yellowtail snapper harvest;
particularly in the months directly following the closure.  As such, no long-term economic
benefits would likely accrue as a result of the three-month seasonal closure.

Table 6.3.2d.  Selected Monthly Statistics Related to the Reported Commercial Harvest of Yellowtail Snapper

in Puert o Rico, 1 995-2 002 To talsa.

________________________________________________________________________
Month Trips Pounds Revenues %Trips Pounds/Trip

January  2,468 188,671 $381,147 8.7 76.4
February  2,439 194,123 $397,527 8.6 79.6
March 2,751 268,912 $539,140 9.7 97.7
April 2,641 230,835 $467,189 9.3 87.4
May 2,596 203,548 $411,021 9.1 78.4
June 2,413 185,180 $371,918 8.5 76.7
July 2,443 184,395 $368,199 8.6 75.5
August  2,514 214,647 $428,480 8.8 85.4
September  2,222 184,393 $369,859 7.8 83.0
October  2,329 196,143 $388,305 8.2 84.2
November  1,951 162,888 $316,750 6.9 83.5
December  1,703 124,296 $242,707 6.0 73.0

TOTAL 28,470 2,339,461 $4,682,242 100 82.2
_____________________________________________________________________________
a 

Estimates derived from Puerto Rico trip ticket data for the 1995-2002 period.  To the extent that some fishermen do not complete trip tickets,
these figures should be considered lower-bound estimates (see Matos-Caraba llo 2002 for one possible conversion methodology).

Preferred Alternative 2e would close the EEZ to the possession of mutton snapper and lane
snapper from April 1 through June 30.  Summary statistics related to the reported commercial
harvest of mutton and lane snapper in Puerto Rico are presented in Table 6.3.2e.  In total, about
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2.4 million pounds of mutton and lane snapper were landed in Puerto Rico on a total of 34,830
trips during 1995-2002.  Monthly trips, as a percentage of annual total, show relatively little
fluctuation, ranging from 6% (December) to 9.7% (March).  Average per trip catch of mutton and
lane snapper during the 1995-2002 period equaled 70 pounds for the 34,830 trips wherein mutton
and lane snapper were reported, which reflects the multi-species nature of reef fish harvesting
activities in the U.S. Caribbean.  Given these considerations, the discussion provided for the
other proposed seasonal closures would likely also be relevant for an April through June closure
of mutton and lane fishing in the EEZ.

Table 6.3.2e.  Selected Monthly Statistics Related to the Reported Commercial Harvest of Mutton and Lane

Snapp er in Pue rto Rico , 1995-2 002 To talsa.

________________________________________________________________________
Month Trips Pounds Revenues %Trips Pounds/Trip

January  3,111 215,872 $421,953 8.9 69.4
February  3,099 212,857 $412,601 8.9 68.7
March 3,369 268,714 $518,458 9.7 79.8
April 3,352 289,961 571,148 9.6 86.5
May 3,277 225,473 $439,536 9.4 68.8
June 2,902 196,375 $386,249 8.3 67.7
July 2,976 199,996 $378,967 8.5 67.2
August  2,977 200,613 $400,276 8.5 67.4
September  2,625 153,934 $301,514 7.5 58.6
October  2,667 166,353 $328,648 7.7 62.4
November  2,354 164,141 $309,115 6.8 69.7
December  2,121 145,528 $282,071 6.1 68.6

TOTAL 34,830 2,439,817 $4,750,539 100 70.0
_____________________________________________________________________________
a 

Estimates derived from Puerto Rico trip ticket data for the 1995-2002 period.  To the extent that some fishermen do not complete trip tickets,
these figures should be considered lower-bound estimates (see Matos-Caraba llo 2002 for one possible conversion methodology).

Alternative 2f would close the EEZ to the possession of all Caribbean Council-managed species
from January 1 through March 31 (i.e., a three-month closure) while Alternative 2g would close
the EEZ from January 1 to March 31 and from July 1 to September 30 (in total, a six-month
closure).  Finally, Alternative 2h would result in a year-round closure of the EEZ to all Council-
managed species.

Selected statistics related to reported commercial harvesting activities for federally-managed reef
fish in Puerto Rico for 1995-2002 are presented in Table 6.3.2f.  As indicated, during the January
1 through March 31 period, a total of 17,607 trips occurred wherein reef fish landings were
reported.  During the six month proposed closure, a total of 34,088 trips were reported.
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Alternatives 2f - 2h would close federal waters to all federally-managed reef fish activities during
different times of the year with a year-round closure proposed in Alternative 2h.  While
information is incomplete to determine all impacts on the human environment associated with
these three alternatives, some generalizations can be made.  First, one would anticipate the
severity of the adverse socioeconomic impacts to increase as the length of the seasonal closure
increases.  Hence, the adverse affects of the year-round closure (Alternative 2h) are likely greater
than those associated with, say, Alternative 2f.  Second, since these three alternatives would
result in closure of the federal waters to all reef fish activities, one would anticipate that adverse
impacts would be more severe than those associated with closure of the federal waters to only
certain types of reef fish fishing activities (e.g., specific FMU sub-units).  Third, one might
anticipate that the adverse impacts may be worse in the USVI than in Puerto Rico because, likely,
a greater proportion of reef fish activities occur in federal waters of the USVI than in Puerto
Rico.  For example, 55% of the reported commercial snapper activities in St. Croix during 2000-
2001 occurred in federal waters, according to the monthly trip ticket reports.  Similarly, almost
50% of the reported commercial harvest of snapper was, according to the monthly reporting
forms, taken in federal waters around St. Thomas during the 2000-2001 period.  While harvest in
federal waters off Puerto Rico is unknown, because of the depth of federal waters off Puerto
Rico, it is likely to be significantly less than that reported for either St. Croix or St. Thomas. 
Finally, the adverse socioeconomic impacts would, almost certainly, be worse given a complete
closure of federal waters to reef fish fishing activities than a closure to the harvest and possession
of single FMU sub-units (i.e., Alternatives 2a - 2e).  Whether any of the closures would
contribute significantly to rebuilding of the stocks is, for reasons already discussed, debatable. 
However, one could look at a year-round closure (i.e., Alternative 2h) as an insurance policy for
protection of the reef fish species.  Whether the benefits of this insurance exceeds the costs
ultimately depends upon the amount of risk society is willing to take and willingness to pay to
avoid this risk.
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Table 6.3.2f.  Selected Monthly Statistics Related to the Reported Commercial Harvest of federally-managed

Reef F ish in Pue rto Rico , 1995-2 002 To talsa.

Month Trips Pounds Revenues %Trips Pounds/Trip

January 5,812 1,148,708 $2,288,003 8.8 197.6
February 5,726 1,127,693 $2,267,971 8.7 196.9
March 6,069 1,335,828 $2,639,183 9.2 220.1
April 5,978 1,245,656 $2,486,582 9.1 189.5
May 6,019 1,128,563 $2,272,629 9.2 187.5
June 5,602 1,026,114 $2,035,220 8.5 183.2
July 5,554 1,029,272 $2,014,403 8.4 185,3
August 5,767 1,147,942 $2,273,798 8.8 199.1
September 5,160    948,007 $1,907,801 7.8 183.7
October 5,211 1,040,506 $2,124,915 7.9 199.7
November 4,639    897,893 $1,787,185 7.1 193.6
December 4,196    802,091 $1,575,273 6.4 191.2

TOTAL 65,733 12,878,273 $25,672,963 100 195.9
_____________________________________________________________________________
a 

Estimates derived from Puerto Rico trip ticket data for 1995-2002.  To the extent that some fishermen do not complete trip tickets, these

figures should be considered lower-bound estimates (see Matos-Caraballo 200 2 for one possible conversion methodology).

6.3.2.3.4 Caribbean coral reef resources

Alternatives 2a - 2e would have no direct or indirect impact on the biological environment for
coral reef resources not already occurring under the status quo.  As the Council has prohibited the
harvest and possession of corals, Alternatives 2f- 2h are not expected to have any direct effect to
the socioeconomic environment in regard to this FMP.  However, these alternatives may result in
beneficial indirect impacts due to the protection of coral habitat and EFH.

6.3.2.4 Direct and indirect effects on administrative environment and their
significance

Seasonal closures could introduce several significant direct effects on the administrative
environment.  The species-specific seasonal closures (Alternatives 2a - 2e) would need to address
public outreach issues, such as species identification due to differences in local vernacular of the
same species.  Enforcement would be complicated due to the absence of consistent regulations in
state waters.  Therefore, the species-specific alternatives would require enforcement action to
occur in federal waters, as once fishermen reached state waters it would not be possible to
enforce the possession prohibition.  A comprehensive seasonal closure would be easier to enforce
than a species-specific seasonal closure, as any vessel in federal waters that possess a managed
species during that time period would be in violation.  Additionally, a longer time period (i.e.,
Alternative 2h versus 2f or 2g) would minimize confusion, though it could lead to significant
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economic impacts, as discussed in Section 6.3.2.3.  Alternative 2f would present a considerable
closed season and would avoid the potential confusion of season openings and closings that
could occur from Alternative 2g. 

Regardless, because the majority of the catch is taken from state waters, none of the seasonal
closures described in Alternatives 2a - 2h would likely be capable of achieving the required
reductions, especially for spiny lobster and queen conch.  The Council must balance the need to
implement measures that are  reasonably capable of achieving the necessary reductions in federal
waters with the realism that the actual potential for achieving defined targets will be critically
dependent on the willingness of the states to implement consistent measures (i.e., for species-
specific alternatives (Alternatives 2a - 2e) in state waters.  If there were compatible regulations in
state waters, a seasonal closure would be easier to enforce than area closures (Section 6.3.3), as
agents could simply inspect the catch at the docks, versus conducting operations offshore. 

6.3.3 Alternative 3.  Establish area closures.

The Puerto Rican shelf, or fishable habitat 100 fathoms or less, encompasses an approximate
1,837 nm2 area.  Of that area, only 6.3% (116 nm2) occurs in the EEZ, and the vast majority of
that area is found off the west coast of Puerto Rico.  Conversely, the USVI shelf only
encompasses an approximate 630 nm2 area.  Of that area, 38% (240 nm2) occurs in the EEZ.  The
bulk of the shelf occurs off St. Thomas and St. Johns, with a 291 nm2 total area in state waters
and a 218 nm2 total area in federal waters.  St. Croix has 98 nm2 of fishable habitat in state
waters, and only a 21 nm2 area off its east coast that resides in the EEZ.  This disparity between
Puerto Rico and the USVI, that is the amount of fishable habitat that occurs in federal waters off
each state, is a result of the difference in state jurisdictions.  Puerto Rico waters extend offshore 9
nm, while USVI waters only extend out 3 nm.  Therefore, the USVI fisheries depend on the EEZ
to a much greater extent than those prosecuted off Puerto Rico.  Further, St. Thomas and St.
Johns have a greater reliance on the EEZ, with approximately 43% of the total shelf occurring in
the EEZ, as compared to that of St. Croix, which only has approximately 18% of its waters in the
EEZ.

The following alternatives are based on the assumption that a specific reduction in available
fishable habitat (i.e., 100 fathoms or shallower) in EEZ waters resulting from an area closure
corresponds with a matching reduction in fishing mortality.  That is, a 10% closure of waters 100
fathoms or less results in a 10% reduction in fishing mortality.

Alternative 3a.   Establish one or more closed areas off Puerto Rico and the USVI as
identified in Figures 7 - 9, and 12 - 15.

The following area closures would attempt to achieve any needed reductions in fishing mortality
by prohibiting fishing for all Council-managed species year round in select areas of the EEZ. 
Each closed area is described with respect to its potential to reduce total annual fishing mortality
on affected species in federal waters, based on the assumption that catches in the EEZ are
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distributed equally over fishable habitat in the EEZ (e.g., a closed area that encompasses 10% of
fishable habitat in the EEZ would be presumed to result in a 10% reduction in fishing mortality
for all Council-managed stocks).  In reality, this assumption is not likely to hold true, as the
distribution of fishing effort is affected by multiple factors, including the availability of fish and
the redistribution of effort to other areas in the EEZ.  However, state trip ticket programs do not
collect data that would allow us to more precisely describe the spatial distribution of fishing
effort.  Assuming that total landings are divided equally throughout the EEZ allows us to
evaluate the potential impact of the alternatives relative to one another and to the goals and
objectives established by the preferred limit (ABC) and target control rules.  Calculations
defining the total percentage of fishable habitat (i.e., waters 100 fathoms or shallower) in the
EEZ that would be protected by each area closure alternative recognize recent protections to
fishable habitat provided by the designation of the Hind Bank MCD, located south of St.
Thomas, USVI.  Implemented in December 1999, the Hind Bank MCD encompasses an area
about 13 nm2, which includes approximately 11 nm2 (approximately 3%) of fishable habitat in
EEZ waters off the USVI. 

The proposed areas are identified in Figures 7 - 9, and 12 - 15.  Coordinates for the proposed
areas are as follows:

Alternative 3a(1).  West of Puerto Rico (PRW)
A) 18° 13.50N, 67° 27.00W
B) 18° 13.50N, 67° 23.00W
C) 18° 00.00N, 67° 23.00W
D) 18° 00.00N, 67° 27.00W

PRW (Figure 7) would create a closed area of approximately 51.46 nm2, with 31.98 nm2

consisting of waters 100 fathoms or shallower.  This area encompasses an existing red hind
seasonal spawning closure off the west coast of Puerto Rico.  It covers about 28% of the fishable
habitat in EEZ waters off Puerto Rico, and about 9% of the total fishable habitat in the EEZ.

Alternative 3a(2).  Northeast of Puerto Rico (PRN)
A) 18° 33.50N, 65° 17.00W
B) 18° 33.50N, 65° 10.00W
C) 18° 30.00N, 65° 10.00W
D) 18° 30.00N, 65° 17.00W

PRN (Figures 8 and 9) would create a closed area of approximately 23.14 nm2, with 20.36 nm2

consisting of waters 100 fathoms or shallower.  This area covers about 12% of the fishable
habitat in EEZ waters off Puerto Rico, and about 3% of the total fishable habitat in the EEZ.
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Alternative 3a(3).  East of St. Croix on Lang Bank (CRX)
A) 17° 50.50N, 64° 28.50W
B) 17° 50.50N, 64° 25.00W
C) 17° 47.00N, 64° 25.00W
D) 17° 47.00N, 64° 28.50W

CRX (Figure 8) would create a closed area of approximately 11.63 nm2, with 7.47 nm2 consisting
of waters 100 fathoms or shallower.  This area encompasses most of the area protected by the
existing red hind seasonal spawning closure on Lang Bank.  It covers about 3% of the fishable
habitat in EEZ waters off the USVI, and about 2% of the total fishable habitat in the EEZ.

Alternative 3a(4).  South of St. John (JOS)
A) 18° 14.50N, 64° 47.50W
B) 18° 14.50N, 64° 44.00W
C) 18° 10.00N, 64° 44.00W
D) 18° 10.00N, 64° 47.50W

JOS (Figure 8) would create a closed area of approximately 14.94 nm2, with 13.01 nm2

consisting of waters 100 fathoms or shallower.  This area covers about 5% of the fishable habitat
in EEZ waters off the USVI, and about 4% of the total fishable habitat in the EEZ.

Alternative 3a(5).  North of St. Thomas (THN)
A) 18° 14.50N, 64° 47.50W
B) 18° 14.50N, 64° 44.00W
C) 18° 10.00N, 64° 44.00W
D) 18° 10.00N, 64° 47.50W

THN (Figures 8 and 9) would create a closed area of approximately 66.12 nm2, with 55.21 nm2

consisting of waters 100 fathoms or shallower.  This area covers about 23% of the fishable
habitat in EEZ waters off the USVI, and about 16% of the total fishable habitat in the EEZ.

Alternative 3a(6).  West of Puerto Rico (PRW2)
A) 18° 12.12N, 67° 27.30W
B) 18° 12.12N, 67° 25.00W
C) 18° 05.00N, 67° 25.00W
D) 18° 05.00N, 67° 27.30W

PRW2 (Figure 13) would create a closed area of approximately 15.64 nm2, with 10.60 nm2

consisting of waters 100 fathoms or shallower.  This area encompasses a portion of the area
protected by the existing red hind seasonal spawning closure off the west coast of Puerto Rico.  It
covers about 9% of the fishable habitat in EEZ waters off Puerto Rico, and about 3% of the total
fishable habitat in the EEZ.
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Preferred Alternative 3a(7).  West of Puerto Rico (PRW3)
A) 18° 12.00N, 67° 27.00W
B) 18° 12.00N, 67° 23.00W
C) 18° 03.50N, 67° 23.00W
D) 18° 03.50N, 67° 27.00W

PRW3 (Figures 12 and 13) would create a closed area of approximately 32.93 nm2, with 28.40
nm2 consisting of waters 100 fathoms or shallower.  This area encompasses an existing red hind
seasonal spawning closure off the west coast of Puerto Rico.  It covers about 24% of the fishable
habitat in EEZ waters off Puerto Rico, and about 8% of the total fishable habitat in the EEZ.

Preferred Alternative 3a(8).  North of St. Thomas and Culebra (CARIB)
A) 18° 33.50N, 65° 17.00W
B) 18° 33.50N, 65° 05.00W
C) 18° 30.00N, 65° 05.00W
D) 18° 30.00N, 65° 17.50W

CARIB (Figures 14 and 15) would create a closed area of approximately 39.74 nm2, of which
38.24 nm2 consists of waters 100 fathoms or shallower (~13.73 nm2 in Puerto Rico and ~24.44
nm2 in USVI).  This area covers about 12% and 10% of the fishable habitat in EEZ waters off
Puerto Rico and the USVI, respectively, and about 11% of the total fishable habitat in the EEZ.

Alternative 3b.  Close the EEZ off Puerto Rico, and establish a closed area off the USVI
(e.g., Alternative 3a(5), THN, or Alternative 3a(8), CARIB), as indicated in Figure 8 or 15.  

The delineation for the closed area off Puerto Rico would be seaward of the state boundary, and
westward of 65° 15'W longitude.  This 116 nm2 area encompasses 100% of the fishable habitat in
federal waters off Puerto Rico, and comprises about 33% of the fishable habitat in the EEZ. 
Additionally, this alternative would close one of two areas off the USVI:  Alternative 3a(5),
THN, or Alternative 3a(8), CARIB.  The total percentage of fishable habitat in the EEZ covered
by this alternative is 49% if the THN alternative is selected, and 44% if the CARIB alternative is
selected.

Alternative 3c.  Within any preferred closed area alternative, prohibit all fishing for and
possession of all species with the exception of HMS species.

This alternative would supplement any preferred area closure (i.e., Alternatives 3a(7) and 3a(8)),
and allow the harvest of HMS species such as tunas and sharks, but prohibit all other fishing
activities.  As with Alternatives 3a and 3b, there would be no transit provision for fishing vessels
with this alternative.
 



376

Alternative 3d.  Within any preferred closed area alternative, prohibit all fishing for and
possession of all species, but allow the transit of fishing vessels with properly stowed gear
and catch.

This alternative would supplement any preferred area closure (i.e., Alternatives 3a(7) and 3a(8)),
but allow the transit of fishing vessels that have their gear and catch stowed.

6.3.3.1 Direct and indirect effects on physical environment and their significance

Implementing a closed area would result in a reduction of fishing effort in a localized area.  That
reduction in fishing effort could directly benefit the physical environment, in particular coral
habitat, as it would eliminate fishing-related impacts within that area (Barnette 2001).  Within the
closed area gear impacts and anchoring of fishing vessels would be expected to be absent,
allowing benthic communities to recover.  Yet, any benefits incurred from the closed area could
potentially be indirectly reduced by increased fishing activity around the perimeter of the
boundaries, as well as increased pressure to benthic communities elsewhere in the U.S.
Caribbean. 

6.3.3.2 Direct and indirect effects on biological and ecological environment and their
significance

6.3.3.2.1 Caribbean spiny lobster

A closure in federal waters would protect the portion of the stock that resides in that portion of
the EEZ.  Yet, only 14% of fishable habitat occurs in the EEZ, and the 100-fathom (200 m)
contour is also considered the limits of spiny lobster habitat, with a greater proportion likely
occurring within 100 m (Section 5.2.1.1.1).  While spiny lobster may benefit from an area
closure, it is likely that the U.S. Caribbean spiny lobster resource depends on larval input from
outside jurisdictional boundaries.  Since spiny lobster planktonic larvae spend up to 11 months at
sea before settling (Section 5.2.1.1.1), the source for a large proportion of U.S. Caribbean spiny
lobster is likely “upcurrent” of Puerto Rico and the USVI.  Likewise, only a small proportion of
spiny lobster larvae is likely retained within the U.S. Carribean; it is most likely that larvae
spawned in the U.S. Caribbean could, for example, settle at Bermuda (Munro 1974a).  Therefore,
the biological benefit of a closure for spiny lobster in the U.S. Caribbean will be limited.

6.3.3.2.2 Caribbean conch resources

Alternatives 3a and 3b would result in direct benefits to Caribbean conch by reducing harvest
pressure on the resource.  However, the direct and indirect effects to the biological environment
resulting from any of the closed areas in Alternative 3, as it applies to the Caribbean conch
resource, would be overshadowed by the impacts to the biological environment resulting from a
prohibition of catch year-round in the EEZ, which is the Council’s preferred alternative to rebuild
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the queen conch resource; a discussion on the biological impacts of that action is provided in
Section 6.4.3.2.2.2.

The same issues discussed for spiny lobster in Section 6.3.3.2.1 also apply to queen conch.  For
example, the documented range of queen conch extends to about 100 m in depth (Section
5.2.1.2.1.1).  While there may be some export of conch larvae, their duration in the water column
is much shorter, and some studies have concluded that the majority of queen conch larvae are
retained locally.  Thus, the protection of any portion of the queen conch stock in the EEZ may
directly benefit the biological environment in the U.S. Caribbean, as it applies to the Queen
Conch FMP.

6.3.3.2.3 Caribbean reef fish

Protecting areas of reef fish habitat from fishing mortality may enhance reproductive success and
recruitment.  Where established, no-take reserves have reportedly been successful in directly
increasing both the size and abundance of reef fish within their borders (Bryant et al. 1998). 
Furthermore, properly sited closed areas could be effective in regulating fishing mortality, as well
as in reducing bycatch and protecting important habitat.  They would also provide a controlled
area for assessing fishing impacts.  Other ancillary benefits are discussed in Section 6.3.3.3.

All three alternatives would provide enhanced protection to spawning aggregations of numerous
species of reef fish.  The three proposed closed areas off the west coast of Puerto Rico included
in Alternative 3a (i.e., 3a(1), 3a(6), and 3a(7)) either partially (Alternative 3a(6)) or fully
encompasses (Alternatives 3a(1) and 3a(7)) one existing seasonal spawning closure for red hind
(i.e., Abrir La Sierra Bank).  Furthermore, the red hind seasonal spawning closure on Lang Bank
off St. Croix would also be fully encompassed year-round under Alternatives 3a(3) and 3b. 

The sedentary nature and high catchability of many snapper species make them particularly at
risk (Weber 1998).  While many reef fishermen do not have the basic electronic equipment
typically used to locate aggregations, the strong site fidelity of some snapper species, both to
non-spawning habitat and to spawning sites, as well as the temporal predictability of their
spawning aggregations, makes them easy to locate (AFS 2001; Rielinger 1999).  Furthermore,
fishers have historically targeted unprotected spawning aggregations, including those of mutton
snapper, gray snapper and yellowtail snapper (Rielinger 1999).

Luckhurst (1998) demonstrated that spawning site fidelity in red hind is an acquired trait. 
Additionally, the loss of spawning aggregations in several grouper species due to overfishing,
despite their proximity to more healthy spawning stocks, would strongly suggest that spawning
fidelity is a learned behavior in many reef fish species.  When heavy fishing on aggregations
removes the experienced fish, new recruits cannot find the aggregations, which can then collapse
as functional spawning units (Coleman et al. 2000).  For example, of the nearly 50 Caribbean
aggregations known for Nassau grouper, at least 10 have been annihilated by fishing.  Those
aggregations that were fished out have yet to rebuild (Coleman et al. 2000).
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Aside from protection of spawning aggregations of managed species, implementing closed areas
would offer additional benefits, such as protection to juveniles and aquarium trade species from
bycatch mortality in fish traps.  However, closed areas could also present a few negative impacts. 
Without comprehensive regional management, especially in regard to state waters, fish
populations and benthic habitats outside of the closed areas could be subjected to increased
fishing pressure.  Displacement of effort could have a significant localized effect, especially on
undocumented spawning aggregation sites. 

The reductions in fishing mortality resulting from the proposed area closures are documented in
Table 13.  Depending on the which closed areas are selected, closed area(s) could successfully
result in a sufficient reduction in fishing mortality that would end overfishing for the queen
conch, Snapper Unit 1, Snapper Unit 4, Grouper Unit 4, parrotfish, triggerfish and filefish, and
boxfish FMU sub-units.  Further, the reductions in fishing mortality will undoubtedly aid the
rebuilding of some overfished species such as those included in Snapper Unit 4 and Grouper Unit
4.

6.3.3.2.4 Caribbean coral resources

Reducing fishing pressure and interactions of fishing gear with habitat will undoubtedly protect
coral habitat within the boundaries of any given area closure.  Further applicable discussion on
the biological impacts that could be associated with Alternatives 3a and 3b, in regards to EFH,
can be found in Section 4.5.7.1 of the EFH EIS (CFMC 2004).  However, closed areas could also
present a few negative impacts.  Without comprehensive regional management, benthic habitats
outside of the closed areas could be subjected to increased fishing pressure.  Displacement of
effort could have a significant localized effect, especially on coral habitat sites that have not been
mapped or whose importance has yet to be recognized (e.g., spawning aggregation sites). 

6.3.3.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Aside from protection of spawning aggregations of managed
species, implementing closed areas would offer additional benefits, such as reduction of potential
fishery-related impacts with sea turtles and other endangered species.  Closed areas adjacent to
areas designated as critical habitat for sea turtles (i.e., areas where there may be higher
concentrations of sea turtles) may reduce the number of incidental takes.  Any total effort
reductions as a result of area closures may be beneficial to protected resources. 

Alternative 3c would permit fishing activities for HMS species.  Theoretically, trolling for HMS
may incidentally catch other managed species, but it is expected these events would be fairly
rare.  However, it is very possible that bycatch of wahoo and dolphin could occur on a regular
basis, and Alternative 3c would require that these species be discarded within the closed area. 
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6.3.3.3 Direct and indirect effects on social and economic environment and their
significance

Table 13 documents the potential economic impacts resulting from, as well as the size and area
encompassed by each of the closed area alternatives.  There are some artifacts produced that
should be considered when trying to determine potential impacts from closed area alternatives. 
Due to the lack of discrete effort data, it is not possible to precisely determine economic impacts
resulting from discrete closed areas.  That is, catch reporting areas are much larger than the area
encompassed by each of the proposed closed areas.  What portion of the landings originate from
within the closed area boundaries is impossible to determine given the constraints of the current
reporting regime. 

Ex-vessel values for Puerto Rico were used for the entire U.S. Caribbean to determine the
economic impact of the various closed area alternatives (Table 13).  While prices for USVI fish
and shellfish and typically higher than those in Puerto Rico, the nature of how the product is
marketed is different between the two states.  Fishermen in the USVI generally market their
product directly to the consumer or to restaurants (i.e., wholesale or quasi-retail), so it does not
reflect a true ex-vessel value.  Therefore, a direct comparison between the economic impacts
between Puerto Rico and the USVI would have artifacts associated with it, and would potentially
be misleading.  Regardless, considering public comment and input from members of the Council,
the proposed closed areas would introduce significant economic burdens to fishermen, and would
likely put many fishermen out of business.

Recreational data in the U.S. Caribbean is not sufficient to conduct a thorough analysis of the
economic impact of that sector for the purposes of Table 13.  MRFSS data is available only for
Puerto Rico, and it does not differentiate if fish are landed in state or federal waters.  However,
anecdotal information suggests that most recreational fishing activity, in particular activity
conducted on charter vessels, is focused on HMS and other pelagic species, with little effort
expended on reef fish or other Council-managed species.13  Therefore, Alternative 3c would not
be expected to result in significant economic effects, with the exception of discarded dolphin,
wahoo, or other species that are not managed by the Council, but the harvest and possession of
which would be prohibited within the closed areas.

Obviously, due to the location of the various closed area alternatives, it is possible for an
alternative to have a greater impact on users in one area than in others.  For example, the
implementation of the CARIB closed area alternative would impact fishers operating from the
north coast of St. Thomas and the northeast coast of Puerto Rico, while most likely having a
negligible effect on fishers in St Croix.  This is largely a function of where the available habitat
areas are in the Caribbean EEZ that could be utilized to reduce fishing mortality through a closed
area alternative; there are very specific areas where closed areas could be sited.  Further, due to
the disparity between the amount of area in the EEZ off Puerto Rico and the USVI, respectively,
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and the fact that the USVI has a greater percentage of fishable habitat in the EEZ as compared to
Puerto Rico, any closed area alternative may potentially have a greater impact on USVI
fishermen than Puerto Rican fishermen.  

The proposed closure on Lang Bank off St. Croix (i.e., STX), while less than 12 nm2 in size,
might have a significant local effect on St. Croix fishers.  Due to the recently implemented closed
areas at Buck Island Reef National Monument and St. Croix East End Marine Park, which closed
28.33 nm2 (approximately 9.32 nm2 of which is shallower than 100 fathoms) and approximately
5 nm2 in state waters, respectively, as well as the very narrow shelf area around most of the island
of St. Croix, the additive effects of closing off more areas to fishing may force some individuals
out of the fishery.  Due to St. Croix’s isolated position in the U.S. Caribbean, and its limited shelf
area available to fishing, the effects of any closed area to associated users would most likely be
more profound when compared to the effects stemming from the closed areas proposed off St.
Thomas or Puerto Rico.

Some ancillary benefits of closed areas are briefly discussed below.

A.  Direct and indirect benefits

1.  The value of biological diversity associated with the protection of nature within the confines
of the proposed area closures:   Sobel (1993) groups threats to marine biological diversity into
two classes.  The first class includes those activities that involve overexploitation of marine
resources, including the directed or intentional harvesting and incidental taking of marine life. 
The second class of threats to marine biological diversity include “...those that destroy or degrade
marine habitats (p.21),” such as pollution and coastal development.

Before considering the economic benefits of biological diversity (or biodiversity), it is useful to
briefly discuss what is meant by the term.  Simply stated, biological diversity is a general term
referring to the extent of variety in nature and can be considered at four levels.  These levels
include (Miller 2002):  (1) genetic diversity, (i.e., the variety of information contained in all of
the individual plants, animals, and microorganisms), (2) species diversity, or the variety of living
species, (3) ecosystems diversity, or the variety of habitats, biotic communities, and ecological
processes, as well as the tremendous diversity present within the ecosystems in terms of habitat
differences and the variety of ecological processes, and (4) functional diversity, or the biological
and chemical processes or functions such as energy flow and matter cycling needed for the
survival of species and biological communities.

Genetic diversity refers to variation of genes within species.  As noted by Polunin (1983), genetic
diversity can be diminished in heavily fished stocks which, among other things, can result in fish
stocks becoming more stressed from environmental perturbations.  This increased stress can lead
to recruitment failure, etc.  Species diversity is generally classified into three groups of
measurement:  species richness, species abundance, and taxonomic diversity.  Species diversity,
no matter how it is measured, tends to be unevenly distributed around the world.  Specifically,
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species richness is concentrated in the equatorial regions and decreases in relation to distance
from the equator.  In the marine ecosystem, biological diversity appears to be highest on the
continental shelves.  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 still in its early stages. 

In a study of the St. John trap fishery, Garrison (1997) reports some trends suggesting relatively
large changes in species composition and, indirectly, evidence of decreasing biodiversity.  In
relation to species composition, the author found that six species accounted for more than 50% of
the total catch during the 1992-1994 period with blue tang, gray angelfish, and porgies
representing the most frequently caught species.  The author suggests that the six species
represent a far fewer number than reported in earlier studies.  Furthermore, the number of blue
tang caught in traps increased from six percent in 1992 to more than 30% in 1994.  As stated by
the author, “[t]he dominance of tangs in this study may be an example of Jenning’s and Polunin’s
(1996) prediction that small, fast-growing species from a lower trophic level would eventually
dominate catch as a result of intense fishing pressure.  Change in catch composition would result
from fishers simply targeting the remaining available species or keeping species previously
considered trash fish or bycatch.”  Similarly, in a recent summary of fishing activities Puerto
Rico, Matos-Caraballo (2001) states “[s]everal species discarded by fishers in the past, have now
become commercial species (H. Rufus, Holocanthus ciliaris, Carpilus coralinus, and Mythrax
spp).  Thus species considered with no market value in the past, are now easily sold at good price
today.  Probably these species are now marketable due to the decrease in landings, and an
increase in the demand for more fresh products.  This fact is another indication of overfishing.”

The obstacles associated with measuring the value of biodiversity within an economic framework
are well known.  While the measurement is inherently complicated, few economists would argue
that there is value to it.  Hence, the creation of closed areas and the protection afforded to fish
stocks and the associated ecosystem would certainly provide economic benefits.  Furthermore,
one would anticipate that the amount of benefits is related to the size of the closed area.  Hence,
the value associated with maintaining biodiversity likely increases as one moves from smaller to
larger closed areas.

2.  Value associated with avoidance of large potential losses that may occur when common
access is the only viable alternative.  There is ample evidence that closed areas are successful at
increasing the biomass and the average size of fish outside the boundaries of the closed areas
(Polunin and Roberts 1993).  This is particularly true when considering species, such as many of
the reef fish species in the Caribbean Region, that exhibit relatively limited movements and have
long life spans for which current size distribution is significantly below that historically reported
(Rowley 1994).14  
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 Carrying capacity (K) is the maximum population of a particular species that a given habitat can support over a given period of time. 
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Benefits (value) associated with avoidance of large potential loss (even in the absence of
common access) can take many forms.  In the extreme, closed areas can help ensure species’
survival.  Less Draconian in nature, closed areas can help to provide a hedge against recruitment
failure, assuming spillover and egg dispersal effects are positive.  As such, closed areas can, in
essence, provide insurance against the potential, and perhaps, negative impacts related to
overfishing.  While it may not be able to quantify it, this insurance policy is a benefit and, hence,
is valued by society.

Finally, there is a growing consensus that the multi-species, multi-gear nature associated with the
harvesting of reef fish assemblages, such as those prevailing in the U.S. Caribbean, makes
traditional management measures somewhat ineffective in sustaining viable populations of
targeted, as well as incidentally harvested, species in some cases (Roberts 1997).  Management
measures that limit the overall level of effort may also be ineffective due to expansion of effort
within the existing fleet (e.g., increased trips and/or traps).  An individual transferrable quota
program, while largely untested in fisheries as complex and diverse as that of the reef fish
assemblage fishery in the U.S. Caribbean, is likely to be extremely cumbersome (and costly), and
it is uncertain how well it would perform.  As such, area closures may be a cost effective
alternative to more cumbersome and expensive programs.  In addition, they can provide
additional protection associated with the avoidance of large potential losses when used in
conjunction with more traditional management approaches.  Hence, it is relatively safe to state
that benefits associated with avoidance of large potential losses would accrue via establishment
of area closures. 

3.  Value associated with an (potential) increase in commercial and recreational harvests
outside the area closures emanating from conserving species within the area closures.  One of
the core concepts of area closures is that over time (after initial establishment) stock sizes outside
the area closures will be enhanced through the effects associated with spillover.  The spillover
effect emanates from larger fish emigrating outside the borders of the area closures over time as
carrying capacity15 within the area closure is attained.  The export of larvae, similarly, may
enhance recruitment into neighboring fish stocks.

While intuitively appealing, empirical evidence supporting the spillover and export of larvae
effects may be limited for some species (e.g., spiny lobster).  This is 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
experimental designs involving multiple sites as well as the need for sampling both before and
after the area is closed.

What are the expected benefits of the establishment of area closures in relation to increased
stocks outside the closed areas?  First, commercial harvest is expected to be enhanced resulting
in a short-term increase in profits (producer surplus).  Second, the increased harvest will result in
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primarily, capital stuffing within the existing fleet.  
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 Congestion externalities with respect to non-consumptive activities (such as diving) may exist if, for example, utility associated with  solitude
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a decline in price of the landed product (assuming that the price flexibility is not equal to zero),
ceteris paribus, increasing the total level of consumer surplus derived from consumption of the
landed product.  Third, increased fish stocks outside the closed area(s) will result in higher levels
of catch per trip in the recreational sector, resulting in increased consumer surplus in this sector
of the fishing industry.  Finally, consumer surplus associated with non-consumptive activities,
such a recreational diving, should be enhanced.  

The short-run increase in profits in the commercial sector will, over time, induce new entrants
into the fishery and is likely to encourage existing fishermen to expand individual levels of
effort.16  This expansion will, through time, lead to an erosion of profits (i.e., producer surplus) in
relation to a decline in catch per unit effort.  Because the stocks outside the closed areas can be
maintained at higher levels than pre-closed area conditions, higher levels of consumer surplus,
related to sustained higher commercial harvests in aggregate, may be maintained over a long-run
period of time.  With respect to recreational fishing activities, a short-run increase in catch per
trip, as noted in the previous paragraph, will encourage additional recreational fishing trips,
assuming the demand for trips responds positively to increases in catch per trip.  The additional
number of trips will, in turn, tend to result in a reduction in catch per trip over time with a
commensurate reduction in the per trip consumer surplus.  Total consumer surplus related to
recreational fishing activities may, however, remain at an enhanced level in the long run due to
the overall increase in number of trips.  The long-run demand for non-consumptive activities
should be enhanced in the long run in relation to sustained enhancement of stocks outside the
closed areas.  This should, in the absence of any congestion externalities, result in a long-run
increase in consumer surplus to this segment of the population that receives utility form the non-
consumptive use of the resource.17

B.  Direct and indirect costs

1.  Opportunity costs associated with displacement of fishermen from their preferred fishing
grounds.  Given the situation that some fishermen may no longer be able to fish in their preferred
fishing grounds, one might anticipate that costs to these fishermen, stated in terms of reduced
profits, would increase in the short run.  As stocks outside the closed areas expand over time,
however, the magnitude of these costs are likely to diminish.  Obviously, these costs, at least in
the short run, are expected to increase with the amount of closed area.  Hence, these costs would
be greater with the adoption of Alternative 3b as compared to any singular (or potential
combination) closed area in Alternative 3a.

2.  Costs related to stock and crowding externalities related to displacement of fishermen
associated with establishment of closed areas.  The displacement of effort to those areas outside
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the closed areas would likely result in short-run increases in both stock and crowding
externalities, particularly in light of the limited amount of shelf area available for fishing
activities.18  The stock externality is expected to result in a reduction in catch per fisherman, the
extent of which depends upon:  (1) the amount of displaced effort which is transferred to areas
outside the closed areas, and (2) the biological status of the targeted stocks.  Profits per trip will
fall by a significantly larger amount than the decline in catch (or revenues) due to the overall
relationship between revenues and costs (e.g., a 10% reduction in revenue may result in a 50%
reduction in profit since costs will not decline in proportion to revenues).  Given the heavily
fished nature of many of the species (indicating that total catch will respond only minimally to
further increases in effort), reduction in short-run profits may be sizeable.

The crowding externality associated with the limited shelf area is expected to result in a higher
level of costs per unit of effort independent of catch or other factors.  While the short-run costs
associated with this externality are thought to be positive, they may be relatively minor.  If stocks
outside the proposed area closures expand over time as a result of spillover or dispersal effects,
fleet profitability may begin to increase over time.  This, however, would likely encourage
additional capital in the fishery which would exacerbate crowding externalities as well as drive
fleet profitability back towards zero.

3.  Costs related to a short-run reduction in consumer surplus associated with establishment of
area closures.  As noted, establishment of closed areas is expected to result in a reduction 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.19  Furthermore, if long-run increases in harvestable stocks,
emanating from spillover and egg dispersal impacts associated with establishment of area
closures do not occur, long-run losses in consumer surplus related to long-run reductions in
domestic harvests become a distinct possibility.  Yet, it is expected that the closed areas will
yield biological benefits in the long term with the establishment of sustainable fisheries, which,
in turn, will establish long-term economic benefits.

4.  Costs related to deterioration of ecosystem stability outside the proposed area closures. 
Displacement of effort in association with establishment of closed areas could result in a short-
run increase in effort in the remaining shelf area open to harvesting (assuming a significant
amount of effort does not leave the industry in response to declining profitability).  This may,
based on the premise that contact of gears (particularly traps) with the physical environment
results in environmental degradation, result in deterioration of the habitat outside the closed areas
in excess of what would occur in the absence of the area closures.  To a large extent, the
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increased degradation would occur in state waters with the amount increasing as the amount of
area closed in federal waters increases.  However, without an increase in overall effort (i.e.,
number of traps fished), the actual extent of the potential impacts to the ecosystem would not
necessarily be greater than that occurring under the status quo, but could potentially be more
concentrated due to reduced fishing area. 

6.3.3.4 Direct and indirect effects on administrative environment and their
significance

Area closures, similar to the seasonal closures proposed in Section 6.3.2, could introduce several
significant effects on the administrative environment.  One of the most glaring is the difference
in jurisdictions and the proportion of federal versus state waters.  Due to the differences in state
boundaries (i.e., 9 nm off Puerto Rico and 3 nm off the USVI) a greater percentage of fishing
area in 100 fathoms of water or less can be found in EEZ waters off the USVI as compared to
Puerto Rico.  Furthermore, while there is a total of approximately 2,467 nm2 off habitat found in
100 fathoms of water or less in the U.S. Caribbean, only approximately 630 nm2 (i.e., ~25%) can
be found in state and federal waters off the USVI.  The remainder occurs largely within nine
miles of Puerto Rico.  Thus, any proposed closed areas off the USVI would most likely have a
greater impact than comparable areas off Puerto Rico.  Therefore, closing all EEZ waters off
Puerto Rico, and a smaller amount off the USVI (i.e., Alternative 3b), may have a more equitable
result when trying to achieve the necessary reductions in fishing mortality. 

It should be emphasized that action must also be taken in state waters to meet the required
reductions in fishing mortality.  This alternative does take into consideration recently
implemented closures within 100 fathoms of depth that could work to achieve the objectives in
reducing fishing mortality.  In federal waters, the Hind Bank MCD is being incorporated into the
total reduction threshold.  Likewise, year-round closed areas that have been implemented recently
in Puerto Rico and the USVI could also be credited towards the required total reduction in
fishing mortality in the state’s jurisdiction.  For example, the Desecheo Island Marine Reserve,
which closes a total of 2.27 nm2 in Puerto Rican waters, as well as the Buck Island Reef National
Monument and St. Croix East End Marine Park in USVI waters, amongst others, can contribute
towards the overall matching reduction in fishing mortality needed for state waters.  However,
due to the large amount of fishable habitat in state waters, individually each of these state
closures only offer a minor contribution to the overall target reduction (Table 13).  Yet, they
should be considered when and if states pursue consistent actions, such as through an MOU
(Section 6.3.6). 

All of the area closures would need to address public outreach issues, such as site identification. 
Many fishermen in the U.S. Caribbean do not have global positioning systems (GPS) or other
means to accurately determine their location.  Without GPS, they many encroach into a closed
area without knowing they are in its boundaries.  While the burden is on the fishermen to always
know their location, and their responsibility to comply with management regulations, this issue
still needs to be recognized.  All of the specific sites identified in Alternatives 3a and 3b are of
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sufficient size that would facilitate enforcement.  Furthermore, since these are year-round
closures, they would be easier to enforce than seasonal closures due to the fact that there would
be no confusion over opening and closing dates.  However, with specific sites that are closed to
fishing, enforcement would need to insure that a potential violation was occurring within a
discretely defined area.  It would be possible for fishermen who encroach into a closed area to
quickly flee upon observing an enforcement vessel, especially if they operated just inside the
boundaries.  

Permitting transit of fishing vessels in Alternative 3d could present some enforcement issues.  As
many of the commercial fishing vessels in the U.S. Caribbean are small, open boats, it would be
difficult to determine “proper stowage,” especially for hook and line.  Other closed areas that
include transit allowances state that a rod and reel must be removed from the rod holder and
stowed securely on or below deck; terminal gear (i.e., hook, leader, sinker, flasher, or bait) must
be disconnected and stowed separately from the rod and reel; and sinkers must be disconnected
from the down rigger and stowed separately.  With a small open-cockpit boat, there may not be
sufficient space to adequately separate the gear, or stow it so that an enforcement agent is
confident the gear is not currently, or has not recently been utilized for fishing within a closed
area.  The closed areas in question are either of reasonably small size (i.e., Grammanik Bank) or
sited far enough offshore that there would likely be little fishing activity occurring directly
seaward of it.  In the case of Grammanik Bank, the area is small enough that the amount of time
and required distance to avoid the area would be relatively small; the burden to the fishing
community to avoid this area altogether would be minimal.  Therefore, due to the unique issues
with the U.S. Caribbean fisheries, Alternative 3d may not be very practical, and may result in
significant administrative impacts. 

These alternatives would require an increase in the Caribbean enforcement presence.  Due to the
closed areas proposed in Alternatives 3a and 3b, several boats and additional agents would be
needed.  Potentially, three to six boats crewed by three agents each, would be needed for Puerto
Rico in order to enforce the proposed closed areas 24 hours a day, seven days a week coverage. 
Furthermore, three vessels crewed by three personnel each would be required for the same
coverage in the USVI.

6.3.4 Alternative 4.  Eliminate the use of fish traps in the U.S. EEZ.

Alternative 4a.  Implement an immediate prohibition on the use of fish traps in the U.S.
EEZ.

Alternative 4b.  Phase-out the use of fish traps in the U.S. EEZ over a period of (i) five
years or (ii) ten years.
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6.3.4.1 Direct and indirect effects on physical environment and their significance

This alternative would result in directly reducing a specific interaction with the physical
environment, in the capacity that fish traps can negatively impact the seabed.  Specific impacts to
the benthos resulting from the use of fish traps are documented by Barnette (2001).  Prohibiting
the use of fish traps would benefit the physical environment.  Differences between Alternatives
4a and 4b would be based on when the benefits to the physical environment begin to accrue. 
Alternative 4a would immediately remove an agent that can impact the benthos, while
Alternative 4b would allow potential impacts to continue for as much as ten years.

Benefits originating from either of these alternatives could be wholly or partially negated by
fishermen switching to alternate gear types following a prohibition on fish traps, which may
indirectly affect the physical environment.  However, it is unclear to what degree an effort
displacement to a different gear type would impact the physical environment. 

6.3.4.2 Direct and indirect effects on biological and ecological environment and their
significance

Additional effects stemming from this alternative are discussed in Section 4.5.7.1 of the EFH EIS
(CFMC 2004).  In summary, Alternatives 4a or 4b are not expected to have any direct effect on
Caribbean spiny lobster or Caribbean conch resources.  The direct effects of this alternative on
Caribbean reef fish, coral reef resources, and other affected resources are discussed below.

6.3.4.2.1 Caribbean reef fish

Theoretically, the prohibition of fish traps could result in an approximate reduction in fishing
mortality of between 22-67%.  This range is based on the fact that trap-based fisheries in Puerto
Rico accounted for 22% of the overall catch in 2001 (Scharer et al. 2002), and traps accounted
for 38% of the overall catch in the USVI (Valle-Esquivel and Díaz 2003).  However, 67% of
USVI reef fish specifically were landed by fish traps based on the proportion of
reported/expanded landings by species category and gear type from 1994-2002 (Valle-Esquivel
and Díaz 2003).  This reduction in fishing mortality will probably not approach this amount due
to two factors:  first and foremost is that a large proportion of the fish trap harvest occurs within
state waters, and second, that any reduction in fishing mortality due to a trap prohibition in
federal waters is likely to be negated to some extent due to a transfer of effort by displaced fish
trappers to another gear type.  So, due to these artifacts, it is not possible to precisely quantify the
extent to which a prohibition on fish traps would reduce fishing mortality in the region.  

Regardless, a prohibition of fish traps in the EEZ, based on the ranges discussed above, could
potentially result in a reduction in fishing mortality sufficient enough to end overfishing for those
species currently undergoing overfishing (Table 11).  A prohibition on fish traps would also
afford benefits to non-target species such as aquarium trade species, that would otherwise be
subject to some extent of bycatch mortality.  Juveniles of important commercial species such as
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snapper and grouper could also experience some benefits from a trap prohibition since they are
currently vulnerable to harvest, and due to the absence of size restrictions in the EEZ, could be
retained by the fisherman (i.e., if states did not have minimum size limits for such species).  

Differences between Alternatives 4a and 4b would be based on when the benefits to the
biological environment (i.e., reduction in fishing mortality on reef fish species)  begin to accrue. 
Alternative 4a would immediately remove the trap fishing effort in the EEZ, while Alternative 4b
would allow continued trapping effort in the EEZ for as much as ten years.

6.3.4.2.2 Caribbean coral reef resources

As mentioned in Section 6.3.4.1, the prohibition of fish traps would remove a documented agent
of EFH impacts, particularly to coral habitat.  Coral reef species in the EEZ would directly
benefit due to a reduction in gear impacts resulting from trap deployment and recovery,
especially in proximity to reef habitat.  

While ghost fishing can occur due to lost traps, it most likely is not a significant problem in the
Caribbean.  This is due in large part to the areas that trap fishermen tend to work.  In many cases,
traps are deployed in areas where the fishermen can still see the bottom.  Thus, if a trap buoy line
were to be parted, the fisherman may still be able to locate his trap visually from the surface, and
utilize a grappling hook to recover it.  However, trap loss and ghost fishing could still occur in
deep water and on steep reef slopes where the fisherman would be unable to easily recover lost
gear.

6.3.4.2.3 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  This gear has been identified to have a potential to have
protected species interactions, in particular with sea turtles, so its elimination could have a
beneficial effect to protected resources. 

6.3.4.3 Direct and indirect effects on social and economic environment and their
significance

Table 13 documents the potential economic impacts resulting from the prohibition of fish traps in
the EEZ.  The use of fish traps has been a contentious issue in other regions.  The South Atlantic
Council banned the use of fish traps in 1991, while the Gulf of Mexico Council implemented a
phase-out of fish traps that will end in 2007.  The South Atlantic Council’s rationale for
eliminating this gear type was based on bycatch of non-target species, including non-traditional
food fish (i.e., aquarium trade species); trap loss and ghost fishing issues; habitat damage
originating from fish trap use; bycatch release mortality; and enforcement difficulties (SAFMC
1991).
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 One must also recognize that fishermen may receive satisfaction from fishing activities over and above that generated from direct income

derived from fishing (Anderson 1980).  As such, adoption of Alternative 4 may result in changing fish ing practices rather than movement to a
non-fishing employment activity even if the expected income derived from the later exceeds that of th e former.
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The direct and indirect effects on the social and economic environment related to the elimination
of fish traps in the EEZ, either through an immediate prohibition or a gradual phase-out (i.e.,
Alternative 4a versus Alternative 4b), depends, overwhelmingly, on the extent to which fish traps
are currently employed in EEZ waters.  While information exists that suggests they are used in
federal waters, the extent of such use is not documented.  Given that the majority of fishable
habitat is in state waters, it is likely that most of the fish trapping effort is focused there.

If usage is minimal, the direct and indirect effects on the social and economic environment,
would of course be minimal.  Conversely, the higher the usage in the EEZ, the larger one might
anticipate the economic and social impacts to be.  Specifically, an immediate prohibition on the
use of fish traps in the EEZ might cause some, unknown, proportion of participants to cease
fishing operations.  The extent to which this scenario would transpire would likely depend
largely upon income that could be earned in non-fishing activities vis-a-vis the income that could
be earned in alternative fishing endeavors.20  

The most likely alternative fishing endeavors would include:  (1) movement of trap fishing
activities to state waters, and (2) the deployment of alternative gears in the EEZ.  Given the fact
that use of fish traps in the U.S Caribbean is the preferred method of fishing among participants
engaged in the practice, one could surmise that the direct impacts of eliminating the use of fish
traps in the EEZ would be a reduction in profits among those participants engaged in the activity. 
Switching behavior (either the movement of trap fishing activities into state waters or the
deployment of alternative gears in the EEZ) would indirectly impact fishermen currently
involved in these activities.  Specifically, increased effort in these alternative activities would
result, in theory, in a reduction in catch per unit effort among all participants and, hence, a
reduction in profitability.  If inframarginal rents were being derived prior to adoption of
Alternative 4a or 4b, increased effort would likely reduce the amount of inframarginal rents.  If
no rents were being earned (i.e., profits, including opportunity costs associated with labor and
capital, equal to zero), a decline in catch per unit effort as a result of a redirection of effort in
association with the implementation of Alternative 4 would result in negative short-term profits
which, in the long run, would translate into an exit of effort from these activities.

Certainly, a phase-out of fish traps in the U.S. Caribbean EEZ would result in less social and
economic disruption than an immediate prohibition.  However, the general discussion presented
above remains valid whether there is an immediate prohibition or a gradual phase-out of fish
traps.
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6.3.4.4 Direct and indirect effects on administrative environment and their
significance

A prohibition on fish traps, whether immediate or phased out over several years, presents several
direct and indirect administrative effects.  Similar to the issues raised on closed areas, without a
GPS unit fishermen may not realize they are fishing in the EEZ.  A total prohibition of fish traps
in the EEZ would be easier to enforce as compared to a discrete, site specific prohibition.  The
prohibition could also be enforced dockside, utilizing the trap rash regulatory language. 
However, this would depend on compatible regulations in state waters.  Without a matching
prohibition of fish traps in state waters, the effectiveness (i.e., in particular dockside
enforcement) of this alternative is severely compromised.  It is likely, that if fish traps are
removed from the EEZ, they would merely be moved to the shallower state waters, and fishing
mortality would not be effectively reduced throughout the U.S. Caribbean.

While a phase-out may be more desirable to minimize the economic impacts, the ten-year
schedule offered in Alternative 4b might be viewed as excessive, and allow further expansion of
the fishery before ultimate prohibition.  Likewise, due to the prevalence of small-scale operators,
and the lack of fishermen who possess large numbers of fish traps due to the small average size
of commercial fishing vessels in the U.S. Caribbean, it is unlikely that a five-year phase out
would be necessary to allow fisherman a sufficient amount of time to remove their gear.  This is
especially true, considering fishermen would still be permitted to fish their gear in state waters.  

6.3.5 Alternative 5.  Eliminate the use of gill and trammel nets in the U.S. EEZ.

Alternative 5a.  Implement an immediate prohibition on the use of gill and trammel nets in
the U.S. EEZ.

Alternative 5b.  Phase-out the use of gill and trammel nets in the U.S. EEZ over a period of
(i) five years or (ii) ten years.

Alternative 5c (Preferred).  Implement an immediate prohibition on the use of gill and
trammel nets in the U.S. EEZ, with the exception of those nets used for catching ballyhoo,
gar, and flying fish.  Nets used for the harvest of these species must be tended at all times.

6.3.5.1 Direct and indirect effects on physical environment and their significance

Prohibiting the use of nets in the EEZ would benefit the physical environment by reducing a
specific interaction with the physical environment.  Specific impacts to the benthos resulting
from the use of nets are documented by Barnette (2001).  Differences between Alternatives 5a
and 5b would be based on when the benefits to the physical environment begin to accrue. 
Alternative 5a would immediately remove an agent that can impact the benthos, while
Alternative 5b would allow potential impacts to continue for as much as ten years.  If St. Croix
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fishermen continue to shift from fish traps to gill and trammel nets, Alternative 5b should result
in even greater potential impacts, especially to the deep-water reef areas that they apparently are
targeting in the EEZ (Carrubba, pers. comm.).  Alternative 5c is not expected to result in any
direct or indirect effects on the physical environment, as the use of these permitted gill nets
would be directed on species such as flying fish and baitfish that are commonly found near the
surface.  Further, since the nets are required to be tended at all times, it is expected that any
impacts to the physical environment will be negligible.

Benefits originating from either of these alternatives could be wholly or partially negated by
fishermen switching to alternate gear types following a prohibition on nets, which may indirectly
affect the physical environment.  However, it is unclear to what degree an effort displacement to
a different gear type would impact the physical environment. 

6.3.5.2 Direct and indirect effects on biological and ecological environment and their
significance

Additional effects stemming from this alternative are discussed in Section 4.5.7.1 of the EFH EIS
(CFMC 2004).  In summary, Alternatives 5a - 5c are not expected to have any direct effect on
Caribbean spiny lobster or Caribbean conch resources.  The direct effects of this alternative on
Caribbean reef fish, coral reef resources, and other affected resources are discussed below.

6.3.5.2.1 Caribbean reef fish

The use of gill nets in the USVI has increased over the past 10 years, where they are used in
conjunction with SCUBA divers to catch parrotfish (Tobias et al. 2000).  Divers set nets in sandy
offshore areas (between reefs at the shelf edge) where schools of fish congregate just before dark. 
The highest catches are made during peak spawning times (Tobias 2001).  Valle-Equivel and
Díaz (2003) documented that gill nets were responsible for 32.65% of all commercial parrotfish
landings in the USVI from 1994-2002.  However, gill nets appear to be a minor source of
landings for grouper and snapper, accounting for approximately 1% of the harvest.  This is
supported by the fact that between 1997-1999, parrotfish represented 74-78% of total net
landings in St. Croix (Tobias et al. 2000).  Because nets are responsible for a greater proportion
of parrotfish landings than other gear types, it is expected that the prohibition of this gear type
will result in a disproportionate reduction in fishing mortality for parrotfish, and, in and of itself,
will likely result in ending overfishing for the FMU; based on the preferred alternatives for stock
status determination criteria and the control rules, parrotfish would require a 27% reduction in
fishing mortality to end overfishing (Table 11).  The use of nets occurs primarily in state waters,
with the exception of activity off St. Croix, where trammel nets are used on deep reef areas in the
EEZ.  There has not been a major shift to nets in Puerto Rico, and fish traps are still the favored
gear type in the reef fish fishery there.

Dependent on the mesh size of the nets, this alternative would reduce bycatch of reef associated
fish, as well as reduce habitat damage associated with gill and trammel net fishing activities that
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may indirectly affect reef fish spawning aggregations, etc.  The use of gill and trammel nets in
the U.S. Caribbean appears to be increasing, primarily in the USVI, and is raising concern among
other fishermen and resource managers.  In some cases, fishermen apparently utilize divers to
surgically deploy nets in migratory pathways of reef fish, so that they are captured during their
diurnal migration to and from their reef habitat.  This method of harvest can be highly efficient,
and could result in localized depletion of fish populations.  However, this practice may result in
fewer impacts to habitat (i.e., coral), and reduce the chances of ghost fishing from lost or
disposed gear.

Theoretically, the prohibition of gill and trammel nets should result in an approximate reduction
in fishing mortality of between 9-20%.  This range is based on the fact that the Puerto Rican net
fisheries in 2001 accounted for 20% of the overall catch, including species not managed by the
CFMC (Matos-Caraballo 2002), and the USVI net fisheries accounted for approximately 9% of
the overall catch in the USVI (Valle-Esquivel and Díaz 2003).  However, the Puerto Rico
estimate includes beach seines and landings on non-managed species.  A more realistic estimate
is 10%, based on the 2002 Puerto Rico trip ticket data on Council-managed reef fish harvest
derived from the use of gill and trammel nets (130,000 pounds out of a total reported commercial
harvest of 1.25 million pounds).  Further, only 6% of USVI reef fish specifically were landed by
nets based on the proportion of reported/expanded landings by species category and gear type
from 1994-2002 (Valle-Esquivel and Díaz 2003).  Therefore, it would be more appropriate to use
a range of 6-10% for an estimate of the predicted reduction in fishing mortality from the
prohibition of nets.  This reduction in fishing mortality will probably not approach this amount
due to two factors:  first and foremost is that a large proportion of the net harvest occurs within
state waters, and second, that any reduction in fishing mortality due to a net prohibition in federal
waters is likely to be negated to some extent due to a transfer of effort by displaced netters to
another gear type.  So, due to these artifacts, it is not possible to precisely quantify the extent to
which a prohibition on gill and trammel nets would reduce fishing mortality in the region.  Yet,
the USVI is considering banning the use of gill and trammel nets in state waters, which would
negate the above artifacts with respect to USVI waters.

Regardless, a prohibition of gill and trammel nets in the EEZ, based on the ranges discussed
above, should potentially result in a reduction in fishing mortality sufficient enough to help end
overfishing for those species currently undergoing overfishing (Table 11).  A prohibition on nets
would also afford benefits to non-target species such as aquarium trade species, that would
otherwise be subject to some extent of bycatch mortality.  Juveniles of important commercial
species such as snapper and grouper may also experience some benefits from a net prohibition
since they are currently vulnerable to harvest, and due to the absence of size restrictions in the
EEZ, could be retained by the fisherman (i.e., if states did not have minimum size limits for such
species).

The use of divers associated with net use is just starting to appear in landings data, so the impact
of this fishing practice may be hard to quantify.  Due to the use of divers to deploy and recover
the net, it is expected that this gear type is not a significant issue in federal waters due to the
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average water depth.  This would be especially evident off Puerto Rico, where the 9 nm state 
jurisdiction severely limits available habitat in water shallow enough to utilize nets in proximity
to reef habitat. 

A prohibition on nets would likely still afford benefits to non-target species such as aquarium
trade species, that would otherwise be subject to some extent of bycatch mortality.  Juveniles of
important commercial species such as snapper and grouper may also experience some benefits
from a net prohibition since they are currently vulnerable to harvest, and due to the absence of
size restrictions, are most likely retained by the fisherman.  A net prohibition would also remove
a threat to endangered species such as sea turtles.  Furthermore, coral reef species would benefit
due to a reduction in gear impacts resulting from net deployment and recovery, especially in
proximity to reef habitat.  

While ghost fishing can occur due to lost netting, it most likely is not a significant problem.  As
documented in Barnette (2001), lost nets frequently ball up, and their capacity to capture fish is
greatly reduced.  Epifauna would begin to grow on the netting, and it would eventually be 
incorporated into the reef habitat. 

Alternative 5c may result in continued bycatch of managed and non-managed species, to the
extent that fishing activities with gill nets would encounter managed and non-managed species
while harvesting flying fish, etc.

6.3.5.2.2 Caribbean coral reef resources

As mentioned in Section 6.3.4.1, the prohibition of nets would remove a documented agent of
EFH impacts, particularly to coral habitat, especially in deeper depths where divers are not
employed.  Alternative 5c may not result in any significant direct or indirect impacts to coral, as
it is expected most activity would be directed towards non-managed species found in close
proximity to the surface (e.g., flying fish).

6.3.5.2.3 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Similar to Alternative 4, this gear has been identified to have a
potential to have protected species interactions (e.g., sea turtles), so its elimination would be
beneficial to protected resources.  It is not clear what potential exists for protected resource
interactions in association with the continued use of gill nets to harvest non-managed species.

6.3.5.3 Direct and indirect effects on social and economic environment and their
significance

Table 13 documents the potential economic impacts resulting from the prohibition of gill and
trammel nets in the EEZ.  There has been a reported increase, specifically in the USVI, in the use
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of nets to discretely target migrating reef fish (Tobias et al. 2000).  In some instances,
particularly in St. Croix, fishermen have switched from traps to nets due to frequent trap theft
and vandalism.  Puerto Rican fishermen appear to still favor fish traps, and there has not been a
major shift to nets.  Matos-Caraballo (1997) documented 11,710 fish traps, and 1,320 gill and
trammel nets being used by 1,731 fishermen in a 1995-1996 census.  A similar census conducted
in 2002 (Matos-Caraballo, pers. comm.) documented 10,372 fish traps, and 1,384 gill and
trammel nets being used by 1,163 fishermen.    

Based on the 2002 Puerto Rico trip ticket data, approximately 10% of the federally-managed
commercial reef fish harvest was derived from the use of gill and trammel nets (130,000 pounds
out of a total reported commercial harvest of 1.25 million pounds).  It is unknown how much of
this take is from the EEZ.

In a study of the use of gill and trammel nets among fishermen in Puerto Rico, Valdes-Pizzini et
al. (1992) state ”[t]he procedure used when fishing gill nets and trammel nets are similar.  The
main difference is in the fishing grounds, gill nets are usually fished in the inner reef and
mangrove areas; trammel nets are usually fished in the outer reef (the edge of the platform and in
deeper water 40 to 60 feet).”  Hence, unless fishing practices have changed significantly since the
time of the study by Valdes-Pizzini et al. (1992), one can conclude that gill nets are not used in
federal waters off Puerto Rico.  Furthermore, given that the minimum depth of federal waters is
approximately 60 feet off the west coast of Puerto Rico, one is left with the conclusion that
trammel nets are also not significantly employed in federal waters off Puerto Rico; this is subject
to the assumption that fishing practices involving the use of trammel nets have not changed
significantly since the early 1990s (overall, reported landings from trammel nets in Puerto Rico
decreased from 309,000 pounds in 1996 to 74,000 pounds in 2001, suggesting some change in
fishing practices).

The use of gill and trammel nets in the USVI appear to be a more significant component of the
reef fish fishery than that in Puerto Rico, particularly for parrotfish and surgeonfish.  While nets
only account for approximately 1% of the landings of snapper and grouper, the gear accounts for
32.65% of parrotfish landings and 11.23% of surgeonfish landings in the USVI from 1994-2002
(Valle-Esquivel and Díaz 2003).  Due to the 3 nm state boundary, there is more fishable habitat
off the USVI that could be targeted by nets.  Portions of Lang Bank off St. Croix is shallow
enough (e.g., 40 feet) to utilize nets, where they are commonly deployed by divers that can
surgically place nets in the migratory pathways of reef fish. 

It is unclear what the economic significance of flying fish and baitfish harvested specifically by
gill nets would be, and therefore, it is not currently possibly to quantify the economic impact of
Alternative 5c.  However, it is expected that it would be less of an impact as compared to a total
prohibition of the gear, to the extent it is utilized in the EEZ to harvest flying fish and other non-
managed species.
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If either gill or trammel nets are used to any significant extent in the EEZ, however, the
discussion related to Alternatives 4a and 4b (Section 6.3.4.3) is directly applicable to
Alternatives 5a and 5b (i.e., elimination of gill nets and trammel nets in the EEZ).  In addition to
the discussion presented in Section 6.3.4.3, however, Valdes-Pizzini et al. (1992) suggest that
non-fishing employment opportunities among net fishermen are considerably less than those
available for the general commercial fishing population.  Specifically, the authors note that
“[t]hroughout the 80s, social research has demonstrated that half of the fishermen’s population is
engaged in other jobs, conforming a well known pattern of occupational multiplicity (Valdes-
Pizzini 1990).  In comparison with the rest of the fishermen, net fishermen are almost exclusively
devoted to fishing as an economic activity.  The skewedness to the upper age cohorts may be
associated to this behavior, since these fishermen tend to be older, and thus out of the service and
industrial economic activities due to advance age.”  If still accurate, this would imply very
limited non-fishing employment opportunities among net fishermen.  Hence, elimination of gill
net and trammel net fishing in the EEZ would likely result, primarily, in a re-direction of fishing
effort rather than switching to land-based employment.  However, these short-term socio-
economic impacts are likely to be mitigated and overshadowed by the long-term economic
benefits from a sustainable reef fish fishery.

6.3.5.4 Direct and indirect effects on administrative environment and their
significance

A prohibition on gill and trammel nets, whether immediate or phased out over several years,
presents several administrative concerns.  Similar to the issues raised on closed areas, without a
GPS unit fishermen may not realize they are fishing in the EEZ.  A total prohibition of nets in the
EEZ would be easier to enforce as compared to a discrete, site specific prohibition. 

Further, the extent of net use in federal waters is unknown.  With limited exceptions, due to the
bathymetric constraints faced in the EEZ, in that the depth of water would greatly curtail the use
of nets, it could be assumed that net use is not a significant management concern in the EEZ. 
This is also supported by the amount of landings reported by gill nets in the USVI, when
compared to other gear types such as fish traps. 

While a phase-out may be more desirable to minimize the economic impacts, the ten-year
schedule offered in Alternative 5b might be viewed as excessive, and allow further expansion of
the fishery before ultimate prohibition.  Likewise, due to the prevalence of small-scale operators,
it is unlikely that a five-year phase out would be necessary to allow fisherman a sufficient
amount of time to remove their gear or switch to other gear types.  This is especially true
considering fishermen would still be permitted to fish their gear in state waters.  While there is a
need to inform the public about an impending management action, a five- or ten-year period does
not appear to be warranted. 

Allowing the use of gill nets to harvest flying fish and other non-managed species (i.e.,
Alternative 5c) may present some enforcement issues.  As mentioned previously, it is possible
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that the use of this gear, while targeting bait fish and non-managed species, may result in bycatch
of managed species.  In order to enforce this potential management action, enforcement would
have to be made at-sea, requiring vessel and catch inspection.  If consistent regulations are not
adopted in state waters, dockside enforcement would be ineffective. 

6.3.6 Alternative 6.  Develop a memorandum of understanding (MOU) between
NMFS and the state governments to develop compatible regulations to
achieve the management objectives set forth in all Caribbean Council fishery
management plans in state and federal waters of the U.S. Caribbean.

Section 4.3.6 discussed the various actions that could be included within the MOU.  

6.3.6.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with the sea floor.  This alternative
would simply establish an agreement between state and federal management entities to develop
compatible regulations.  It, in and of itself, would not have a direct effect on the physical
environment.  However, over the long term, this alternative could indirectly impact coral and
other benthic habitats through regulations that offer increased protection from fishery-related
impacts. 

6.3.6.2 Direct and indirect effects on biological and ecological environment and their
significance

The development of an MOU between state and federal management entities would not result in
any direct effects on the biological environment.  However, it is expected that the MOU would
forge the way for improved management of marine resources.  This alternative is especially
important when considering that the majority of the species depend on and are fished from state
waters.  Due to bathymetric constraints, the vast majority of coral habitat is found in state waters
(Figure 1).  This alternative could lead to regulations that rebuild overfished fish populations and
afford better protection to coral and other habitats.  While it is possible to speculate that this
action would most likely lead to beneficial indirect effects to the marine ecosystem, in particular
to managed species, it is not possible to quantify those effects.  Further discussion on the indirect
impacts to each FMP resulting from this alternative is discussed below.

6.3.6.2.1 Caribbean spiny lobster

The development of an MOU between state and federal management entities would not result in
any direct or indirect effects on the biological environment in regards to spiny lobster.  Currently,
spiny lobster regulations in the U.S. Caribbean are consistent in state and federal jurisdictions.
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6.3.6.2.2 Caribbean conch resources

The development of an MOU between state and federal management entities would not result in
any direct effects on the biological environment in regards to queen conch.  It would, however,
result in indirect effects in that USVI and federal regulations are currently inconsistent in regard
to recreational possession limits of queen conch.  Puerto Rico also does not require queen conch
to be landed whole, in the shell, which is inconsistent with federal regulations.  Lastly, should the
preferred alternative in Section 6.4.3.2.2 be implemented, and the commercial and recreational
catch of queen conch is prohibited in the EEZ to end overfishing and rebuild the overfished
species, states would likely need to address this significant inconsistency in state waters.

6.3.6.2.3 Caribbean reef fish

This alternative would result in indirect effects to the biological environment since USVI and
federal regulations are currently inconsistent in regards to both the minimum size of managed
species and in what species are prohibited from harvest.  There currently is only a minimum size
for yellowtail snapper in the EEZ, and it is inconsistent with Puerto Rico (12 in versus 10.5 in)
and the USVI, which has no established minimum size for this species.  The harvest and
possession of Nassau grouper is not prohibited in the USVI, while it is prohibited in the EEZ and
in Puerto Rican waters.  This species was protected due to its overfished status; possession has
been prohibited in the EEZ since 1990.  This loophole may jeopardize the rebuilding of the
species, and potentially allow poaching in federal waters to occur since the fish can be landed in
the USVI.  

Should any of the closed season alternatives in Section 6.3.2 be established, further consultation
may be required to remedy any additional inconsistencies between state and federal fishery
regulations.

6.3.6.2.4 Caribbean coral reef resources

The development of an MOU between state and federal management entities would not result in
any direct or indirect effects on the biological environment in regards to coral reef resources. 
Currently, coral regulations in the U.S. Caribbean are consistent in state and federal jurisdictions.

6.3.6.2.5 Other affected species/resources

The effects of this alternative to other affected species are expected to be similar to those
described in Section 6.1.1.1.2.5.  Therefore, they are not repeated here.
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6.3.6.3 Direct and indirect effects on social and economic environment and their
significance

Given that the majority of harvest of Council-managed species occurs in state waters, there is
considerable doubt as to whether actions taken only in federal waters will be adequate to
conserve and manage Council-managed stocks.  Hence, without state governments developing
compatible regulations, stocks that are currently overfished or undergoing overfishing may
become further depleted, while the status of other stocks that are currently stable, may, at some
future point, be jeopardized due to insufficient action in state waters.

In general, fishery regulations aimed at protecting or rebuilding stocks impose short-term adverse
impacts on fishing participants including the potential loss of employment opportunities.  These
short-term adverse impacts, however, can be outweighed by the positive benefits associated with
healthy stocks.  Short-term adverse impacts will certainly increase if fishery management
regulations, via an MOU, are imposed in both state and federal waters.  However, achievement of
any significant long-term benefits associated with protection or rebuilding of Council-managed
stocks would likely not be forthcoming in the absence of compatible regulations in state waters
(e.g., Nassau grouper rebuilding).

6.3.6.4 Direct and indirect effects on administrative environment and their
significance

Representatives of the state marine resource management entities currently serve on the Council,
and therefore already have an avenue to tailor federal management actions to help address state
issues.  However, there is a lack of reciprocal communication and influence (i.e., federal
influence on state management).  This alternative would facilitate the implementation of
management actions in state waters, especially for Nassau grouper, which is an overfished
species.  The harvest and possession of Nassau grouper has been prohibited in the EEZ since
1990, and was only recently protected in Puerto Rico (2004); it is still an allowable species in
USVI waters. However, at the 117th Council meeting, representatives from the USVI stated that
they would pursue the prohibition of Nassau grouper harvest and possession in state waters. 
Therefore, this alternative might be unnecessary.

Due to the differences in management between the USVI and Puerto Rico, establishing a
protocol for resolving those differences and finding common ground would be necessary.  The
MOU would also need to incorporate an enforceable timetable for action, though it is unclear
what action the Council and NMFS could take if the states fail to implement the necessary
regulations.  The Secretary already has the authority to preempt local government if certain
criteria are met, though it is unlikely that those conditions could be met for the majority of
federally managed species. 
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6.4 Rebuilding overfished fisheries

The alternative rebuilding schedules defined in this amendment for overfished stocks are
consistent with the guidance provided at 50 CFR §600.310, such that the earliest rebuilding
period in a defined range is bounded by TMIN; the longest rebuilding period, by ten years (if TMIN

< 10) or by TMIN plus one mean generation time (if TMIN > 10).  Generally, the mid-point between
the shortest possible and longest allowable rebuilding periods is evaluated as a third alternative. 
The TMIN and mean generation time of assessed stocks are determined based on assessment data
and on available scientific literature on the life history characteristics of those stocks.

The theoretical dynamics of a population under the logistic (Graham-Schaefer) surplus-
production model were used to calculate recovery times for non-assessed stocks (i.e., Grouper
Unit 4).  Surplus-production models are valuable for analyzing fish population dynamics when a
stock cannot be aged, and therefore age-structured models cannot be applied.  A quantity termed
"surplus production" is used to characterize population dynamics at different levels of population
size (measured in biomass).  Surplus production is the algebraic sum of three major forces:
recruitment, growth, and natural mortality.  The adjective "surplus" refers to the surplus of
recruitment and growth over natural mortality; i.e., the net production (Prager 1994).  

Surplus-production models admittedly fail to account for important factors, such as variations in
populations in response to environmental variation.  But they still provide useful insight into
population dynamics when data are insufficient to model real-life conditions and responses.  The
logistic (Schaefer) model is the simplest surplus-production model.  In this model, a first-order
differential equation describes the rate of change of stock biomass (Bt) due to production.  In the
absence of fishing, the population's rate of increase or decrease is assumed to be a function of the
current population size only:  dBt/dt = rBt - r/K(Bt

2); where Bt is the population biomass at time t,
K represents the maximum population size, or carrying capacity, and r represents the stock's
intrinsic rate of increase (in proportion per unit time).  Adding fishing mortality (Ft) to the model,
it becomes:  dBt/dt = (r - Ft)Bt - r/K(Bt

2) (Prager 1994).

Prager (1994) describes how integrating this equation with respect to time allows modeling the
biomass and yield through time.  The relationship between the starting biomass relative to BMSY

(BCURR/BMSY), the F applied during recovery (FRECOVERY), and FMSY can be used to plot recovery in
a time span.  Assuming the parameter, r, is equal to M, and the parameter K, is equal to 1, the
recovery under each alternative combination of B/BMSY and FMSY considered for each stock or
complex can be plotted.  The results of those efforts are displayed in Sections 6.4.4 and 6.4.5, in
the discussions of stock- and complex-specific rebuilding schedules.

6.4.1 Nassau grouper

The Council prohibited the catch and possession of Nassau grouper in federal waters in 1990,
and has made specific recommendations to state governments related to ending overfishing and
protecting EFH in state waters (CFMC 2001a).  However, to date catches of Nassau grouper are
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not prohibited or regulated in USVI fisheries; Puerto Rico implemented new regulations on
March 12, 2004, to prohibit the possession or sale of this species.  

6.4.1.1 Rebuilding schedule

Fishery scientists do not have the data needed to calculate TMIN for Nassau grouper.  But NOAA
SEFSC has concluded that it is unlikely that the stock could recover within ten years in the
absence of fishing (CFMC 2001a).  Thus, the Council has specified a TMIN proxy of ten years for
this species.  Porch and Scott (2001) specify a generation time for Nassau grouper ranging from
15 to 70 years.

6.4.1.1.1 Alternative 1.  No action.  Do not define a schedule/time frame for rebuilding
Nassau grouper.

6.4.1.1.1.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with the sea floor.  Specifying a
rebuilding schedule is not be expected to directly or indirectly affect the physical environment
over the short or long term.

6.4.1.1.1.2 Direct and indirect effects on biological and ecological environment and their
significance

The act of defining or not defining a rebuilding schedule would have no effect on any species in
the Caribbean Queen Conch, Coral, or Spiny Lobster FMPs.  Further, there would be no direct
positive or negative impacts on Nassau grouper.  Defining a rebuilding schedule simply
establishes a target by which to measure the effectiveness of regulations implemented to rebuild
the stock.  Federal regulations prohibiting the catch and possession of Nassau grouper would not
be relaxed irrespective of the length of the rebuilding period selected until there is scientific
evidence that the stock is no longer overfished.  However, because mortality of this species may
still occur in federal waters due to regulatory discards and/or illegal catches, as well as the
unregulated harvest of Nassau grouper in USVI waters, it is not clear whether the prohibition on
catch would be sufficient to recover the resource.  Thus, specifying a rebuilding schedule could
result in indirect impacts to Nassau grouper by forcing the implementation of stricter
management measures in federal and/or USVI waters.  Implementing additional measures to
protect Nassau grouper in federal waters could have a positive impact on stock recovery.  But, in
the absence of stricter management measures in USVI waters, the recovery of this resource is
questionable. 
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6.4.1.1.1.3 Direct and indirect effects on social and economic environment and their
significance

The act of defining or not defining a rebuilding schedule would have no direct positive or
negative impacts on fishing communities.  Defining a rebuilding schedule simply establishes a
target by which to measure the effectiveness of regulations implemented to rebuild the stock. 
Federal regulations prohibiting the catch and possession of Nassau grouper would not be relaxed
irrespective of the length of the rebuilding period selected until there is scientific evidence that
the stock is no longer overfished.  However, because mortality of this species may still occur in
federal waters due to regulatory discards and/or illegal catches, it is not clear whether the
schedule could result in indirect impacts to fishing communities by forcing the implementation
of stricter management measures in federal waters.  Implementing additional measures in federal
waters could have a positive impact on stock recovery, but would likely result in negative short-
term impacts on fishery participants.  Those negative short-term impacts could potentially be
outweighed by the positive impacts associated with stock recovery in the long term.  But, in the
absence of stricter management measures in USVI waters, the recovery of this resource is
questionable.

6.4.1.1.1.4 Direct and indirect effects on administrative environment and their
significance

This alternative would not comply with §304(e)(4)(A) of the MSFCMA. 

6.4.1.1.2 Alternative 2 (Preferred).  Rebuild Nassau grouper to BMSY in 25 years, using
the formula TMIN (10 years) + one generation (15 years) = 25 years.

This alternative reflects the minimum amount of time likely needed to rebuild Nassau grouper.

6.4.1.1.2.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with the sea floor.  Specifying a
rebuilding schedule is not be expected to directly or indirectly affect the physical environment
over the short or long term.

6.4.1.1.2.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.1.2.  Therefore, they are not repeated here.
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6.4.1.1.2.3 Direct and indirect effects on social and economic environment and their
significance

The preferred alternative has two key provisions, the recovery period (25 years) and the control
rule (ABC = 0 pounds until the resource is recovered).  The period of recovery accommodates
the biological regenerative capacity of the resource, as affected by the fishery harvest rate.  Under
a given biological capacity, the choice of harvest rate will shorten or lengthen the recovery
period.  The allowable harvest at the point of recovery will exceed that during the recovery
period.  The selection of the rate of harvest during the recovery and, hence, the period of
recovery, incorporates a trade-off decision on current versus future benefits.  The combination of
recovery period and control rule indicate that the fastest the fishery can potentially recover under
zero directed harvest is 25 years, given the caveat of the absence of better data on the resource. 
As the fishery has been closed in federal waters since 1990, the plan proposed under the preferred
alternative will maintain the status quo conditions in the fishery and result in no additional
adverse economic impacts.  Allowing directed harvest of the resource during this period will
jeopardize the recovery of the resource and delay the potential of future harvests.  Since the
preferred alternative maintains status quo conditions, no additional adverse social impacts will
accompany this option.

6.4.1.1.2.4 Direct and indirect effects on administrative environment and their
significance

In selecting the shortest available rebuilding schedule, significant management actions associated
with rebuilding the species within that schedule will be required.  This presents potentially
significant issues regarding the role of state (i.e., USVI) management.  If the status quo remains
in effect for state waters, and the continued exploitation of Nassau grouper is not restricted in
some capacity, it is unlikely that this selected rebuilding schedule could be met.  This is
particularly evident by the fact that Nassau grouper harvest has already been prohibited in federal
waters for over a decade and has yet to be rebuilt. 

6.4.1.1.3 Alternative 3.  Rebuild Nassau grouper to BMSY in 52.5 years, using the
formula TMIN (10 years) + one generation (42.5 years) = 52.5 years.

This alternative reflects the mid-range amount of time likely needed to rebuild Nassau grouper.

6.4.1.1.3.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with the sea floor.  Specifying a
rebuilding schedule is not be expected to directly or indirectly affect the physical environment
over the short or long term.
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6.4.1.1.3.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.1.2.  Therefore, they are not repeated here.

6.4.1.1.3.3 Direct and indirect effects on social and economic environment and their
significance

Information regarding the generation period for Nassau grouper in the U.S. Caribbean is limited
and associated with considerable uncertainty.  Whereas Alternative 2 assumed a generation
period of 15 years, this alternative assumes a much longer generation period (42.5 years).  Hence,
one can surmise that a more cautious rebuilding schedule is being proposed and the harvest of
Nassau grouper in federal waters will be prohibited throughout the 52.5 year rebuilding period
(unless scientific evidence is presented indicating the stock has been rebuilt).

As was the case with Alternative 2, this alternative would have no direct positive or negative
impacts on the human environment since the fishery has been closed in federal waters since
1990.  Furthermore, should scientific evidence be presented which indicates that the stock has
recovered prior to the 52.5 year period, the fishery would then be opened.  Hence, one cannot
conclude that there would be any long-term differences between this alternative and Alternative 2
(assuming appropriate stock assessments are routinely conducted on the fishery).   This is
particularly relevant in light of the uncertainty in generation period.  Specifically, one would
assume that if the stock has not recovered by the end of the 25-year period (Alternative 2), as
indicated by a stock assessment, the fishery will remain closed. 

6.4.1.1.3.4 Direct and indirect effects on administrative environment and their
significance

This alternative would present potential administrative issues similar to those in Section
6.4.1.1.2.4.  However, due to the protracted rebuilding time frame, the administrative impacts
would be expected to be less than those experienced under a shorter time frame. 

6.4.1.1.4 Alternative 4.  Rebuild Nassau grouper to BMSY in 80 years, using the formula
TMIN (10 years) + one generation (70 years) = 80 years.

This alternative reflects the maximum amount of time likely needed to rebuild Nassau grouper.

6.4.1.1.4.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with the sea floor.  Specifying a
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rebuilding schedule is not be expected to directly or indirectly affect the physical environment
over the short or long term.

6.4.1.1.4.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.1.2.  Therefore, they are not repeated here.

6.4.1.1.4.3 Direct and indirect effects on social and economic environment and their
significance

As noted in Section 6.4.1.1.4, this alternative reflects the maximum amount of time needed to
rebuild the Nassau grouper stock in the U.S. Caribbean.  As previously mentioned (see Section
6.4.1.1.3.3) there exists a considerable amount of uncertainty regarding the generation period for
Nassau grouper and this alternative assumes a much longer generation period than either
Alternative 2 or Alternative 3.   The impacts on the social and economic environment would be
identical to those presented in Section 6.4.1.1.3.3.

6.4.1.1.4.4 Direct and indirect effects on administrative environment and their
significance

This alternative would present potential administrative issues similar to those in Section
6.4.1.1.2.4.  However, due to the protracted rebuilding time frame, the administrative impacts
would be expected to be less than those experienced under the shorter time frames in
Alternatives 2 and 3. 

6.4.1.2 Rebuilding strategy

6.4.1.2.1 Alternative 1.  No action.  Rely on current regulations to rebuild the stock to
BMSY within the required time frame.

6.4.1.2.1.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with the sea floor.  Specifying a
rebuilding strategy, or, in this alternative, taking no action and relying on current regulations to
rebuild the stock, is not be expected to directly or indirectly affect the physical environment over
the short or long term.
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6.4.1.2.1.2 Direct and indirect effects on biological and ecological environment and their
significance

It is uncertain whether Nassau grouper could recover to BMSY if additional measures are not
implemented to reduce incidental catches, and to protect spawning aggregations and the habitat
essential to the growth and survival of these species.  If the recovery of Nassau grouper depends
on implementing such additional protective measures in the EEZ, maintaining status quo could
potentially lead to the commercial extinction of this species.  More importantly, such protective
measures may not be sufficient to rebuild the stock if fishing mortality continues to be directed
on Nassau grouper in USVI waters.  While the harvest of Nassau grouper has been prohibited in
federal waters since 1990, the species has shown no signs of recovery, in large part due to the
continued harvest of the species from USVI, and, until recently, Puerto Rican waters.  In addition
to leaving an important component of the population unprotected, the lack of a prohibition on
catch in state waters of USVI makes the federal regulation difficult to enforce. 

The commercial extinction of Nassau grouper could change the structure and function of reef
ecosystems in which this species has traditionally played an important role.  However, such
changes may have already begun to take place as this species has been considered overfished for
at least a decade.  Therefore, it is likely that the commercial extinction of Nassau grouper, while
having a significant social and economic impact in the region, would not have a significant
ecological impact due to the already depressed status of the stock and limited abundance in the
U.S. Caribbean. 

6.4.1.2.1.3 Direct and indirect effects on social and economic environment and their
significance

Referring to Section 6.4.1, the Council prohibited the catch and possession of Nassau grouper in
federal waters in 1990, and has made specific recommendations to state governments related to
ending overfishing and protecting EFH in state waters.  However, to date catches of Nassau
grouper are not prohibited or regulated in USVI fisheries; Puerto Rico implemented new
regulations on March 12, 2004, to prohibit the possession or sale of this species.

Annual commercial landings of Nassau grouper in Puerto Rico during the 1997-2001 period
averaged 16,241 pounds while estimated harvest for the USVI was 4,073 pounds (Table 5).  With
respect to Puerto Rico, the majority of Nassau grouper are landed on the west coast and bottom
line accounts for the majority of harvest followed by fish traps.21  Comparable information does
not exist for the USVI.

If current regulations are not sufficient to rebuild the stock, enactment of Alternative 1 may lead
to a status quo stock condition or, possibly, continued depletion of the stock.  As long as the
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stock does not recover, the benefits derived from a more healthy stock will not be forthcoming. 
The loss in these benefits (though at some point in the future rather than currently) certainly
signifies a cost to society.  Furthermore, if recent reported commercial harvest in Puerto Rico and
the USVI (extrapolated) is a reliable estimate of total commercial catch, little additional costs
would likely be incurred from imposing additional restrictions. 

6.4.1.2.1.4 Direct and indirect effects on administrative environment and their
significance

While the current prohibition on Nassau grouper harvest and possession reflects a very stringent
management response to the species biological status, it may not represent the most
comprehensive management scenario to end overfishing and rebuild the species.  Therefore, this
alternative could result in a longer time frame for species rebuilding, resulting in administrative
impacts when the rebuilding schedule is not met. 

6.4.1.2.2 Alternative 2 (Preferred).  Prohibit the filleting of fish in the federal waters
of the U.S. Caribbean. Require that fish captured or possessed in federal
waters be landed with heads and fins intact.

6.4.1.2.2.1 Direct and indirect effects on physical environment and their significance

Prohibiting the filleting of fish at sea is not be expected to directly or indirectly affect the
physical environment over the short or long term.  While disposed racks of filleted fish under the
status quo may present an extremely temporal and local impact due to decomposition, which
could have both beneficial and adverse impacts to the affected oceanographic environment,
prohibiting this activity is not expected to have an significant effect on the physical environment. 

6.4.1.2.2.2 Direct and indirect effects on biological and ecological environment and their
significance

Currently, while the harvest and possession of Nassau grouper is prohibited in federal waters,
anecdotal information indicates that illicit harvest may still occur.  Participants could fillet the
fish at sea in order to hinder species identification and enforcement.  Therefore, this alternative
would prevent the continued harvest of Nassau grouper, whether through a directed activity or
the retention of bycatch.  This could produce benefits not only to Nassau grouper stocks through
the prevention of poaching on spawning aggregations or the retention of Nassau grouper bycatch,
but it could also provide benefits to other managed species as well; species that prey or depend
on (e.g., commensal organisms) Nassau grouper could benefit from increased stock size. 
However, the benefit is likely to be minimal if the USVI continues to permit catches of Nassau
grouper.
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6.4.1.2.2.3 Direct and indirect effects on social and economic environment and their
significance

This alternative could result in reduced revenues for fishermen who fillet their catches at sea,
because the whole fish would take up space in the vessel that could have been used for
additional, marketable fillets.  However, since the typical commercial vessel does not have fish
holds, and in many cases do not use coolers, this alternative should not result in any significant
impacts to the fishery as a whole.  Fishermen could simply head and gut the fish, while retaining
the majority of the carcass for landing.  Furthermore, requiring that fish be landed intact could
improve the marketability of fish, and improve consumer confidence in their purchase (i.e.,
knowing that the fish is not a species prone to being ciguatoxic).

6.4.1.2.2.4 Direct and indirect effects on administrative environment and their
significance

Anecdotal information suggests that fish, especially prohibited species like Nassau grouper, are
being harvested in federal waters and filleted at sea, thereby complicating the enforcement of the
prohibition on catch and possession of these species.  This action would prevent fishers from
landing Nassau and Goliath grouper, as well as other species, in an unidentifiable form.  It would
also result in improved landings/catch data. 

However, this alternative could present conflicts with fishermen returning from other Caribbean
locales and transporting filleted fish on board.  Additionally, without compatible state
regulations, enforcement of this regulation would require agents to board boats in the EEZ and
inspect the catch of fishermen.  While Puerto Rico recently amended its fishing regulations to
prohibit the filleting of fish at sea, it is still a permitted practice in USVI waters.  Therefore, once
in USVI waters, it could be hard to successfully prosecute a case of either possession of Nassau
grouper harvested from the EEZ, or of filleting fish at sea.  If the USVI implemented matching
regulations, enforcement could be facilitated by allowing dockside inspection.

6.4.1.2.3 Alternative 3.  Establish a seasonal or area closure to protect spawning stock.

At this time, no specific area closures have been proposed for the protection of Nassau grouper. 
However, Section 6.3.3 includes several closed area scenarios that could result in Nassau grouper
spawning protection.

6.4.1.2.3.1 Direct and indirect effects on physical environment and their significance

The effects of establishing MPAs, or a network of MPAs, would be the same as those resulting
from the establishment of closed areas proposed in Section 6.3.3.  Therefore, the effects to the
physical environment associated with this alternative are not repeated here.
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6.4.1.2.3.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects of establishing MPAs, or a network of MPAs, would be the same as those resulting
from the establishment of closed areas proposed in Section 6.3.3.  Therefore, the effects to the
biological environment associated with this alternative are not repeated here.

6.4.1.2.3.3 Direct and indirect effects on social and economic environment and their
significance

Affected fishermen could experience losses in revenue associated with closing fishing grounds
for any period of time.  Such losses could be recouped by fishing around the closed area or
season.  However, such behavior would likely reduce or eliminate the long-term benefits
associated with protecting the spawning stock.

6.4.1.2.3.4 Direct and indirect effects on administrative environment and their
significance

The effects of establishing MPAs, or a network of MPAs, would be the same as those resulting
from the establishment of closed areas proposed in Section 6.3.3.  Therefore, the effects to the
administrative environment associated with this alternative are not repeated here.

6.4.1.2.4 Alternative 4 (Preferred).  Develop a memorandum of understanding (MOU)
between NMFS and the USVI government to develop compatible regulations
to achieve the objectives for Nassau grouper set forth in the Caribbean
Fishery Management Council's Reef Fish FMP in USVI and federal waters of
the U.S. Caribbean.

At the 117th Council meeting in San Juan, Puerto Rico, representatives from the USVI DFW
stated that they would support a prohibition on the harvest and possession of Nassau grouper in
USVI state waters.

6.4.1.2.4.1.1 Direct and indirect effects on physical environment and their significance

This alternative would not result in any direct effects to the physical environment.  If a species-
specific prohibition on harvest and possession were implemented in USVI waters, it is unlikely
that there would be any related impacts to the physical environment, since the prohibition, in and
of itself, would not necessarily inhibit any fishing activity or gear impacts.    
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6.4.1.2.4.1.2 Direct and indirect effects on biological and ecological environment and their
significance

Currently, the USVI does not regulate the take of Nassau grouper.  Since much of the habitat that
supports this species is located in state waters, the recovery of the species likely depends on the
implementation of more protective regulations in state waters.  Thus, this administrative action
may be the only action that would be capable of rebuilding the stock to BMSY.  The benefits of a
species-specific prohibition on harvest or possession in USVI waters would largely be confined
to Nassau grouper.

6.4.1.2.4.1.3 Direct and indirect effects on social and economic environment and their
significance

As noted in Section 6.4.1.2.1.3, reported commercial landings of Nassau grouper in Puerto Rico
since 1997 have averaged only about 16,000 pounds, while the estimated annual landings in the
USVI are 10,000 pounds.  No information is available regarding recreational harvest.  

Despite the current 13-year closure of federal waters to the harvesting of Nassau grouper, there is
little indication that the stock has been rebuilt in any significant extent.  In the absence of
compatible USVI regulations, therefore, one might question whether the stock could be rebuilt. 
If the answer to this question is no, compatible regulations at the state level would be considered
a prerequisite to achieving the objectives for Nassau grouper set forth in the CFMC’s Reef Fish
FMP in state and federal waters of the U.S. Caribbean.  

Given the fact that harvest of Nassau grouper appears to be very limited, one can conclude that
there would be minimal direct social or economic impacts associated with USVI developing and
implementing compatible regulations.  To the extent that such actions result in rebuilding of the
stock, furthermore, one could expect long-term benefits associated with higher stock sizes
(assuming, upon rebuilding, that harvesting activities would be permitted).  However, many of
the economic benefits would be lost if a rationale effort management system is not established
prior to the opening of the fishery.  Social benefits may still be forthcoming, however, since an
increased stock size (if maintained through appropriate regulations) would translate to increased
employment opportunities.

6.4.1.2.4.2 Direct and indirect effects on administrative environment and their
significance

This alternative would represent the ideal scenario.  However, an MOU would need to include an
enforceable timetable for action and an incentive to comply.  Without some form of penalty
schedule, it is unclear how the USVI could be compelled to take action, seeing that the Council,
on which the USVI has active representation, has been unable to influence them to take action for
over a decade. 
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An MOU could improve enforcement, if consistent regulations were developed in state and
federal waters.  In particular, if the states also implemented regulations to prohibit filleting fish at
sea, it could benefit enforcement of poaching that could occur on Nassau grouper and other
species.

6.4.2 Goliath grouper

The Council prohibited the catch and possession of Goliath grouper in federal waters in 1993,
and has made specific recommendations to state governments related to ending overfishing and
protecting essential fish habitat in state waters (CFMC 2001a).  The catch and possession of
Goliath grouper is prohibited in USVI fisheries, and was recently (March 12, 2004) prohibited in
Puerto Rican fisheries.

6.4.2.1 Rebuilding schedule

Fishery scientists do not have the data needed to calculate TMIN for Goliath grouper.  But NOAA
SEFSC has concluded that it is unlikely that the stock could recover within ten years in the
absence of fishing (CFMC 2001a).  Thus, the Council has specified a TMIN proxy of ten years for
this species.  Porch and Scott (2001) specify a generation time for Goliath grouper ranging from
20 to 95 years.

6.4.2.1.1 Alternative 1.  No action.  Do not define a schedule/time frame for rebuilding
Goliath grouper. 

6.4.2.1.1.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.1.1.  Therefore, they are not repeated here.

6.4.2.1.1.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.1.2.  Therefore, they are not repeated here.

6.4.2.1.1.3 Direct and indirect effects on social and economic environment and their
significance

The effects on the social and economic environment associated with this alternative are expected
to be the same as those documented in Section 6.4.1.1.1.3.  Therefore, they are not repeated here.
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6.4.2.1.1.4 Direct and indirect effects on administrative environment and their
significance

This alternative would not comply with §304(e)(4)(A) of the MSFCMA.  The effects on the
administrative environment due to this alternative are expected to be similar to those documented
in Section 6.4.1.1.1.4.  Therefore, they are not repeated here.

6.4.2.1.2 Alternative 2 (Preferred).  Rebuild Goliath grouper to BMSY in 30 years, using
the formula TMIN (10 years) + one generation (20 years) = 30 years.

This alternative reflects the minimum amount of time likely needed to rebuild Goliath grouper.

6.4.2.1.2.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.2.1.  Therefore, they are not repeated here.

6.4.2.1.2.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.1.2.  Therefore, they are not repeated here.

6.4.2.1.2.3 Direct and indirect effects on social and economic environment and their
significance

The effects on the social and economic environment associated with this alternative are expected
to be the same as those documented in Section 6.4.1.1.2.3 (other than th final number of years). 
Therefore, they are not repeated here.

6.4.2.1.2.4 Direct and indirect effects on administrative environment and their
significance

The effects on the administrative environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.2.4.  Therefore, they are not repeated here.

6.4.2.1.3 Alternative 3.  Rebuild Goliath grouper to BMSY in 67.5 years, using the
formula TMIN (10 years) + one generation (57.5 years) = 67.5 years.

This alternative reflects the mid-range amount of time likely needed to rebuild Goliath grouper.



412

6.4.2.1.3.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.3.1.  Therefore, they are not repeated here.

6.4.2.1.3.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.1.2.  Therefore, they are not repeated here.

6.4.2.1.3.3 Direct and indirect effects on social and economic environment and their
significance

The effects on the social and economic environment associated with this alternative are expected
to be the same as those documented in Section 6.4.1.1.3.3 (other than th final number of years). 
Therefore, they are not repeated here.

6.4.2.1.3.4 Direct and indirect effects on administrative environment and their
significance

The effects on the administrative environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.3.4.  Therefore, they are not repeated here.

6.4.2.1.4 Alternative 4.  Rebuild Goliath grouper to BMSY in 105 years, using the
formula TMIN (10 years) + one generation (95 years) = 105 years.

This alternative reflects the maximum amount of time likely needed to rebuild Goliath grouper.

6.4.2.1.4.1 Direct and indirect effects on physical environment and their significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.1.2.  Therefore, they are not repeated here.

6.4.2.1.4.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.4.2.

6.4.2.1.4.3 Direct and indirect effects on social and economic environment and their
significance
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The effects on the social and economic environment associated with this alternative are expected
to be the same as those documented in Section 6.4.1.1.4.3 (other than th final number of years). 
Therefore, they are not repeated here.

6.4.2.1.4.4 Direct and indirect effects on administrative environment and their
significance

The effects on the administrative environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.4.4.  Therefore, they are not repeated here.

6.4.2.2 Rebuilding strategy

6.4.2.2.1 Alternative 1.  No action.  Rely on current regulations to rebuild the stock to
BMSY within the required time frame.

The impacts of this alternative would be similar to those described for Nassau grouper in Section
6.4.1.2.1.  Therefore, they are not repeated here.

6.4.2.2.2 Alternative 2 (Preferred).  Prohibit the filleting of fish in the federal waters
of the U.S. Caribbean.  Require that fish captured or possessed in federal
waters be landed with heads and fins intact.

The impacts of this alternative would be similar to those described for Nassau grouper in Section
6.4.1.2.2.  Therefore, they are not repeated here.

6.4.2.2.3 Alternative 3.  Establish a seasonal or area closure to protect spawning stock.

The impacts of this alternative would be similar to those described for Nassau grouper in Section
6.4.1.2.3, as well as the impacts associated in Section 6.3.3.  Therefore, they are not repeated
here.

6.4.3 Queen conch

Nearly every Caribbean nation has taken actions to reduce fishing mortality on queen conch.  
Regulations implemented in some, but not necessarily all, regions include seasonal and area
closures to protect spawning populations and important habitat (CFMC 2001a); size limits to
protect juvenile/immature conch; a prohibition on SCUBA gear to protect deep-water
reproductive populations; limited access programs to control access; total allowable catch quotas
to control fishing mortality; and mariculture programs to restock diminished populations (CFMC
2001a).  Conch fisheries in Florida and Bermuda, which define the northern fringe areas of the
range, have been closed since 1986, but show little or no sign of improvement, suggesting that
habitat degradation may be a factor (CFMC 2001a; Deluca 2002).
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In the U.S. Caribbean region, the queen conch fishery occurs primarily within state waters. 
Rivera's (1999) preliminary assessment shows that 92% of the conch fishers operate within 9 nm
of the coast.  The proportion of USVI fishermen participating in the federal fishery might be
higher than that of Puerto Rican fishermen, since the waters under the jurisdiction of the USVI
extend to just 3 nm from shore.  However, Rivera (1999) concluded that 60% of conch fishers
from the USVI and Puerto Rico operate within 3 nm of the coast.  Further, while queen conch
landings in St. Croix averaged 38,187 lbs from 1994-2002, landings in St. Thomas/St. John
averaged only 740 pounds during the same time period (Valle-Esquivel and Díaz 2003).  Rivera
identified a total of 18 fishers harvesting queen conch from federal waters from a total of 209
fishers from whom data were collected (CFMC 2002a).  Two of those 18 fishermen were from
the USVI; the remainder, from Puerto Rico (CFMC 2002a). 

It is believed that a significant component of the spawning stock is located in the EEZ (CFMC
2002a).  But much of the habitat essential to the growth and development of queen conch occurs
in state waters.  Thus, the cooperation of state governments is essential to the effective
management of this species.  The strictest of regulations in federal waters would not likely be
sufficient to rebuild the stock if compatible regulations are not implemented in state waters.  The
government of the USVI has implemented compatible regulations in the waters of that state, with
the exception of consistent recreational possession limits.  Puerto Rico has not implemented
consistent regulations in regards to the landing of conch whole in the shell, which impedes
enforcement of the minimum size limits.  The Council has made specific recommendations to the
government of Puerto Rico on this difference between Puerto Rican and federal landing
requirements (CFMC 2001a).  

6.4.3.1 Rebuilding schedule

Fishery scientists do not have the data needed to calculate TMIN for queen conch.  But NOAA
SEFSC has concluded that it is unlikely that the stock could recover within ten years in the
absence of fishing (CFMC 2001a).  Employing two different models, Valle-Esquivel estimates a
generation time for queen conch ranging from 4.6 years to 4.9 years (pers. comm.).  This resulted
in the specification of a generation time for that species of five years.

6.4.3.1.1 Alternative 1.  No action.  Do not define a schedule/time frame for rebuilding
queen conch. 

6.4.3.1.1.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.1.1.  Therefore, they are not repeated here.
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6.4.3.1.1.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.1.2.  Due to the life history of queen conch, specifically the
dependence on seagrass beds, the impact that the continued harvest in state waters, especially the
potential harvest of undersized conch (due to the lack of a requirement to land queen conch
whole in the shell in Puerto Rican waters), has on the rebuilding of the stock can not be
emphasized enough.  Therefore, in the absence of stricter management measures in state waters,
the recovery of this resource is questionable.

6.4.3.1.1.3 Direct and indirect effects on social and economic environment and their
significance

The effects on the social and economic environment due to this alternative are expected to be
similar to those documented in Section 6.4.1.1.1.3.  Therefore, they are not repeated here.

6.4.3.1.1.4 Direct and indirect effects on administrative environment and their
significance

This alternative would not comply with §304(e)(4)(A) of the MSFCMA.  The effects on the
administrative environment due to this alternative are expected to be similar to those documented
in Section 6.4.1.1.1.4.  Therefore, they are not repeated here.

6.4.3.1.2 Alternative 2 (Preferred).  Rebuild queen conch to BMSY in 15 years, using the
formula TMIN (10 years) + one generation (5 years) = 15 years.

This alternative reflects the minimum amount of time likely needed to rebuild queen conch.

6.4.3.1.2.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.2.1.  Therefore, they are not repeated here.

6.4.3.1.2.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Sections 6.4.1.1.1.2 and 6.4.3.1.1.2.  Therefore, they are not repeated here.
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 The discussion of the rebuild ing schedule for  queen conch d iffers from that  of Nassau grouper or Goliath grouper b ecause harvest of  the later

two species is already prohibited in federal waters.  This is not the situat ion with queen conch (though it would be if Alternative 2 i n Section
6.4.3.2 is selected).
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 In general, the greater amount of harvest that is permitted while the stock is being rebuilt, the longer the time frame associated with the

rebuilding sc hedule.
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6.4.3.1.2.3 Direct and indirect effects on social and economic environment and their
significance

The act of defining a rebuilding schedule would have no direct or negative impacts on queen
conch.  Thus, defining a rebuilding schedule of 15 years would have no direct positive or
negative socioeconomic impacts on the human environment.  In general, however, the adverse
short-term impacts associated with management measures are likely to be greater the shorter the
rebuilding schedule.  Hence, the management measures associated with a rebuilding schedule of
15 years (Alternative 2) is likely to have greater short-term impacts than a 20-year rebuilding
schedule (Alternative 3).22  In the absence of short-term management measures, however, short-
term impacts cannot be quantified.

It needs to be emphasized that the different rebuilding schedules represent uncertainty in the
estimated times needed to rebuild the stock which is very different than in most instances
wherein the rebuilding schedule depends, primarily, upon the amount of harvest that is permitted
during the rebuilding schedule.23  Given this to be the case, the issue of tradeoffs of current and
future benefits becomes, to some extent, irrelevant assuming the procedures are put in place to
determine when the stock is considered rebuilt.  Furthermore, if a rational management system is
not instituted at the time that the fishery is rebuilt and (presumably) reopened to fishing, rents
from the fishery will be dissipated.  This would further suggest that a rebuilding strategy may not
pay if the stream of discounted costs exceeds the stream of discounted benefits.

6.4.3.1.2.4 Direct and indirect effects on administrative environment and their
significance

The effects on the administrative environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.2.4.  Therefore, they are not repeated here.

6.4.3.1.3 Alternative 3.  Rebuild queen conch to BMSY in 20 years, using the formula
TMIN (15 years) + one generation (5 years) = 20 years.

This alternative represents a longer schedule than that offered in Alternative 2, in large part due
to the depressed status of queen conch, which may require a longer schedule.

6.4.3.1.3.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.4.1.  Therefore, they are not repeated here.
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6.4.3.1.3.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Sections 6.4.1.1.1.2 and 6.4.3.1.1.2.  Therefore, they are not repeated here.

6.4.3.1.3.3 Direct and indirect effects on social and economic environment and their
significance

While the generation time was the uncertain variable with respect to recovery time for Nassau
grouper and Goliath grouper, TMIN is the uncertain variable associated with this alternative.  The
reason for the uncertainty, however, is not the relevant issue.  The relevant issue is that there is
considerable uncertainty in the rebuilding process.

The socioeconomic impacts associated with this alternative are presented in Section 6.4.3.1.2.3
and, therefore, are not repeated here.

6.4.3.1.3.4 Direct and indirect effects on administrative environment and their
significance

The effects on the administrative environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.4.4.  Therefore, they are not repeated here.

6.4.3.2 Rebuilding strategy

6.4.3.2.1 Alternative 1.  No action.  Rely on current regulations to rebuild the stock to
BMSY within the required time frame.

In addition to the effects discussed below, the impacts of this alternative would be similar to
those described for Nassau grouper in Section 6.4.1.2.1; more information on particular impacts
to the physical, biological and ecological, social and economic, and administrative environments
can be found there.

6.4.3.2.1.1 Direct and indirect effects on physical environment and their significance

As noted in Section 6.1.1.1.1, management actions or inactions that affect the physical
environment mostly relate to the interactions of fishing gears with the sea floor.  Since queen
conch are principally harvested by hand, and the majority of harvest occurs in state waters, this is
alternative is not expected to directly or indirectly affect the physical environment over the short
or long term.
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6.4.3.2.1.2 Direct and indirect effects on biological and ecological environment and their
significance

Current regulations, which have been in effect for about six years, do not appear to be sufficient
to rebuild the resource.  There is evidence that the population continues to decline and that
overfishing is occurring (e.g., effort shifting to offshore populations; increased use of SCUBA)
(CFMC 2002a).  It is unlikely that queen conch can recover to BMSY without a total prohibition on
catch.  If the recovery of queen conch depends on eliminating fishing mortality in federal waters
of the U.S. Caribbean, maintaining status quo could lead to the commercial extinction of this
species and a subsequent change in the structure and function of the supporting ecosystem.

Even with more protective measures (i.e., harvest prohibition in the EEZ)  it is not clear that they 
would be sufficient to rebuild the stock if fishing mortality continues to be directed on queen
conch in state waters.  In addition to leaving an important component of the queen conch
population unprotected, the lack of a prohibition on catch in those waters would make the federal
regulation difficult to enforce. 

6.4.3.2.1.3 Direct and indirect effects on social and economic environment and their
significance

As mentioned in Section 6.4.3.2.1.2, current regulations do not appear to be sufficient to rebuild
the resource.  Therefore, one would anticipate that long-term benefits would be less than would
otherwise be the case with a rebuilt stock.  If the stock is further depleted, adverse social and
economic impacts would be forthcoming.  Even if not further depleted, however, social and
economic benefits are currently being foregone because the stock is overfished. 

6.4.3.2.1.4 Direct and indirect effects on administrative environment and their
significance

As queen conch have been identified to be overfished and undergoing overfishing, this
alternative (i.e., no action) would be in violation of the MSFCMA.  

6.4.3.2.2 Alternative 2.  Prohibit commercial and recreational catch and possession of
queen conch in federal waters of the U.S. Caribbean.

While it is believed that most landings and virtually all juvenile queen conch are located in state
waters, it is also believed that a significant component of the spawning stock is located in the
EEZ.  The declining trend in landings (i.e., Puerto Rico landings have declined from over
400,000 pounds in 1983 to below 250,000 in 2001) is indicative of a problem in the fishery.  The
situation in the USVI was more critical than in Puerto Rico, resulting in closure of the fishery in
St. Thomas for five years beginning in 1992.
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 In St. Croix, where catch by distance from shore is reported, 35% of the queen conch harvest was reportedly taken from federal waters during

the two-year period ending in 2001 (37,000  lbs of the 102,000 lbs total reported harvest).  This figu re represents a significant departure from
historical numbers (both in total poundage and distance from shore).  During 1998-99, for example, reported commercial harvest of queen conch
totaled 44,000 lbs and almost 85% of the total was reportedly caught within the three-mile boundary.  
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6.4.3.2.2.1 Direct and indirect effects on physical environment and their significance

This alternative is not expected to result in any direct or indirect effects to the physical
environment.  This is large part due to the fact that conch harvest is a relatively low impact
fishing activity.  Furthermore, the majority of the EEZ consists of water that is either not suitable
habitat for queen conch or is too deep for divers to harvest queen conch.

6.4.3.2.2.2 Direct and indirect effects on biological and ecological environment and their
significance

The queen conch fishery primarily occurs in state waters:  92% of queen conch is harvested with
9 nm of shore off Puerto Rico, while 60% of queen conch is harvested within 3 nm of shore off
the USVI (Rivera 1999).  However, this alternative would protect the deep water (i.e., spawning)
stocks of queen conch, which could result in population increases in both state and federal waters
(CFMC 2002a).  It is generally accepted that older conch are found in deeper water.  This
alternative would also benefit those predators, such as several species of crab and rays, that prey
on juvenile conch.  However, because a large proportion of the stock, in particular juveniles,
reside in state waters, and because most of the fishery occurs in state waters, any action taken by
the Council to rebuild queen conch may not be sufficient if similar actions are not adopted  to
protect queen conch in state waters.  Therefore, it is not clear whether a prohibition on the catch
and possession of queen conch in federal waters would be sufficient to recover the resource. 
Long-standing moratoria in Bermuda and Florida do not appear to have rebuilt queen conch
(Appledorn 1993), potentially indicating that the species have been depleted to the point that
reproductive success is significantly jeopardized.  Additionally, fisheries in Bonaire and Cuba
have been closed for extended periods because of severe overfishing (Berg and Olsen 1989).

6.4.3.2.2.3 Direct and indirect effects on social and economic environment and their
significance

As a precursor to evaluating the impacts on the social and economic environment associated with
this alternative, it is first worthwhile to examine the extent of commercial queen conch activities
in federal waters.  Rivera (1999) identified only 18 fishermen that harvested queen conch in
federal waters in the U.S. Caribbean (two in the USVI and 16 from Puerto Rico).  This
represented less than 10% of the 209 fishermen from whom data were collected.24  Much of the
reason for the low incidence of queen conch fishing in federal waters is identified in the
Regulatory Impact Review for Amendment 2 for the Queen Conch Resources of Puerto Rico and
the United states Virgin Islands.  Specifically, queen conch catch per trip, after controlling for
crew size, was found to be a maximum at a depth of about 70 feet.  After that depth, catch per
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 Closing federal waters would also have a d ifferential imp act on fishermen harvesting conch from the west  coast of Puerto R ico since they

must transit through the EEZ to land  the harvest in home ports.  Establishing an  inspection and documenta tion system for these fishermen would
be possible, but the costs have not been estimated.
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trip declined.  The minimum depth in all federal waters off Puerto Rico is generally well in
excess of 70 feet, and while there are some federal waters off USVI where the depth is 70 feet or
less, the total amount is relatively small.

Because the extent of queen conch harvest in federal waters appears to be very limited
(particularly in Puerto Rico), the direct short-term adverse socioeconomic impacts associated
with the fishery closure are likely to be relatively small.  To the extent that fishermen fishing in
federal waters transfer activities to state waters, there could be some indirect impacts associated
with increased competition for the limited resource over a limited shelf area.  This would be
particularly true in St. Croix.25  To the extent that the proposed closure of the federal waters
would allow for recovery of the stock, however, any adverse impacts would likely be outweighed
by long-term benefits.  In the absence of any rational effort management program, however, long-
term economic benefits associated with the rebuilding of the stock would be significantly less
than could be achieved with a comprehensive management system that would allow rents to
accrue in the long run.  From a social viewpoint, however, a long-term increase in stock would
provide additional employment opportunities in the harvesting and related sectors.

Finally, as noted elsewhere in the document (e.g., Section 5.3.4), SCUBA represents the primary
gear used in the harvesting of queen conch.  While not documented, the use of this gear
undoubtedly increases with water depth, to the extent a diver could operate and not be forced into
lengthy decompression (i.e., ~130 ft).  In the EEZ, use of any other gear for the harvest of queen
conch is not likely feasible (particularly since the use of hookah is already prohibited).

An argument can be advanced that queen conch fishing in federal waters of the U.S. Caribbean,
because it is so highly dependent on SCUBA with few alternatives, results in negative producer
surplus (and net benefits to society) due to health risks associated with this activity.  Between
August 1997 and June 1998, a total of 19 commercial fishermen from Puerto Rico and the USVI
were reportedly treated at the hyperbaric chamber in San Juan, Puerto Rico (it is not known how
many of these 19 commercial fishers were harvesting conch).  Eighteen of these commercial
fishers recovered but one had impaired movements.  Costs associated with these incidences (both
hospital costs and costs associated with lost productivity and health care) represent components
which, while not necessarily borne by the individual fishers, are borne by society at large.  It is
very likely that other divers harvesting queen conch have experienced diving related maladies
(e.g., decompression sickness), but have not pursued treatment due to lack of insurance,
misidentification of the symptoms, or denial, and are thus not reported. 



26
 For reporting purposes, all of the east coast is considered one grid on the trip ticket forms.  Lang Bank covers only a small area in this

reporting grid.
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6.4.3.2.2.4 Direct and indirect effects on administrative environment and their
significance

This measure would present significant administrative impacts.  Without compatible regulations
in state waters, the prohibition on conch harvest in EEZ waters would be hard to enforce.  Any
enforcement action would have to be made at sea, as once a fishermen passes back into state
waters it would not be possible to determine where the conch were harvested.  Additionally, this
harvest prohibition would present an issue for vessels traveling from Mona and Monito Islands. 
While conch harvest would be allowable in state waters around those islands, technically they
would currently be unable to transit across federal waters with conch on board.  An inspection
system would have to be established with the rangers on Mona Island, and the catch of conch
from those state waters would have to be sealed while transiting back to the Puerto Rican
mainland.

6.4.3.2.3 Alternative 3 (Preferred).  Prohibit commercial and recreational catch, and
possession of queen conch in federal waters of the U.S. Caribbean, with the
exception of Lang Bank near St. Croix.

For the purposes of this alternative, Lang Bank consists of those waters in the U.S. Caribbean
EEZ east of 64° 34' W longitude. 

6.4.3.2.3.1 Direct and indirect effects on physical environment and their significance

This alternative would have similar effects to those discussed in Section 6.4.3.2.2.1.  While there
would be some extent of fishing activity for conch allowed under this alternative, permitting the
harvest of conch to continue on Lang Bank would not be expected to introduce any significant
effects to the physical environment due to the low-impact nature of hand harvest.

6.4.3.2.3.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would have similar effects to those discussed in Section 6.4.3.2.2.2, with the
exception that continued exploitation on the conch resource would continue off St. Croix.  Based
on the USVI monthly commercial trip reports, the total 2000-2001 harvest of queen conch from
the area east of St. Croix equaled 27,000 lbs, or an average of less than 14,000 lbs per year.  Only
22% of this total was derived from federal waters and an unknown proportion (possibly very
small) of this was from Lang Bank.26  Regardless of the amount of conch harvested from the
EEZ, it would represent the continued exploitation of a resource that has been documented to be
overfished.  
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Due to the geographic isolation of St. Croix, in that a deep water body separates it from the
northern islands of St. Johns and St. Thomas, the importance of Lang Bank as a source for larval
output (i.e., conch larvae) is not known.  Furthermore, and perhaps more important, it is not
known to what extent the St. Croix conch population depends on larval contribution from other
locales, or if St. Croix has a self-supporting conch population.  If the latter scenario were
relevant, then the continued harvest of conch from Lang Bank, regardless of the extent of that
harvest, could further jeopardize the collapse of isolated conch population in St. Croix.

6.4.3.2.3.3 Direct and indirect effects on social and economic environment and their
significance

In general, the social and economic impacts associated with the Preferred Alternative 2 would be
relevant to Alternative 3 other than for those participants that routinely use the Lang Bank in the
queen conch activities.  Valle-Esquivel and Díaz (2003) reported an average of 38,187 lbs of
conch harvested from St. Croix during 1994-2002.  Based on the USVI monthly commercial trip
reports, the total 2000-2001 harvest of queen conch from the area east of St. Croix equaled
27,000 lbs, or an average of less than 14,000 lbs per year.  Only 22% (i.e., approximately 2,970
lbs) of this total was derived from federal waters, though an unknown proportion of this was
from Lang Bank.

6.4.3.2.3.4 Direct and indirect effects on administrative environment and their
significance

This alternative would be expected to have similar effects to those discussed in Section
6.4.3.2.2.4.  Therefore, they are not repeated here.  

6.4.3.2.4 Alternative 4 (Preferred).  Develop a memorandum of understanding (MOU)
between NMFS and the state governments to develop compatible regulations
to achieve the management objectives set forth in the Caribbean Fishery
Management Council's Queen Conch Fishery Management Plan in state and
federal waters of the U.S. Caribbean.

6.4.3.2.4.1 Direct and indirect effects on physical environment and their significance

The impacts of these alternatives would be similar to those described for Nassau grouper in
Section 6.4.1.2.4.1.  Therefore, they are not repeated here.
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6.4.3.2.4.2 Direct and indirect effects on biological and ecological environment and their
significance

Appeldoorn (1993) reported that in the absence of management, SPR for the queen conch stock
could be expected to decline below the 20% level.  In the mid-1980s off La Parguera, Puerto
Rico, fishing mortality was estimated at 1.14 with an SPR value of 0.09 or less than one-half the
recommended value of 0.2 (20%), and landings declined 80% during that period.  There is no
evidence that such high fishing mortality rates are unique to this area of Puerto Rico, or that
mortality rates have since declined.  Therefore, it is likely that the SPR for queen conch is below
the recommended value of 0.2 or 20%, throughout much of the management area.

Friedlander (1997) observed that the abundance of queen conch in 1996 around St. John was
relatively lower than during the early 1980s, and that a 5-year moratorium (1988-1992) on conch
harvest and implementation of bag limits, minimum size, and closed seasons did not lead to a
rebuilding of abundance.  He concluded that present regulations are inadequate to ensure
rebuilding.  However, compliance with existing harvest regulations for shell length by
commercial fishermen is poor, lacking an enforcement presence (CFMC 2000).

Since much of the queen conch habitat, in particular juvenile habitat, is located in state waters,
the recovery of this species is likely dependent on the implementation of compatible protective
regulations in state waters.  Puerto Rico has neither size nor possession limits in place, but does
have a seasonal closure, which was implemented in August 1997.  Thus, administrative/legal
actions related to jurisdictional issues may be the only actions that would be capable of
rebuilding the stock to BMSY.

6.4.3.2.4.3 Direct and indirect effects on social and economic environment and their
significance

As indicated in Section 6.4.3.2.1, current regulations, that have been in effect for about six years,
do not appear to be sufficient to rebuild the queen conch resource.  This is not totally unexpected
given the fact that compatible regulations have not been enacted by Puerto Rico.  In particular,
while federal regulations require that queen conch harvested in federal waters be landed in shell,
Puerto Rico has no compatible regulation.  Hence, while Puerto Rico has enacted a size limit
consistent with that in the Council’s Queen Conch FMP, the size limit cannot be enforced
because there is little relationship between meat weight and length in shell.  Thus, the harvest of
undersized queen conch in Puerto Rico has likely, at least to some extent, inhibited attempts by
the CFMC to rebuild the stock.

Development of compatible regulations would, at least to some extent, assist the CFMC in
achieving the objectives set forth in the Queen Conch FMP.  As such, compatible regulations
would certainly be beneficial.  Whether compatible regulations would be sufficient in rebuilding
the queen conch population is unknown.  However, the issue may be moot.  Specifically,
Preferred Alternative 2 in this Section (i.e., rebuilding strategy) calls for the prohibition of
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commercial and recreational catch and possession of queen conch in federal waters of the U.S.
Caribbean.  If compatible regulations by the state governments are adopted in addition to
Alternative 2 (prohibition of commercial and recreational catch and possession of queen conch),
commercial and recreational catch and possession of queen conch will be prohibited in both state
and federal waters.

This prohibition would certainly have significant direct social and economic adverse impacts. 
Given the recent five-year average of commercial queen conch harvest, equal to 287,364 lbs
(Table 5), a complete closure of all U.S. Caribbean waters to commercial activities would result
in a loss of dockside revenues of $656,627 (based on the 1998-2001 average dockside price in
Puerto Rico of $2.285 per pound).  Similarly, closure of federal waters would result in a direct
loss in employment opportunities in the harvesting sector as well as support sectors.  Given the
large amount of conch imports, however, consumers would likely not be impacted from a total
closure.

There would also be a loss in satisfaction by the recreational community associated with the
harvesting of queen conch.  Recreational harvest of queen conch throughout the U.S. Caribbean
is estimated to equal 151,584 lbs annually.  Translating this loss in satisfaction into dollar terms
is not possible in the absence of empirical research but it is certainly positive.

However, one must ask the question whether income (commercial queen conch fishing) and
satisfaction (recreational participation) is sustainable in the absence of compatible regulations by
the state governments that would prohibit all catch and possession of queen conch in state waters. 
If not sustainable, commercial income and recreational satisfaction derived from harvesting of
the resource will be diminished over time.  Complete closure of the fishery, while imposing
significant short-term adverse social and economic impacts, will, to the extent it is needed to
rebuild the resource (and/or prevent further decline in stock size) could, in the long run, result in
a rebuilding of the queen conch population.  This would translate into both economic and social
benefits upon the reopening of the fishery.  Economic benefits, however, may be rather limited in
the absence of a rational effort management system. 

6.4.3.2.4.4 Direct and indirect effects on administrative environment and their
significance

The impacts of these alternatives would be similar to those described for Nassau grouper in
Section 6.4.1.2.4.4.  The importance of compatible regulations to the successful rebuilding of the
queen conch stock can not be stressed enough.  The majority of the required habitat, the conch
population itself, and the harvest occurs in state waters.  If the Council opts to select Alternative
2 and prohibit the harvest of conch in federal waters in the absence of matching regulations in
state waters, the best case scenario one could hope for is that the status of the queen conch stock
is not exacerbated further.  Stock recovery is unlikely, as evident through the example of Nassau
grouper.  The chances of queen conch recovery is even more grim, due to the reliance of the
species on shallow seagrass beds, and the reproductive nature of the species.  
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6.4.4 Grouper Unit 4

Based on the suite of preferred stock status parameter alternatives selected by the Council,
Grouper Unit 4, which consists of misty grouper, red grouper, tiger grouper, yellowedge grouper,
and yellowfin grouper, would be considered overfished.  Rather than conduct a rebuilding
schedule and strategy for this management unit in a separate amendment, the required rebuilding
measures are included in this amendment.  

6.4.4.1 Rebuilding schedule

Fishery scientists do not have the data needed to calculate TMIN for any of the grouper species in
Grouper Unit 4 for the Caribbean.  The theoretical dynamics of a population under the logistic
(Graham-Schaefer) surplus-production model were used to calculate recovery times for this non-
assessed stock.  Additionally, since it appears that the stock is only slightly overfished (i.e.,
BCURR/MSST = 0.91 (Table 8)), it is likely that the stock could recover within ten years based on
reductions in fishing mortality that would be implemented under the control rules.

6.4.4.1.1 Alternative 1.  No action.  Do not define a schedule/time frame for rebuilding
Grouper Unit 4. 

6.4.4.1.1.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.1.1.  Therefore, they are not repeated here.

6.4.4.1.1.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.1.2.  Due to the species association with reef habitat, fishing
activities in federal waters by and large are overshadowed by harvest in state waters; the effect of
the unrestricted harvest of these grouper species in state waters has on the rebuilding of the stock
can not be emphasized enough.  Therefore, in the absence of stricter management measures in
state waters, the recovery of this resource is questionable.

6.4.4.1.1.3 Direct and indirect effects on social and economic environment and their
significance

The effects on the human environment resulting from this alternative are expected to be similar
to those identified in Section 6.4.4.1.1.3.  Therefore, they are not repeated here.
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6.4.4.1.1.4 Direct and indirect effects on administrative environment and their
significance

This alternative would not comply with §304(e)(4)(A) of the MSFCMA.  The effects on the
administrative environment due to this alternative are expected to be similar to those documented
in Section 6.4.1.1.1.4.  Therefore, they are not repeated here.

6.4.4.1.2 Alternative 2 (Preferred).  Rebuild Grouper Unit 4 to BMSY in 10 years.

This alternative reflects the maximum amount of time likely needed to rebuild species in Grouper
Unit 4.

6.4.4.1.2.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.4.1.  Therefore, they are not repeated here.

6.4.4.1.2.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Sections 6.4.1.1.1.2 and 6.4.5.1.1.2.  Therefore, they are not repeated here.  

6.4.4.1.2.3 Direct and indirect effects on social and economic environment and their
significance

The effects on the socioeconomic environment associated with this alternative are similar to
those documented in Section 6.4.4.1.2.3.  Therefore, they are not repeated here.

6.4.4.1.2.4 Direct and indirect effects on administrative environment and their
significance

The effects on the administrative environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.4.4.  Therefore, they are not repeated here.

6.4.4.1.3 Alternative 3.  Rebuild Grouper Unit 4 to BMSY in 2 years.

Based on the recovery curves generated for species in Grouper Unit 4 (Figure 10), TMIN was
estimated to be approximately 2 years.  This would represent the shortest time frame required to
rebuild the stock. 
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6.4.4.1.3.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.2.1.  Therefore, they are not repeated here.

6.4.4.1.3.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Sections 6.4.1.1.1.2 and 6.4.5.1.1.2.  Therefore, they are not repeated here.

6.4.4.1.3.3 Direct and indirect effects on social and economic environment and their
significance

The effects on the socioeconomic environment associated with this alternative are similar to
those documented in Section 6.4.4.1.2.3.  Therefore, they are not repeated here.

6.4.4.1.3.4 Direct and indirect effects on administrative environment and their
significance

The effects on the administrative environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.2.4.  Therefore, they are not repeated here.

6.4.4.1.4 Alternative 3.  Rebuild Grouper Unit 4 to BMSY in 6 years.

This alternative is based on the midpoint between the 2-year TMIN generated by the recovery
curve for Grouper Unit 4 (Figure 10), and the maximum allowable rebuilding period of 10 years.

6.4.4.1.4.1 Direct and indirect effects on physical environment and their significance

The effects on the physical environment due to this alternative are expected to be similar to those
documented in Section 6.4.1.1.3.1.  Therefore, they are not repeated here.

6.4.4.1.4.2 Direct and indirect effects on biological and ecological environment and their
significance

The effects on the biological environment due to this alternative are expected to be similar to
those documented in Sections 6.4.1.1.1.2 and 6.4.5.1.1.2.  Therefore, they are not repeated here.
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6.4.4.1.4.3 Direct and indirect effects on social and economic environment and their
significance

The effects on the socioeconomic environment associated with this alternative are similar to
those documented in Section 6.4.4.1.2.3.  Therefore, they are not repeated here.

6.4.4.1.4.4 Direct and indirect effects on administrative environment and their
significance

The effects on the administrative environment due to this alternative are expected to be similar to
those documented in Section 6.4.1.1.3.4.  Therefore, they are not repeated here.

6.4.4.2 Rebuilding strategy

The management measures described in Section 4.3 are designed to reduce fishing mortality rates
to levels that are equal to or less than those prescribed by the Preferred MSY Control Rule
described in Section 4.2.5.  A preferred alternative in Section 4.3 would prohibit the possession
of species in Grouper Unit 4 from February 1 - April 30, to reduce fishing mortality and protect
spawning aggregations.  It is expected to result in a 24% reduction in fishing mortality, which
should be sufficient to end overfishing and rebuild the FMU sub-unit within the preferred
rebuilding schedule.  Because the Grouper Unit 4 Complex would be considered to be just
slightly overfished (BCURR is 91% of MSST) if the preferred alternatives in Section 4.2 were
adopted, ending overfishing should allow Grouper Unit 4 to rebuild to BMSY within any of the
alternative schedules evaluated above.  Therefore, no additional rebuilding measures are
considered in this section.

6.5 Conserving and protecting yellowfin grouper

Yellowfin grouper, as part of Grouper Unit 4 complex, would be considered overfished based on
the suite of preferred stock status parameter alternatives.  Yellowfin grouper spawn during a
distinct February to April period (Section 5.2.1.33.12.1, Table 12), and are documented to
aggregate to spawn on Grammanik Bank south of St. Thomas.  Fishermen typically target
spawning aggregations due to the fact that large spawning fish can be harvested in abundant
numbers in a fairly discrete area and during a fairly predictable timeframe.  

6.5.1 Alternative 1.  No action.  Do not implement additional management
measures to further protect yellowfin grouper.

6.5.1.1 Direct and indirect effects on physical environment and their significance

This alternative would obviously not result in the introduction of any further effect to the
physical environment that does not already exist under the status quo.  Management actions that
affect fishing activities, in particular the type of gear used and how it is used, as well as the
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amount of allowable fishing pressure (i.e., landings) would be just some of the actions that could
alter or introduce the physical environment.  However, being that no additional management
action is being taken under this alternative, it would not result in any direct or indirect significant
physical impacts. 

6.5.1.2 Direct and indirect effects on biological and ecological environment and their
significance

Similarly to Section 6.5.1.1, the no-action alternative would not introduce any direct effects to
the biological environment.  However, when considering the overfished status of yellowfin
grouper this alternative could result in some indirect biological impacts.  By not taking any action
to conserve or protect yellowfin grouper, it is possible that the biological status of the species
could be exacerbated.  This would degrade the stock to a point that could jeopardize species
interactions such as predator-prey relationships, as well as compromise genetic variability within
the species itself.  However, it should be remembered that there are alternatives in other sections
that could remedy the biological status of yellowfin grouper.  For example, the control rules
scenarios in Sections 6.2.6 - 6.2.7 could trigger required reductions in fishing mortality, and may
result in the establishment of a closed season or area in Section 6.3, which could benefit
yellowfin grouper.  Therefore, this alternative, while not taking any discrete action to conserve
and protect yellowfin grouper, would not necessarily jeopardize stock recovery. 

6.5.1.3 Direct and indirect effects on social and economic environment and their
significance

The no action alternative (Alternative 1) would impose no direct positive or adverse effects on
the human environment.  However, taking no action to protect the stock could result in the
biological status of the stock being exacerbated.  This would result in adverse effects to the
human environment, including direct and indirect loss of employment opportunities tied to the
resource. 

6.5.1.4 Direct and indirect effects on administrative environment and their
significance

As mentioned in Section 6.5.1.2, depending on other alternatives taken to reduce fishing
mortality, this alternative might be the best course of action.  Should the Council choose to
implement one of the closed area alternatives in Section 6.3.3, it would most likely result in more
comprehensive protection for yellowfin grouper than Alternatives 2 - 7. 

6.5.2 Alternative 2.  Close the Grammanik Bank to all fishing from February 1 to
April 30 of each year.  The proposed boundaries for the Grammanik Bank
closed area are: 18º 12.40' N, 64º 59.00' W; 18º 10.00' N, 64º 59.00' W; 18º
10.00' N, 64º 56.10' W; and 18º 12.40' N, 64º 56.10' W.  
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This alternative would define an area of approximately 4.63 km (2.5 nm) by 5.09 km (2.75 nm),
resulting in a 23.57 km2 (6.88 nm2) area in which fishing would be prohibited from February
through April.  The reported spawning aggregation would be positioned slightly northeast of the
closed area's center.

6.5.2.1 Direct and indirect effects on physical environment and their significance

This alternative would be expected to have similar effects to the physical environment as those
described in Section 6.3.3.1.  Implementing a closed area would result in a reduction in fishing
effort in a localized area.  That reduction in fishing effort could directly benefit the direct
physical environment, in particular coral habitat, as it would eliminate fishing-related impacts
within that area.  Within the closed area gear impacts and anchoring of fishing vessels would be
expected to be absent, allowing benthic communities to recover.  Yet, any benefits incurred from
the closed area could potentially be negated by increased fishing activity around the perimeter of
the boundaries, as well as increased pressure to benthic communities elsewhere in the U.S.
Caribbean.  However, because this alternative would only establish a closed area seasonally and
not the entire year, the benefits to the physical environment would not be as significant as to
those of a year-round closure.  Furthermore, fishing pressure just prior to and after the seasonal
closure could completely or partially negate any benefits to the physical environment.  Due to the
lack of discrete habitat mapping for the affected area, it is not possible to determine the relative
importance of spatial area versus duration in regard to benefits afforded to coral and other
benthic habitats.

6.5.2.2 Direct and indirect effects on biological and ecological environment and their
significance

The sedentary nature and high catchability of many grouper species, especially during spawning
aggregations, make them particularly at risk (Weber 1998).  While many reef fishermen do not
have the basic electronic equipment typically used to locate aggregations, the strong site fidelity
of some reef fish species, both to non-spawning habitat and to spawning sites, as well as the
temporal predictability of their spawning aggregations, makes them easy to locate (AFS 2001;
Rielinger 1999).  Furthermore, fishers have historically targeted unprotected spawning
aggregations (Rielinger 1999).

Luckhurst (1998) demonstrated that spawning site fidelity in red hind is an acquired trait. 
Additionally, the loss of spawning aggregations in several grouper species due to overfishing,
despite their proximity to more healthy spawning stocks, would strongly suggest that spawning
fidelity is a learned behavior in many reef fish species.  When heavy fishing on aggregations
removes the experienced fish, new recruits cannot find the aggregations, which can then collapse
as functional spawning units (Coleman et al. 2000).  For example, of the nearly 50 Caribbean
aggregations known for Nassau grouper, at least 10 have been annihilated by fishing.  Those
aggregations that were fished out have yet to rebuild (Coleman et al. 2000).
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This action would result in similar effects to those described in Section 6.3.3.2, yet this
alternative would not result in as dramatic impacts to the biological environment.  Because the
closure is only seasonal, yellowfin grouper and other species would still be subject to harvest
before and after the closure.  Furthermore, due to the closure, fishing activities may increase in
effort leading up to the closure, as well as directly after the end of the closed season.  Anchoring
and fishery-related impacts to habitat could also be amplified due to this behavior.  

Alternative 2 would afford protection to the yellowfin grouper throughout the entire spawning
season within the designated coordinates of Grammanik Bank.  However, if coupled with
Alternative 7, yellowfin grouper would be protected throughout the EEZ during its complete
spawning season.  While it is not possible to quantify the biological impact of this alternative,
prohibiting the harvest of yellowfin grouper within a documented spawning aggregation site
would obviously benefit the species.  However, if fishing pressure is at a level that is
unsustainable the remainder of the year, then the benefits of this alternative could be reduced or
compromised.  That is, if fishing reduces the abundance of grouper that are on Grammanik Bank,
or return to the area to spawn the rest of the season, the effect of the spawning season closure on
Grammanik Bank is negated.  Regardless, this alternative, due to the size of the proposed area
and the comprehensive spawning period closure, would be more conservative than Alternatives 4
- 6, but would be smaller than that offered in Alternative 3.

Anecdotal information indicates that fishing pressure on Grammanik Bank may also result in
bycatch mortality of Nassau grouper, a species which also utilizes Grammanik Bank for
spawning purposes; Nassau grouper are currently considered to be overfished, and their harvest
and possession in federal waters of the U.S. Caribbean is currently prohibited.  Therefore, this
closure could afford additional protection to Nassau grouper, which may be re-establishing a
spawning aggregation on Grammanik Bank.  Closed areas adjacent to areas designated as critical
habitat for sea turtles (i.e., areas where there may be higher concentrations of sea turtles) may
reduce the number of incidental takes.  Any total effort reductions as a result of area closures
may be beneficial to protected resources. 

6.5.2.3 Direct and indirect effects on social and economic environment and their
significance

In general, protection of spawning aggregations can provide several potential areas of benefits to
both commercial and recreational participants.  However, protection can also provide less
desirable side effects that can at least partially offset some of the potential gains. 

Protection of a spawning aggregation is a classic example of foregoing short-term losses in
commercial and recreational harvest (i.e., direct short-term adverse impact) in exchange for stock
rebuilding that provides for larger catches in the future.  In such a scenario, it can be a relatively
straightforward process to determine the direction, if not the magnitude of the change in net
national benefits that is expected if sufficient information exists.  This can be done if there is
information on short-term harvesting profits (assuming a heterogeneous fleet) and an estimate of
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consumer benefits (i.e., willingness to pay) associated with recreational trips.  Then, with some
information on the future yield stream, the discounted value of commercial benefits
(profitability) and recreational benefits (increased willingness to pay) can be estimated and
compared to short-term losses.  In the case of this proposed closure, however, adequate
information does not exist.

The 1997-2002 average annual landings of Puerto Rican yellowfin grouper is approximately
4,400 pounds, of which only a portion is landed during the spawning period.  Likewise, the 1994-
2002 average annual landings of all grouper from both St. Thomas and St. John is 22,368 pounds
(Valle-Esquivel and Díaz 2003), of which only a portion is yellowfin grouper, of which a smaller
portion is harvested from the EEZ (specifically on Grammanik Bank), and of which even a
smaller portion is landed within the period of the proposed closure specified by this alternative.

Although the present amendment does not contain details on the importance of the Grammanik
Bank spawning area, i.e., there is no description of the percent of yellowedge grouper represented
by this aggregation or where the potential new recruits eventually go, there is, apparently, some
consensus that this closure will result in some trend toward stock recovery or at least a slowing of
the present rate of stock decline, if any.  This should lead to benefits from the closure, even if the
level of total fishing effort does not change.  The reason that the total amount of effort may not
change is that fishermen may elect to fish in adjacent areas.  Even if this occurs, additional effort
in other areas may not significantly alter the total catch because the fishery is fully utilized.
Hence, increases in effort do not culminate in any significant increase in harvest.

The possible relocation of effort just alluded to does have potential adverse effects that are not
related to the total fish catch.  One consequence is that displaced effort may simply move to
“second best” spawning aggregations.  If this happens, then some of the potential long-term
benefits may be dissipated.  A second adverse effect, which has already been alluded to, reflects
declining catch per unit effort among the fleet, in the short run, during that period of time when
the spawning aggregation is taking place.  This declining catch per unit effort translates into a
short-run reduction in revenues and, hence, profitability.  

Economic benefits associated with rebuilding the stock via protection of the spawning
aggregation will, however, be largely dissipated through time if effort expansion in association
with the rebuilding of the stock (and, hence, higher CPUE and profits) is not constrained.

As noted, finally, Alternatives 2 through 6 in this Section propose a complete closure of the
spawning area with each alternative being modified slightly by size, timing, or length of the
closure.  One might anticipate benefits to be positively related to the size of the closure but costs
will also be positively related.  Given the paucity of information, there is no means of
determining which of the Alternatives would yield the highest net benefits.
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6.5.2.4 Direct and indirect effects on administrative environment and their
significance

While this alternative would afford a level of protection to the spawning aggregation documented
on Grammanik Bank, it would result in significant administrative effects, similar to those
discussed in Section 6.3.3.4.  Enforcement would have to be conducted at-sea.  While the
additional measures offered in Alternative 7 would help to remedy some of the enforcement
issues, since it would prohibit yellowfin grouper harvest and possession throughout the spawning
period, enforcement could still not be employed dockside without compatible state regulations. 
However, the size of the proposed closed area (larger than Alternatives 4 - 6), along with its
positioning adjacent to the Hind Bank MCD, would facilitate enforcement efforts to some
degree.

It should also be remembered that there are alternatives in other sections that could remedy the
biological status of yellowfin grouper and supersede this action.  For example, the control rules
scenarios in Sections 6.2.6 - 6.2.7 that would trigger required reductions in fishing mortality may
result in the establishment of a closed season or area in Section 6.3, which could benefit
yellowfin grouper. 

6.5.3 Alternative 3.  Close the Grammanik Bank to all fishing from February 1 to
April 15 of each year.  The proposed boundaries for the Grammanik Bank
closed area are: 18º 13.20' N, 64º 59.00' W; 18º 13.20' N, 64º 54.00' W; 18º
09.50' N, 64º 59.00' W; and 18º 09.50' N, 64º 54.00' W.

This alternative would define an area of approximately 6.48 km (3.5 nm) by 9.26 km (5 nm),
resulting in a 60 km2 (17.5 nm2) area in which fishing would be prohibited from February
through April 15.  The reported spawning aggregation would be centered within this closed area.

6.5.3.1 Direct and indirect effects on physical environment and their significance

This alternative would be expected to have similar effects to the physical environment as those
described in Sections 6.3.3.1 and 6.5.2.1.  However, because this alternative would only establish
a closed area seasonally and not the entire year, the benefits to the physical environment would
not be as significant as to those of a year-round closure.  Furthermore, fishing pressure (i.e., gear
impacts) just prior to and after the seasonal closure could completely negate any benefits to the
physical environment.  While this alternative would offer the best habitat protection spatially, it
would only do so for 2.5 months, which is a shorter time period than Alternatives 2, 5, and 6. 
Therefore, the benefit from this alternative would be limited by the shorter duration of protection.
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6.5.3.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would be expected to have similar effects to the biological environment as those
described in Sections 6.3.3.2 and 6.5.2.2.  While Alternative 3 would afford protection to the
yellowfin grouper during half of its spawning season and would reduce effort on other stocks that
are fished over the Grammanik Bank during that same period of time, the limited duration of the
closure could compromise the potential biological benefits, especially if fishing activity was
intensified just before and after the closure.  Furthermore, due to this short closure, it is expected
that trap fishermen would not be compelled to recover all of their traps due to the time and effort
involved, and instead would allow them to soak in the closed area.  This could present significant
issues related to ghostfishing, as the traps could continue to effectively attract and harvest fish. 
In this regard, a longer closure (e.g., Alternatives 2, 5, and 6) might offer more attractive benefits
to the complete ecosystem, as compared to size.  Further, since the closed season does not
include the full spawning period, intensified harvest on either end of the closure could
compromise the intended effect of the management action.

6.5.3.3 Direct and indirect effects on social and economic environment and their
significance

The social and economic impacts associated with this alternative are fully contained within the
discussion associated with Alternative 2 in Section 6.5.2.3.  Therefore, no further discussion is
provided here.

6.5.3.4 Direct and indirect effects on administrative environment and their
significance

This alternative would be expected to have similar effects to the administrative environment as
those described in Sections 6.3.3.4 and 6.5.2.4.  This alternative is consistent with the
recommendation of the USCG, and provides a closed area with a sufficient size to facilitate
enforcement.  Alternative 3 presents a closed area larger than that offered in Alternative 2.  Yet,
the shorter duration of the closure could cause some confusion amongst the fishery, especially
since the re-opening would be mid-month, versus the beginning of a month.  Due to this shorter
closure, it is expected that trap fishermen would not be compelled to recover all of their traps,
and would allow them to soak in the closed area.  Enforcement would be unable to determine if
there were traps in the closed area if fishermen planned to leave them in the water and removed
their buoys, and recovered them with a grapple once the season was over. 

It should also be remembered that there are alternatives in other sections that could remedy the
biological status of yellowfin grouper and supersede this action.  For example, the control rules
scenarios in Sections 6.2.6 - 6.2.7 that would trigger required reductions in fishing mortality may
result in the establishment of a closed season or area in Section 6.3, which could benefit
yellowfin grouper. 
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6.5.4 Alternative 4.  Close the Grammanik Bank to all fishing from February 1 to
April 15 of each year.  The proposed boundaries for the Grammanik Bank
closed area are: 18º 12.00' N, 64º 58.00' W; 18º 12.00' N, 64º 57.00' W; 18º
11.00' N, 64º 57.00' W; and 18º 11.00' N, 64º 58.00' W.

This alternative would define an area of approximately 1.85 km (1.0 nm) by 1.85 km (1.0 nm),
resulting in a 3.42 km2 (1.0 nm2) area in which fishing would be prohibited from February
through April 15.  The reported spawning aggregation would be centered within this closed area.

6.5.4.1 Direct and indirect effects on physical environment and their significance

This alternative would be expected to have similar effects to the physical environment as those
described in Sections 6.3.3.1 and 6.5.2.1.  However, because this alternative would only establish
a closed area seasonally and not the entire year, the benefits to the physical environment would
not be as significant as to those of a year-round closure.  Furthermore, fishing pressure just prior
to and after the seasonal closure could completely negate any benefits to the physical
environment.  This alternative would create the smallest closed area, and it would do so for only
2.5 months.  The time period is similar to that offered in Alternative 3, which is a shorter time
period than Alternatives 2, 5, and 6.  Therefore, the benefits to the physical environment from
this alternative would be extremely limited by the short duration of protection as well as the
limited size.

6.5.4.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would be expected to have similar effects to the biological environment as those
described in Sections 6.3.3.2 and 6.5.2.2.  While Alternative 4 would afford protection to the
yellowfin grouper during half of its spawning season and would reduce effort on other stocks that
are fished over the Grammanik Bank during that same period of time, the limited duration of the
closure could compromise the potential biological benefits, especially if fishing activity was
intensified just before and after the closure.  In this regard, a longer closure (e.g., Alternatives 2,
5, and 6) might offer more attractive benefits to the complete ecosystem, as compared to size. 
Further, since the closed season does not include the full spawning period, intensified harvest on
either end of the closure could compromise the intended effect of the management action.

The very limited size of the closed area – the smallest option proposed – would also limit the
ecological benefits.  Relief from fishery-related impacts, specifically to coral habitat, would be
confined not only in space, but time.  While the closure may be beneficial to some extent to the
immediate area, it is unlikely that a 2.5 month closure over a one square mile would result in any
significant beneficial ecological impacts to the region as a whole.
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6.5.4.3 Direct and indirect effects on social and economic environment and their
significance

The social and economic impacts associated with this alternative are fully contained within the
discussion associated with Alternative 2 in Section 6.5.2.3.  Therefore, no further discussion is
provided here.

6.5.4.4 Direct and indirect effects on administrative environment and their
significance

This alternative would be expected to have similar effects to the administrative environment as
those described in Sections 6.3.3.4 and 6.5.2.4.  However, a one-mile square closed area may not
provide enough buffer to protect yellowfin grouper spawning aggregations, and may complicate
enforcement.  Due to the small size and short time frame of this alternative, it would not be as
beneficial or desirable as compared to the all of the other alternatives. 

It should also be remembered that there are alternatives in other sections that could remedy the
biological status of yellowfin grouper and supersede this action.  For example, the control rules
scenarios in Sections 6.2.6 - 6.2.7 that would trigger required reductions in fishing mortality may
result in the establishment of a closed season or area in Section 6.3, which could benefit
yellowfin grouper. 

6.5.5 Alternative 5.  Close the Grammanik Bank to all fishing from February 1 to
May 31 of each year.  The proposed boundaries for the Grammanik Bank
closed area are: 18º 13.20' N, 64º 59.00' W; 18º 13.20' N, 64º 54.00' W; 18º
09.50' N, 64º 59.00' W; and 18º 09.50' N, 64º 54.00' W.

This alternative would define an area of approximately 4.63 km (2.5 nm) by 3.70 km (2.0 nm),
resulting in a 17.13 km2 (5 nm2) area in which fishing would be prohibited from February
through May.  The reported spawning aggregation would be centered within this closed area.

6.5.5.1 Direct and indirect effects on physical environment and their significance

This alternative would be expected to have similar effects to the physical environment as those
described in Sections 6.3.3.1 and 6.5.2.1.  Similar to Alternative 3, this alternative would offer
extensive protection to the physical environment (primarily through limiting fishery-related
impacts to EFH) due to the extended closed season, but it is slightly smaller than the area
proposed in Preferred Alternative 2.
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6.5.5.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would be expected to have similar effects to the biological environment as those
described in Sections 6.3.3.2 and 6.5.2.2.  This alternative would offer more benefits to yellowfin
grouper, as well as other managed and unmanaged species due to the extended closed season; the
length of the closed season is twice as long as that proposed in Alternative 3.  Coral habitat
would also benefit, due to the prohibition of fishing, and thus, fishery-related impacts such as
trap damage and anchoring.  However, it is slightly smaller than the area proposed in Preferred
Alternative 2, thus, affording less areal protection.

6.5.5.3 Direct and indirect effects on social and economic environment and their
significance

The social and economic impacts associated with this alternative are fully contained within the
discussion associated with Alternative 2 in Section 6.5.2.3.  Therefore, no further discussion is
provided here.

6.5.5.4 Direct and indirect effects on administrative environment and their
significance

This alternative would be expected to have similar effects to the administrative environment as
those described in Sections 6.3.3.4 and 6.5.2.4.  However, due to the extended duration of the
closed season, it might lessen interpretation problems by fishermen due to an extremely short
season, as offered in Alternative 3.

It should also be remembered that there are alternatives in other sections that could remedy the
biological status of yellowfin grouper and supersede this action.  For example, the control rules
scenarios in Sections 6.2.6 - 6.2.7 that would trigger required reductions in fishing mortality may
result in the establishment of a closed season or area in Section 6.3, which could benefit
yellowfin grouper. 

6.5.6 Alternative 6.  Close the Grammanik Bank to all fishing from February 1 to
May 31 of each year.  The proposed boundaries for the Grammanik Bank
closed area are: 18º 12.00' N, 64º 58.00' W; 18º 12.00' N, 64º 57.00' W; 18º
11.00' N, 64º 57.00' W; and 18º 11.00' N, 64º 58.00' W.

This alternative would define an area of approximately 1.85 km (1.0 nm) by 1.85 km (1.0 nm),
resulting in a 3.42 km2 (1.0 nm2) area in which fishing would be prohibited from February
through May.  The reported spawning aggregation would be centered within this closed area.
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6.5.6.1 Direct and indirect effects on physical environment and their significance

This alternative would be expected to have similar effects to the physical environment as those
described in Sections 6.3.3.1 and 6.5.2.1.  Similar to Alternative 3, this alternative would offer
extensive protection to the physical environment (primarily through limiting fishery-related
impacts to EFH) due to the extended closed season, but over a very limited area.

6.5.6.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would be expected to have similar effects to the biological environment as those
described in Sections 6.3.3.2 and 6.5.2.2.  Similar to Alternative 3, this alternative would offer
extensive protection to the biological environment (primarily through limiting fishery-related
impacts to EFH) due to the extended closed season.  While the entire documented spawning
period for yellowfin grouper would be encompassed in this alternative, it is unclear if the small
size would offer sufficient protection to any aggregation, especially considering the intensified
fishing that would be expected along the boundaries of the closed area.  Furthermore, the benefits
to other managed species and to coral habitat would most likely not be significant due to the
limited size of the proposed closure.  Fishing impacts and resource exploitation that might be
intensified before and after the closure might negate any ecological benefits that this alternative
could produce.

6.5.6.3 Direct and indirect effects on social and economic environment and their
significance

The social and economic impacts associated with this alternative are fully contained within the
discussion associated with Alternative 2 in Section 6.5.2.3.  Therefore, no further discussion is
provided here.

6.5.6.4 Direct and indirect effects on administrative environment and their
significance

This alternative would be expected to have similar effects to the physical environment as those
described in Sections 6.3.3.4 and 6.5.2.4.  However, due to the extended duration of the closed
season, it might lessen interpretation problems by fishermen due to an extremely short season, as
offered in Alternative 3.

It should also be remembered that there are alternatives in other sections that could remedy the
biological status of yellowfin grouper and supersede this action.  For example, the control rules
scenarios in Sections 6.2.6 - 6.2.7 that would trigger required reductions in fishing mortality may
result in the establishment of a closed season or area in 6.3, which could benefit yellowfin
grouper. 
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6.5.7 Alternative 7 (Preferred).  Close the Grammanik Bank to all fishing from
February 1 to April 30 of each year.  The proposed boundaries for the
Grammanik Bank closed area are:  18º 11.898' N, 64º 56.328' W; 18º 11.645'
N, 64º 56.225' W; 18º 11.058' N, 64º 57.810' W; and 18º 11.311' N, 64º 57.913'
W.

This alternative would define an area of approximately 3.0 km (1.62 nm) by 0.5 km (0.27 nm),
resulting in a 1.50 km2 (0.44 nm2) area in which fishing would be prohibited from February
through April.  The reported spawning aggregation would be centered within this closed area.

6.5.7.1 Direct and indirect effects on physical environment and their significance

This alternative would be expected to have similar effects to the physical environment as those
described in Sections 6.3.3.1 and 6.5.2.1.  Similar to Alternative 3, this alternative would offer
protection to the physical environment (primarily through limiting fishery-related impacts to
EFH) during the three-month closure, but over a very limited area.

6.5.7.2 Direct and indirect effects on biological and ecological environment and their
significance

This alternative would be expected to have similar effects to the biological environment as those
described in Sections 6.3.3.2 and 6.5.2.2.  Similar to Alternative 3, this alternative would offer
extensive protection to the biological environment (primarily through limiting fishery-related
impacts to EFH) during the three-month closed area.  While the entire documented spawning
period for yellowfin grouper would be encompassed in this alternative, it is unclear if the
extremely small size would offer sufficient protection to any aggregation, especially considering
the intensified fishing that would be expected along the boundaries of the closed area.  For
example, along the northern and southern boundaries, boats will be no further than 250 m (820
ft) from the center of the closed area.  Furthermore, the benefits to other managed species and to
coral habitat would most likely not be significant due to the limited size of the proposed closure. 
Fishing impacts and resource exploitation that might be intensified before and after the closure
might negate any ecological benefits that this alternative could produce.

6.5.7.3 Direct and indirect effects on social and economic environment and their
significance

The social and economic impacts associated with this alternative are fully contained within the
discussion associated with Alternative 2 in Section 6.5.2.3.  Therefore, no further discussion is
provided here.



440

6.5.7.4 Direct and indirect effects on administrative environment and their
significance

This alternative would be expected to have similar effects to the physical environment as those
described in Sections 6.3.3.4 and 6.5.2.4.  However, due to the extremely small size, enforcement
of the closed area will be complicated.  With a width of only 500 m (1,640 ft), a boat could easily
encroach in and out of the area in a short amount of time.  The short distance also allows a boat
poaching in the closed area to quickly flee outside of the boundaries should an approaching boat
be observed.

It should also be remembered that there are alternatives in other sections that could remedy the
biological status of yellowfin grouper and supersede this action.  For example, the control rules
scenarios in Sections 6.2.6 - 6.2.7 that would trigger required reductions in fishing mortality may
result in the establishment of a closed season or area in 6.3, which could benefit yellowfin
grouper. 

6.5.8 Alternative 8.  Prohibit the harvest and possession of yellowfin grouper in the
U.S. EEZ, in conjunction with the closure of the Grammanik Bank.

This alternative would be encompassed by Preferred Alternative 2a proposed in Section 6.3.2.

6.6 Achieving the MSFCMA bycatch mandates

6.6.1 Bycatch reporting

Currently, there are no FMP requirements for permits in the recreational, commercial, and/or for-
hire sectors in the EEZ off Puerto Rico and the USVI.  Permitting would be essential to identify
participants in the fishery, and would also be necessary in order to establish a standardized
bycatch reporting methodology, which is a MSFCMA mandate.  However, both Puerto Rico and
the USVI do have permitting requirements, and have indicated a willingness to collect the
bycatch information on behalf of NMFS.

6.6.1.1 Alternative 1.  No action.  Do not establish a standardized bycatch reporting
methodology program in the U.S. Caribbean.

Matos-Caraballo (1997) documented that 81% of Puerto Rican fishermen surveyed in 1995-1996
(i.e., 1,417 out of 1,758) had a DNER fishing license.  Recent changes to the Puerto Rican
fishing regulations now require licenses for all commercial fishermen with mandatory reporting
requirements, as well as license requirements for recreational fishermen.  The USVI also requires
licenses for commercial fishing activities.  Although the current data collection system in place in
the U.S. Caribbean does not require commercial or recreational fishermen to report bycatch data,
Puerto Rico has agreed to require that this information be reported and the USVI already has
incorporated bycatch data into their reporting requirements.
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6.6.1.1.1 Direct and indirect effects on physical environment and their significance

This alternative would obviously not result in the introduction of any further direct effect to the
physical environment that does not already exist under the status quo.  Management actions that
affect fishing activities, in particular the type of gear used and how it is used, as well as the
amount of allowable fishing pressure (i.e., landings) would be just some of the actions that could
alter or introduce the physical environment.  However, being that no additional management
action is being taken under this alternative, it would not result in any direct or indirect physical
impacts.

6.6.1.1.2 Direct and indirect effects on biological and ecological environment and their
significance

Failing to implement a bycatch reporting program would have no immediate positive or negative
biological or ecological impact.  However, continued failure to document bycatch, to the extent
that it occurs in the Caribbean, would leave scientists/managers unable to develop reliable
estimates of total fishing mortality for Council-managed species.  Overestimating bycatch could
lead to the implementation of potentially overly precautionary management measures designed to
provide additional protection to bycatch and other species.  Underestimating bycatch could
adversely affect the biological status of fish taken as bycatch and associated species.  Further,
failing to implement a bycatch reporting program could lead to adverse effects on species
protected under the ESA and MMPA being undetected. 

For some fisheries, primarily the queen conch fishery, a lack of bycatch reporting would not
result in any direct or indirect biological impacts in the short or long term.  The queen conch
fishery is a hand-harvest fishery, that results in no bycatch.  Furthermore, the aquarium trade
under the Reef Fish and Coral FMPs also are highly selective, and would not be expected to have
any associated bycatch issues.  However, the trap fishery under the Reef Fish FMP could be
associated with bycatch issues, although anecdotal information suggests that bycatch is minimal
since the majority of the harvest is retained by fishermen.

6.6.1.1.3 Direct and indirect effects on social and economic environment and their
significance

Continued failure to document bycatch and bycatch mortality would leave scientists/managers
unable to develop reliable estimates of total fishing mortality for Council-managed species.
Overestimation of bycatch could lead to the implementation of potentially overly precautionary
management measures than are otherwise warranted; the effect being adverse socioeconomic
consequences that are unnecessarily severe.  Underestimating bycatch would adversely affect the
biological status of fish taken as bycatch.  This would negatively impact fishery participants and
communities in the long run. 
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6.6.1.1.4 Direct and indirect effects on administrative environment and their
significance

It is possible that currently established programs could be utilized or enhanced to provide
necessary information on bycatch.  Data collected through the established trip ticket system could
be “ground-truthed” through fishery independent-surveys and/or random onboard observations. 
While this option may be unlikely given the current level of funding, it would most likely be
more cost-effective than implementing a new permit system as proposed in Alternative 2.  It
could also address some of the other socioeconomic and administrative issues of Alternative 2,
such as the language barrier and user buy-in.  The SEAMAP database could also be used to
provide additional bycatch information on the commercial sector.

This alternative would relieve NMFS/Council/state governments of some of the costs associated
with establishing a reporting program.  Due to the nature of the Caribbean fisheries, anecdotal
information suggests that most of the commercial harvest, regardless of the species, is utilized by
fishermen.  Regardless, it would appear to violate §303(a)(11) of the MSFCMA.

6.6.1.2 Alternative 2.  Develop and implement a federal permit system for
commercial and charter boat fishermen participating in Council-managed
fisheries, with an associated mandatory monthly reporting requirement.

Permits would be required for the Reef Fish, Queen Conch, and Spiny Lobster FMPs.  While the
Council’s preferred management alternative is to prohibit the harvest and possession of queen
conch in the EEZ (Section 6.4.3.2.2), a permit for the Queen Conch FMP would eventually be
necessary to establish a universe of fishery participants, should the fishery re-open in the future. 
A permit for the Coral FMP would not be needed since the harvest of most corals is prohibited,
and the preferred alternative for the aquarium trade species is retention in a data collection
category (Section 6.1.2.2).

Additional background information on the permitting process is available in Section 4.6.1.2.

6.6.1.2.1 Direct and indirect effects on physical environment and their significance

This alternative would not result in any direct impacts to the physical environment.  However,
there could be some indirect impacts associated with this action, should future reports indicate
that bycatch is a problem, which could result in an associated management action.  For example,
if the reporting indicated a high level of bycatch of an ecologically-sensitive species in the fish
trap fishery, subsequent action to limit or prohibit the fish trap fishery could benefit the physical
environment. 
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6.6.1.2.2 Direct and indirect effects on biological and ecological environment and their
significance

Permitting fishery participants and establishing an associated mandatory reporting requirement
could benefit marine ecosystems in the U.S. Caribbean by providing better information on
bycatch and total fishing mortality rates.  Data on total fishing mortality would assist the
Council/NMFS with deciding what measures are necessary to sustain fishery resources and
associated species over the long term.  However, fishermen in the U.S. Caribbean generally
retain the majority of their catch, therefore the impacts of bycatch would appear to be minimal. 
A noted exception to this would be the bycatch of ciguatoxic species.  Additionally,
implementing a federal permit system with an associated mandatory standardized bycatch
reporting methodology in the reef fish fishery and spiny lobster fishery would be beneficial for
evaluating protected species bycatch.

A permit system would not produce any positive or negative impacts in regard to some fisheries,
such as the queen conch fishery.  Since fishermen harvest conch by hand, and the species are not
prone to be efficiently caught by other methods (e.g., trap), a reporting system that includes
bycatch information would be of little benefit to this fishery.  Furthermore, when considering that
the Council’s preferred alternative to rebuild queen conch is to close the conch fishery in the
EEZ, a permit and reporting system for this FMP would not result in any useful data.  

It should be noted that without compatible standardized bycatch reporting methodology in state
waters, this alternative would not likely be effective.  The majority of fishing activity occurs in
state waters, and, therefore, it is unlikely that much information would be gained from an
exclusive federal permit and reporting program. 

6.6.1.2.3 Direct and indirect effects on social and economic environment and their
significance

A new and potentially redundant permitting system may not be well-received by fishermen,
particularly if that system requires communication with NMFS personnel not within close
proximity to the fishery.  Given that the majority of harvest occurs in state waters, it is unclear
how beneficial this alternative would be.  Unless the states also require mandatory bycatch
reporting, this alternative would result in little benefit.  Furthermore, due to the enforcement
issues in the U.S. Caribbean, there may not be much incentive for some fishermen to pay for a
federal permit or to submit accurate logbook information.  The incentive for fishermen to
purchase a federal permit for queen conch is even more questionable, given that the federal
fishery may be closed for the foreseeable future.

NMFS is authorized to charge administrative fees for permit issuance, renewal, or transfer.  The
direct cost of obtaining a federal permit under the current SERO permitting process is estimated
at $50 per permit (Sutter, pers. comm.).  The current SERO application form is relatively
complex and currently requires the submission of vessel characteristic data (e.g., horsepower,



444

gross tonnage, net tonnage, hull identification number, hold capacity, corporation shareholder
information, lease information).  The administrative fee payment is not retained by NMFS, and
instead is forwarded to the U.S. Treasury.  Completion of the current SERO permit application
form takes between 20 minutes and 60 minutes, depending on the complexity of the supporting
documents.  

A simpler application form (see Appendix C), requesting only vessel name or identification
number, length, and vessel owner contact information, would be less expensive to administer,
and therefore would provide a lower administrative fee per permit, roughly $10-$20/permit
(Sadler, pers. comm.).  Such an application would take only a few minutes to complete.  This
may be more appropriate, at least initially, for the Caribbean fisheries given the fact that a typical
fishing vessel in Puerto Rico is uninspected by the USCG, and is less than 22 feet in length
(Matos-Caraballo 1997).  Information on horsepower, tonnage, and capacity would not be
applicable to these vessels. 

It is unclear how recreational fisheries would be permitted.  Should a federal permit be issued to
an individual versus a vessel (refer to Section 6.6.1.2.4), the system may not be effective for
visiting (i.e., tourists) recreational fishermen on vacation.  While it could be applied to charter
vessels, permitting individual recreational fishermen may result in reduced recreational fishing in
federal waters due to the burden of applying for a permit on short notice, or, conversely, lead to
an increase of fishing activity that is not in compliance with fisheries regulations.  However,
most visiting fishermen fishing in federal waters would most likely be operating off a charter
vessel and targeting pelagic species such as billfish, dolphin, and wahoo, instead of reef fish
species. 

Due to the separation of the state and federal permitting and reporting process, fishermen may be
compelled to purchase GPS equipment, in order to ascertain if they are indeed fishing in federal
waters.  While a GPS unit can be purchased for approximately $200, the overall costs to the
fishery can not be estimated since it is not clear how many fishermen would end up purchasing a
GPS unit. 

Permitting federal fishery participants and collecting data on catches and discards in federal
waters could provide the Council/NMFS with improved data on: 1) participation in the fishery;
2) bycatch composition and amounts; and 3) an estimate of total fishing mortality.  Data on the
universe of participants in the fishery would assist the Council/NMFS with future decisions
related to capacity reduction (e.g., trap reduction program, buyback) and/or effort reduction
measures (e.g., trip limits, days-at-sea).  Data on total fishing mortality would assist the
Council/NMFS with deciding what measures are necessary to sustain fishery resources and
associated species over the long term.  Both could result in positive and negative socioeconomic
impacts. 

Sorting through and documenting catch before it is discarded would present fishermen with an
additional time-cost burden, which could potentially result in a short-term reduction in revenues. 
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Accurate species identification could also be complicated, especially considering variety of local
vernacular.  But that is unlikely if bycatch in these fisheries is as minimal as expected.  In any
event, this alternative, which would require fishermen to complete an additional catch report, or
logbook, to document catches in federal waters, would probably present a greater burden than
would modifying the existing trip ticket system to accommodate this data collection effort.  Any
short-term losses in revenue are expected to be outweighed by the long-term benefits associated
with better fishery management resulting from improved data and information. 

Improved bycatch data could result in both positive and negative socioeconomic impacts in the
short term.  For example, data identifying bycatch “hotspots” could lead to seasonal or area
closures.  Further, should a particular gear be associated with excessive bycatch, future
management actions may impact that segment of the fishery.  Positive impacts could result from
improvements in the efficiency of individual boats that were directed to areas where they would
land less bycatch.  Negative impacts could result from being redirected to areas that were less
productive overall.  In theory, the long-term benefits associated with more sustainable
management would be expected to outweigh any adverse impacts that occur in the short term.   

Should the Council ever want to explore a limited access system or capacity reduction program
for any managed fishery, a federal permit system could produce the necessary universe of
fishermen from which to construct such a system.  Capacity reduction programs could lead to a
short-term reduction in revenue for those fishermen who are required to reduce effort.  But those
impacts would be expected to be offset by increased productivity over the long term.  Programs
that reduce the number of people participating in the fishery could severely adversely impact
those who were excluded – in the short and long term.  But those impacts could be offset through
program design (e.g., buyback).  It should be noted that a compatible action by the states would
be necessary to ensure the success of a capacity reduction or limited access program.

Establishing permits for the specific (or even secondary) purpose of limiting access or reducing
capacity presents some issues worth considering.  The availability of an open-access federal
permit with the prospect of a potential limited access could drive some individuals who have no
history in the fishery, or encourage more part-time fishermen, to obtain these permits.  Further,
should the queen conch fishery be closed in federal waters, per the Council’s preferred
alternative, it is highly likely that this fishery will not be rebuilt without the states significantly
curbing catch in their waters.  The rebuilding period for queen conch could very well be on the
scale of decades, even with significant state action.  Given that the average age of a Puerto Rican
fisherman is in the mid- to late-forties (Matos-Caraballo 1997), the benefit of a queen conch
permit for use in establishing a future limited access system is questionable.

With respect to commercial fishermen, a  new permitting system may not be well received for
several reasons, not the least of which is the cost.  Given the fact there would be virtually no
means of verifying (or enforcing) the bycatch information recorded on the attached mandatory
monthly reporting forms, one can hypothesize that the information provided (if any) would likely
be highly unreliable, thus having little or no value for management purposes.  Furthermore, given
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the fact that the majority of harvest occurs in state waters, one would anticipate little benefits
from such a bycatch reporting system unless the state governments implemented a compatible
bycatch reporting system.  Finally, the MSFCMA defines bycatch as those fish which are
harvested in a fishery, but which are not sold or kept for personal use.  Available information
indicates that the majority of the catch is retained and would, therefore, not be considered as
bycatch.  If this available information is correct, one might question the need for any bycatch
monitoring system in the commercial sector.

While the permit system would likely provide little or no useful bycatch information that could
be used in the management process (i.e., address MSFCMA requirements), it could, conceivably,
provide useful information to help manage Council-managed species.27  First, it would provide
some estimate of the population of commercial fishermen that utilize the EEZ.  Second, to the
extent that directed catch from federal waters is accurately reported, the Council would have
additional information to be used in the management process.28   Finally, a prerequisite for any
limited entry program in federal waters is a permitting system.  However, as previously
discussed, the benefits of a limited entry program that occurs only in federal waters are probably
quite limited.  

Finally, some discussion of the recreational sector is warranted.  Permitting in the recreational
sector (excluding charter boats) would likely be extremely burdensome and there would be
virtually no incentive for this group to submit any mandatory reporting forms.  There is little
information on recreational fishing activity for Council-managed species in the EEZ, though
information garnered at a March 11, 2004 CFMC Advisory Panel meeting in San Juan indicates
that the majority of charter and recreational fishing activity in federal waters is concentrated on
HMS and pelagic species.  Hence, benefits to Council-managed species would likely be
negligible.

6.6.1.2.4 Direct and indirect effects on administrative environment and their
significance
The Council previously decided to issue permits to fishery participants to begin the process of
better managing fishing effort.  The discussion surrounding this new permitting system was
initiated in response to problems primarily in the reef fish fishery, though the intent was to design
a system that would include all fisheries operating in the EEZ.  It should be noted that a permit
would not be required for the Coral FMP, and that there are significant issues with the
practicability of implementing a federal permit for the queen conch fishery.

Currently, both the USVI and Puerto Rico have mandatory commercial permitting and reporting
systems in place.  Prior to 2004, the Puerto Rican reporting system was voluntary.  However,



447

according to a census conducted by Matos-Caraballo (1997) compliance with the voluntary
license program increased from 64% in 1988 to 81% for 1995-1996.  Obviously, there are
undocumented, unlicenced participants in the commercial fishery.  Yet, due to the abundance of
habitat in state waters there are probably few, if any, fishermen that fish exclusively in federal
waters for CFMC-managed species, and it is likely that the majority of these fishermen are
already captured in the state programs. 

The permit costs (estimated at $10-20 for a rudimentary permit) and processing time (estimated
at approximately one month) make it impractical to permit fishermen through the SERO
permitting office.   This alternative would place the administrative burden for collecting bycatch
data on NMFS, including designing, printing, and distributing permits and logbooks, and
collecting, computerizing, and analyzing bycatch data.  If the state offices administer the federal
permit system, those offices could distribute applications/permits.  This would be extremely
efficient since the fishers periodically visit the local offices for vessel registration issuance.

The existing SERO permitting system resources may be inadequate to implement the Caribbean
permit requirements, based on the following calculations.  While it is unclear how many
Caribbean fishermen would apply for a federal permit, based on Matos-Caraballo’s (1997)
census, there were approximately 3,500 licensed fishermen in 1995-1996 just from Puerto Rico. 
Coupled with USVI fishermen, as well as those participants in the for-hire sector, and there could
potentially be several thousand applicants for federal permits.  This would cause a major re-
tooling of the automatic renewal processes, even if relatively few permits are actually issued.  Set
up costs are estimated at $15,280.80 (160 hours at $43.55/hour; 120 hours at $57.79/hour; 40
hours at $34.45/hour, including salary and benefits).  Processing costs for the initial issuance
phase (when administered at SERO) are estimated at $22,978 (667 hours at $34.45/hour,
including salary and benefits).  

Additional modification of the SERO database to include the Caribbean permits will require
translation of the permit application and regulation updates into Spanish, which will be an
ongoing cost of $3,582.80/year (108 hours/year at $34.45, including salary and benefits).  SERO
will also need in-house resources (paper, dictionaries, etc.) for system modification to publicize
the new permitting requirements using the Spanish language; none of the permitting documents
are currently translated into Spanish or other non-English language, and there are no bilingual
personnel on the SERO Permits Team.

All of the current SERO-issued vessel permits are printed on 8.5 by 11 inch paper, and typically
list several permit types per page (other permit sizes cannot be readily issued under the existing
system).  Since that paper is used for multiple permit types, inclusion of the Caribbean permits in
the SERO permit system would also require modification of the paper to allow for Spanish
translation.  However, if the system is administered outside of the SERO, it would be feasible to
issue vessel permits in the form of laminated cards to  facilitate fishery acceptance and
enforcement.  



448

Permitting via the internet (website application) or telephone cannot be used at this time since
paper copies of vessel/operator documentation must be collected before these types of permits
can be issued.  The SERO permitting program is not yet set up to automatically distribute
application forms over the internet or telephone voice mail; therefore, those communication
pathways are impractical for distribution in the Caribbean.  Moreover, fishers in Puerto Rico and
the USVI are not accustomed to mail communication with SERO.  Therefore, the standard
application process and available mail distribution methods may present problems when issuing
Caribbean fishing vessel permits from SERO.  The unique social and cultural framework of the
fishing community in the Caribbean indicates that a simple permitting requirement (without
transfers) will be the most beneficial option at this time. 

A simpler federal permitting system at the state vessel registration offices would be more
effective, since the fishers must obtain registration materials for their vessel at those offices at a
periodic basis.  The local government could receive supportive funding via a cooperative
agreement with NMFS.  The existing personnel at those offices are fluent in Spanish and the
local dialects, and most likely would be more readily accepted by the fishery participants.  Since
the fishers would be obtaining/renewing a new vessel registration at the office, problems with
outdated registration would be minimal.  Further, the vessel registration materials would already
be available at those offices, such that applicants would not have to make copies of those
materials for transmittal to NMFS.  Local administration of the federal permit system would
eliminate the re-tooling costs and translation costs described above, and would reduce the setup
costs to $3,479 (60 hours at $57.79/hour, including salary and benefits).  Processing costs that
NMFS would provide to Puerto Rico and USVI for the initial issuance phase (when administered
in local offices) are estimated at $22,978 (667 hours at $34.45/hour, including salary and
benefits.)  The local office salary and benefits associated with the permit processing, and
incidental hardware/software costs, cannot be readily estimated.  

The agency could require that catch logbooks be mailed to the SEFSC on a monthly basis.  This
would put an additional burden on SEFSC staff to compile the reporting data, as well as a burden
on fishermen in the U.S. Caribbean due to mailing to the U.S.  However, NMFS could increase
funding to the states under the State/Federal Cooperative Fisheries Statistics Program, with a
request that these data be submitted to the SEFSC annually, along with those collected under the
state trip ticket programs.  NMFS currently contributes $78,900 and $73,000 to commercial
fisheries data gathering efforts in Puerto Rico and the USVI, respectively. 

A training and education program, if adopted, would present additional costs, but would be
expected to improve the reliability of data.  Such a program should include information on what
constitutes bycatch, how to identify species and/or species groups, and how bycatch data can
improve fishery management.  However, in theory, all expenses associated with this option are
expected to be outweighed by the benefits of better/more efficient management.  Potential
impacts arising from the language barrier may also present significant issues to the administrative
environment.  Applications, permits, and logbooks would most likely be needed in both English
and Spanish.  Furthermore, reporting and dissemination of the data could be complicated, unless
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those compiling the information on permit applications and monthly reporting forms were
bilingual. 

Fishermen may be reluctant to report discards for fear that honest reporting may lead to more
restrictive regulations.  Catch report/logbook data could be “ground-truthed” through fishery
independent-surveys and/or random onboard observations, though that may be unlikely given the
current level of funding.  A required retention program presents another alternative.  But such a
program would need to donate landed discards to a food bank or something similar so as not to
provide an incentive to target prohibited or undersized species.  And that would result in
difficulties because, once landings arrive at port, it’s not possible to determine if they were taken
in state waters where regulations are less restrictive.  Even with consistent regulations in federal
and state waters, neither NMFS nor the states have sufficient manpower in terms of port agents
or enforcement agents to ensure that bycatch is retained. 

6.6.1.3 Alternative 3 (Preferred).  Utilize the MRFSS database to provide additional
bycatch information on the recreational and subsistence sectors.

6.6.1.3.1 Direct and indirect effects on physical environment and their significance

This alternative would not result in any direct impacts to the physical environment.  Furthermore,
it would be expected that the majority of this data would not be applicable to fisheries occurring
in federal waters.  This is due in large part to the general lack of reef fish habitat in the EEZ, as
well as shore-based recreational fishing activity appearing in the data; similar to the commercial
fishing activity, the majority of recreational fishing occurs in state waters.  Exceptions to this
would be fisheries pursuing HMS, dolphin, and wahoo. 

6.6.1.3.2 Direct and indirect effects on biological and ecological environment and their
significance

Incorporating data on the bycatch of individual recreational anglers and subsistence fishermen
into fishery management decision making would benefit marine ecosystems in the U.S.
Caribbean by providing managers with more reliable estimates of total fishing mortality and,
thus, the information they need to develop regulations designed to sustain fishery resources and
associated species over the long term.  However, due to the lack of predominance of recreational
fishing in state waters (i.e., recreational fishing involving Council-managed species), it is unclear
how beneficial MRFSS bycatch information will be to federal management.  Further, MRFSS
currently does not collect protected species bycatch information, so this alternative would have
no immediate impact in that regard.  If protected species bycatch questions were added to the
survey in the future, however, this alternative may be beneficial for conservation and protection
of those species.  
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6.6.1.3.3 Direct and indirect effects on social and economic environment and their
significance

The MRFSS process routinely collects information on discards (both alive and dead) by the
recreational fishing sector throughout the continental U.S. and Puerto Rico.  Data are not
collected on the recreational activities in the USVI, however.

With respect to the MRFSS in Puerto Rico, the program was initiated in 2000.  Similar data
collection was attempted for the USVI but was suspended due to logistical problems associated
with the survey.  Approximately 2,786 field intercept angler observations were collected in
Puerto Rico in 2000.  At approximately 4.5 minutes per intercept, total burden time is
approximately 209 hours.  The random digit dialing telephone component of the survey takes
approximately 7 minutes per interview.  

Since discard data are being collected for Puerto Rico, this information would be readily
available to be used in furtherance of this alternative and the only costs would be processing it in
a manner suitable for routine bycatch monitoring in the recreational sector.  Since no system
currently exists in the USVI, however, there would be significant costs associated with
implementing a compatible program and it would be questionable as to whether the information
collected on bycatch would be worth the costs.  However, the MRFSS survey collects a
significant amount of other data that are useful for management purposes.  Obviously, the more
systematic and comprehensive the recreational data collection system, the greater the ability to
properly identify dependencies on fishery resources and industries and minimize adverse affects
on industries.

6.6.1.3.4 Direct and indirect effects on administrative environment and their
significance

The costs (estimated at $10-20 for a rudimentary permit), processing time (estimated at one
month), and location of the SERO permitting office make it impractical to permit individual
recreational anglers and subsistence fishermen (Sutter, pers. comm.).  However, to have
comprehensive coverage of all fishery sectors, this alternative could be selected in addition to
Alternative 2 to ensure that the bycatch of individual recreational anglers and subsistence
fishermen is monitored in addition to that of commercial and charter boat fishermen.

The MRFSS program has several deficiencies that limit its ability to provide accurate data on
recreational catches in the U.S. Caribbean.  Coverage is not currently comprehensive, as the
program collects data through telephone surveys of households in coastal counties and intercept
(i.e., interview) surveys of anglers at fishing access sites.  Participation in the program is
voluntary.  Currently, information on Puerto Rico fisheries must be extrapolated to USVI
fisheries, as the MRFSS program was discontinued in the USVI in 2001.  The costs could be
considerable to re-institute USVI coverage, however, this would be the most feasible way to
obtain accurate information on the USVI recreational fishery.  Regardless of the deficiencies of
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MRFSS, there are no programs currently in place (or capable of being implemented) that could
provide more reliable data on recreational fisheries in the U.S. Caribbean. 

6.6.1.4 Alternative 4 (Preferred).  Consult with Puerto Rico and the USVI in an
effort to modify the trip ticket system currently in place in the U.S.
Caribbean to require standardized collection of bycatch data.

The current trip ticket systems were established in 1967 and 1974 in Puerto Rico and the USVI,
respectively.  Both programs have experienced a series of periodic lapses over the years, as well
as significant under- and/or misreporting, and changes in the type of data collected (Valle-
Esquivel 2002).  Landings in the USVI were historically reported by gear group (e.g., pot fish;
net fish), while those in Puerto Rico were reported by species or species groups (e.g., Nassau
grouper; grouper).  Presently, landings in both territories are recorded at the species or species-
group level.  Commercial catch reporting is mandatory for both Puerto Rico and the USVI.  
Fishermen report landings in Puerto Rico and the USVI to the Puerto Rico DNER and the USVI
DFW, respectively.  Both state agencies are supported by NMFS through the State/Federal
Cooperative Fisheries Statistics Program.  Currently, Puerto Rico does not collect bycatch data,
but the USVI initiated rudimentary bycatch reporting (i.e., pounds of bycatch by gear type) in
2004.  Therefore, effort would be directed on modifying Puerto Rican landings reports to include
consistent and standardized bycatch data.  Both Puerto Rico and USVI have agreed to collect
bycatch data for NMFS.  Data collection programs modified to collect bycatch data would
continue to be funded, at least in part, through the NMFS grant process.

Monthly landings data for Puerto Rico are collected from fishers, fish buyers, and fishing
associations by DNER port agents (four at the moment), and the program’s principal investigator
at 88 fishing centers in 42 coastal municipalities, including the islands of Vieques and Culebra. 
Prior to 2004, participation in the data collection program was voluntary, though DNER
estimated that the majority of commercial fishermen participated in the program.  A 1995-1996
census of Puerto Rican fishermen stated that 81% of licensed fishermen participated in the
program (Matos-Caraballo 1997).  Data fields on Puerto Rico’s trip ticket form include fishing
date; name of fish buyer, fisherman and/or helper; fishing license number; municipality; fishing
center (landing area); number of trips reported; gear type; fishing effort (hours fishing); weight in
pounds by species or taxonomic family; market value; depth; and fishing area (less than or
greater than 10 miles from shore).  Tickets use common names, and species identification is
possible using Erdman’s (1985) numeric codes.  Data are computerized by DNER and submitted
to NMFS in raw form on an annual basis (Valle-Esquivel 2002).

Landings data for the USVI fisheries are mailed or delivered to DFW on a monthly basis.  DFW
requires that all reports for a 12-month period (July to June) be submitted before renewing a
commercial fishing license.  The current trip ticket form, which was expanded to the entire
territory between 1997 and 2000, requests data on family or species group harvested; gear type
(hook and line, net, pot/trap, and dive); an estimate of fishing effort (the number of gear and the
estimated time in hours fished during the trip); and area fished, including distance from shore
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(i.e., less than 3 miles, 3-200 miles, or greater than 200 miles) and location.  The DFW
computerizes and verifies data, and submits datasets to NMFS on an annual basis.  Landings in
St. Croix and St. Thomas/St. John are maintained in separate datasets (Valle-Esquivel 2002).  

Both the specificity and accuracy of the data collected through the trip ticket systems is believed
to have been improving in recent years.  However, fishermen seldom complete the data fields
that indicate what portion, if any, of their catches was taken from the EEZ.  Consequently, fishery
managers generally cannot always distinguish between catches taken from federal and state
waters (Valle-Esquivel, pers. comm.). 

In order to establish a standardized bycatch reporting methodology for the U.S. Caribbean, efforts
to add data fields to Puerto Rico trip ticket forms would be required.  While species-specific
information on discards would be valuable, a rudimentary data field could simply request bycatch
information in pounds or numbers of fish, which is the current methodology in the USVI. 
Additionally, protected resource interactions could be added as a separate data field in the future. 
More extensive reporting could be possible, but would add additional burden to the fishermen,
and might not be practical given the size and scope of the fishery.  That is, due to the
predominance of small, open-hulled boats in U.S. Caribbean fisheries, retention of bycatch for
more intensive reporting such as recording species or lengths is likely to be impractical. 

6.6.1.4.1 Direct and indirect effects on physical environment and their significance

Similar to Alternatives 2 and 3, this alternative would not result in any direct impacts to the
physical environment.  However, there could be some indirect impacts associated with this
action, should future reports indicate that bycatch is a problem, which could result in an
associated management action.  For example, if the reporting indicated a high level of bycatch of
an ecologically-sensitive species in the fish trap fishery, subsequent action to limit or prohibit the
fish trap fishery could benefit the physical environment. 

6.6.1.4.2 Direct and indirect effects on biological and ecological environment and their
significance

Biological and ecological impacts associated with this alternative are expected to be similar to
those discussed for Alternative 2 in Section 6.6.1.2.2.  Therefore, they are not repeated here.

6.6.1.4.3 Direct and indirect effects on social and economic environment and their
significance

Socioeconomic impacts associated with this alternative are expected to be similar to those
discussed for Alternative 2 in Section 6.6.1.2.3.  However, Preferred Alternative 4 would likely
result in significantly less social and economic impacts than Alternative 2.  Since the currently
existing programs have been implemented for more than 30 years, acceptance by fishermen is
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likely to be greater than to a new system, such as that proposed in Alternative 2.  Modifying the
existing trip ticket system to accommodate this data collection effort would likely present less of
a burden that would result from requiring fishermen to submit a separate data report for catches
in federal waters.  That is especially true considering that the USVI already has incorporated
bycatch data into their reporting requirements.  Furthermore, this alternative would require less
expenditure of time (i.e., reporting burden) since fishermen would only be conducting one
State/Federal reporting requirement versus having two separate reporting responsibilities. 
Finally, as with any alternative that would require a clear determination of whether fishing
activities were occurring in state or federal waters, this alternative might require fishermen to
purchase a GPS system (with the cost of approximately $200). 

However, as with a federal permitting system that would require information on bycatch, one
must question the accuracy (as well as compliance) of information collected using any modified
trip ticket system (i.e., Alternative 3).  If compliance is low or if the data collected are not
relatively accurate, benefits to the management process associated with use of the bycatch data in
the management process may be extremely limited.  In the extreme, the data may lead to
additional management regulation that is not warranted or, vice versa, a lack of management
regulation that would be warranted.  Regardless, this alternative is likely to represent the smallest
burden to fishermen, and is likely to be the most successful bycatch reporting alternative at this
interim in the U.S. Caribbean.

6.6.1.4.4 Direct and indirect effects on administrative environment and their
significance

While the administrative impacts associated with Preferred Alternative 4 would be similar to
those discussed in Section 6.6.1.2.4 for Alternative 2, the extent of those impacts would be much
less significant.  The language issues (e.g., permit application, logbook, and data entry)
associated with Alternative 2 would not be experienced under this alternative.  While there
would still be funding needs to enhance the existing reporting system, it is expected that all of the
permitting and reporting alternatives in this section would require additional funding.  However,
this alternative would likely offer the most cost-effective scenario.  The West Pacific Fishery
Management Council opted for a similar action in their Coral Reef Ecosystem FMP.  Due to very
similar insular issues revolving around the various territorial reporting scenarios, low levels of
current bycatch, and that the majority of fishing activity occurs in those waters (versus in federal
waters), the WPFMC preferred to rely on continued territorial reporting in lieu of implementing a
unique federal system.  Unlike the WPFMC course of action, this alternative would actually
result in the modification of the existing reporting forms (i.e., Puerto Rico reporting forms) to
suffice the MSFCMA requirements.

This alternative would place the administrative burden for collecting bycatch data on the state
governments, including redesigning, reprinting, and redistributing trip ticket forms, and
computerizing additional data.  In doing so, it would resolve some of the bilingual issues
associated with Alternative 2.  Additionally, the required funding for this alternative would
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obviously be less than that required to design and implement a totally new federal permitting
system (i.e., Alternative 2), while still supplementing the state data efforts.  The USVI recently
implemented changes to their reporting requirements and are currently requiring bycatch
information from commercial fishers.  NMFS currently contributes $78,900 and $73,000 to
commercial fisheries data gathering efforts in Puerto Rico and the USVI, respectively. 

A number of deficiencies in the current trip ticket system would need to be addressed to support
bycatch reporting at a level sufficient to meet the MSFCMA mandate.  Action would need to be
taken to ensure that all data fields, including the field differentiating catches in federal versus
state waters, are completed; it may be possible to improve the data return from fishermen through
an outreach and education program, similar to what is proposed under Alternative 2 to improve
data on species identification.  Additionally, the expanded trip ticket system would only provide
information on commercial landings.  Currently, there are no requirements to report recreational
catches in state or federal waters, though the expansion of MFRSS (i.e., Alternative 3) could
remedy this issue. 

NMFS would face increased costs associated with analyzing bycatch data for U.S. Caribbean
fisheries.  A training and education program, if adopted, would present additional costs, but
would be expected to improve the reliability of data.  Such a program should include information
on what constitutes bycatch, how to identify species and/or species groups, and how bycatch data
can improve fishery management.  However, all expenses associated with this option are
expected to be outweighed by the benefits of better/more efficient management.

Fishermen may be reluctant to report discards for fear that honest reporting may lead to more
restrictive regulations.  Trip ticket data could be “ground-truthed” through fishery independent-
surveys and/or random onboard observations.  However, that would require additional funding in
order to be implemented.

6.6.2 Minimizing bycatch and bycatch mortality to the extent practicable

There are scant data on commercial and recreational bycatch in the U.S. Caribbean region,
however, based on anecdotal information and local fishery management officials’ experience,
byctach is de minimus in the U.S. Caribbean.  Rosario Jimenez (1993) estimated, based on
fishery-independent data from the SEAMAP-Caribbean program collected off the west coast of
Puerto Rico, that about 14% by number and 17% by weight of the fish caught in the commercial
hook and line fishery are species with low market value, including squirrel fishes, butterfly
fishes, doctor fishes, puffers, filefish, and scorpionfish.  But anecdotal information suggests that
the vast majority of fish harvested in the U.S. Caribbean are retained for the market or for
personal use - including species with low market value.  With the exception of species that are
commonly believed to be ciguatoxic, economic discards in this region appear to be minimal. 
Bycatch of protected species (e.g., sea turtles) in the U.S. Caribbean are unknown.
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Regulatory discards may include the following species:

•  Nassau grouper.  Federal law requires that Nassau grouper caught in the EEZ be
returned to the water (catches of Nassau grouper in USVI waters are not
regulated);

•  Goliath grouper.  Federal law requires that Goliath grouper caught in the EEZ be
returned to the water;

•  Butterfly fish.  The harvest of some species of butterfly fish (Chaetodon spp.) is
prohibited in federal waters (Butterfly fish are also a prohibited species in the state
waters of Puerto Rico.  The USVI has permitted the catch of a small number of
these species for scientific research/educational purposes);

•  Sub-adult yellowtail snapper.  Federal law requires that catches of yellowtail
snapper under 12 inches in fork length be returned to the water (Yellowtail
snapper have a 10.5 in minimum size limit, but are not regulated in USVI waters);
and

•  Sub-adult and berried spiny lobster.  Federal law prohibits the retention of spiny
lobster under 3.5 inches in carapace length and berried spiny lobsters (there are
similar regulations in state waters).

Bycatch and/or discards of queen conch is not expected to be a significant issue in the Caribbean. 
This is due to the nature of the selective hand-harvest fishery for queen conch, as well as the
general inability for queen conch to be harvested (i.e., bycatch) by other types of gear, such as
fish traps.

The extent of these regulatory discards is unknown.  The regulatory requirements forcing
fishermen to discard these species are difficult to enforce because regulations are generally less
restrictive in state waters.  Therefore, in many cases, enforcement would be unable to pursue a
case once a vessel is in state waters or at the dock.  The mortality rates associated with
commercial and recreational bycatch are also unknown, but generally increase with depth (e.g.,
finfish taken from deeper water generally have a lower survival rate when returned to the water).

In determining the practicability of minimizing bycatch and bycatch mortality, the National
Standards provides the following guidance:  “(i) A determination of whether a conservation and
management measure minimizes bycatch or bycatch mortality to the extent practicable,
consistent with other national standards and maximization of net benefits to the Nation, should
consider the following factors:

(A) Population effects for the bycatch species;
(B) Ecological effects due to changes in the bycatch of that species (effects on other

species in the ecosystem);
(C) Changes in the bycatch of other species of fish and the resulting population and

ecosystem effects;
(D) Effects on marine mammals and birds;
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(E) Changes in fishing, processing, disposal, and marketing costs;
(F) Changes in fishing practices and behavior of fishermen;
(G) Changes in research, administration, and enforcement costs and management

effectiveness;
(H) Changes in the economic, social, or cultural value of fishing activities and

nonconsumptive uses of fishery resources;
(I) Changes in the distribution of benefits and costs; and
(J) Social effects.

(ii) The Councils should adhere to the precautionary approach found in the Food and Agriculture
Organization of the United Nations (FAO) Code of Conduct for Responsible Fisheries (Article
6.5) “...when faced with uncertainty concerning any of the factors listed in this paragraph (d)(3)”
(50 CFR §600.350(d)(3)).  

According to Article 6.5 of the FAO Code of Conduct for Responsible Fisheries, using the
absence of adequate scientific information as a reason for postponing or failing to take measures
to conserve target species, associated or dependent species, and non-target species and their
environment, would not be consistent with a precautionary approach. However, referring to the
above guidance for implementing actions to reduce bycatch, it would appear that significant
action would not be practicable, in large part due to the lack of significant amounts of bycatch
(due to retention and utilization of the catch).  Regardless, the Council proposed several
alternatives for subsequent analysis and potential implementation.

6.6.2.1.1 Alternative 1.  No action.  Rely on current management measures to
minimize bycatch and bycatch mortality.

Current management measures that impact regulatory discards and discard mortality include
minimum mesh size and escape vent requirements for traps.  These apply primarily to juvenile
and aquarium trade species, and do not necessarily reduce incidental catches of prohibited
species, with the exception of those that are small enough to escape through the two-inch mesh. 
However, some portion of the populations of prohibited species is likely protected by seasonal
and area closures established by the Council primarily to protect mutton snapper and red hind
spawning aggregations.

This alternative would not result in any effects to the factors outlined by the National Standards
not already occurring under the status quo.

6.6.2.1.2 Direct and indirect effects on physical environment and their significance

This alternative would not result in any additional impacts to the physical environment that it not
already occurring under the status quo. 
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6.6.2.1.3 Direct and indirect effects on biological and ecological environment and their
significance

The MSFCMA defines bycatch as those fish which are harvested in a fishery, but which are not
sold or kept for personal use, and includes economic discards and regulatory discards.  Available
information indicates that the majority of catch is retained, and would therefore not be classified
as bycatch.  Furthermore, since the majority of fishing occurs in state waters, it could be assumed
that whatever bycatch is occurring, it is probably has a minimal biological effect in federal waters
due to the combination of the two above factors.

This alternative is not expected to result in any significant biological impacts to the environment,
other that what already occurs under the status quo.  Regardless, if economic and/or regulatory
discards are having a detrimental impact on U.S. Caribbean fisheries/ecosystems, failure to
further reduce discards may have a negative biological and ecological impact (decrease in
diversity; declines in abundance; etc.). 

6.6.2.1.4 Direct and indirect effects on social and economic environment and their
significance

The MSFCMA defines bycatch as those fish which are harvested in a fishery, but which are not
sold or kept for personal use, and includes economic as well as regulatory discards. Available
information suggests that the majority of catch is retained and would, therefore, not be classified
as bycatch.  Furthermore, the majority of fishing activities transpire in state waters, particularly in
Puerto Rico.  Based on these two considerations, it is reasonable to assume that bycatch in
federal waters does not significantly influence stock sizes.

Maintaining the status quo regarding measures to minimize bycatch and bycatch mortality is
expected to have no direct impact on the human environment.  Furthermore, since bycatch in
federal waters likely does not significantly influence the sizes of various stocks, one can assume
that any indirect impacts on the human environment would be small.

6.6.2.1.5 Direct and indirect effects on administrative environment and their
significance

This alternative would not result in any additional administrative impacts, other than those that
occur under the status quo.  However, if this alternative is selected, it would not result in any
potential benefits that could occur by minimizing bycatch.

6.6.2.2 Alternative 2.  Increase the minimum allowable mesh size for fish traps.

6.6.2.2.1 Direct and indirect effects on physical environment and their significance
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This alternative would not necessarily result in any direct or indirect effects to the physical
environment, since it does not address the amount of effort in the trap fishery, or construction of
traps that would increase/decrease fishery-related impacts (e.g., weight) aside from changes to
the mesh size. 

6.6.2.2.2 Direct and indirect effects on biological and ecological environment and their
significance

The following addresses the factors A-D outlined in the National Standards for evaluating
whether the alternative minimizes bycatch or bycatch mortality to the extent practicable.

This action could potentially have the opposite desired effect, and actually increase bycatch. 
Appeldoorn and Posada (1992) evaluated the effect of fish trap mesh size and found that while
the smaller mesh sizes (i.e., 1.5 inches) caught significantly smaller fish, the largest mesh size
(i.e., 2-inch square) accounted for the greatest percentage of bycatch.  This was thought to be due
to the following reasons:  many small species are still commercially important; few large
individuals were caught, presumably because of low availability; and the index of bycatch used
(species) was crude and did not account for the size of individuals, particularly the presence of
juveniles.  Rosario and Sadovy (1991) also noticed an increase in bycatch with larger mesh size. 
Therefore, increasing the mesh size beyond the current two inch square mesh would most likely
not significantly decrease bycatch, but it definitely would have a significant negative effect on
overall catch rates.

While it would be assumed that an increase in mesh size would reduce regulatory discards of
butterfly fish, it is quite possible that this species will continue to be caught unless mesh size is
dramatically increased.  This is due to the high height-to-length ratio of butterfly fish, and other
similar shaped aquarium trade species.  Further, many times species that can fit through the
current mesh size are harvested nonetheless by fish traps, due to the behavior of the fish.  For
example, it is not uncommon to see small aquarium trade species darting in and out of traps due
to the sheltering effect that traps can provide.  Depending on the number of specimens in the trap
at the time of gear recovery, species may not extract themselves from the trap before the gear is
pulled from the water.  This alternative would likely have no impact on protected species (e.g.,
sea turtles), as they are generally entangled in trap lines rather caught in the trap itself.

Reducing regulatory discards would likely benefit the biological and ecological environment,
particularly if discard mortality is high.  But anecdotal information suggests that economic and/or
regulatory discards are minimal in the trap fishery.  In addition, increasing mesh size would not
reduce discards of unwanted species, such as those considered to be ciguatoxic, due to their
larger size.  Nor would it reduce regulatory discards of prohibited species (e.g., Nassau and
Goliath grouper) that are taken incidental to fishing operations.  

CFMC (2001b) indicates that bottom line gear was responsible for the majority of Nassau
grouper landings in 1997 and 1998 (71% and 75%, respectively), followed by fish traps (16%



459

and 19%, respectively) and gill nets (1.3% and 1.1%, respectively) (CFMC 2001b).  It is unlikely
that increases in mesh size would benefit Nassau grouper and other large-bodied species, since a
minimum mesh size is fairly irrelevant to the these species.  Additionally, it would be impractical
to increase the mesh size to any significant degree, due to the economic impacts that would result
from decreased catch.  

Most importantly, it must be remembered that the majority of harvest originates from state
waters.  Therefore, requiring an increase in mesh size to fish traps in federal waters would not
likely result in any significant benefits to bycatch minimization, especially regarding the above
example of Nassau grouper and butterflyfish, since the trap fishery would be unaffected in state
waters.  It is quite possible that fishermen would simply move any trap gear in federal waters to
state waters, thus displacing, and possibly increasing, the discard problem inshore. 

6.6.2.2.3 Direct and indirect effects on social and economic environment and their
significance

The following addresses the factors E-J outlined in the National Standards for evaluating whether
the alternative minimizes bycatch or bycatch mortality to the extent practicable.

Due to the lack of specifics regarding the amount by which the minimum allowable mesh size for
fish traps would be increased, it is difficult to provide any detailed human environment impact
associated with this alternative.  Obviously, if the mesh size is increased by such an amount that
virtually all fish escape from the traps, social and economic impacts could be significant in terms
of lost revenues and, hence, income derived from trap fishing activities.  On the other hand, if the
allowable minimum mesh size is increased only very marginally, social impacts may be
negligible (excluding possible costs associated with retrofitting the traps to the larger mesh). 
Given the lack of specificity associated with this alternative, only a few generalizations can be
made.

The fish trap used in the U.S. Caribbean is, by and large, a non-selective gear being able to
capture a large number of reef fish species at any given time/place.  One of the few studies
evaluating catch by mesh size in the U.S. Caribbean is that by Jimenez and Sadovy (1991) who
analyzed mesh size effect along the west coast of Puerto Rico.  As stated by the authors,
“[s]pecies composition is heavily influenced by mesh size...In general, larger mesh sizes took
fewer species.  More importantly many species captured with the largest mesh sizes (2" x 3")
were of little or no commercial importance.  The most important commercial species (snappers
and groupers) are captured in fewer numbers by the largest mesh sizes.  None of the mesh sizes
tested, with the exception of 2" x 3" vinyl coated wire, is likely to achieve one of the main goals
in increasing mesh size, to decrease the number of bycatch or ‘trash’ fish taken.  This remained
high and fluctuated from 20% to 35% of total catch for all mesh sizes.  This result would,
however, vary depending on the classification of what constituted bycatch.  This classification
can vary depending on species availability and market forces (p. 27).” 
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Evidence does suggest that market forces have changed since the time that the study by Jimenez
and Sadovy was conducted.   For example, in a recent summary of fishing activities Puerto Rico,
Matos-Caraballo (2001) states “[s]everal species discarded by fishers in the past, have now
become commercial species (H. Rufus, Holocanthus ciliaris, Carpilus coralinus, and Mythrax
spp).  Thus species considered with no market value in the past, are now easily sold at good price
today.”  In a study of the St. John trap fishery, Garrison (1997) reports some trends suggesting
relatively large changes in species composition and, indirectly, evidence of decreasing
biodiversity.  In relation to species composition, the author found that six species accounted for
more than 50% of the total catch during the 1992-94 period with blue tang, gray angelfish, and
porgies representing the most frequently caught species.  The author suggests that the six species
represent a far fewer number than reported in earlier studies.  Furthermore, the number of blue
tang caught in traps increased from six percent in 1992 to more than 30% in 1994.  As stated by
the author, “[t]he dominance of tangs in this study may be an example of Jenning’s and Polunin’s
(1996) prediction that small, fast-growing species from a lower trophic level would eventually
dominate catch as a result of intense fishing pressure.  Change in catch composition would result
from fishers simply targeting the remaining available species or keeping species previously
considered trash fish or bycatch (p.8.).”   In short, species once considered as trash or potential
bycatch are now routinely sold or kept for personal consumption.  Hence, while increasing mesh
size may result in a reduction in certain species, such as snapper or grouper (indicating a
reduction in revenues), it would likely not reduce bycatch (since there is likely little bycatch). 

Having argued the case that increasing the mesh size would likely do little to reduce bycatch but
would likely reduce revenues, it is worthwhile pursuing the discussion to its natural conclusion. 
Specifically, lost revenues may be simply a short-run outcome of increasing mesh size.  As stated
by Jiminez and Sadovy (1991) “[e]conomic analysis established that although the 1.5" x 1.5"
mesh currently likely provides a marginally better economic return to fishermen on a short-term
basis, management of the fishery for increased yield on a long-term basis would likely require an
increase of the mesh size used on traps to 2" x 2" or more, or even total elimination of trap
fishing if wasteful bycatch is to be avoided is to be avoided.  A full economic analysis of yield
over a long-term basis is needed to establish the most appropriate management approach to
enable the best use of Puerto Rico’s fisheries resources (p. 27).”  While the traps may no longer
be catching bycatch, they could certainly be contributing to overfishing/overfished conditions. 
Ameliorating these conditions –via trap reduction, trap elimination, or increased mesh size-
could, in theory, assist in rebuilding stocks.  This, in the long run, would provide additional
resource for all participants; hence, potential long-term benefits.

Finally, it should be noted that bottom longlining reflects the primary gear responsible for the
harvest of Nassau grouper (approximately three-quarters of the poundage); presumably all in
state waters due to the federal harvest prohibition.  Fish traps account for less than 20% of the
total harvest. 
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6.6.2.2.4 Direct and indirect effects on administrative environment and their
significance

The following addresses factor G outlined in the National Standards for evaluating whether the
alternative minimizes bycatch or bycatch mortality to the extent practicable.

This alternative would introduce significant impacts to the administrative environment.  Due to a
lack of discrete data, the amount of traps utilized in federal waters is unknown.  Because many of
the species that would be considered regulatory discards are not prohibited in state waters, the
effectiveness of this alternative is jeopardized without compatible regulations in state waters.
Furthermore, trap fishermen would not be required to change their mesh size in state waters, so
some may choose to simply move their gear inshore rather than modify the mesh size.  Also,
without compatible regulations in state waters, enforcement efforts would be extremely
complicated, and require at-sea interdiction. 

6.6.2.3 Alternative 3.  Establish a minimum mesh size of two inches and a maximum
mesh size of six inches, stretched mesh, for gill and trammel nets.
Additionally, gill and trammel nets must be tended at all times.

Due to the lack of data on the use of this particular gear in federal waters, it is not possible to
quantify any consequences or benefits of the proposed alternative.

6.6.2.3.1 Direct and indirect effects on physical environment and their significance

To the extent that nets are used in federal waters, this alternative could benefit the physical
environment.  If nets are not currently tended, this alternative could minimize lost gear. 
However, due to the depths and expense of the gear involved, it is unlikely that fishermen would
not attempt to recover lost or entangled gear.  Limiting the length of a net could reduce physical
impacts of nets to the seabed, to some unknown degree, when bottom set gill nets are utilized. 

6.6.2.3.2 Direct and indirect effects on biological and ecological environment and their
significance

The following addresses the factors A-D outlined in the National Standards for evaluating
whether the alternative minimizes bycatch or bycatch mortality to the extent practicable.

Similar to Alternative 2, it is likely that the majority of net use occurs in state waters.  Therefore,
unless consistent regulations are implemented in state waters, this alternative would most likely
not result in any significant reductions in bycatch or other biological benefits.  Anecdotal
information suggests that nets are being deployed and recovered with the assistance of divers. 
The fishermen are targeting diurnal migration pathways near the reef, and attempt to harvest fish
as they leave or return from the reef to forage.  Due to the depth limitations faced by divers, this
activity most likely is predominantly restricted to state waters, however, to the extent it is
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occurring in federal waters, it is likely more significant off the USVI than Puerto Rico due to
respective state boundaries (i.e., 3 nm versus 9 nm).  Therefore, it is unclear to what extent this
alternative would result in reducing bycatch, to the extent that it occurs.  

CFMC (2001b) indicates that bottom line gear was responsible for the majority of Nassau
grouper landings in 1997 and 1998 (71% and 75%, respectively), followed by fish traps (16%
and 19%, respectively) and gill nets (1.3% and 1.1%, respectively) (CFMC 2001b).  Furthermore,
increasing the mesh size of gill and trammel nets is not a viable solution to decrease bycatch of
Nassau and Goliath grouper, due to their large size.  

While there is a possibility that this alternative could reduce bycatch of aquarium trade or other
bycatch species, there is no evidence that there is a bycatch problem in this fishery occurring in
federal waters, nor is there any way to evaluate what size the mesh should be increased to. 
Furthermore, there would be no way to assess if the action would have any impact in reducing
bycatch, especially considering that the alternative would have no effect on activities occurring in
state waters, where most of the net activity likely occurs.  Establishing a minimum mesh size
does not help the incidental take of protected resources.  For example, sea turtles can be taken in
any mesh size, however, in general, the smaller the mesh size, the less likely an entanglement
will occur.  Establishing a tending requirement may help to minimize the risk of protected
species entanglements. 

6.6.2.3.3 Direct and indirect effects on social and economic environment and their
significance

The following addresses the factors E-J outlined in the National Standards for evaluating whether
the alternative minimizes bycatch or bycatch mortality to the extent practicable.

Very little is known about the use of nets in the U.S. Caribbean; particularly in federal waters.  In
public hearings for the Draft Essential Fish Habitat Generic Amendment (September 1, 1998),
one individual testified that it was her understanding that “in St. Croix they use SCUBA gear
with the gill nets to entrap the fish.”29  Based on this comment and other anecdotal information,
and if it can be extended throughout the entire U.S. Caribbean, the issue of tending requirements
becomes a moot issue.

As with the previous alternative, due to the lack of specifics regarding the amount by which the
minimum allowable mesh size for fish traps would be increased, it is virtually impossible to
provide any detailed human environment impact associated with this alternative.  Obviously, if
the mesh size is increased by such an amount that virtually all fish escape from the nets, social
and economic impacts could be significant in terms of lost revenues and, hence, income derived
from trap fishing activities.  On the other hand, if the allowable minimum mesh size is increased
only very marginally, social impacts may be negligible.  There would, however, be some possibly
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significant upfront costs associated with the purchase of new nets that would meet any new mesh
size and length requirements. 

As with any alternative that would require a clear determination of whether fishing activities
were occurring in state or federal waters, this alternative might require fishermen to purchase a
GPS unit (with a cost of approximately $200).  Without GPS, it is unclear how fishermen and
enforcement could determine if a fishermen was in compliance with regulations in federal
waters.

6.6.2.3.4 Direct and indirect effects on administrative environment and their
significance

The following addresses factor G outlined in the National Standards for evaluating whether the
alternative minimizes bycatch or bycatch mortality to the extent practicable.

As mentioned above, this alternative would likely not produce significant benefits to bycatch
reduction, but it would introduce significant administrative consequences.  Currently, there is no
information that indicates that net use, or more specifically, that bycatch associated with net use
in federal waters is an issue.  There is currently no practical way to evaluate what kind of gear
modifications are needed, nor is there a way to determine the effectiveness of those
modifications.  As with just about every action that the Council could take, without compatible
regulations in state waters it is unlikely that this alternative would result in achieving the desired
goals.  As with any bycatch reduction measure proposed, the underlying issue is whether or not
bycatch is a significant issue in the EEZ, and whether there are practical measures available in
reducing that bycatch.  The available information, albeit anecdotal information, indicates bycatch
is not a significant issue in this region, primarily because the majority of catch is retained for use
or sale.

6.6.2.4 Alternative 4 (Preferred).  Amend current requirements for trap
construction such that only one escape panel be required, which could be the
door.

6.6.2.4.1 Direct and indirect effects on physical environment and their significance

This alternative would not result in any direct or indirect effects to the physical environment
since it does not directly affect or limit trap use on the bottom.  Thus, the effects to the physical
environment, particularly to coral habitat, would be expected to be the same under this
alternative as under the status quo. 
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6.6.2.4.2 Direct and indirect effects on biological and ecological environment and their
significance

The following addresses the factors A-D outlined in the National Standards for evaluating
whether the alternative minimizes bycatch or bycatch mortality to the extent practicable.

Anecdotal information and the experience of local fishery management officials indicates that
Caribbean fishermen tend to wire shut one of the two current escape panels in order to prevent
premature opening during recovery of the traps.  Apparently, if the traps are hauled in such a way
that orients the trap with an escape panel facing down, the weight of the fish can break through a
compromised biodegradable panel (i.e., break the biodegradable fastener, which would open the
panel).  Therefore, the fishermen bungee or wire-tie a panel shut to prevent this type of failure.

This alternative is not expected to result in any direct biological impacts to the environment. 
However, indirect impacts resulting from the use of only one escape panel could occur.  Because
fishermen generally utilize the majority of their catch, and there is little documented issues
associated with bycatch, it would appear that ghost fishing due to lost traps would be more of a
bycatch issue.  If a trap is lost, and the trap is oriented in such a way that prevents the single
escape panel from falling open, the trap can continue to ghost fish and result in bycatch for a
finite period of time.  While fish traps are generally set in areas that would allow recovery by
divers or grappling, this scenario could still occur if traps are not recovered or are simply
abandoned.  In this regard, it would seem that two escape panels would be more effective in
reducing bycatch and the effects of ghost-fishing.  Fishermen are already securing at least one of
the two escape panels, and trap loss rates are believed to be low in the U.S. Caribbean.  Facially,
the measure appears to reduce protections.  However, to the extent fishermen are securing both
panels, which some information indicates is occurring, persuading them to leave one unsecured
would reduce the (albeit low) level of actual bycatch mortality associated with the use of illegal
traps.  

The effectiveness of any regulation depends heavily on the level of compliance by those subject
to the regulation, and compliance in turn depends heavily on acceptance of the regulation.  This
alternative was developed together by affected fishermen and local fishery management officials
at the 117th Council meeting.  The measure was presented as one piece of a suite of various
management measures all developed between, and endorsed by, the fishermen and fishery
management officials from USVI and Puerto Rico.  Local officials also expressed an intent to
implement a  compatible suite of regulations in state waters (Puerto Rico already had many of
these measures enacted).  Therefore, the Council believes that this measure, when adopted in
conjunction with the other alternatives proposed, will in fact lead to greater compliance with the
single escape panel requirement, and in turn will reduce actual bycatch mortality associated with
fish trap use in the U.S. Caribbean.

As with the other alternatives in this section, there is no information available that would allow a
quantitative evaluation on the effect of this alternative in reducing bycatch in federal waters.  The
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amount of traps utilized in federal waters is not known.  Currently, Puerto Rico does not require
the use of escape panels (Figuerola and Torres 1997).  Given the predominance of reef habitat in
state waters, the fact that the majority of landings originate from state waters, and that there soon
will be compatible regulations with the state governments, this alternative will likely be effective
in reducing bycatch and bycatch mortality, to the extent that it occurs in the U.S. Caribbean. 

6.6.2.4.3 Direct and indirect effects on social and economic environment and their
significance

The following addresses the factors E-J outlined in the National Standards for evaluating whether
the alternative minimizes bycatch or bycatch mortality to the extent practicable.

The issue of construction of fish traps, including escape panels, was addressed in the Regulatory
Impact Review to the Fishery Management Plan for the Shallow-Water Reef Fish Fishery of
Puerto Rico and the U.S. Virgin Islands (CFMC 1985).  Two similar alternatives were
considered.  The first required two escape panels while the second alternative would require only
one escape panel.  As noted in the discussion of only one escape panel, “[the other alternative]
calls for two escape panels because it was felt that the ghost-fishing phenomenon is much less
likely to occur.  The reasoning is that a lost trap can rest on one escape panel while another is in a
position to open after the fastener deteriorates.  The cost of the one panel measure is less than the
two panel measure, but the gains from eliminating the possibility of ghost-fishing probably
outweigh the minor extra costs involved.”  There is no reason to believe that this finding is no
longer valid but the information presented in 6.6.2.4.2 does lead one to conclude that benefits
that might be forthcoming, assuming a reasonable level of compliance, are eroded due to lack of
compliance.  As also stated in Section 6.6.2.4.2, the ghost fishing effect associated with only one
escape panel probably contributes to bycatch more than would be the case if the trap had two
escape panels, although trap loss is believed to be low.  However, to the extent fishermen are
securing both panels, which some information indicates is occurring, persuading them to leave
one unsecured would reduce the (albeit low) level of actual bycatch mortality associated with the
use of illegal traps.  

The effectiveness of any regulation depends heavily on the level of compliance by those subject
to the regulation, and compliance in turn depends heavily on acceptance of the regulation.  This
alternative was developed together by affected fishermen and local fishery management officials
at the 117th Council meeting.  The measure was presented as one piece of a suite of various
management measures all developed between, and endorsed by, the fishermen and fishery
management officials from USVI and Puerto Rico.  Local officials also expressed an intent to
implement a  compatible suite of regulations in state waters (Puerto Rico already had many of
these measures enacted).  Therefore, the Council believes that this measure, when adopted in
conjunction with the other alternatives proposed, will in fact lead to greater compliance with the
single escape panel requirement, and in turn will reduce actual bycatch mortality associated with
fish trap use in the U.S. Caribbean
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6.6.2.4.4 Direct and indirect effects on administrative environment and their
significance

The following addresses factor G outlined in the National Standards for evaluating whether the
alternative minimizes bycatch or bycatch mortality to the extent practicable.

This alternative would result in direct and indirect impacts to the administrative environment. 
While the Council expects there will be improved compliance and buy-in from fishermen, one
must note the current difference in state and federal trap construction requirements.  Because
Puerto Rico does not require escape panels, enforcement would not be able to inspect traps at the
dock and determine if they were in violation of the regulations.  At-sea inspections would be
required, which presents significant cost and safety issues (due to the lack of equipment to haul
traps onto enforcement boats).  However, in light of the intent of the local governments as
expressed at the 117th Council meeting to implement compatible regulations, and the apparent
support of fishermen in attendance, the measure should enhance the enforcement costs and
management effectiveness.   

Two underlying issues remain:  that there apparently is not a significant bycatch problem in
Caribbean fisheries due to the general utilization of the catch; and the lack of compatible
regulations compromises efforts in federal waters.

6.7 Achieving the MSFCMA EFH mandates

The MSFCMA mandates that all FMPs shall "...describe and identify essential fish habitat for the
fishery based on the guidelines established by the Secretary under section 305(b)(1)(A),
minimizing to the extent practicable adverse effects on such habitat caused by fishing...."
(MSFCMA §303(a)(7)).  This section describes the alternatives the Council is considering to
meet these EFH mandates.

6.7.1 Describe and identify EFH 

6.7.1.1 Alternative 1.  No action.

The direct and indirect effects on the environment and their significance related to this alternative
are detailed in Section 4.3 of the EFH FSEIS (CFMC 2004). 

6.7.1.2 Alternative 2 (Preferred).  Describe and identify EFH according to functional
relationships between life history stages of federally-managed species and
Caribbean marine and estuarine habitats.

This alternative specifies functional relationships for life stages and habitat types that might be
regarded as meriting special attention for their importance to managed species. The MSFCMA
defined EFH as “those waters and substrate necessary to fish for spawning, breeding, feeding or
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growth to maturity.”  These are the functions that marine and estuarine habitats support.  Under
this alternative, the distribution of species and life stages is inferred from information on these
functional relationships.  In particular, EFH is defined as: 

•  EFH for the spiny lobster fishery in the U.S. Caribbean consists of all waters from
mean high water to the outer boundary of the EEZ – habitats used by phyllosome
larvae – (Figure 2.2; EFH FSEIS) and seagrass, benthic algae, mangrove, coral,
and live/hard bottom substrates from mean high water to 100 fathoms depth –
used by other life stages – (Figure 2.38; EFH FSEIS), shown in the aggregate as
Figure 2.39 (EFH FSEIS);

•  EFH for the queen conch fishery in the U.S. Caribbean consists of all waters from
mean high water to the outer boundary of the EEZ – habitats used by eggs and
larvae –  (Figure 2.2; EFH FSEIS) and seagrass, benthic algae, coral, live/hard
bottom and sand/shell substrates from mean high water to 100 fathoms depth –
used by other life stages – (Figure 2.40; EFH FSEIS), shown in the aggregate as
Figure 2.39 (EFH FSEIS);

•  EFH for the reef fish fishery in the U.S. Caribbean consists of all waters from
mean high water to the outer boundary of the EEZ – habitats used by eggs and
larvae –  (Figure 2.2; EFH FSEIS) and all substrates from mean high water to 100
fathoms depth – used by other life stages – (Figure 2.41; EFH FSEIS), shown in
the aggregate as Figure 2.39 (EFH FSEIS); and 

•  EFH for the coral fishery in the U.S. Caribbean consists of all waters from mean
low water to the outer boundary of the EEZ – habitats used by larvae –  (Figure
2.2; EFH FSEIS) and coral and hard bottom substrates from mean low water to
100 fathoms depth – used by other life stages – (Figure 2.42; EFH FSEIS), shown
in the aggregate as Figure 2.39 (EFH FSEIS).

The identification and description of EFH will not result in any direct physical, biological, social
or economic, or administrative impacts.  However, there may be indirect impacts associated with
EFH consultations and subsequent fishery management actions that could result in increased
protection of EFH and dependent species, including protected resources.  To the degree that
consultations or minimization of adverse impacts reduces damage or enhances EFH, these
species will benefit from protected EFH.  Additional discussion on the indirect effects on the
environment and their significance related to this alternative are detailed in Section 4.3 of the
EFH FSEIS (CFMC 2004). 

6.7.1.3 Alternative 3 (Preferred).  Designate HAPCs in the Reef Fish and Coral
FMPs based on confirmed spawning locations and on areas or sites identified
as having particular ecological importance to managed species. 

The EFH regulations encourage regional Fishery Management Councils to designate these
HAPCs within areas identified as EFH in order to focus conservation priorities on specific
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habitat areas that play a particularly important role in the life cycles of federally managed fish
species.  The following HAPCs would be designated for the various FMPs:  

Alternative 3a.  Designate HAPCs in the Reef Fish FMP at the following areas based on the
occurrence of confirmed spawning locations:

I. Puerto Rico
A. Tourmaline Bank/Buoy 8 (Figure 2.29; EFH FSEIS) (50 CFR 622.33(a)); 
B. Abrir La Sierra Bank/Buoy 6 (Figure 2.29; EFH FSEIS) (50 CFR

622.33(a));
C. Bajo de Sico (Figure 2.29; EFH FSEIS) (50 CFR 622.33(a)); and
D. Vieques, El Seco (Figure 2.30; EFH FSEIS).

II. St. Croix
A. Mutton snapper spawning aggregation area (Figure 2.29; EFH FSEIS) (50

CFR 622.33(a)); 
B. East of St. Croix (Lang Bank) (Figure 2.29; EFH FSEIS) (50 CFR

622.33(a)).
III. St. Thomas

A. Hind Bank MCD (Figure 2.29; EFH FSEIS) (50 CFR 622.33(b)); and
B. Grammanik Bank (Figure 2.29; EFH FSEIS).

Alternative 3b.  Designate HAPC for the Reef Fish FMP as those EFH habitat areas or sites
identified as having particular ecological importance to Caribbean reef fish species:

I. Puerto Rico
A. Hacienda la Esperanza, Manití (Figure 2.31; EFH FSEIS);
B. Bajuras and Tiberones, Isabela (Figure 2.31; EFH FSEIS);
C. Cabezas de San Juan, Fajardo (Figure 2.31; EFH FSEIS);
D. JOBANNERR, Jobos Bay (Figure 2.31; EFH FSEIS);
E. Bioluminescent Bays, Vieques (Figure 2.31; EFH FSEIS);
F. Boquerón state Forest (Figure 2.32; EFH FSEIS);
G. Pantano Cibuco, Vega Baja (Figure 2.31; EFH FSEIS);
H. Piñones state Forest (Figure 2.31; EFH FSEIS);
I. Río Espiritu Santo, Río Grande (Figure 2.31; EFH FSEIS);
J. Seagrass beds of Culebra Island (nine sites designated as Resource

Category 1 and two additional sites) (Figure 2.31; EFH FSEIS); and
K. Northwest Vieques seagrass west of Mosquito Pier, Vieques (Figure 2.33;

EFH FSEIS).
II. St. Thomas

A. Southeastern St. Thomas, including Cas Key and the mangrove lagoon in
Great St. James Bay (Figure 2.34; EFH FSEIS); and

B. Saba Island/Perseverance Bay, including Flat Key and Black Point Reef
(Figure 2.34; EFH FSEIS).
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III. St. Croix
A. Salt River Bay National Historical Park and Ecological Preserve and

Marine Reserve and Wildlife Sanctuary (Figure 2.36; EFH FSEIS);
B. Altona Lagoon (Figure 2.36; EFH FSEIS);
C. Great Pond (Figure 2.36; EFH FSEIS);
D. South Shore Industrial Area (Figure 2.36; EFH FSEIS); and
E. Sandy Point National Wildlife Refuge (Figure 2.36; EFH FSEIS)

Alternative 3c.  Designate HAPC for the Coral FMP as those EFH habitat areas or sites
identified as having particular ecological importance to Caribbean coral species:

I. Puerto Rico
A. Luis Peña Channel, Culebra (Figure 2.31; EFH FSEIS);
B. Mona/Monito (Figure 2.31; EFH FSEIS);
C. La Parguera, Lajas (Figure 2.32; EFH FSEIS);
D. Caja de Muertos, Ponce (Figure 2.32; EFH FSEIS);
E. Tourmaline Reef (Figure 2.32; EFH FSEIS);
F. Guánica state Forest (Figure 2.32; EFH FSEIS);
G. Punta Petrona, Santa Isabel (Figure 2.31; EFH FSEIS);
H. Ceiba state Forest (Figure 2.31; EFH FSEIS);
I. La Cordillera, Fajardo (Figure 2.31; EFH FSEIS);
J. Guayama Reefs (Figure 2.31; EFH FSEIS);
K. Steps and Tres Palmas, Rincon (Figure 2.31; EFH FSEIS);
L. Los Corchos Reef, Culebra (Figure 2.31; EFH FSEIS); and
M. Desecheo Reefs, Desecheo (Figure 2.31; EFH FSEIS)

II. St. Croix
A. St. Croix Coral Reef Area of Particular Concern, including the East End

Marine Park (Figure 2.36; EFH FSEIS);
B. Buck Island Reef National Monument (Figure 2.36; EFH FSEIS);
C. South Shore Industrial Area Patch Reef and Deep Reef System (Figure

2.36; EFH FSEIS);
D. Frederiksted Reef System (Figure 2.36; EFH FSEIS);
E. Cane Bay (Figure 2.36; EFH FSEIS); and
F. Green Cay Wildlife Refuge (Figure 2.36; EFH FSEIS).

Identified sites in Alternative 3a, with the exception of Vieques – El Seco, have been
documented in other Council actions to be sites of particular importance to specific reef fish
species (e.g., red hind at Tourmaline Bank).  Identification of these areas as HAPCs is consistent
with other Council actions to afford them either seasonal or annual protection.  Identifying these
sites as HAPCs will not result in any direct effects to the environment.  Vieques – El Seco is in
state waters, and is therefore out of the Council’s jurisdiction.  Likewise, the sites identified in
Alternatives 3b and 3c are in state waters.  Therefore, the Council and NMFS cannot take direct
action to manages fisheries in these areas.  It should be noted that portions of La Parguera,
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Tourmaline Reef, and Caja de Muertos extend partially into the EEZ, and the Council and NMFS
could implement management actions to protect and conserve EFH in the portion that resides in
federal waters.  Additional discussion on the indirect effects on the environment and their
significance related to these alternatives are detailed in Section 4.4 of the EFH FSEIS (CFMC
2004).

6.7.2  Minimize adverse effects on EFH

6.7.2.1 Alternative 1.  No action

The direct and indirect effects on the environment and their significance related to this alternative
are detailed in Section 4.5 of the EFH FSEIS (CFMC 2004).

6.7.2.2 Alternative 2 (Preferred).  Establish modifications to anchoring techniques;
establish modifications to construction specifications for pots/traps; and close
areas to certain recreational and commercial fishing gears (i.e., pots/traps,
gill/trammel nets, and bottom longlines) to prevent, mitigate, or minimize
adverse fishing impacts in the EEZ.

The measures include the following:
•  Require at least one buoy that floats on the surface on all individual

traps/pots;
•  Require at least one buoy at each end of trap lines linking traps/pots for all

fishing vessels that fish for or possess Caribbean spiny lobster or
Caribbean reef fish species in or from the EEZ under the Spiny Lobster
and Reef Fish FMPs;

•  Require an anchor retrieval system that insures the anchor is recovered by
its crown in order to prevent the anchor from dragging along the bottom
during recovery.  For a grapnel hook, this could include an incorporated
anchor rode reversal bar that runs parallel along the shank, which allows
the rode to reverse and slip back towards the crown.  For a fluke or plow-
type anchor (e.g., Danforth, Delta, Fortress, etc.), a trip line consisting of a
line from the crown of the anchor to a surface buoy (Figure 2.43; EFH
EIS) would be required.  This would apply to all commercial and
recreational fishing vessels that fish for or possess Caribbean reef species
in or from the EEZ; and

•  Prohibit the use of pots/traps, gill/trammel nets, and bottom longlines on
coral or hard bottom habitat year-round in the existing seasonally closed
areas and Grammanik Bank (as defined by the preferred alternative in
Section 4.5) in the EEZ under the Spiny Lobster and Reef Fish FMPs.
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6.7.2.2.1 Direct and indirect effects on physical environment and their significance

Alternative 2 represents the Council’s selection from a suite of alternatives detailed in Section
4.5 of the EFH FSEIS (CFMC 2004).  In addition to the discussions below, other direct and
indirect effects on the environment and their significance as related to Alternative 2 are herein
incorporated by reference from the EFH FSEIS. 

6.7.2.2.2 Direct and indirect effects on biological and ecological environment and their
significance

As discussed in Section 5.2.2.1.1, marine mammals are known to become entangled in trap and
pot lines.  The proposed measures would increase the amount of vertical lines in the water, thus
increase potential entanglements.  Such an action would contradict the overriding principles of
the Atlantic Large Whales Take Reduction Plan (ALWTRP), which seeks to reduce the risk of
serious injury to or mortality of large whales due to entanglement by reducing the quantity of
vertical lines in the water.  

As discussed in Section 5.2.2.1.2, sea turtles, particularly leatherbacks, are also known to become
entangled in trap and pot lines.  The proposed measures would therefore also increase potential
sea turtle entanglements.  This may be particularly troublesome in the USVI, where one of five
leatherback strandings from 1982 to 1997 were because of entanglement (Boulon 2000).  NMFS
and others are currently researching ways to reduce risk associated with vertical line,
such as investigating the profiles of vertical line with different buoy line configurations (i.e.,
sinking/neutrally buoyant vs. polypropylene; toggles) and scope (requiring a minimum number of
traps per trawl.  Gear markings are needed to better monitor and understand where (i.e., federal
or state waters) and how interactions with trap and pot gear occur.  Additional direct and indirect
effects on the environment and their significance related to this alternative are detailed in Section
4.5 of the EFH FSEIS (CFMC 2004).

The preferred alternative would likely have a de minimus positive impact on HMS by potentially
reducing the negligible level of sharks landed in the U.S. Caribbean shark bottom longline
fishery.  Possible reductions in the level of bycatch of other species that are caught incidentally to
shark bottom longline activities in the Caribbean are also expected to be de minimus given the
minimal amount of effort and landings in this fishery.  Currently available data as discussed in
the 2003 Biological Opinion for Atlantic Shark Fisheries, suggest that continued operation of the
shark bottom longline fishery will not jeopardize protected species. 

The fishing gears and methods of the HMS fisheries do not appear to have adverse impacts on
HMS EFH.  Even if there were any adverse impacts, such impacts are not expected to be "more
than minimal and not temporary in nature" (50 CFR 600.815(a)(2)(ii)).  There is the possibility
that other (non-HMS) fisheries may adversely impact HMS EFH, and some HMS gear may
impact other EFH; however, the degree of that impact is difficult to ascertain from the data
currently available.  Of the approved gears that are use in the HMS fisheries, only bottom
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longline, principally targeting large coastal sharks, make contact with the bottom.  If bottom
longline gear becomes hung or entangled on bottom substrate such as rock, hard and soft corals,
it could have some adverse impact.  Therefore, the prohibition of this gear type within the
existing seasonally closed areas and Grammanik Bank may result in benefits to EFH in the U.S.
Caribbean. 

6.7.2.2.3 Direct and indirect effects on social and economic environment and their
significance

This alternative would prohibit the use of traps and pots, gill and trammel nets, and bottom
longlines year-round in currently existing seasonal closed areas for red hind and mutton snapper. 
This would directly affect the social and economic environment by prohibiting the use of several
traditional gear types in certain areas, in particular fish traps, and therefore potentially result in
loss of revenues and other associated impacts.  In particular, this alternative could be especially
burdensome to St. Croix fishermen who depend on Lang Bank, especially considering the loss of
area through closures in state waters (e.g., Buck Island Reef National Monument, St. Croix East
End Marine Park).  The majority of fishable habitat off St. Croix is primarily isolated to Lang
Bank.  The red hind seasonal closure encompasses approximately the easternmost half of Lang
Bank.  Prohibiting fish traps, bottom longlines, and gill and trammel nets would result in short-
term loss in revenues due to reduced catch, but it could result in long-term benefits from
increased abundance of commercially important species (e.g., red hind) from both a reduction in
fishing mortality and from protection of EFH at a documented spawning aggregation site. 
Additional direct and indirect effects on the environment and their significance related to this
alternative are detailed in Section 4.5 of the EFH FSEIS (CFMC 2004).

Specific to the HMS fisheries, the preferred alternative would likely have de minimus or no
adverse social or economic impacts on HMS fishermen or fishing communities, including fish
processors, fish dealers, or supply houses.  Documented landings of sharks from the U.S.
Caribbean in recent years (1997 - 2002) are negligible, consisting of 66 individual sharks
weighing less than 3,200 pounds in aggregate for this six-year period.  The majority of landings
during this period occurred in 1997, when 59 sharks totaling 2,925 lbs were landed.  Between
1998 and 2002 only six sharks totaling 243 lbs were reported (see Section 5.3.7.2).  However,
these data may not be fully reflective of the actual size or value of the U.S. Caribbean shark
fishery due to the possibility of unreported landings.  Based on available data, NMFS does not
anticipate that the preferred alternative would result in a measurable reduction or redistribution of
HMS related effort, including shark bottom longline, or any changes in HMS fishing practices. 
The preferred alternative is not expected to impact fishing costs, ex-vessel prices, or market
availability given the limited and unpredictable quantities of sharks landed in the U.S. Caribbean.
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6.7.2.2.4 Direct and indirect effects on administrative environment and their
significance

This alternative would prohibit the use of traps and pots, gill and trammel nets, and bottom
longlines in the currently existing red hind and mutton snapper seasonal closed areas in the U.S.
Caribbean throughout the entire year.  This could present some direct administrative impacts, in
particular for two closed red hind closures off the west coast of Puerto Rico.  The seasonal closed
areas on Bajo de Cico and Tourmaline Bank (Figure 11) straddle Puerto Rican waters, with
approximately half of the closed area in state waters and half in federal waters.  However, due to
recent revisions to the Puerto Rican fisheries law, Puerto Rico no longer enforces these
boundaries.  Instead, Puerto Rico has implemented a complete seasonal closure for all state
waters from December 1 - February 28 of each year.  As the Council only has jurisdiction in
federal waters, implementing these gear prohibitions in state waters would therefore present
some significant administrative difficulties.  Furthermore, enforcement of these site-specific gear
prohibitions could be complicated, and require at-sea investigations.  Additional direct and
indirect effects on the environment and their significance related to this alternative are detailed in
Section 4.5 of the EFH FSEIS (CFMC 2004).

6.8 Cumulative effects analyses

As directed by NEPA, federal agencies are mandated to assess not only the indirect and direct
impacts, but the cumulative impacts as well.  NEPA defines a cumulative impact as "the impact
on the environment which results from the incremental impact of the action when added to other
past, present, and reasonably foreseeable future actions regardless of what agency (federal or non
federal) or person undertakes such other actions.  Cumulative impacts can result from
individually minor but collectively significant actions taking place over a period of time" (40
C.F.R. 1508.7).  Cumulative effects can either be additive or synergistic.  A synergistic effect is
when the combined effects are greater than the sum of the individual effects.  

The cumulative effects analysis requirement presents a challenge.  In terms of the present state of
information, cumulative effects analyses (CEA) are often too complex to permit a level of
analysis equivalent to that performed for direct or indirect impacts.  NMFS and the Council are
examining ways to improve the collection and analysis of scientific data to better meet NEPA’s
CEA requirements.

The Council on Environmental Quality (1997) offers guidance on conducting a cumulative
effects analysis, and outlines 11 steps for consideration in drafting a CEA for a proposed action:

1. Identify the significant cumulative effects issues associated with the proposed
action and define the assessment goals;

2. Establish the geographic scope of the analysis;
3. Establish the time frame for the analysis;
4. Identify other actions affecting the resources, ecosystems, and human
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communities of concern;
5. Characterize the resources, ecosystems, and human communities identified in

scoping in terms of their response to changes and capacity to withstand stresses;
6. Characterize the stresses affecting these resources, ecosystems, and human

communities and their relation to regulatory thresholds;
7. Define a baseline condition for the resources, ecosystems, and human

communities;
8. Identify the important cause and effect relationships between human activities and

resources, ecosystems, and human communities;
9. Determine the magnitude and significance of cumulative effects;
10. Modify or add alternatives to avoid, minimize, or mitigate significant cumulative

effects; and
11. Monitor the cumulative effects of the selected alternative(s) and adapt

management.

The CEA for the physical, biological and ecological, social/economic, and administrative
environments are grouped together following the above 11 steps.

6.8.1 Identify the significant cumulative effects issues associated with the proposed
action and define the assessment goals

The CEQ cumulative effects guidance states that this step is done through three activities:
identifying the direct and indirect effects of the proposed actions (Section 6.0); identifying which
resources, ecosystems, and human communities are affected (Section 5.0); and identifying which
effects are important from a cumulative effects perspective (information revealed in this CEA).

6.8.2 Establish the geographic scope of the analysis

The immediate impact area (i.e., project impact zone) for this CEA is the U.S. Caribbean EEZ
(Figure 1).  While the MSFCMA only has jurisdiction over federal waters, due to the structure
and nature of the fisheries, as well as the biology of managed species, it is anticipated that the
alternatives will impact activities in state waters to some extent as well.  While there have been
few studies explicitly conducted on juvenile and adult fish movement in the U.S. Caribbean and
the Caribbean basin as a whole, other studies have documented that many species have extended
larval periods, and thus local populations may depend on remote spawning populations not under
the Council’s jurisdiction.  Conversely, other areas (e.g., British Virgin Islands) may depend on
the larval input originating from the U.S. Caribbean.  The EFH EIS (CFMC 2004) documents
EFH, spawning sites, and other information on discrete area of importance within the project
impact zone.  In light of the available information, the extent of the boundaries would depend
upon the degree of fish immigration/emigration and larval transport, whichever has the greatest
geographical range.  Because of the limited information available, the CEA cannot define the
spatial boundary in terms of discrete geographic coordinates, but it recognizes that the spatial
boundary should perhaps consider the effects on the environment on a scale larger than the U.S.
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Caribbean EEZ.  Since boundaries are solely political in nature and they do not prevent the
immigration and emigration of fish, fish larvae, and coral planulae, the geographic scope of the
CEA could be expanded beyond the jurisdiction of the EEZ, but the lack of available information
and differences in political jurisdiction, fishery regulations, and biological and human
communities does not make this practicable unless regional fishery agreements are put in place. 

6.8.3 Establish the time frame for the analysis

Establishing a time frame for the CEA is important for Section 6.8.4, when the past, present, and
reasonably foreseeable future actions are discussed.  Many feel that the CEA should go back to a
time period when there was a natural, or some modified (but ecologically sustainable) condition. 
Landings data exist for the USVI and Puerto Rico since the early 1980s, however, any inferences
made from this data should be used cautiously because of past species identification problems
and the voluntary nature of the reporting of landings (at least in Puerto Rico).  Therefore, it is
prudent to use a shorter time frame.  For the purposes of this CEA, the time frame begins in
1997. 

In determining how far into the future to analyze cumulative effects, the length of the effects will
depend on the alternatives selected.  Most likely the effects will last past that date.  However, it is
not possible to bracket a time frame with a future date for those alternatives that establish closed
areas, since it is assumed these will be permanent (at least for the foreseeable future).  It is
possible that some of the impacts may be eliminated or reduced should the Council opt to take a
different management tact (e.g., permits and limited access or a gear prohibition to replace closed
areas).  This is discussed in the amendment under “short-term” and “long-term” management
alternatives to reduce fishing mortality.  There is no precise definition of when short-term end,
and long-term begins, but it would depend on when the Council decides to replace the short-term
or (potentially) temporary action with a long-term (potentially) permanent one.  For the
rebuilding alternatives, it is possible to bracket the time frame by the (preferred) rebuilding time
or generation time for each species, which, in some instances could be as much as 95 years (e.g.,
Goliath grouper).   

Additionally, changes to state regulations could ease or exacerbate the temporal effects of the
alternatives considered in this amendment.  For example, if Puerto Rico adopted a limited access
system, the immediate and future impacts (social, economic, and administrative) could be
significantly larger than from a stand-alone federal system because the majority of the landings
occur in state waters.  In comparison, if the USVI adopted a limited access system, the immediate
and future impacts (social, economic, and administrative) could be significantly smaller than
from a stand-alone federal system because a greater extent of the landings from the USVI occur
in federal waters than landings from Puerto Rico. 

It is likely that the effects stemming from the stock status parameter alternatives will last at least
five years, as this amendment is structured in such a way that allows for periodic review of
landings information and other data, which could result in new stock status parameters, or at least
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a review of the status of the fisheries.  While the Council has recommended that a five-year
review should be conducted based in part on the current use of a five-year time scale of the
landings data (i.e., the next review would be based on 2002-2006 data), it is not possible to
define a discrete upper boundary for this CEA time frame for many of the alternatives within the
amendment (e.g., closed area alternatives).

6.8.4 Identify the other actions affecting the resources, ecosystems, and human
communities of concern

Listed in Table 6.8.4 below are past, present, and reasonably foreseeable actions occurring in the
geographic scope identified in Section 6.8.2.  These actions, when added to the proposed
alternatives included in this amendment, may result in cumulative effects on the physical and/or
biological and ecological environments.

PAST PRESENT REASONABLY

FORESEEABLE

ANTHROPOGENIC ACTIONS

Other fisheries •  Foreign reef fish
fisheries

•  state reef fish fisheries
•  state lobster fishery
•  state conch fishery

•  state reef fish fisheries
•  state lobster fishery
•  state conch fishery
•  state crab fishery
•  Seti fishery
•  Incidental catch

•  state reef fish fisheries
•  state lobster fishery
•  state conch fishery
•  state crab fishery
•  Seti fishery
•  HMS fisheries
•  Incidental catch

Scientific research •  Oceanographic
•  Biological

•  Oceanographic
•  Biological
•  Social science

•  Oceanographic
•  Biological
•  Social science

Invasive species •  Non-native species •  Non-native species •  Non-native species

Pollution •  Marine spills and
pollution

•  Sewage output
(nutrient loading)

•  Dredge projects
•  Industrial pollution

•  Marine spills and
pollution

•  Sewage output
(nutrient loading)

•  Dredge projects
•  Industrial pollution

•  Marine spills and
pollution

•  Sewage output
(nutrient loading)

•  Dredge projects
•  Industrial pollution

Subsistence •  Fishing •  Fishing •  Fishing

Aquaculture •  Cobia •  Cobia
•  Mutton snapper
•  Shrimp

•  Cobia
•  Mutton snapper
•  Shrimp
•  Amberjack
•  Tuna

Other maritime issues •  Military activity
•  Vessel groundings

•  Vessel groundings •  Vessel groundings
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Economic development •  Infrastructure
development

•  Tourism

•  Infrastructure
development

•  Tourism
•  Gentrification

•  Infrastructure
development

•  Tourism
•  Gentrification

NATURAL ACTIONS

Climate variability •  Basin-wide regime
shift

•  Short-term variability

•  Basin-wide regime
shift

•  Short-term variability

•  Basin-wide regime
shift

•  Short-term variability

Weather/seasonal events •  Hurricanes
•  Increased turbidity

•  Hurricanes
•  Increased turbidity

•  Hurricanes
•  Increased turbidity

Other influences •  African dust storms
(pathogen vector)

•  African dust storms
(pathogen vector)

•  African dust storms
(pathogen vector)

Table 6.8.4.  Past, present, and reasonably foreseeable actions occurring in the geographic scope of this CEA.

6.8.4.1 Past actions

The reader is referred to Section 2.2 for past regulatory activities for all federally-managed
species.  Other past actions that may result in cumulative impacts are those that originate from
the state fishery management entities.  Historically, U.S. Caribbean fisheries have being managed
primarily using conventional management measures such as gear restrictions, minimum size
limits, and seasonal and area closures.  These measures alone were not sufficient to mitigate the
increased fishing effort resulting from technological advancements and government subsidies. 
The increased fishing effort led to lower stocks, which forced the local fleets to operate in deeper
waters.  Foreign fleets also impacted local fishery resources, as well as the socioeconomic
environment, however, it is not possible to quantify the impacts of their past participation. 
Whether other non-Council actions negatively affected the fish populations within the geographic
scope of the CEA cannot be determined  at this time.

In addition to considering the cumulative effect of past fishing activities, it is important to
recognize the impact of coastal development, pollution and dredging, which may have a
deleterious effect on nursery habitat for many species, which, in turn, could have adversely
impacted landings, industry profits, and the stability of fishing communities.  Because these
linkages are poorly understood, their cumulative impacts cannot be quantified.  The impact of the
aquaculture facilities is believed to be minor given that most of operations, particularly for cobia
and mutton snapper, are in research and development stage.  Military activity, in particular U.S.
Navy actions involving the island of Culebra, may have also impacted biological, physical, and
socioeconomic communities in the past. 

In terms of natural disturbances, annual storm activity and hurricanes have been a regular impact
to the Caribbean ecosystem, and is not expected to result in any long-term biological changes. 
However, hurricane activity may result in lost gear and other related socioeconomic impacts to
fishermen that can influence landings and other fishery trends.  Coral diseases and die-offs have
been reported in other regions, possibly attributed to global warming and other ecosystem
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changes (e.g., African dust), but it is not possible to quantify any impact to the U.S. Caribbean
environment.

6.8.4.2 Present actions

The reader is referred to Section 4 for current regulatory actions proposed for all federally-
managed species.  Recently, Puerto Rico amended their fisheries law (Ley de Pesquerias de
Puerto Rico), which introduced significant changes.  The new regulations established a tiered
licensing and permitting system (e.g., full-time, part-time and beginner commercial fishing
licences, and charter and headboat licenses), and also made reporting requirements mandatory. 
In addition, the new regulations established minimum size limits; prohibited the harvest,
possession, or sale of several species; included a phase-out of beach seines by 2007; and
established MPAs (e.g., Desecheo, Mona and Monito, and Culebra).  

Because of the uncertainty regarding the Council’s future actions, it is difficult to anticipate and
quantify the cumulative impacts of forthcoming actions may have on the related physical,
biological, and socioeconomic environments.  For example, if the Council pursues a federal
limited entry regime, it is likely that the socioeconomic on fishers and the administrative impacts
to NMFS would be greater than a state-managed system.  If a new federal limited entry regime
were implemented, there would be additive costs to commercial fishermen in addition to the fees
they would be required to pay for a USVI or Puerto Rico permit.  Permit requirements by the
states, as well as rising costs for fuel, marina rates, and other supplies may also add to the
socioeconomic burden of fishermen.  Some fishermen maybe displaced from fishing and forced
to seek employment in other sectors of the economy.  Depending on the local employment
conditions, the stability of fishing communities could be threatened.  It is likely that regulations
may impact fishermen and their communities in the short-run, however, the remaining fishermen
and their communities will likely benefit in the long-run as the biological and economic
conditions of the fishery improve.  Failure to adopt policies to strengthen the current
management regime may further exacerbate the poor biological and economic condition of the
fishery and may require additional, more burdensome management policies in the future.

6.8.4.3 Reasonably foreseeable future

The Council plans to consider a limited entry and effort reduction system for federal fisheries,
which could not only impact the biological environment by facilitating sustainable fisheries, but
it could also impact the socioeconomic environment by preventing some fishermen access to
managed resources in federal waters.  Depending on the success or failure of the preferred
alternatives selected by the Council, in particular those alternatives to end overfishing and
rebuild overfished species, it is possible the Council may be required to re-examine other
alternatives in the future to insure sustainable fisheries. 
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6.8.5 Characterize the resources, ecosystems, and human communities identified in
scoping in terms of their relation to regulatory thresholds

In terms of the biological environment, the resources/ecosystems are identified in Sections 5.1
and 5.2 of this comprehensive amendment.  Likewise, the human environment is described in
Section 5.3.

Landings information and anecdotal information suggests that managed species are heavily
exploited in the U.S. Caribbean.  Life history characteristics of many snappers and groupers –
relatively long-lived, slow growing, late maturing – make them vulnerable to excessive
exploitation, which slows their recovery.  In general, the capacity of snappers grouper species to
recover depends upon many factors, including age at maturity, generation time, environmental
conditions, available habitat, harvesting pressure, age at removal, ability to reach mature age, and
predation.  Coral reef habitat is especially vulnerable to impacts, not just fishery-related impacts
but more importantly pollution and water quality issues, and any recovery would be extremely
long in duration (i.e., decades to centuries).  Failure to adequately protect these resources will
lead to a long-lasting decline in fishermen and their communities socioeconomic conditions.  

6.8.6 Characterize the stresses affecting these resources, ecosystems, and human
communities and their relation to regulatory thresholds

Table 6.8.4 lists many of the potential actions and influences that can stress Council-managed
resources.  Discussion on the stresses to EFH including corals are included in the EFH EIS
(CFMC 2004).  It should be noted that anthropogenic stresses in the immediate impact area (i.e.,
EEZ) would not be as numerous or as significant as those that occur in state waters.  Yet,
sustainability of the resource depends directly on state waters due to the importance of habitat,
particularly for its role as nursery areas for juveniles.

Management thresholds are detailed in Sections 4.2 and 6.2.  Numeric overfishing and overfished
thresholds are included in this amendment for all managed species through development of
fishing parameters on which a rebuilding plan is based, with the exception of those species that
are retained strictly for monitoring purposes (i.e., aquarium trade and other Caribbean conch
species).   These parameters include maximum sustainable yield (MSY), the minimum stock size
threshold below which a stock is considered to be overfished (MSST), the maximum fishing
mortality threshold above which a stock is considered to be undergoing overfishing (MFMT),
and optimum yield (OY).  Once these numeric benchmarks are determined, species will have
biomass-based targets and thresholds.  None of the alternatives for setting SFA parameters
produces any direct effects on the fishery or fishing communities.  From the perspective that
satisfactory specification of these benchmark parameters establishes a viable FMP and the
platform for subsequent responsible management, the adoption of appropriate benchmarks will
result in indirect and cumulative effects in the form of economic and societal benefits associated
with a healthy and prosperous fishery.
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6.8.7 Define a baseline condition for the resources, ecosystems, and human
communities

The purpose of defining a baseline condition for the resource and ecosystems in the area of the
proposed action is to establish a point of reference for evaluating the extent and significance of
expected cumulative effects.  Due to changes in reporting and the nature/composition of the
fisheries, it is difficult to offer a quantitative baseline for the resources or ecosystems in question. 
Similarly, given the scarcity of socioeconomic data it is difficult to offer a quantitative baseline.
It is relatively accepted, however, that many of the fisheries have been exploited at high levels,
and therefore current fish populations in some cases are not as abundant as in the past.   

6.8.8 Identify the important cause-and-effect relationships between human
activities and resources, ecosystems, and human communities

The relationship between human activities and biophysical ecosystems within the context of this
CEA is solely related to extractive activities and the installment of regulations as outlined in
Table 1 and in Section 4.  The impact of these regulations would facilitate the establishment of
sustainable fisheries and protection of EFH.  Due to the predominance of fishable habitat in state
waters, it is expected that the impact on the human environment will be limited.  However, since
state boundaries for USVI extend out only 3 nm, while Puerto Rico’s boundaries extend out 9
nm, USVI fishermen rely more on federal waters as compared to their counterparts in Puerto
Rico, and therefore any impact on the human environment is expected to be more significant to
USVI’s associated communities than to those in Puerto Rico.  These impacts are discussed in
more detail throughout Sections 6.1-6.7.    

6.8.9 Determine the magnitude and significance of cumulative effects

In regard to stock status parameters, cumulative impacts will, at a minimum, equal indirect
impacts.  Depending upon other actions taken, however, they could be considerably different
from the indirect impacts.  Until such time that all actions are fully developed, one cannot
identify, or determine the magnitude and significance of any cumulative impacts stemming from
the selection of stock status parameter alternatives with any certainty.

Because the majority of fishing activity in Puerto Rico primarily occurs in state waters, the
overall cumulative effects may be minimal.  In contrast, due to the USVI’s greater dependence on
the EEZ resulting from their 3 nm state boundary, the overall cumulative effects may be more
pronounced.  Regardless of the overall effect, because the Council has such a limited impact on
the resources in the EEZ, within the EEZ itself (i.e., excluding state waters) cumulative effects
may be viewed as significant, particularly if the Council opts to pursue a closed area
alternative(s), which could potentially close 20% or more of the EEZ. 
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6.8.10 Modify or add alternatives to avoid, minimize, or mitigate significant
cumulative effects

Numerous alternatives were added to address potential cumulative impacts on the biological and
physical environment, as well as the social and economic environment.  For example, the
inclusion of an alternative to rely on current state permitting and reporting efforts would avoid
the potential impacts of establishing a new, independent federal permitting and reporting system. 
Aside from the administrative impacts that would be avoided, both the economic impacts that
would result from fishermen being required to purchase two separate permits to fish off Puerto
Rico and the USVI, and the social impacts from the time required to fill out separate and
potentially significantly divergent formatted reporting forms would be avoided by working with
the currently-established state systems. 

6.8.11 Monitor the cumulative effects of the selected alternative(s) and adapt
management

The effects of the proposed action are, and will continue to be, monitored through scientific
experiments and observations, and by landings reports that are used to determine proxies for
stock status parameters.  As mentioned earlier, the structure of the amendment allows for the
periodic (i.e., five-year) review of landings information, and the potential generation of current
stock status parameters based on new information.

6.9 Unavoidable adverse effects

Unavoidable adverse effects are considered impacts that are directly related to the proposed
action and deleterious to the environment, the health of biological resources, and social systems. 
These effects have been distilled from the direct and indirect impacts listed in Sections 6.1 - 6.7. 
Cumulative impacts are discussed in Section 6.8.4.  Commercial and recreational fisheries in the
U.S. Caribbean have existed for over five decades.  While fishery-related impacts have already
occurred, in many instances they have been eliminated or minimized (e.g., prohibition of
explosives).  Regardless, all fishing has an effect on the marine environment to some extent
(Barnette 2001).  Even with completely sustainable fisheries, there will be some impact to the
environment.

Due to the current status of U.S. Caribbean fisheries and the required provisions of the
MSFCMA, it is necessary to reduce fishing mortality on several managed species.  And since this
reduction in fishing mortality will require a reduction in actual harvest, there will be some
unavoidable socioeconomic impacts stemming from the selection of preferred alternatives in this
amendment. 

6.10 Mitigation measures

Section 102(2)(c)(ii) of NEPA states that an EIS must discuss "Any adverse environmental
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effects which cannot be avoided should the proposal be implemented."  Mitigation is defined by
CEQ as:

1. Avoiding the impact altogether by not taking a certain action or parts of an
action;

2. Minimizing impacts by limiting the degree or magnitude of the action and its
implementation;

3. Rectifying the impact by repairing, rehabilitating, or restoring the affected
environment;

4. Reducing or eliminating the impact over time by preservation and maintenance
operations during the life of the action; and

5. Compensating for the impact by replacing or providing substitute resources or
environments.

The direct and indirect impacts associated with implementing the proposed alternatives discussed
in this amendment are discussed in Sections 6.1 - 6.7; cumulative impacts are discussed in
Section 6.8.4.

Many of the alternatives in this amendment, particularly those in Section 6.2, are not expected to
result in any significant adverse impacts to the environment because only a small portion (14%)
of fishable habitat occurs in federal waters to support any associated fisheries that would be
influenced by federal fishery management actions.  Any impacts associated with alternatives in
this section could be reduced over time through generation of more accurate and discrete data.

The majority of direct impacts associated with the implementation of management actions in this
amendment would result from those offered to reduce fishing mortality in Section 6.3.  Due to
the potential for significant economic and administrative impacts stemming from alternatives in
Section 6.3, the closed area sub-alternatives analyzed in this section offer a range of size and
areas.  The difference in the state boundaries, in that Puerto Rican waters extend out to nine
miles while the USVI’s waters end at three miles, present some equitability issues.  Therefore,
Alternative 3b proposes to close all waters off Puerto Rico to balance the conservation
responsibility between the two jurisdictions.  Regardless, due to the need to reduce fishing
mortality, it is likely that any proposed alternative designed to meet the required targets as
specified by the control rules would result in some substantial impacts.  In order to reduce
impacts to the human environment, the coordinates for corners of the closed area were sited so as
to facilitate both user interpretation, mapping, and enforcement.  The coordinates were selected
to provide whole numbers, or at most, to the tenth of a minute (i.e., DD MM.M), rather than
extending the coordinates out two or more decimal minutes (e.g., DD MM.MMM).

It is possible that gear-specific prohibition (i.e., Alternative 4 or 5) could be applied to the closed
areas, versus closing the areas down to all fishing.  This would reduce the benefits to the
biological and physical environments, and would not likely result in the desired reductions in
fishing mortality needed to meet the control rule thresholds, but it would result in a less dramatic
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economic impact to fishermen.  Though it would complicate enforcement, a gear specific closure
would be much more attractive to fishermen, especially off St. Croix.  The MOU alternative was
developed to address some of the shortcomings of other proposed actions.  The disparity between
state and federal management entities has been an issue in the past (e.g., Nassau grouper), and
will undoubtedly present significant issues following the implementation of federal regulations
designed to address other MSFCMA requirements.  

In order to reduce or eliminate any of the impacts discussed in Section 6.7, relative to protected
resource interactions with vertical lines, buoy lines could be required to be made of sinking
material (nylon instead of polyethylene) or heavier line.

6.11 Relationship between short-term uses and long-term productivity

The short-term effects and uses of various components of the environment in the EEZ of the U.S.
Caribbean are related to long-term effects and the maintenance and enhancement of long-term
productivity.  Short term refers to the period during which fishing activities would occur within
the EEZ based on the preferred alternatives selected in this amendment.  Based on a periodic
review, this would be roughly five years.  Many of the effects discussed in Sections 6.1 - 6.7 are
considered to be short term.  Long term refers to an indefinite period beyond the five-year
periodic review. 

No sensitive environmental resources would be adversely affected in the short or long term.  The
potential for effects was evaluated for such sensitive resources as endangered species
(particularly sea turtles and marine mammals) and EFH.  NMFS’ Protected Resources
Division will be conducting a Section 7 consultation on the DEIS and that consultation will be
summarized in the FEIS.  No significant impacts would occur to air quality, water quality, or
other resources.

6.12 Irreversible and irretrievable commitments of resources 

Irreversible commitments as those actions that cannot be reversed (e.g., species extinction),
except perhaps in the extreme long term, and irretrievable commitments as those that are lost for
a period of time (e.g., overfished species closed to fishing).  Therefore, this amendment would
result in the continued irretrievable commitment in regard to Goliath grouper and Nassau
grouper, both which have been considered overfished for over a decade and whose possession is
prohibited.  Furthermore, the amendment would result in the irretrievable commitment in regard
to queen conch; queen conch is also considered overfished, and this amendment proposes to
prohibit all harvest and possession of queen conch in the EEZ.

Implementation of a federal permit system would require a substantial expenditure of federal
funds, which are not retrievable.  Subsequent monitoring and re-evaluation of stock status
parameters would likewise commit human and fiscal resources.  The commitment of these
resources is considered irretrievable.  
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6.13 Any other disclosures

This amendment is not expected to result in any effects on urban quality, or on historical and
cultural resources.

7 Regulatory Impact Review

7.1 Introduction

The National Marine Fisheries Service (NMFS) requires a Regulatory Impact Review (RIR) for
all regulatory actions that are of public interest.  The RIR does three things:  (1) It provides a
comprehensive review of the level and incidence of impacts associated with a proposed or final
regulatory action, (2) it provides a review of the problems and policy objectives prompting the
regulatory proposals and an evaluation of the major alternatives that could be used to solve the
problem, and (3) it ensures that the regulatory agency systematically and comprehensively
considers all available alternatives so that the public welfare can be enhanced in the most
efficient and cost effective manner.  

The RIR also serves as the basis for determining whether any proposed regulations are a
Asignificant regulatory action@ under certain criteria provided in Executive Order 12866 and
whether the proposed regulations will have a Asignificant economic impact on a substantial
number of small business entities@ in compliance with the Regulatory Flexibility Act of 1980
(RFA).

The RIR analyzes the probable impacts on fishery participants of the amendment to the
Caribbean Fishery Management Plans for the Spiny Lobster Fishery of Puerto Rico and the U.S.
Virgin Islands, Queen Conch Resources of Puerto Rico and the U.S. Virgin Islands, The Reef
Fish Fishery of Puerto Rico and the U.S. Virgin Islands, and the Coral and Reef Associated
Invertebrates of Puerto Rico and the U.S. Virgin Islands.

7.2 Problems and objectives

The general problems and objectives are found in the respective FMPs, as amended.  The
purpose and need for the present amendment area found in Section 2.3 of this document.  The
current plan amendment addresses the following issues:  (1) defining fishery management units
and sub-units, (2) defining biological reference points and stock status determination criteria, (3)
regulating fishing mortality, (4) rebuilding overfished fisheries, (5) conserving and protecting
yellowfin grouper, (6) achieving the MSFCMA bycatch mandates, and (7) achieving the
MSFCMA EFH mandates.
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7.3 Impacts of proposed alternatives

The socioeconomic impacts of the individual alternatives are discussed in two main sections of
this amendment (Sections 4 and Section 6) associated with each alternative.

7.4 Private and public costs

Council costs of document preparations, meetings, public hearings, and information 
dissemination..............................................................................................................$776,000
NMFS administration costs of document preparation, meetings, and
review.............................................................................................................. ..........$400,000

Law enforcement costs............................................................................................... unknown

Compliance costs (costs to regulated entities)........................................................... unknown

TOTAL.......................................................................................................................$1,176,000

The Council and federal costs are based on staff time, travel, printing and any other relevant
items where funds were expended directly for this specific action.  The various cost items have
not yet been estimated.

7.5 Summary of economic impacts

Defining fishery management units and sub-units:  Measures associated with defining fishery
management units and sub-units, additional options for aquarium trade species, and additional
options for Caribbean conch resources will generally have no direct or indirect economic
impacts.

Defining biological reference points and stock status determination criteria:   The specification
of MSY, OY, MSST, and MFMT for the various fishery units will generally have no direct
economic impacts on fishery participants.  Economic impacts occur when current fishing
conditions are compared to the benchmark established by these standards and additional
measures are required to either restrict or expand harvests.  Most of the proposed measures are
proxies of the true values and detailed analysis of the potential impacts of the measures is
prevented due to the data poor nature of the respective fisheries.  However, given the proposed
definitions of MSY, MSST, and MFMT, many of the stocks will be defined as being overfished
or undergoing overfishing.  This would indicate that current prosecution of the stocks, if
continued at status quo, would necessitate the imposition of management measures that would
impose costs on participants.  Finally, the proposed levels of OY, with the exception of coral reef
resources, are uniformly estimated at 94% of proposed definition of MSY.  The proposed level of
OY relative to MSY implies necessary restrictions on harvest from status quo levels with
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accompanying economic losses.  These losses would be offset, however, by fishery stability and
the avoidance of more restrictive recovery plans.  That is, sustainable fisheries would allow for a
stable fisheries management scenario absent of continually changing regulations.  Additionally,
preventing overfishing and rebuilding overfished fisheries before their status becomes further
exacerbated would avoid overly restrictive management actions (e.g., Goliath and Nassau
grouper closures). 

Establish appropriate rebuilding schedules and rebuilding strategies for stocks believed to be at
risk to ensure long-term benefits from the resource:  The act of defining a rebuilding schedule
will have no direct economic impacts.  The strategy for rebuilding the stocks believed to be at
risk, particularly that established for queen conch, could impose direct economic impacts.  With
respect to queen conch, the rebuilding schedule proposes the prohibition of all harvest and
possession of queen conch in federal waters.  Due to the limited amount of queen conch fishing
activity in federal waters, closure of federal waters to queen conch harvest would likely have
relatively minor economic impacts on fishery participants.  This does not preclude the possibility
that at least one queen conch fisherman harvests queen conch in federal waters only. 
Consequently, closure of federal waters to that activity would give fishermen, who historically
fish only in federal waters, three options:  1) Continue to harvest queen conch in federal waters,
but do so illegally, 2) discontinue queen conch fishing, or 3) relocate to state waters.  If it is
assumed that compliance is perfect, then the fisherman could lose up to 100% of queen conch
revenue, with the exception of those fishermen who fish on Lang Bank off St. Croix, which
would be a significant loss to that or any other and any other similar fisherman.  It is highly likely
that fishermen who potentially fish only in federal waters could relocated to state waters, so that
losses could be mitigated. 

However, it is recognized that species-specific closure of the federal waters may not provide
protection of the resource necessary to rebuild it.  Hence, a proposed management measure
would develop a MOU that states impose compatible regulations.  If these compatible regulations
are adopted, both federal and state waters would be closed to queen conch harvesting and
possession.  In this situation, economic impacts would be significant; including a loss in gross
revenues to the commercial sector of approximately $657,000 annually based on recent total
commercial landings of 287,364 lbs (Table 5) and the 1998-2001 Puerto Rico average ex-vessel
price of $2.285/lb (Matos-Caraballo 2002).  
 
Conserve and protect yellowfin grouper:  Proposed measures to conserve and protect yellowfin
grouper would entail establishing a seasonal closure of the Grammanik Bank as well as
prohibiting the harvest and possession of yellowfin grouper in EEZ waters.  Based on species-
specific commercial fishing data for Puerto Rico and extrapolated data from USVI, landings of
yellowfin grouper in the U.S. Caribbean appears to be extremely limited and, hence, prohibition
of harvest and possession of the species in federal waters would likely have only minimal
impacts.  That is, recent average commercial catch of Puerto Rican yellowfin grouper for the
entire year, including in state waters, is 4,429 lbs (Table 5).  According to Valle-Esquivel and
Díaz (2003), annual average landings for all grouper species harvested in the USVI is 38,392 lbs
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from 1994-2002.  Extrapolated landings for all species in Grouper Unit 4 for USVI for the entire
year, including in state waters, is 15,482 lbs.   The seasonal closure (during spawning season) of
the Grammanik Bank could have some economic impact on those commercial participants who
currently fish in the area during the time frame of the proposed closure.  It is possible that one or
more fishermen harvests yellowfin grouper only in federal waters.  Consequently, while the
possibility is unlikely, the proposed closure would have significant impacts on those fishermen. 
The closure, to the extent that it protects the stock during the spawning season and contributes to
the rebuilding of the stock, could provide long-term benefits to fishing participants in terms of
increased harvests.

Achieving MSFCMA bycatch mandates:  The proposed measure to achieve MSFCMA bycatch
mandate would require fishermen participating in Council-managed species to have a permit and
complete and submit monthly reports.  There would likely be a nominal fee (approximately $10-
20 for a rudimentary permit) and an unknown amount of time involved in completing and
submitting the monthly forms.  However, it is expected that costs associated with the preferred
alternative of modifying the currently existing state reporting methodology would result in much
less significant impacts, especially considering fishermen are already required to comply with the
permitting and reporting requirements as imposed by the states.

7.6 Determination of significant regulatory action

Pursuant to E.O. 12866, a regulation is a “significant regulatory action” if it is likely to result in: 
(a) an annual effect on the economy of $100 million or more; (b) a major increase in cost or
prices to consumers, individual industries, federal, state, or local government agencies, or
geographic regions; (c) significant adverse effects on competition, employment, investment,
productivity, innovation, or on the ability of United states-based enterprises to compete with
foreign-based enterprises in domestic or export markets; or (d) raise novel legal or policy issues
arising out of legal mandates, the President’s priorities, or the principles set forth in this
Executive Order.

The measures proposed in this amendment are required components of FMPs necessary to:  (a)
define management units and sub-units for management purposes, (b) establish appropriate
benchmarks to support responsible management, (c) establish appropriate rebuilding schedules
and rebuilding strategies for stocks believed to be at risk to ensure long-term benefits from the
resource, (d) conserve and protect yellowfin grouper, and (e) achieve MSFCMA bycatch
mandates.  Such management may result in fishery regulations that reduce harvests, fishing
opportunities, and, consequently, the number of businesses, vessels, or participants in the
fisheries.  The long-run profitability of remaining business operations should be enhanced,
however, and long-term prospects and opportunities will benefit from responsible management.
The total harvest of all reef fish if MSY were harvested is approximately 3.2 million pounds
(Table 8).  Commercial catch approximates two-thirds of this total.  At $1.99351/lb, as utilized
from Puerto Rico trip ticket data for reef fish species, 1995-2002, total dockside value from
commercial reef fish fishing activities averages approximately $6.4 million for the period 1997-
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2001.  Recreational values are unknown.  The total harvest of queen conch if MSY were
harvested is 452,000 pounds (Table 8).  Commercial catch approximates two-thirds of this total. 
At $2.285/lb, as utilized from 1998-2001 Puerto Rico average ex-vessel price (Matos-Caraballo
2002), total dockside value from commercial queen conch fishing activities averages
approximately $1.03 million for the period 1997-2001.  Recreational values are unknown.  The
total harvest of spiny lobster if MSY were harvested is 547,000 pounds (Table 8).  Commercial
catch approximates two-thirds of this total.  At $5.265/lb, as utilized from 1998-2001 Puerto
Rico average ex-vessel price (Matos-Caraballo 2002), total dockside value from commercial
spiny lobster fishing activities averages approximately $2.9 million for the period 1997-2001. 
Recreational values are unknown.  Total dockside value from managed commercial fishing
activities would exceed $10 million based on fishing at MSY.  Recreational values are unknown. 
The largest potential immediate loss would be that for queen conch which, if closed in both
federal and state waters, would generate lost dockside revenues of about one million dollars
annually.  There would also be some losses in the recreational sector, but relatively limited. 
Thus, while the net effect of the lost fishing opportunities and profitability among remaining
participants is certainly not zero, it also certainly does not reach the $100 million threshold on an
annual basis.

The measures in this amendment do not interfere or create inconsistency with any action of
another agency, including state fishing agencies or to affect the entitlements, grants, user fees, or
loan programs.  The proposed measures, for the most part, institute necessary measures of fishery
status or activity and, thus, do not raise novel legal and policy issues

The foregoing discussion establishes the basis for the conclusion that this amendment, if enacted,
would not constitute a “significant regulatory action.”

8 Regulatory Flexibility Act Analysis

The purpose of the Regulatory Flexibility Act (RFA) is to ensure that federal agencies consider
the economic impact of their regulatory proposals on small entities, analyze effective alternatives
that minimize the impacts on small entities, and make their analyzes available for public
comment.  The RFA does not seek preferential treatment for small entities, require agencies to
adopt regulations that impose the least burden on small entities, or mandate exemptions for small
entities.  Rather, it requires agencies to examine public policy issues using an analytical process
that identifies, among other things, barriers to small business competitiveness and seeks a level
playing field for small entities, not an unfair advantage.  .  

After an agency determines that the RFA applies, it must decide whether to conduct a full
regulatory flexibility analysis (Initial Regulatory Flexibility Analysis or Final Regulatory
Flexibility Analysis) or to certify that the proposed rule will not “have a significant economic
impact on a substantial number of small entities.”  This analysis assumes that this rule may have
a significant economic impact on a substantial number of small entities.  Consequently, the
subsequent analysis is an Initial Regulatory Flexibility Analysis (IRFA).  According to the RFA,
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an IRFA must have the following six parts:  1) a description of the reasons why action by the
agency is being considered; (2) a succinct statement of the objectives of, and legal basis for, the
proposed rule; (3) a description and, where feasible, an estimate of the number of small entities
to which the proposed rule will apply; (4) a description of the projected reporting, record-
keeping, and other compliance requirements of the proposed rule, including an estimate of the
classes of small entities which will be subject to the requirements of the report or record;  (5) an
identification, to the extent practical, of all relevant federal rules which may duplicate, overlap,
or conflict with the proposed rule; and 6) a description of any significant alternatives to the
proposed rule that minimize significant economic impacts on small entities while accomplishing
the agency’s objectives.

Description of the reasons why action by the agency is being considered:  The need and purpose
of the actions are set forth in the previous sections of this document and are included herein by
reference.

Statement of the objectives of, and legal basis for, the proposed rule:  The specific objectives of
this action are:  (1) to define FMUs and FMU sub-units, (2) to specify biological reference points
and stock status determination criteria, (3) to regulate fishing mortality, (4) to rebuild overfished
fisheries, (5) to conserve and protect yellowfin grouper, (6) to achieve the MSFCMA bycatch
mandates, and (7) to achieve the MSFCMA EFH mandates.  The MSFCMA, as amended,
provides the legal basis for the rule.

Description and estimate of number of small entities to which the proposed rule will apply: 
Small entities, according to the RFA, are small businesses, small not-for-profit organizations, and
small governmental jurisdictions.  This proposed rule would apply to small commercial
fishermen and small charter services in Puerto Rico and the USVI.  In Puerto Rico, there are
approximately 1,758 commercial fishermen, with 1,262 fishing full-time and 496 fishing part-
time (Matos-Caraballo 1997).  The number of commercial fishers in the USVI, based on 1998-
1999 annual license reports is 349 (Valle-Esquivel and Díaz 2003).  The number of year-round
for-hire charter services in the U.S. Caribbean is approximately 50 with the majority located in
the USVI.  These fishers operate within the following industries: Finfish fishing (NAICS
114111), shellfish fishing (NAICS 114112), other marine fishing (NAICS 114119), and charter
fishing (NAICS 487210).  The Small Business Administration (SBA) size standards for the
finfish, shellfish, and other marine fishing industries are the same, at $3.5 million in annual sales.
The SBA size standard for charter fishing is $6.0 million in annual sales.  We expect that all of
the 1,758 commercial fishermen in Puerto Rico, all of the 349 commercial fishermen in the
USVI, and all of the approximately 50 for-hire charter services in the U.S. Caribbean are small
businesses.  

Description of the projected reporting, record keeping and other compliance requirements of the
proposed rule, including an estimate of the classes of small entities which will be subject to the
requirement and the type of professional skills necessary:  This proposed rule will: 1) prohibit
queen conch fishing in federal waters, with the exception of Lang Bank near St. Croix; 2)
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implement seasonal closures; 3) implement an immediate prohibition on the use of gill and
trammel nets in the EEZ, with the exception of those nets used for catching ballyhoo, gar, and
flying fish; 4) prohibit the filleting of fish in federal waters of the U.S. Caribbean; 5) close
Grammanik Bank to all fishing from February 1 to April 30 of each year; 6) prohibit the use of
traps and pots, gill and trammel nets, and bottom longlines year-round in currently existing
seasonal closed areas for red hind and mutton snapper;   and 7) require fishermen to complete
and submit monthly bycatch reports.  

There is one primary measure that will, if fully adopted, result in a significant reduction in short-
term profitability among the small businesses that harvest queen conch.  This proposed measure
is the prohibition of harvest and possession of queen conch in the EEZ, with the exception of
Lang Bank off St. Croix.  If implemented only in federal waters, the closure will have relatively
small impacts (particularly in Puerto Rico) since the majority of queen conch activities transpire
in state waters.  It is believed, however, that closure of federal waters may be insufficient in
rebuilding the queen conch stock due to the high level of activity in state waters vis-a-vis federal
waters.  Hence, also considered as a preferred measure is the development of a MOU between
NMFS and state governments to develop compatible regulations to achieve the management
objectives in the FMP.  If adopted, this would lead to the prohibition of queen conch harvest and
possession throughout the U.S. Caribbean, in both federal and state waters.  Given the multi-
species nature of commercial harvesting activities throughout the U.S. Caribbean, it is difficult to
quantify the exact number of commercial fishermen that would be impacted.  One estimate, by
Rivera (1999), suggests 209 queen conch fishermen in Puerto Rico and another 51 in the USVI. 
This estimate, however, almost certainly understates the number of fishermen who receive
revenues and, hence, profits from the harvest of queen conch because queen conch is often taken
in conjunction with other fishing activities, primarily lobster.  While all of the Adirected@ queen
conch fishermen will be significantly impacted by the proposed closure, other fishermen who
harvest queen conch on an opportunistic basis will also be impacted, though to a somewhat lesser
extent.

In some limited attempt to put the queen conch closure into perspective, however, the estimated
value of the U.S. Caribbean=s commercial landings (i.e., managed species) during the 1997-2001
period has averaged about $7.2 million annually.  ($4,562,248 for reef fish; $1,952,557 for spiny
lobster; and $656,627 for queen conch).  The estimated value of queen conch landings is about
nine percent of the total landings value.  These estimates are based on Puerto Rico ex-vessel
values for reef fish (1995-2002), spiny lobster (1998-2001), and queen conch (1998-2001). 
Estimated values for USVI reef fish, spiny lobster, and queen conch are slightly higher, but this is
due to the difference in marketing between USVI and Puerto Rico; USVI fishermen typically sell
directly to restaurants and other consumers, and does not reflect a true ex-vessel value. 
Therefore, for the purposes of the analyses herein, ex-vessel values for Puerto Rico have been
applied to both Puerto Rico and USVI landings.

There are some other measures that will, if implemented, also impact profitability.  One relates to
the protection of yellowfin grouper by implementing a seasonal closure of an identified spawning
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aggregation area in federal waters.  Since landings of yellowfin grouper are extremely limited (at
least in Puerto Rico; species-specific landings data are unavailable in the USVI); however, this
proposed measure will not significantly affect profitability.

Similarly, federal waters have been closed to Nassau grouper harvest and possession since 1990,
though USVI waters are not closed.  A proposed measure would, like queen conch, develop a
MOU between NMFS and the USVI to develop compatible regulations.  Since Nassau grouper
landings in USVI waters are extremely limited, this proposed measure would have little or no
affect on profitability.

Regulations proposed to monitor bycatch will require various reporting and/or record keeping by
various participants in the fisheries.  Specifically, the proposed preferred alternative for
monitoring bycatch requires an additional reporting requirement for bycatch to existing state
monthly trip ticket reporting requirements for fishermen participating in Council-managed
fisheries.  Prior to 2004, a voluntary trip ticket reporting system was utilized in Puerto Rico,
though a large percentage (81% during 1995-1996 according to Matos-Caraballo 1997) of the
commercial fishermen participated in the system.  The system is very detailed, requesting catch
information by species.  Recently, Puerto Rico amended its fishery laws, and now monthly
commercial catch reporting is mandatory.  Since anecdotal information suggests that bycatch is
very limited though, one might anticipate that bycatch reporting requirements will entail little
additional time or effort.  The fact that compliance with the older voluntary reporting system in
Puerto Rico was relatively high leads to the conclusion that most small businesses in Puerto Rico 
have the professional skills required for the preparation of the records. The USVI has a monthly
mandatory reporting system though the information requested on the reporting forms is less
extensive than that requested for Puerto Rico.  While the proposed measure does not list the
information that would be required on the monthly reporting forms, one might anticipate, based
on information generally requested on federal trip ticket forms, that information requirements
would be greater than those currently established.  Given that Puerto Rico fishermen are able to
complete rather detailed forms, however, it seems reasonable to assume that the small USVI
businesses  would also be able to complete required paperwork.

Identification of all relevant federal rules which may duplicate, overlap or conflict with the
proposed rule:  No duplicative, overlapping, or conflicting federal rules have been identified.

Description of significant alternatives to proposed rule and discussion of how the alternatives
attempt to minimize economic impacts on small businesses:  The identification of MSY, OY,
MSST, and MFMT, as well as rebuilding schedules for overfished resources, are required
components of an FMP.  Specific standards and requirements for each measure and acceptable
proxies have been established that dictate acceptable values or plans.  Therefore, very little
flexibility exists in identifying alternatives.  The alternatives presented in the proposed rule
generally reflect either proxies that may previously been acceptable, but are no longer acceptable
due to new standards, or maintain the status quo definition, which would be in violation of the
requirements of the FMP.
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The primary rule that restricts harvest is, as noted, the prohibition of harvest and possession of
queen conch in federal waters (both commercial and recreational) with a concomitant request that
states develop compatible regulations via an MOU.  In general, two other alternatives were
presented with respect to the closure and one alternative to development of a MOU.  With
respect to prohibition, the primary alternative was that of no action (i.e., rely on current
regulations to rebuild the stock).  This alternative would not have been consistent with
MSFCMA guidelines.  The other alternative is similar to the adopted measure but excludes one
small area off the east coast of St. Croix.  While this alternative would have minimized economic
impacts to a relatively few number of participants, the prevailing thought was that the significant
overfished status of the resource warranted complete closure.

Other actions that restrict harvest are the seasonal and area closures.  Alternatives that were
considered, but ultimately rejected as stated elsewhere, varied the length of time an area would
be closed and the size and location of the closed areas.  

With respect to the MOU and other proposed actions, the adopted measures do not attempt to
minimize adverse impacts on small businesses.  However, these measures do give the affected
small businesses legal options to mitigate most, and in some cases all, of the economic losses
caused by actions within this proposed rule, either by relocating fishing effort from the EEZ to
state waters or harvesting more of other species within the EEZ.  Given the mandate to rebuild
overfished stocks within a given time frame, the long-term economic benefits to these small
businesses will outweigh the short-term adverse economic impacts.


