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ACTION: Final rule.

SUMMARY: We, the National Marine
Fisheries Service (NMFS), are
publishing this final rule to implement
our final determination to list the
following 20 species as threatened: five
in the Caribbean (Dendrogyra cylindrus,
Orbicella annularis, Orbicella faveolata,
Orbicella franksi, and Mycetophyllia
ferox); and 15 in the Indo-Pacific
(Acropora globiceps, Acropora
jacquelineae, Acropora lokani,
Acropora pharaonis, Acropora retusa,
Acropora rudis, Acropora speciosa,
Acropora tenella, Anacropora spinosa,
Euphyllia paradivisa, Isopora
crateriformis, Montipora australiensis,
Pavona diffluens, Porites napopora, and
Seriatopora aculeata) under the
Endangered Species Act (ESA) of 1973,
as amended. The two species currently
listed as threatened (Acropora
cervicornis and Acropora palmata) in
the Caribbean still warrant listing as
threatened. We also determined that a
total of 43 proposed species do not
warrant listing as endangered or
threatened species, and three proposed
species are not determinable under the
ESA. We have reviewed the status of the
species and efforts being made to
protect the species, and public
comments received on the proposed
rule, and we have made our
determinations based on the best
scientific and commercial data
available. We also solicit information
that may be relevant to the designation
of critical habitat for the 20 species
newly listed under this final rule.
DATES: The effective date of this final
rule is October 10, 2014. Responses to
the request for information regarding a
subsequent ESA section 4(d) Rule and
critical habitat designation must be
received by November 10, 2014.

ADDRESSES: Submit responses to the
request for information regarding a
subsequent ESA section 4(d) Rule and
critical habitat designation to National
Marine Fisheries Service, Pacific Islands
Regional Office, NOAA Inouye Regional
Center, 1845 Wasp Blvd., Building 176,
Honolulu, HI 96818; or National Marine
Fisheries Service, Southeast Regional
Office, 263 13th Avenue South, Saint
Petersburg, FL 33701.

FOR FURTHER INFORMATION CONTACT:
Lance Smith, NMFS, Pacific Island
Regional Office, 808—-725-5131; Jennifer
Moore, NMFS, Southeast Regional
Office, 727—-824-5312; or Marta
Nammack, NMFS, Office of Protected
Resources, 301-427-8469. A list of the
literature cited in this rule is available
at http://coral.sero.nmfs.noaa.gov and
http://www.fpir.noaa.gov/PRD/prd
coral.html.

SUPPLEMENTARY INFORMATION:

Background

On October 20, 2009, the Center for
Biological Diversity (CBD) petitioned us
to list 83 reef-building corals as
threatened or endangered under the
Endangered Species Act (ESA) and
designate critical habitat. The 83 species
included in the petition were:
Acanthastrea brevis, Acanthastrea
hemprichii, Acanthastrea ishigakiensis,
Acanthastrea regularis, Acropora
aculeus, Acropora acuminata, Acropora
aspera, Acropora dendrum, Acropora
doneli, Acropora globiceps, Acropora
horrida, Acropora jacquelineae,
Acropora listeri, Acropora lokani,
Acropora microclados, Acropora
palmerae, Acropora paniculata,
Acropora pharaonis, Acropora
polystoma, Acropora retusa, Acropora
rudis, Acropora speciosa, Acropora
striata, Acropora tenella, Acropora
vaughani, Acropora verweyi, Agaricia
lamarcki, Alveopora allingi, Alveopora
fenestrata, Alveopora verrilliana,
Anacropora puertogalerae, Anacropora
spinosa, Astreopora cucullata,
Barabattoia laddi, Caulastrea
echinulata, Cyphastrea agassizi,
Cyphastrea ocellina, Dendrogyra
cylindrus, Dichocoenia stokesii,
Euphyllia cristata, Euphyllia
paraancora, Euphyllia paradivisa,
Galaxea astreata, Heliopora coerulea,
Isopora crateriformis, Isopora cuneata,
Leptoseris incrustans, Leptoseris yabeli,
Millepora foveolata, Millepora tuberosa,
Montastraea annularis, Montastraea
faveolata, Montastraea franksi,
Montipora angulata, Montipora
australiensis, Montipora calcarea,
Montipora caliculata, Montipora
dilatata, Montipora flabellata,
Montipora lobulata, Montipora patula,

Mycetophyllia ferox, Oculina varicosa,
Pachyseris rugosa, Pavona bipartita,
Pavona cactus, Pavona decussata,
Pavona diffluens, Pavona venosa,
Pectinia alcicornis, Physogyra
lichtensteini, Pocillopora danae,
Pocillopora elegans, Porites
horizontalata, Porites napopora, Porites
nigrescens, Porites pukoensis,
Psammocora stellata, Seriatopora
aculeata, Turbinaria mesenterina,
Turbinaria peltata, Turbinaria
reniformis, and Turbinaria stellulata.
Eight of the petitioned species occur in
the Caribbean, and 75 of the petitioned
species occur in the Indo-Pacific region.
Most of the 83 species can be found in
the United States, its territories (Puerto
Rico, U.S. Virgin Islands, Navassa,
Northern Mariana Islands, Guam,
American Samoa, Pacific Remote Island
Areas), or its freely associated states
(Republic of the Marshall Islands,
Federated States of Micronesia, and
Republic of Palau), though many occur
more frequently in other countries.

On February 10, 2010, we published
a 90-day finding (75 FR 6616) that CBD
had presented substantial information
indicating the petitioned actions may be
warranted for all of the petitioned
species except for the Caribbean species
Oculina varicosa. We also announced
the initiation of a formal status review
of the remaining 82 petitioned species,
and we solicited input from the public
on six categories of information: (1)
Historical and current distribution and
abundance of these species throughout
their ranges (U.S. and foreign waters);
(2) historical and current condition of
these species and their habitat; (3)
population density and trends; (4) the
effects of climate change on the
distribution and condition of these coral
species and other organisms in coral
reef ecosystems over the short and long
term; (5) the effects of all other threats
including dredging, coastal
development, coastal point source
pollution, agricultural and land use
practices, disease, predation, reef
fishing, aquarium trade, physical
damage from boats and anchors, marine
debris, and aquatic invasive species on
the distribution and abundance of these
coral species over the short- and long-
term; and (6) management programs for
conservation of these species, including
mitigation measures related to any of
the threats listed under No. 5 above.

The ESA requires us to make
determinations on whether species are
threatened or endangered ““solely on the
basis of the best scientific and
commercial data available * * * after
conducting a review of the status of the
species * * *” (16 U.S.C. 1533).
Further, our implementing regulations
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specifically direct us not to take
possible economic or other impacts of
listing species into consideration (50
CFR 424.11(b)). We convened a Coral
Biological Review Team (BRT)
composed of seven Federal scientists
from NMFS’ Pacific Islands, Northwest,
and Southeast Fisheries Science
Centers, as well as the U.S. Geological
Survey and National Park Service. The
members of the BRT are a diverse group
of scientists with expertise in coral
biology, coral ecology, coral taxonomy,
physical oceanography, global climate
change, coral population dynamics and
endangered species extinction risk
evaluations. The BRT’s comprehensive,
peer-reviewed Status Review Report
(SRR; Brainard et al., 2011) incorporates
and summarizes the best available
scientific and commercial information
as of August 2011 on the following
topics: (1) Long-term trends in
abundance throughout each species’
range; (2) potential factors for any
decline of each species throughout its
range (human population, ocean
warming, ocean acidification,
overharvesting, natural predation,
disease, habitat loss, etc.); (3) historical
and current range, distribution, and
habitat use of each species; (4) historical
and current estimates of population size
and available habitat; and (5) knowledge
of various life history parameters (size/
age at maturity, fecundity, length of
larval stage, larval dispersal dynamics,
etc.). The SRR evaluates the status of
each species, identifies threats to the
species, and estimates the risk of
extinction for each of the species out to
the year 2100. The BRT also considered
the petition, comments we received as
a result of the 90-day finding (75 FR
6616; February 10, 2010), and the
results of the peer review of the draft
SRR, and incorporated relevant
information from these sources into the
final SRR. Additionally, we developed a
supplementary, peer-reviewed Draft
Management Report (NMFS, 2012a) to
identify information relevant to ESA
factor 4(a)(1)(D), inadequacy of existing
regulatory mechanisms, and protective
efforts that may provide protection to
the corals pursuant to ESA section 4(b).

The response to the petition to list 83
coral species is one of the broadest and
most complex listing reviews we have
ever undertaken. Given the petition’s
scale and the precedential nature of the
issues, we determined that our decision-
making process would be strengthened
if we took additional time to allow the
public, non-Federal experts, non-
governmental organizations, state and
territorial governments, and academics
to review and provide information

related to the SRR and the Draft
Management Report prior to issuing our
12-month finding. Thus on April 17,
2012, we published a Federal Register
notice announcing the availability of the
SRR and the Draft Management Report,
and specifically requested information
on the following: (1) Relevant scientific
information collected or produced since
the completion of the SRR or any
relevant scientific information not
included in the SRR; and (2) relevant
management information not included
in the Draft Management Report, such as
descriptions of regulatory mechanisms
for greenhouse gas (GHG) emissions
globally, and for local threats in the 83
foreign countries and the United States,
its territories (Puerto Rico, U.S. Virgin
Islands, Navassa, Northern Mariana
Islands, Guam, American Samoa, Pacific
Remote Island Areas), or its freely
associated states (Republic of the
Marshall Islands, Federated States of
Micronesia, and Republic of Palau),
where the 82 petitioned coral species
collectively occur. Further, in June
2012, we held listening sessions and
scientific workshops in the Southeast
region and Pacific Islands region to
engage the scientific community and the
public in-person. During this public
engagement period, which ended on
July 31, 2012, we received over 42,000
letters and emails. Also, we were
provided with or we identified
approximately 400 relevant scientific
articles, reports, or presentations that
were produced since the SRR was
finalized, or not originally included in
the SRR. We compiled and synthesized
all relevant information that we
identified or received into the
Supplemental Information Report (SIR;
NMFS, 2012c). Additionally, we
incorporated all relevant management
and conservation information into the
Final Management Report (NMFS,
2012b). Therefore, the 82 candidate
coral species comprehensive status
review consists of the SRR (Brainard et
al., 2011), the SIR (NMFS, 2012c), and
the Final Management Report (NMFS,
2012b).

On December 7, 2012, we published
a proposed rule (77 FR 73219) to list 12
of the petitioned coral species as
endangered (five Caribbean and seven
Indo-Pacific) and 54 coral species as
threatened (two Caribbean and 52 Indo-
Pacific), and we determined 16 coral
species (all Indo-Pacific) did not
warrant listing as threatened or
endangered under the ESA. This was
the final agency action for those species
which we determined were not
warranted for listing. We also
determined that two currently listed

Caribbean corals (Acropora cervicornis
and Acropora palmata) warranted
reclassification from threatened to
endangered. The findings in the
proposed rule were based on the
information contained within the
reports described above (SRR, SIR, and
Final Management Report). During a 90-
day comment period, we solicited
comments from the public, other
concerned governmental agencies, the
scientific community, industry, foreign
nations in which the species occur, and
any other interested parties on our
proposal. We later extended the public
comment period by 30 days, making the
full comment period 120 days. We
received approximately 32,000
comments through electronic
submissions, letters, and oral testimony
from public hearings held in Dania
Beach, FL; Key Largo, FL; Key West, FL;
Rio Piedras, Puerto Rico; Mayaguez,
Puerto Rico; Christiansted, St. Croix,
U.S. Virgin Islands; Charlotte Amalie,
St. Thomas, U.S. Virgin Islands; Hilo,
Hawaii, HI; Kailua Kona, Hawaii, HI;
Kaunakakai, Molokai, HI; Wailuku,
Maui, HI; Lihue, Kauai, HI; Honolulu,
Oahu, HI; Hagatna, Guam; Saipan,
Commonwealth of the Northern
Marianas Islands (CNMI); Tinian, CNMI;
Rota, CNMI; Tutuila, American Samoa;
and Washington, DC.

During the public comment period,
we received numerous comments on the
proposed listing and the sufficiency or
accuracy of the available data used to
support the proposed listing
determinations. In particular, comments
raised questions and provided varied,
often conflicting, information regarding
the following topics:

(1) The proposed species’ listing
statuses (e.g., certain species proposed
as endangered should be threatened);

(2) the sufficiency and quality, or lack
thereof, of the species-specific
information used for each species’
proposed listing determination;

(3) the accuracy of the methods used
to analyze the available information to
assess extinction risk (including NMFS’
“Determination Tool”’) and derive
listing statuses for each of the proposed
species;

(4) the ability of corals to adapt or
acclimatize to ocean warming and
acidification;

(5) the reliability, certainty, scale, and
variability of future modeling and
predictions of climate change; and

(6) the effect local management efforts
have on coral resilience.

After considering these comments, we
found that substantial disagreement
existed regarding the sufficiency and
accuracy of the available data used in
support of the proposed determinations.
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As aresult, we determined it was
necessary to solicit additional data from
those scientists who were identified by
public comments and others who may
have additional data to assist in
resolving the substantial disagreement.
Therefore, pursuant to the ESA section
4(b)(6)(B)(i), we determined that a 6-
month extension of the deadline for
final determinations on the proposed
rule was necessary (78 FR 57835;
September 20, 2013). We completed our
data collection effort in the fall of 2013,
and the relevant information that we
received or collected was considered in
the formulation of this final rule. The
data collection effort was the final step
in our thorough process to assemble the
best available information on the status
of the species addressed in this final
rule. As a result, this final rule
represents a logical evolution from the
proposed rule, including some changes
in our overall decision-making
framework and a holistic
reconsideration of the key elements that
contribute to a species’ listing status, as
described in detail throughout this rule.
Consequently, most of the listing
determinations have changed between
the proposed and final rules.

Listing Species Under the Endangered
Species Act

We are responsible for determining
whether the 66 proposed coral species
should be listed as threatened or
endangered under the ESA, and whether
the two species proposed for
reclassification should be listed as
endangered under the ESA (16 U.S.C.
1531 et seq.). Clonal, colonial
organisms, such as corals, are vastly
different in their biology and ecology
than vertebrates, which are typically the
focus of ESA status reviews. Therefore,
concepts and terms that are typically
applied to vertebrates have very distinct
meanings when applied to corals. A
‘rare’ coral may have millions of
colonies as compared to a ‘rare’
vertebrate, which may only have
hundreds of individuals. To be
considered for listing under the ESA, a
group of organisms must constitute a
“species,” which is defined in section 3
of the ESA to include “any subspecies
of fish or wildlife or plants, and any
distinct population segment of any
species of vertebrate fish or wildlife
which interbreeds when mature.” In the
case of reef-building corals, the decision
that a species is a listable entity is often
complicated by several aspects of their
biology including individual
delineation, taxonomic uncertainty,
identification uncertainty, and life
history (e.g., colonialism and clonality).

Section 3 of the ESA further defines
an endangered species as “‘any species
which is in danger of extinction
throughout all or a significant portion of
its range” and a threatened species as
one “which is likely to become an
endangered species within the
foreseeable future throughout all or a
significant portion of its range.” Section
4(a)(1) of the ESA requires us to
determine whether any species is
endangered or threatened due to any
one or a combination of the following
five factors: (A) The present or
threatened destruction, modification, or
curtailment of its habitat or range; (B)
overutilization for commercial,
recreational, scientific, or educational
purposes; (C) disease or predation; (D)
the inadequacy of existing regulatory
mechanisms; or (E) other natural or
manmade factors affecting its continued
existence. We are required to make
listing determinations based solely on
the best scientific and commercial data
available after conducting a review of
the status of the species and after taking
into account efforts being made by any
state or foreign nation to protect the
species.

This finding begins with an overview
of coral biology, ecology, and taxonomy
in the Corals and Coral Reefs section
below, including whether each
proposed species meets the definition of
a “species” for purposes of the ESA.
Specifically, are the proposed species
determinable under the ESA given any
discrepancies between their current
morphologically-based taxonomy and
any new genetic information that may
result in taxonomic reclassification.
Other relevant background information
in this section includes the general
characteristics of the habitats and
environments in which the proposed
species are found. The finding then
summarizes information on factors
adversely affecting and posing
extinction risk to corals in general in the
Threats Evaluation section. The Risk
Analyses section then describes the
framework applied to each of the
species that resulted in final listing
statuses for the proposed species. The
Species-specific Information and
Determinations section provides the
best available species-specific
information, which, coupled with the
general portions of this final rule,
provide the basis for the individual
determinations for final listing status.
Finally, we assessed efforts being made
to protect the species and determined if
these efforts are adequate to mitigate
impacts and threats to the extent that a
species does not meet one of the
statutory statuses.

Given the precedential and complex
nature of this rule-making process, we
took extra steps to assemble the best
available information for informing the
final listing determinations. Efforts to
acquire this information first included
the formation of an expert scientific
panel (BRT) that used the best available
scientific information at that time in a
structured decision-making process to
inform and write the SRR. Further, this
process provided numerous
opportunities for public input,
including a public comment period after
the 90-day finding in 2010 (75 FR 6616;
February 10, 2012), a unique public
information-gathering period (77 FR
22749; April 17, 2012) prior to the
release of the proposed rule in 2012,
and a 120-day formal public comment
period after the publication of the
proposed rule. Finally, in a targeted
data-solicitation effort to resolve
substantial scientific disagreement in
the public comments on the proposed
rule, we published a 6-month extension
in September 2013 to gather additional
information to further inform our final
decisions (78 FR 57835; September 20,
2013). Over the course of this multi-year
process, we gathered and reviewed
thousands of scientific papers, journal
articles, reports, and presentations
(bibliography and select documents
available at http://www.nmfs.noaa.gov/
pr/species/invertebrates/corals.htm). In
addition, we held a total of 19 public
hearings in 2012 and 2013 throughout
the Southeast and Pacific Islands
regions, and received and reviewed over
75,000 public comments during the
information-gathering period in 2012
and the proposed rule public comment
period in 2012-2013, combined. These
efforts ensure that this final rule is
based upon the best available
information on the proposed species at
this time, as explained in more detail
below.

Summary of Comments Received

Below we address the comments
received pertaining to the proposed
listings or reclassifications of the 68
coral species in the December 7, 2012,
proposed rule (77 FR 73219). During the
120-day public comment period from
December 7, 2012, to April 6, 2013, we
received 1,120 written and verbal
responses (including public testimony
during the 19 public hearings). This
included 1,119 unique comments on the
proposed listings or reclassifications
and 32,000 action alert responses in
support of the rule organized by the
petitioner CBD, which substantively
constitutes one unique comment, and.
The public comments received covered
a wide breadth of topics, many of which
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were significant and within the scope of
this rule-making. We summarized the
comments, and these summaries and
our responses are organized according
to the sections of the proposed rule on
which those comments were based. We
have considered all public comments,
and we provide responses to all relevant
issues raised by comments. We have not
responded to comments outside the
scope of this rulemaking, such as
comments regarding the potential
economic impacts of ESA listings,
comments suggesting that certain types
of activities be covered in any future
regulations pursuant to ESA section 4(d)
for threatened species, or whether ESA
listings are appropriate for species
threatened by climate change. As
explained in the Background above, this
final rule was extended by 6 months to
resolve substantial scientific
disagreement in the public comments
on six topics related to the proposed
listing.

Comments on Taxonomic Uncertainty
in Reef-Building Corals

Comment 1: Many public comments
on the proposed listing rule stated that
species identification uncertainties and
taxonomic uncertainties associated with
many reef-building corals are
problematic for the ESA listing
determination process. Four comments
specifically stated that the ability to
determine the status of coral species
under the ESA is impeded by the
taxonomic uncertainty of many coral
species. Two comments stated that
genetic and genomic science is just
beginning for corals, and as it develops
it will likely show the current
morphologically-based taxonomy is
incorrect, completely changing current
coral taxonomy. Therefore, management
decisions based on the current
taxonomy should be approached with
caution. One comment stated that
proper species identification, especially
for the Indo-Pacific Acropora genus, is
difficult and exacerbated by the use of
outdated and inadequate information.

Most of these comments are based on
species identification uncertainties and
the conflicting taxonomic results
between recent genetics studies and
traditional morphology-based
taxonomy, and comments identified two
potential problems: (1) Species
identification and taxonomic
uncertainty prevents many reef-building
coral taxa, especially in the Indo-Pacific,
from being determinable species under
the ESA; and (2) even if these taxa are
determinable species under the ESA, the
taxonomic uncertainty confounds the
available information regarding the
status of each species, thus it is not

possible to determine the listing status
of these species with adequate
confidence.

Response: The comments correctly
note that in some instances, lack of
information, or ambiguity and
uncertainty in available information, is
so great that any listing determination
on such a basis would be arbitrary. In
our judgment, that is not the case for the
proposed species, with a few exceptions
noted below. The SRR concluded that
the 68 species in the proposed rule were
determinable, including the species for
which the SRR found that splitting or
lumping petitioned species was
necessary based on genetic studies. For
the proposed rule, we agreed with the
SRR, and considered the 68 species to
be determinable for purposes of
conducting a status review and
determining listing status under the
ESA.

The public comments did not provide
any studies or results, nor did we find
any new studies or results, that
significantly contradict the
consideration of the traditional,
morphologically described species as
determinable species, with the
exception of Pocillopora. We
acknowledged in the proposed rule,
however, that the taxonomic uncertainty
for reef-building corals is not only real
(Brainard et al., 2011), but increasing in
recent years as genetics studies have
advanced (Stat et al., 2012; Veron,
2013). In the case of Pocillopora species,
the taxonomic uncertainty has recently
increased substantially such that the
three proposed species in this genus are
not determinable under the ESA (see
Comment 2). For the remaining 65
species, the best available scientific
information continues to support their
classification as species. The taxonomic
uncertainty associated with each species
is considered along with other types of
uncertainty when determining the status
of each species in the Species-specific
Information and Determinations section.
In this way, the species identification
and taxonomic uncertainty for each
species is acknowledged and
incorporated into each of the 65
determinations in this final rule.

In this final rule, even though
Millepora foveolata and Montipora
lobulata were affirmed to be valid
species, and there are few if any
taxonomic uncertainty issues, the two
species are so difficult to identify in the
field that there is very little reliable
information available for either species
(Fenner, 2014b). Thus, as described in
the Species-specific Information and
Determinations below for M. foveolata
and M. lobulata, the species
identification uncertainty is so high for

these species that there is not sufficient
evidence to support listing
determinations of threatened or
endangered for either species. This is
explained in more detail in each
species’ individual determination.

Comment 2: Related to Comment 1,
one comment identified Pocillopora as a
problematic taxon and provided a recent
scientific paper describing new genetic
evidence of taxonomic contradictions
between genetic and morphologic
results for Pocillopora species (Pinzén
et al., 2013).

Response: Based on information
summarized in the SRR, the proposed
rule split P. elegans into Indo-Pacific
and Eastern Pacific nominal species,
and proposed P. elegans (Indo-Pacific),
P. elegans (Eastern Pacific), and P.
danae for listing (P. danae only occurs
in the Indo-Pacific). However, after
considering new information on
taxonomic uncertainty throughout the
genus Pocillopora that has become
available since the publication of the
proposed rule, including the paper
(Pinzén et al., 2013) submitted by the
commenter, we no longer consider the
three Pocillopora species that were
proposed for listing to be determinable
under the ESA. A range-wide
phylogeographic survey that included
most currently recognized pocilloporid
species found that reliance on colony
morphology is broadly unreliable for
species identification, and that several
genetic groups have highly limited
geographic distributions. The study
concluded that “a taxonomic revision
informed foremost by genetic evidence
is needed for the entire genus” (Pinzén
et al., 2013). Similarly, a
phylogeographic survey of several
currently recognized pocilloporid
species representing a range of atypical
morphologies thought to be rare or
endemic to remote locations throughout
the Indo-Pacific found that: (1) The
current taxonomy of Pocillopora based
on colony morphology shows little
correspondence with genetic groups; (2)
colony morphology is far more variable
than previously thought; and (3) there
are numerous cryptic lineages (i.e., two
or more distinct lineages that are
classified as one due to morphological
similarities). The study concluded that
“the genus Pocillopora is in need of
taxonomic revision using a combination
of genetic, microscopic characters, and
reproductive data to accurately
delineate species” (Marti-Puig et al.,
2013). Likewise, a more limited study of
several currently recognized
pocilloporid species in Moorea found
that genetic groups do not correspond to
colony morphology, and exhibit a wide
range of morphological variation
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(Forsman et al., 2013). These studies
demonstrate that colony morphology in
pocilloporids is a poor indicator of
taxonomic relationships, for the
following reasons: (1) Morphologically
similar colonies may not be the same
species (i.e., colonies of different
species appear similar because of
similar environmental conditions or
other reasons); and (2) morphologically
different colonies may be the same
species (i.e., colonies of the same
species appear different because of
different environmental conditions or
other reasons).

While the current literature supports
the taxonomic division of pocilloporids
geographically into Indo-Pacific and
Eastern Pacific groups, it indicates a
high level of taxonomic uncertainty for
all Pocillopora species that are found in
both areas, such as P. elegans. Within
these two geographic areas, colonies
that resemble P. elegans may be
different species, including possibly
still undescribed species. That is,
colonies may merely resemble P.
elegans because of similar
environmental conditions or other
reasons, but actually may be different
species. And the opposite type of
taxonomic uncertainty also appears to
be common, as colonies that do not
resemble P. elegans may actually be P.
elegans. That is, colonies that are P.
elegans appear different because of
different environmental conditions or
other reasons (Forsman et al., 2013;
Marti-Puig et al., 2013; Pinzoén et al.,
2013). The recently appreciated
taxonomic uncertainty is in addition to
the historical morphological taxonomic
uncertainty within the genus
Pocillopora and for P. elegans
specifically (Veron, 2013; Veron, 2014).
While P. danae does not occur in the
Eastern Pacific, similar taxonomic
uncertainty problems occur for this
species. That is, this species also had
historical morphological taxonomic
uncertainty (Veron, 2013), which has
recently been compounded by genetic
taxonomic uncertainty, leading Veron
(2014) to conclude that the species
likely requires a taxonomic revision. A
new taxonomic revision of Pocillopora
was published, in which P. danae was
found to be a synonym of P. verrucosa,
resulting in the traditional P. danae
being included within P. verrucosa
(Schmidt-Roach et al., 2014). However,
the overall taxonomic uncertainty
within Pocillopora, including for P.
elegans and P. danae, has not been
resolved, and in fact continues to
increase as more studies are conducted.
Thus, at this time, Pocillopora species
are not determinable under the ESA.

Therefore, we are withdrawing our
proposal to list P. elegans (Indo-Pacific)
as threatened, P. elegans (Eastern
Pacific) as endangered, and P. danae as
threatened; these species are not
considered further in this final rule.

Comment 3: Several comments
objected to our agreement with the
SRR’s (Brainard et al., 2011) lumping of
Montipora dilitata, M. flabellata, and M.
turgescens into a single species, as well
as the lumping of M. patula and M.
verrilli into a single species, based on
the results of a single genetics study by
Forsman et al. (2010).

Response: The objections in the
public comments to lumping Montipora
dilitata/M. flabellata/M. turgescens and
M. patula/M. verrilli did not provide
any new or supplemental information,
nor did we find any new or
supplemental information, contradicting
the key study used by the SRR to
consider these species as a group. We
must use the best available science on
which to base our determinations, and
there is no indication that Forsman et al.
(2010) is in error. However, as discussed
in the response to Comment 1, we
acknowledge that coral taxonomy is a
rapidly growing field and that is creates
uncertainty in determining a species
under the ESA. This taxonomic
uncertainty is considered in the
individual Species-specific Information
and Determination for the Montipora.

Comments on Reproductive Life History
of Reef-Building Corals

Comment 4: There were only a few
comments related to the reproductive
life history of corals. One comment
stated that coral reef connectivity data
are sparse, and while the majority of
published studies on coral larval
dispersal report evidence of local
seeding and replenishment of reefs,
other models and studies report
sporadic periods of longer distance
dispersal and recruitment events. The
commenter felt that the proposed rule
did not adequately address coral
population dynamics and connectivity
in determining the status of the
candidate coral species under the ESA.
Another comment stated that there is
almost no information on any of the
species’ trends or recruitment rates, and
the limited information available is
based on qualitative opinion, not
quantitative data. The comment also
pointed out that the proposed rule
agreed that the term ‘recruit’ could be
difficult to apply in the case of corals,
which reproduce both sexually and
asexually, and that the number of
recruits per spawner depends on the age
or size at which an entity is defined as
a recruit. These comments assert that

there is insufficient information on
productivity and connectivity on which
to base listing decisions.

Response: Coral reproduction and
connectivity are addressed generally in
the Reproductive Life History of Reef-
building Corals section. As each
proposed coral species has a different
reproductive life history, we more
comprehensively address each species’
reproduction, connectivity, and
recruitment (when that information was
available) as they relate to each species’
status under the ESA in the Species-
specific Information and Determinations
section. The public comments did not
provide any studies or information on
reproduction or connectivity for any
species except for Acropora cervicornis
(see Species-specific Information and
Determinations section). Any
supplemental information we found is
included in Species-specific
Information and Determinations section.

Comments on Distribution and
Abundance of Reef Building Corals

Comment 5: We received several
comments regarding the distribution
and abundance of reef-building corals,
mainly regarding the lack of species-
specific information for many species’
geographic distributions and population
abundances. There were only a few
comments related to determining the
distribution and abundance of reef
building corals, specifically on
extrapolating individual corals to
overall population abundance and
distribution, on which to base a listing
decision. One comment stated that coral
population size and structure across the
world’s oceans is nearly impossible to
determine with any accuracy because
we use crude substitutes for individual
animals in determining population and
range information within a species. For
example, there is a significant difference
between using colony population and
range estimates versus using polyp
population and range estimates, which
are essentially impossible to estimate.
Another comment stated that it is not
accurate to equate percent coral cover
on reefs to population abundance (i.e.,
numbers of individuals). Any loss of
coral cover often is manifest by loss of
coral tissue over large portions of still
living colonies, without the loss of the
individual. Furthermore, it is unclear
whether the loss of many separate but
genetically-identical colonies (‘clones’)
equates to the loss of a single but
genetically-distinct individual if some
of the clone colonies survive. Another
commenter noted that the distributions
of the Indo-Pacific species are largely
unknown due to their incredibly vast
ranges encompassing numerous
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archipelagos that include thousands of
islands and atolls. The commenter
emphasized this point by noting that
there are between 30,000 and 40,000
islands in Oceania which could
potentially have populations of the
proposed coral species. The comments
described above collectively assert that
listing decisions cannot be made due to
the lack of species-specific information.

Response: We acknowledge that it is
difficult to quantify and qualify
distribution and abundance for
individual coral species. The ambiguity
associated with the delineation of the
individual in reef-building corals is
addressed in the Individual Delineation
sub-section in the Corals and Coral
Reefs section, including how we
characterize the delineation of the
individual for the species covered by
this final rule. In response to public
comments, we more adequately address
each species’ distribution and
abundance as those characteristics relate
to each species’ determination status
under the ESA in the Species-specific
Information and Determinations section.
The public comments provided some
useful information on the distribution
and abundance of specific coral species,
and we also collected supplemental
information on distribution and
abundance that is included in the
Species-specific Information and
Determinations section.

Comments on Coral Reefs, Other Coral
Habitats, and Overview of Candidate
Coral Environments

Comment 6: Some comments asserted
that the proposed rule focused too much
on coral reefs rather than focusing on
coral species. A couple of comments
stated that corals thrive in places that
are not coral reefs, even when nearby
coral reefs are not thriving,
underscoring the notion that reefs are
not species. Another couple of
comments stated that the focus on coral
reefs and reef ecosystems, and the
importance they have to reef-associated
species, is improper for ESA listing
analysis and added that NMFS cannot
simply decide to treat reefs as a species
under the ESA simply because
evaluating reefs is easier.

Response: The proposed rule
acknowledged that reef-building coral
species are not reef-dependent and
provided a description of non-reefal
habitats. Public comments did not
provide information on how to interpret
non-reefal habitat in our analysis, but in
the Coral Habitats sub-section of this
final rule we clarify the relevance of
non-reefal habitats in determining each
species’ status under the ESA (e.g.,

providing variability in environmental
conditions).

Further, in the Coral and Coral Reefs
section (Individual Delineation and
Species Identification sub-sections), we
explain that we define a coral species as
the “physiological colony” (i.e., unit of
the species that can be identified as an
individual in the field) to ensure that we
are evaluating the individual species
and not coral reefs generally for
determining ESA status. Public
comments did not offer any information
on how to define a coral species, but our
explanations in the Individual
Delineation and Species Identification
sub-sections makes clear that we do not
consider coral reefs as species in this
final rule. However, it should be noted
that defining an individual coral as the
physiological colony in this final rule
did not change how we interpreted
abundance data for any species.

Comment 7: A few comments stated
that the proposed rule lacked species-
specific information for mesophotic
habitats (deep, lower-light areas, usually
between 30 and 100 m deep). One
comment stated that the coral
communities of many Indo-Pacific
jurisdictions have received little
attention, with vast areas of reef
remaining unexplored, especially for
corals occurring in the mesophotic zone,
which likely harbors populations of
species that can also be found at
shallower depths. Another comment
stated that recent data from NOAA-
supported studies of mesophotic reefs
found these extensive and poorly
studied ecosystems serve as refugia for
numerous shallow water coral species,
yet no survey data from these ongoing
studies were included in the proposed
rule. We also received two papers
(Bridge and Guinotte, 2013; Kahng et al.,
2014) that suggested the global diversity
of some mesophotic corals may be
underestimated and the biogeographic
ranges of mesophotic corals are not fully
explored.

Response: The proposed rule briefly
described mesophotic habitats and
acknowledged that the amount of
mesophotic habitat available is
unknown and likely greater than the
amount of shallow reef habitat. The
proposed rule also stated there is greater
coral cover on mesophotic reefs in the
Indo-Pacific than in the Caribbean.
However, more information has become
available on this habitat type since
publication of the proposed rule. Two
papers (Bridge and Guinotte, 2013;
Kahng et al., 2014) provided more
information on the global diversity and
biogeographic ranges of mesophotic
corals and we have collected
information on the magnitude and

diversity of mesophotic habitat. The
extent of mesophotic habitat is
addressed in the Coral Habitats sub-
section. Mesophotic habitat’s potential
function as refugia for corals from ocean
warming is addressed in the Spatial and
Temporal Refugia sub-section. Where
mesophotic habitat information is
available for an individual coral species
we have included and considered that
information in the Species-specific
Information and Determinations section.

Comment 8: With regard to coral
habitats being divided into only two
global regions (i.e., Caribbean and Indo-
Pacific), a couple of comments stated
that the Indo-Pacific region was too
coarse. Specifically, the comments
stated that the Hawaiian Islands should
be considered its own region or sub-
region with Hawaiian species evaluated
separately, due to Hawaii’s isolated
nature and significant number of
endemic species.

Response: We recognize that there
may be numerous distinct sub-regions
throughout the Caribbean and Indo-
Pacific basins for some or all species,
and that some coral species are endemic
to Hawaii. However, under the ESA, we
must evaluate the status of the species
throughout their entire ranges.
Invertebrate species, such as corals,
cannot be divided further into Distinct
Populations Segments (DPS) under the
ESA, since DPS specifically refer only to
vertebrate species. Therefore, we cannot
identify sub-regions, such as Hawaii, as
its own distinct geographic range and
evaluate the status of more broadly
distributed species only within that
specific area. In addition, as described
in the Risk Analyses—Statutory
Standard sub-section of this final rule,
we were not able to identify a
significant portion of its range (SPOIR)
for any of the proposed corals and
therefore could not evaluate whether the
status of the species within that portion
of its range impacts the overall status of
the species throughout its range.

Comment 9: We received a few
comments regarding the consideration
and inclusion of Traditional Ecological
Knowledge (TEK), particularly from
local island cultures (Hawaiian,
Chamorro, and Samoan), as best
available information for our listing
determination process. One comment
noted the importance of corals and coral
reefs to island cultures in the Pacific
Islands region, in particular to native
Hawaiians. The comment criticized the
lack of TEK in the SRR and proposed
rule for the candidate corals, stating that
coral biology and ecology is a
fundamental part of TEK, and that their
TEK is part of best available science.
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Response: We agree that TEK provides
an important and unique perspective on
local ecosystems, their status, threats,
and changes over time; when relevant
information was made available to us,
we incorporated it into the proposed
rule. We also acknowledge that this
information is not necessarily accessible
in academic peer reviewed journals or
text books. Therefore, we requested any
additional TEK-related information on
the biology, ecology, threats, and
extinction risks of the 65 coral species
on numerous occasions for inclusion
within this final rule. While we received
public comments and listened to several
public testimonies from community
members in both the Pacific Islands and
Southeast regions that disagreed with
our proposed listing determinations, we
did not receive any TEK-related
information or data on the biology,
ecology, threats, or extinction risks for
any of the 65 coral species within this
final rule.

Comments on Threats Evaluation

Comment 10: We received a large
number of public comments on the
various threats to corals and coral reefs.
In addition to the specific comments on
the nine most important threats, one
comment stated that there should be no
doubt that corals and coral reefs
throughout the world are in serious
trouble and in decline due to the effects
of anthropogenic stressors. Another
commenter asked whether the mere
threats from anthropogenic impacts are
sufficient for ESA listing. Yet another
commenter requested that recreational
boating activities should be recognized
as a specific threat, even though
recreational boating activities may only
present a relatively minor risk to coral
species.

Response: As described in the
proposed rule, there are nine threats
considered to be the most significant to
the current or expected future extinction
risk of reef-building corals. The
comments and responses on these nine
threats (ocean warming, disease, ocean
acidification, trophic effects of fishing,
sedimentation, nutrients, sea-level rise,
predation, and collection and trade) are
addressed individually below. We
acknowledged that recreational boating
activities may present some risk to coral
species and it was included in the
description of the threat “Human-
induced Physical Damage” in the SRR.
However, we determined that threat’s
contribution to the extinction risk of
corals, generally, is negligible to low.

We also recognized that
anthropogenic threats are affecting coral
species worldwide and may be
sufficient for an ESA listing if the

species meets the definition of
threatened or endangered. That is, if the
species is currently in danger of
extinction or may become so in the
foreseeable future due to any one or a
combination of the five factors under
Section 4 of the ESA (in which the
various threats are categorized) then the
species may be listed.

Comments on Global Climate Change—
General Overview

Comment 11: We received many
comments on the general treatment of
global climate change in the proposed
rule and supporting documents. The
Global Climate Change—General
Overview section in the proposed rule
and the global climate change portion of
the SRR describe past, current, and
future GHG emissions and atmospheric
concentrations and the associated past,
current, and future general effects on
coral reef ecosystems, based primarily
on the International Panel on Climate
Change’s (IPCC) Fourth Assessment
Report (AR4), The Physical Basis (IPCC,
2007) and supporting literature.

Some comments stated that we did
not adequately account for the
uncertainty in climate change modeling.
A few comments stated that global
temperature has been stable for the last
ten years or that warming has slowed
down since 2000. One commenter
provided two recent papers (Guemas et
al., 2013; Hansen et al., 2012) that
showed global mean surface
temperatures did not increase as much
as had been predicted from 2000 to
2010.

Some comments stated that GHG
emissions and global temperatures
continue to rise unabated. One comment
referenced two studies (Frieler et al.,
2012; van Hooidonk et al., 2013b) that
projected the frequency of coral reef
bleaching under different levels of
warming and emissions scenarios,
indicating that significant and
immediate GHG reductions are critical
to prevent coral reefs from degradation
and collapse. Another comment also
referenced van Hooidonk et al. (2013b)
and stated that targets for atmospheric
carbon dioxide (CO,) concentrations
must be lower than 450 parts per
million (ppm) to protect coral reef
ecosystems. Yet another comment stated
that scientific modeling indicates that
within 40 to 50 years, reef decline will
pass a tipping point, largely due to the
increasing impacts of climate change,
and may not be reversible over
ecological time scales. Another
comment pointed out that climate
change also could likely increase corals’
exposure to cold water stress, which
studies have shown can cause extensive

mortality of corals (Colella et al., 2012;
Schopmeyer et al., 2012).

Response: We agree with commenters
and acknowledge that there is
uncertainty associated with climate
change projections. Climate change
projections over the foreseeable future
are associated with three major sources
of uncertainty: (1) The projected rate of
increase for GHG concentrations; (2)
strength of the climate’s response to
GHG concentrations; and (3) large
natural variations. The recent warming
slow-down is an example of a large
natural variation that was not
anticipated by previous models.
However, AR4’s projections were built
upon scientifically accepted principles,
which fairly simulated many large scale
aspects of present-day conditions,
providing the best available information
on climate change at the time the
proposed rule was published. The
IPCC’s Fifth Assessment Report (AR5),
Climate Change 2013: The Physical
Science Basis (IPCC, 2013), commonly
referred to as the Working Group I
Report (WGI) became available in
September 2013, and supersedes AR4;
accordingly, this final rule relies on the
information provided in AR5’s WGI.
Despite the advance of climate change
science in recent years, there is still
complexity and uncertainty associated
with projections of global climate
change. However, the current state of
climate change science is capable of
producing informative projections that
provide a rational basis for considering
likely patterns in future climate change-
related threats to reef-building corals.
More detail on the overall complexity
associated with projections of global
climate change, major sources of
uncertainty in climate change
projections, and a summary of AR5’s
WGI, including the pathway that we
consider the most impactful to corals,
are addressed in Threats Evaluation—
Global Climate Change Overview sub-
section.

We also acknowledge the observed
recent hiatus/slow-down in the rate of
global surface air temperature increase,
and we have accordingly provided a
description of the hiatus/slowdown and
its implications in the Threats
Evaluation—Ocean Warming sub-
section. In summary, despite
unprecedented levels of GHG emissions
in recent years, a slow-down in global
mean surface air temperature warming
has occurred since 1998, which AR5’s
WGI refers to as a ““hiatus.” Despite this
slowdown in warming, the period since
1998 is the warmest recorded and ‘“Each
of the last three decades has been
successively warmer at the Earth’s
surface than any preceding decade since
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1850.” The slow-down in global mean
surface warming since 1998 is not fully
explained by AR4 or AR5 WGI’s models,
but is consistent with the substantial
decadal and interannual variability seen
in the instrumental record and may
result, in part, from the selection of
beginning and end dates for such
analyses.

Public comments provided
supplemental information on several
aspects of global climate change, as
described above. We also collected
information to inform how we assess the
effects of global climate change to
corals, including the IPCC Working
Group II report on impacts, adaptation,
and vulnerability. We maintain that
global climate change is central to
assessing extinction risk for the corals in
this final rule. As described in more
detail in the Threats Evaluation—Global
Climate Change Overview sub-section
below, the supplemental information
underscores the complexity and
uncertainty associated with projecting
the extent and severity of effects of
global climate change across the ranges
of reef-building corals.

Comments on Ocean Warming (High
Importance Threat, ESA Factor E)

Comment 12: We received several
comments on general future projections
of ocean warming levels. One
commenter stated that climate change
models applied in our assessment are
too coarse to accurately predict the
conditions reefs will experience in the
future and that real conditions are
impacted by bathymetry, water mixing,
wind patterns, fresh water inputs, and
other bio-geographic factors. The
commenter concluded that existing
projections for sea surface temperature
are not sufficient to conclude the
species face an existential threat. Other
comments also criticized the use of
AR4’s worst-case scenario as the basis
for determining the most likely future
scenario with regard to ocean warming,
and related topics such as the proposed
rule’s lack of consideration for the post-
1998 hiatus in global warming.

Response: In the proposed rule, we
discussed the numerous, complex
spatial and temporal factors that
compound uncertainty associated with
projecting effects of ocean warming on
corals in the future, and we have
determined that ocean warming will not
affect all species in all locations
uniformly over the foreseeable future.
We believe that different bio-geographic
factors such as bathymetry, water
mixing, wind patterns, and fresh water
will likely impact conditions corals will
experience over the foreseeable future.
We also recognized that global climate

change models are associated with
uncertainty, as discussed in response to
comment 11 above. However, in
response to comments on ocean
warming projections, such as criticism
of the reliance of the proposed rule and
supporting documents on AR4 (IPCGC,
2007) and the lack of consideration of
the ocean warming hiatus, we provide a
review of the best available information
on these topics, including AR5’s WGI
Report (IPCC, 2013), in the Threats
Evaluation—Global Climate Change
Overview, Representative Concentration
Pathways (RCP) 8.5 Projections, and
Ocean Warming sub-sections below.
These data support the conclusion in
the proposed rule that ocean warming is
increasing in severity, and is likely to
continue increasing in severity within
the ranges of reef-building corals.
However, a key difference between the
proposed and final rule is that we now
more fully consider the ability of each
species’ spatial and demographic traits
to moderate exposure to threats,
including warming, and place
appropriate emphasis on the non-
uniform nature of global threats at the
regional and local levels that allows
habitat heterogeneity to play a role in
buffering a species against vulnerability
to extinction. The significance of coral
abundance and distribution, and habitat
heterogeneity, to this final rule is
described in more detail in the Corals
and Coral Reefs, Risk Analyses and
Species-specific Information and
Determinations sections of this rule.
After reviewing the public comments
and information provided in AR5’s WGI
our conclusion regarding the threat of
ocean warming remains unchanged
from the proposed rule. We maintain
that ocean warming is a high
importance threat in assessing global
extinction risk for the corals in this final
rule, while we also acknowledge that
the interpretation of future climate
change threats to corals is associated
with complexity and uncertainty, and
that effects on individual species of reef-
building corals are difficult to determine
as described in more detail in the
Threats Evaluation—Global Climate
Change Overview subsection below.
Comment 13: Many comments
criticized the proposed rule for not
accounting for spatial variability in
ocean warming and overlooking
regional and local variability in
conditions leading to warming-induced
bleaching, which may be more or less
severe regionally or locally than the
overall warming. For example, we
received two comments requesting us to
review the literature for information
regarding current and projected regional
differences in sea surface temperature

anomalies and for variations in the
responses of individual coral species
across their ranges. Comments noted
that coral species and their symbionts
are not uniformly susceptible and/or
resilient to climate change across their
ranges. That variability results in
heterogeneous responses of coral
species to ocean warming both in
different parts of the ranges and also at
different rates in the future. Another
comment provided information from
van Hooidonk (2013b) regarding spatial
and temporal variability of ocean
warming within different regions. The
commenter identified reef locations that
appear to be less vulnerable to
bleaching, including the southern Great
Barrier Reef (GBR), the western Indian
Ocean, Persian Gulf, Red Sea, Thailand,
New Caledonia and French Polynesia,
as well as other locations that appear to
be more vulnerable to bleaching,
including the western Pacific warm
pool, northwestern Australia, west
Papua New Guinea and the central
Pacific islands of Tokelau. Another
commenter stated that the corals at
Flower Garden Banks National Marine
Sanctuary seem to be less affected by
elevated sea surface temperatures that
are impacting corals in other parts of the
wider Caribbean.

Response: We discussed spatial (i.e.,
regional and/or local) variability of
ocean warming impacts to corals in the
proposed rule and we agree that ocean
warming will not affect all species in all
locations uniformly over the foreseeable
future, and that different regions are
predicted to experience the effects of
ocean warming on different time scales
and at different magnitudes than others.
We provide a review of all the best
available information on spatial
variability in ocean warming, including
any information provided via public
comment or gathered ourselves since
the proposed rule was published, in the
Threats Evaluation—Global Climate
Change Overview, RCP8.5 Projections,
and Ocean Warming sub-sections below.
These data support the conclusion in
the proposed rule that ocean warming is
increasing in severity, and likely to
continue increasing in severity within
the ranges of reef-building corals. This
review also underscores the complexity
and uncertainty associated with spatial
variability in ocean warming across the
ranges of reef-building corals. A key
difference between the proposed and
final rule is that we now more fully
consider the ability of each species’
spatial and demographic traits to
moderate exposure to threats, including
warming, and place appropriate
emphasis on the non-uniform nature of
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global threats at the regional and local
levels which allows habitat
heterogeneity to play a role in buffering
a species against vulnerability to
extinction. The significance of coral
abundance and distribution and habitat
heterogeneity to this final rule is
described in more detail in the Corals
and Coral Reefs, Risk Analyses and
Species-specific Information and
Determinations sections of this rule.
Comment 14: Comments on the
overview of ocean warming and coral
reefs focused on projected effects of
ocean warming on coral reef
ecosystems, rather than on reef-building
coral species. These comments comprise
two distinct views. Some comments
emphasized that coral reefs are likely to
decline sharply in the future because of
increasing GHG emissions, while other
comments emphasized that recent
reviews indicate a wide range of
possible responses by coral species. For
example, one commenter cited Frieler et
al. (2012) and stated that the estimated
frequency of coral bleaching at different
levels of global warming showed that
limiting warming to 1.5 °C above pre-
industrial levels is unlikely to protect
most of the world’s reefs from
degradation. The commenter further
explained that even under the lowest of
the IPCC AR5 emissions scenarios
(RCP3-PD) and optimistic assumptions
regarding thermal adaptation,
approximately one-third (range from 9
to 60 percent) of the world’s coral reefs
will experience long-term degradation.
Another commenter cited Donner (2009)
and similarly stated that the projected
increase in sea surface temperatures due
to the physical commitment from the
present accumulation of GHGs due to
anthropogenic activity, as well as the
amount of GHGs likely to be emitted, is
sufficient to cause frequent and higher
magnitude heat stress for the majority of
the world’s coral reefs by 2050. Another
commenter provided information from
Kiessling et al. (2004) and Carpenter et
al. (2008) and asserted that if bleaching
events become very frequent, many
species may be unable to maintain
breeding populations as repeated
bleaching causes potentially irreversible
declines, perhaps mimicking conditions
that led to previous coral extinctions. In
contrast, some commenters disagreed
with our conclusion of the projected
effects of ocean warming on corals and
coral reef ecosystems in the proposed
rule. As described above in Comment
13, many commenters pointed out
several studies showing regional and
local variability in responses of corals
and coral reefs to ocean warming.
Response: We summarized the best
available information on the interaction

between ocean warming and corals reefs
in the proposed rule, and concluded
that ocean warming is a severe and
increasing threat to corals. The public
comments and supporting papers we
received on the overview of ocean
warming and coral reefs generally
support the conclusion in the proposed
rule that ocean warming is an important
and increasing threat to coral reefs.
However, the other comments
underscore the uncertainty associated
with projecting the effects of ocean
warming on coral reefs in the future,
and as described in our response to
Comment 13, we also acknowledge that
there is and will continue to be regional
and local variability in responses of
corals to ocean warming over the
foreseeable future. We acknowledge that
ocean warming will not act uniformly
on all species at all times over the
foreseeable future. Further, we
recognize that the responses of each
species to ocean warming will vary
across their ranges over the foreseeable
future. Additionally, as described in
previous comment responses, a key
difference between the proposed and
final rule is that we now more fully
consider the threat-buffering capacity of
each species’ unique characteristics, and
place appropriate emphasis on the non-
uniform nature of global threats at the
regional and local levels which allows
habitat heterogeneity to play a role in
buffering a species against vulnerability
to extinction.

Comment 15: We received comments
on specific effects of ocean warming on
reef-building corals that covered various
topics, including the interactions of
warming-induced bleaching with other
threats. For example, one commenter
noted that anthropogenic climate
change (e.g., ocean warming) weakens
coral colonies and renders them more
susceptible to disease, which is also
covered in the Threats Evaluation—
Disease sub-section below. Other
commenters also emphasized the
potential for ocean warming to act
synergistically with other threats such
as nutrification as well as overfishing.
Another commenter provided
information from Ferrier-Pages et al.
(2010) suggesting remarkable tolerance
to global change, such as the potential
to reduce bleaching vulnerability
through increased feeding rates.

Response: In the proposed rule, we
discussed how multiple threats stress
corals simultaneously or sequentially,
whether the effects are cumulative (the
sum of individual stresses) or
interactive (e.g., synergistic or
antagonistic). The comments and
supporting papers we received on these
topics provide supplemental

information (such as synergistic effects
of ocean warming with other threats),
which has been incorporated and
considered in our assessment, as
described in more detail in the Threats
Evaluation—Ocean Warming sub-
section. The comments and supporting
papers support the conclusion in the
proposed rule that the impacts of ocean
warming on reef-building corals are
increasing in severity and likely to
continue increasing in severity. This
information also underscores the great
complexity and high uncertainty
associated with the various specific
effects of ocean warming, including
synergistic effects with other threats,
across the ranges of reef-building corals.
We continue to acknowledge that
susceptibility of a species to a threat
depends on the combination of: (1)
Direct effects of the threat on the
species; and (2) the cumulative and
interactive (synergistic or antagonistic)
effects of the threat with the effects of
other threats on the species. In the
proposed rule, we considered how the
cumulative or interactive effects altered
the rating assigned to a threat
susceptibility in isolation. However,
upon further consideration, we need to
evaluate the extent to which one threat
influences the susceptibility of an
individual species to another threat
with more species-specific information,
in connection with all the other
elements that influence a species’
extinction risk. Generally, cumulative
and interactive processes are complex
and uncertain and existing information
about threats interactions is only based
on a few studies on a few species.
Where possible, when we have species-
specific or applicable genus-level
information on cumulative or
interactive effects, we have applied this
information to that particular species’
susceptibilities in a more integrated
manner.

Comment 16: We received several
comments on the capacity of reef-
building corals for acclimatization and
adaptation to ocean warming, covering
various specific characteristics of reef-
building corals that may contribute to
such capacity. Mostly, commenters
asserted that we did not adequately
consider the ability of corals to
acclimatize or adapt to changing
temperatures. Several comments cited
empirical evidence that corals have
already adapted to ocean warming,
thereby demonstrating the potential for
acclimatization or adaptation. For
example, one comment letter provided
information from Pandolfi et al. (2011)
and Cahill et al. (2013) stating that more
recent analyses incorporating thermal
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tolerance of species indicate a wide
range of outcomes including
maintenance of comparable levels of
cover to 2100 and beyond. Another
commenter provided data from Maynard
et al. (2008) and Guest et al. (2012)
showing that many types of coral show
surprisingly large (~0.5—1 °C) increases
in thermal tolerance after a single mass
bleaching event, due to either
adaptation or acclimatization. In
another comment letter, information
provided from Jones and Berkelmans
(2010) and Baker et al. (2004) show that
the acclimatization potential of corals to
increased temperatures is an active area
of research, with a focus on identifying
heat-resistant phenotypes. Another
commenter pointed to the coral species
that occur in the Arabian Gulf as an
example of species adapting to warmer
temperatures.

Response: In the proposed rule we
acknowledged that there is some
evidence to suggest that reef-building
corals may have various mechanisms for
acclimatization and adaptation to ocean
warming. These topics were described
in the Ocean Warming sub-section of
the proposed rule, and we concluded
that existing scientific information was
inconclusive on how these processes
may affect individual corals’ extinction
risk, given the projected intensity and
rate of ocean warming. The public
comments and supporting papers have
been incorporated and considered in
our assessment, as described in more
detail in the Threats Evaluation—Ocean
Warming sub-section and the Species-
specific Information and Determinations
section. However, the supplemental
information does not alter the
conclusion in the proposed rule that the
capacity for acclimatization and
adaptation of reef-building corals to
ocean warming is inconclusive for
corals generally at this time.

Comments on Disease (High Importance
Threat, ESA Factor C)

Comment 17: One comment regarding
the decline of Caribbean coral
populations cited land-use changes as
well as disease outbreaks (among other
local threats) as the causes of Caribbean
coral decline rather than climate
change. Some comments also provided
such information pertaining to specific
species. For example, one comment
stated that the genetic diversity of
Acropora cervicornis in Florida may be
sufficient to maintain viability and
resilience to environmental
perturbations and disease.

Response: The proposed rule
described how disease had a major role
in the initial decline of Caribbean coral
populations as described in the Coral

Reefs, Other Coral Habitats, and
Overview of Candidate Coral
Environments sections of the proposed
rule. Further, in the Threats
Evaluation—Disease section of this rule,
we acknowledge diseases are of high
importance with regard to extinction
risk of corals. However, in assessing
extinction risk over the foreseeable
future, climate change-related threats
are highly important to all reef-building
corals. Any species-specific information
provided on disease is included in the
Species-specific Information and
Determinations section later in this rule.

Comment 18: One commenter noted
the explicit link between coral
bleaching, disease, and the larger
driving environmental factor of climate
change by citing several studies that
show anthropogenic climate change
weakens coral colonies and renders
them more susceptible to disease
(Harvell et al., 1999; Harvell et al., 2002;
Knowlton, 2001). Another commenter
provided information from Muller and
van Woesik (2012), stating that
exceeding environmental disease
thresholds will most likely become
increasingly common in rapidly
warming oceans, leading to more
frequent coral-disease outbreaks. The
study suggested that that the expression
of some coral diseases occurs when (1)
environmental thresholds are exceeded
and (2) these environmental conditions
either weaken the corals, which are then
more susceptible to infection, or
increase the virulence or abundance of
pathogens. In other words, corals that
experience bleaching are more likely to
suffer from disease outbreaks and
subsequent mortality.

Response: In the proposed rule, we
described the importance of disease as
a threat to corals and the potential for
disease to act synergistically with other
threats such as ocean warming. We also
understand that assessing the threat of
disease is highly complex, as the cause
or causes of many coral diseases
remains either unknown or poorly
understood. Overall, the public
comments we received underscored and
supported the analysis in the SRR and
the proposed rule. In addition to public
comments, we collected a significant
amount of information on disease that
became available since the proposed
rule published. Thus, we maintain that
disease is a high importance threat to
the extinction risks of the 65 corals in
this final rule. All of the supplemental
information received or otherwise
collected has been detailed and
summarized in the Threats Evaluation—
Disease sub-section of this final rule.
The extent to which the extinction risk
of a particular coral species is impacted

by disease is discussed in more detail in
the Species-specific Information and
Determinations section below.

Comments on Ocean Acidification
(Medium-High Importance Threat, ESA
Factor E)

Comment 19: We received public
comments on the description of and
future projections of ocean acidification,
which provided information on the
complexity of ocean chemistry on
corals, and criticism of the use of the
AR4’s worst-case scenario as the basis
for determining the most likely future
scenario with regard to ocean
acidification. For example, one
commenter asserted that global
projections of ocean acidification are too
coarse and do not take into
consideration competing and extremely
localized factors that affect local CO»
concentrations (e.g., local atmospheric
processes, local biological processes,
local temperature, and upwelling from
deeper waters). The commenter
emphasized that despite acknowledging
the multitude of local, regional, and
seasonal factors that may cause local
CO, concentrations to increase and pH
to decrease, we opted instead to base
our reef-scale threat analysis on
generalized acidification predictions
from global models. Other commenters
also criticized our reliance on the IPCC’s
AR4 report as the basis for our threat
evaluation of ocean acidification to
corals.

Response: In the proposed rule we
acknowledged that numerous, complex
spatial and temporal factors compound
uncertainty associated with projecting
effects of ocean acidification on corals
in the future. We also acknowledged
that global climate change models are
associated with uncertainty. We further
acknowledge that the interpretation of
future climate change threats to corals is
complex and that effects on individual
species of reef-building corals are
difficult to determine, as described in
more detail in the Threats Evaluation—
Global Climate Change Overview
subsection. However, we agree with
commenters that ocean acidification
will not affect all species in all locations
uniformly over the foreseeable future,
and that different locations will
experience the effects of ocean
acidification at different time scales and
at different magnitudes than others. We
provide a review of all the best available
information, including a review of
AR5’s WGI (IPCC, 2013) in the Threats
Evaluation—Global Climate Change
Overview, RCP8.5 Projections, and
Ocean Acidification sub-sections. Upon
review of the information provided in
AR5’s WGI and public comments, our
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conclusion regarding the threat of ocean
acidification remains unchanged from
the proposed rule. We maintain that
ocean acidification is increasing in
severity, and is likely to continue
increasing in severity, within the ranges
of reef-building corals, and is a medium-
high importance threat in assessing
extinction risk for the 65 corals in this
final rule. However, as described in
earlier comment responses, a key
difference between the proposed and
final rule is that we now more fully
consider the ability of each species’
spatial and demographic traits to
moderate the impacts of threats, and we
place appropriate emphasis on the non-
uniform nature of global threats at the
regional and local levels which allows
habitat heterogeneity to play a role in
buffering a species against vulnerability
to extinction.

Comment 20: We received a comment
regarding variability in ocean
acidification on coral reefs related to
fluctuations in pH from localized factors
such as seagrass beds. The commenter
provided information from Manzello et
al. (2012) indicating that local and
regional biochemical processes buffer
effects of ocean acidification in
locations such as the Gulf of Mexico and
South Atlantic. Manzello et al. (2012)
reported that the photosynthetic uptake
and sequestering of carbon dioxide by
seagrasses and other macroalgae and the
positive growth response by seagrasses
to increasing dissolved carbon dioxide
(Palacios and Zimmerman, 2007) may
create ocean acidification refugia for
corals. Comments on specific effects of
ocean acidification on coral reefs and
reef-building corals focused on capacity
for acclimatization of corals to
acidification, and evidence that some
coral species are resistant to low pH.

Response: In the proposed rule, we
discussed that numerous, complex
spatial and temporal factors compound
uncertainty associated with projecting
effects of ocean acidification on corals
and coral reefs in the future, and we
agree with the comment that ocean
acidification will not affect all species
in all locations uniformly over the
foreseeable future, and that different
locations will experience the effects of
ocean acidification at different time
scales and at different magnitudes than
others. In response to comments on
spatial variability of ocean acidification,
such as lack of consideration of
localized increase in pH from adjacent
seagrass beds, we provide a review of
the best available information on spatial
variability in ocean acidification,
including any information provided by
public comments as well as any
information we gathered ourselves since

the proposed rule was published, in the
Threats Evaluation—RCP8.5 Projections
and Ocean Acidification sub-sections.
These data in our view still support the
conclusion in the proposed rule that
ocean acidification is increasing in
severity, and likely to continue
increasing in severity within the ranges
of reef-building corals; however, as
described in earlier comment responses,
a key difference between the proposed
and final rule is that we now more fully
consider the threat moderation capacity
of each species’ spatial and
demographic traits, and of habitat
heterogeneity.

Comment 21: We received one
comment that identified a couple of
ocean acidification and coral reef
calcification rate studies that were not
included in the SRR and proposed rule.
The commenter provided two studies:
One showing that coral calcification
increases with global warming (McNeil
et al., 2004), and another study showing
that corals are already thriving in
conditions similar to the ocean
acidification conditions predicted by
the IPCC for 2100 (Hofmann et al.,
2011).

Response: In the proposed rule and
supporting documents we
acknowledged that some exceptional
areas exist where reef-building coral
communities appear to be thriving
under naturally high CO,
concentrations. As described in the
comment response above to Comment
19, we agree that ocean acidification
will not act uniformly on all species in
all locations over the foreseeable future.
We provide a review of all the best
information available on the threat of
ocean acidification, including these
studies, which we received in public
comments, and any information we
gathered ourselves in the Threats
Evaluation—Ocean Acidification sub-
section (e.g., Shamberger ef al., in
press). This supplemental information
supports the proposed rule’s conclusion
that the threat of ocean acidification has
already impacted corals and coral reefs
and will become increasingly severe
from now to 2100, with increasingly
severe consequences for corals and coral
reefs. However, as described in previous
comment responses, a key difference
between the proposed and final rule is
that we now more fully consider the
capacity of each species’ spatial and
demographic traits, and habitat
heterogeneity, to buffer a species against
vulnerability to extinction.

Comment 22: We received a detailed
comment letter with supporting papers
regarding specific effects of ocean
acidification on reef-building corals,
such as effects on reef accretion, effects

on larvae and juvenile corals, and
interactive or synergistic effects with
other environmental variables. For
example, the commenter pointed out
several studies that underscore the
potential impact of ocean acidification
on reef calcification rates, noting that
even under the most optimistic
modeling scenario, 98 percent of reefs
would be chemically stressed by 2050.
The commenter also emphasized that
corals may have a limited ability to
adapt to ocean acidification based on an
in-situ study of two corals in Florida
Bay (Okazaki et al., 2013).

Response: The comment letter and
supporting papers support the
conclusion in the proposed rule that
ocean acidification is increasing in
severity, and likely to continue
increasing in severity, within the ranges
of reef-building corals, resulting in
various detrimental impacts. This
information also underscores the
complexity and uncertainty associated
with the various specific effects of ocean
acidification, including interactive or
synergistic effects with other threats,
across the ranges of reef-building corals
as well as predicting adaptive capacity.
The information provided by the
commenter and the supporting papers
regarding the specific effects of ocean
acidification on corals and coral reefs
have been incorporated and described
in more detail in the Threats
Evaluation—Ocean Acidification sub-
section.

Comments on Trophic Effects of Fishing
(Medium Importance Threat, ESA
Factor A)

Comment 23: One comment provided
supplemental information that was not
included in the proposed rule regarding
the role of herbivorous fish in terms of
building and maintaining reef
resilience. The commenter stated that
“overfishing also degrades coral reefs,
particularly by depleting key functional
groups, such as herbivores, that reduce
turf algae on reefs and maintain optimal
conditions for coral growth and
recruitment” and provided Keller et al.
(2009) as a reference. Another
commenter also described the
importance of herbivorous functional
groups, and stated that limiting or
attempting to reduce harvest of
predatory fish may cause ecological
harm by unbalancing a healthy trophic
chain.

Response: The proposed rule
described the importance of trophic
interactions which include reducing
herbivorous fish species that control
algal growth, limiting the size structure
of fish populations, reducing species
richness of herbivorous fish, and
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releasing corallivores from predator
control. The supplemental information
provided by public comments supports
our conclusion in the proposed rule that
healthy levels of herbivorous functional
groups are essential to coral reef
ecosystem resilience in light of climate
change-related threats. Detailed
information regarding the trophic effects
of fishing can be found in the Threats
Evaluation—Trophic Effects of Fishing
sub-section as well as the Inadequacy of
Existing Regulatory Mechanisms—Reef
Resilience sub-section.

Comment 24: One commenter stated
that fish landings have been stable for
30 years in St. Thomas, U.S. Virgin
Islands, with many species increasing in
size, indicating that overfishing is not
occurring in this location or
contributing to the status of the
Caribbean species in that area. The
commenter also pointed out numerous
sources of sediments and nutrients, and
coastal development projects in the U.S.
Virgin Islands as the main contributors
to coral reef decline rather than
overfishing. Other commenters also
disagreed that overfishing was
contributing to coral reef decline in
Hawaii and highlighted significant
increases in tourism and in-water
recreational activities as local drivers of
reef decline in that area.

Response: Although not explicitly
stated in the proposed rule, we agree
that levels of fishing effort vary
throughout the ranges of the 65 corals
under consideration. We did
acknowledge that exposure to this threat
varies throughout the ranges of the
proposed species and between the
Caribbean and Indo-Pacific. In the
proposed rule, we also recognized that
management and regulation of
commercial and recreational fisheries
are inconsistent throughout the coral
reef world. When evaluating the current
and potential threat impacts from
trophic effects of fishing, we are
required to assess this threat throughout
the entire ranges of the 65 coral species
in this final listing. We understand that
levels and impacts of overfishing differ
depending on the particular location
under evaluation; however, we maintain
that the trophic effects of fishing
represent a medium importance threat
to the extinction risk of all 65 coral
species in this final rule.

Comment 25: One commenter stated
that we failed to consider human
demography in terms of our analysis of
fishing impacts to corals. The
commenter noted that large swaths of
area throughout Oceania are being
depopulated in favor of more
metropolitan countries, which reduces

the level of human impacts to corals,
including fishing pressure.

Response: The issues of human
demography and population trends
were covered explicitly in the SRR and
considered in the proposed rule. While
there may be some areas being
depopulated, increased human
population and consumption of natural
resources are root causes for increases in
fishing (particularly of herbivores) at
many locations around the globe
(Brainard et al., 2011). Data from the
World Bank show human population
abundance and density have increased
in all five coral reef regions since 1960
(i.e., Indian Ocean, Caribbean, Southeast
Asia, Pacific, and Middle East), with the
greatest human population densities
and increases in population density in
the Southeast Asia and Indian Ocean
regions. In these regions, current human
population densities are 4-5 times
greater than the global average and
probably suggest the greatest local
human-induced effects to corals and
coral reefs. In the areas in closest
proximity to coral reefs, the Southeast
Asian, Indian Ocean and Middle East
regions have the highest densities of
people per reef area (Burke et al., 2011).
However, these data are regional
averages. We do not dispute that human
demography within any of these regions
may be shifting to higher density in
metropolitan areas, resulting in a
decrease of human disturbance in some
portions of these regions. The regional
trend data suggest increasing risks to
corals and coral reefs overall (Brainard
et al., 2011). However, because we must
consider the extent to which a particular
threat impacts each species throughout
its entire range, we still maintain that
overfishing is a medium importance
threat to all 65 coral species in this final
rule.

Comments on Sedimentation (Low-
Medium Importance Threat, ESA
Factors A and E)

Comment 26: We received some
public comments on sedimentation as a
threat to the 65 coral species in this
final rule. Comments generally
underscored the importance of
sedimentation as a considerable local
threat to corals and pointed out the
potential of sedimentation to interact
and potentially exacerbate other threats,
as well as to reduce coral resilience. For
example, we received a detailed
comment asserting that prospects for
recovery of certain reef sites in the
Caribbean from acute episodes of
hurricane damage or die-offs from
bleaching and disease (brought on by
ocean warming) are extremely poor
without sustained recruitment, which

may be prevented by sediment
preempting larval attachment. Further,
the commenter identified sedimentation
(among other local threats) as a local
threat with the capability of
exacerbating bleaching and disease
impacts, thereby reducing the resilience
of corals. One commenter pointed out
that mass mortality of Acropora palmata
at Vega Baja, Puerto Rico, was caused in
part by sedimentation. Another
commenter stated that near shore
marine-origin sediments have almost
completely been replaced by terrestrial
sediments due to a lack of land use
controls, resulting in near total mortality
of nearshore Acropora stands in the U.S.
Virgin Islands. Other commenters
identified the negative impacts of
sedimentation to reefs on the Hawaiian
Island of Molokai, emphasizing the
issue of run-off from large rain events in
certain areas. In general, these
comments emphasize the importance of
sedimentation as a threat to the 65 coral
species in this final rule, with some
asserting that this threat is as important,
if not more important, than the higher
rated threat of reef fishing.

Response: We acknowledge all of the
public comments and information we
received on the threat of sedimentation
to the 65 coral species in this final rule.
As summarized in the proposed rule, we
also recognize the possibility for
sedimentation to interact with other
global and local threats and potentially
reduce the resiliency of coral reef
ecosystems and/or impede recovery. In
addition to public comments, we also
collected supplemental scientific
information regarding the impacts of
sedimentation to corals that became
available after the proposed rule was
published. The findings from these
studies and more detailed information
regarding the evaluation of
sedimentation as a threat to coral reefs
can be found in the Threats
Evaluation—Sedimentation sub-section.
We also acknowledge the concern that
some comments expressed regarding the
importance of this threat in comparison
to other local threats. However, for
corals in general, we maintain that
sedimentation is a low-medium threat to
the extinction risk of the 65 corals in
this final rule. Any species-specific
information we received on
sedimentation is included in the
Species-specific Information and
Determinations section.

Comments on Nutrients (Low-Medium
Importance Threat, ESA Factors A and
E)

Comment 27: We received limited
public comments on nutrient
enrichment of nearshore waters (i.e.,
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eutrophication) and its impacts to coral
reef ecosystems. Comments generally
underscored the importance of nutrient
enrichment as a considerable local
threat to corals, and emphasized the
potential of nutrient enrichment to
interact and potentially exacerbate other
threats, as well as reduce coral reef
resiliency. For example, we received a
detailed comment letter that provided
studies regarding the impacts of nutrient
enrichment to coral species. These
studies, which became available after
the proposed rule was published,
provide evidence that nutrient
enrichment can worsen thermal stress
on inshore reef communities, and that
management actions to reduce coastal
nutrient enrichment can improve the
resistance and resilience of vulnerable
coastal coral reefs to ocean warming.
Another comment detailed some of the
impacts of nutrients in the U.S. Virgin
Islands. For example, industrial effluent
in St. Croix allegedly impacted fisheries
in the area to the point where fishermen
struggle to sell their catch due to
perceived contamination. Further, a
sewage pumping station in another area
impacted nursery grounds for spiny
lobsters. We received other comments
regarding the negative impacts of
nutrient enrichment in various locations
in Florida and Hawaii from sewage
outfalls and other land-based sources of
pollution. In general, comments
emphasized the importance of nutrients
as a threat to the 65 coral species in this
final rule, some asserting that this threat
is as important, if not more, than the
higher rated threat of reef fishing.

Response: In the proposed rule we
described the threat nutrient enrichment
poses to corals. The public comments
and supporting papers regarding the
impacts of nutrients to coral reef
ecosystems have been considered and
incorporated into our assessment, as
described in more detail in the Threats
Evaluation—Nutrients sub-section. We
also acknowledge the concern that some
comments expressed regarding the
importance of this threat in comparison
to other local threats. However, for
corals in general, we maintain that
nutrient enrichment is a low-medium
threat to the extinction risk of the 65
corals in this final rule. Any species-
specific information we received on
nutrient enrichment is included in the
Species-specific Information and
Determinations section.

Comments on Sea-Level Rise (Low-
Medium Threat, ESA Factor A)

Comment 28: We received one public
comment that cited the Consensus
Statement on Climate Change and Coral
Reefs (drafted by a working group of

eminent scientists and endorsed by
hundreds of scientists to address the
topic of climate change impacts on coral
reefs; ICRS, 2012) as a source of
estimates of sea-level rise by the end of
this century. However, the comment did
not expound upon the potential
ramifications of these estimates. We did
not receive any other public comments
or gather new or supplemental
information on the threat of sea-level
rise to the 65 corals in this final rule.

Response: Although we received only
one public comment on this topic, we
collected supplemental information
regarding the threat of sea-level rise to
corals as a result of the IPCC’s AR5.
These findings are summarized in the
Threats Evaluation—Sea-Level Rise sub-
section.

Comments on Predation (Low Threat,
ESA Factor C)

Comment 29: We received very few
comments regarding the threat of
predation to the 65 corals in this final
rule. The majority of comments we
received regarding predation were
specific to individual species in Guam.
For example, we received a detailed
comment letter that included suggested
changes to individual species
vulnerability ratings to predation, as a
result of local crown-of-thorns seastar
(Acanthaster planci) predation levels.
One commenter cautioned us in terms
of inferring predation vulnerabilities for
certain species from genus-level
information. Other comments identified
predation as a threat to corals, but
provided no further information or
scientific references.

Response: We acknowledge all of the
public comments and information we
received on the threat of predation to
the 65 coral species in this final rule.
The extent to which the extinction risk
of a coral species is impacted by
predation is discussed in more detail in
the Species-specific Information and
Determinations section, including any
information we received from specific
locations. We also agree that inferring
susceptibility to threats from genus-
level information is not always
appropriate. However, that particular
comment referenced a species we
deemed Not Warranted for listing under
the ESA, and are no longer considering.
In addition to public comments, we
collected information regarding the
variable effects predation has on certain
coral species. These studies are detailed
and summarized in the Threats
Evaluation—Predation sub-section.
Overall, we maintain that predation is a
low level threat to the extinction risk of
corals in general.

Comments on Collection and Trade
(Low Threat, ESA Factor B)

Comment 30: We received hundreds
of comments that strongly criticized our
characterization of the trade industry as
a whole, stating that our analysis failed
to use current science and/or
commercial information about the coral
trade. Commenters also asserted that we
did not adequately consider aquaculture
and mariculture industries as a potential
alternative to alleviate pressures from
wild collection practices. For example,
we received a detailed comment
regarding the mariculture industry in
Indonesia, stating that in the last five
years, the coral trade communities of
Indonesia have developed coral
mariculture with long-term objectives of
reducing the wild harvest of coral
species for the live coral trade. Another
comment letter provided information
from recent papers by Rhyne et al.
(2012) and Wood et al. (2012) that report
declining trade in wild-harvested
Pacific corals and remarkable growth in
the production and trade in cultured
corals from Pacific countries. Overall,
many comments asserted that a shift
from wild collected corals to cultured
corals is occurring as a result of
increasing aquaculture and mariculture
operations both within the United States
and major source countries such as
Indonesia.

Response: We agree with commenters
that the SRR and proposed rule did not
adequately describe the full scope of the
marine ornamental trade industry and
the contribution of captive culture in
terms of alleviating pressures from wild
collection. We agree that some
significant progress has been made in
terms of shifting from wild collection of
corals to trade of aquacultured and/or
maricultured corals as a result of both
U.S. domestic production and
production of corals in major source
countries such as Indonesia. In addition
to public comments we also collected a
large amount of supplemental
information on coral collection and
trade. Specifically, we collected
information about (1) the physical and
ecological impacts of wild collection of
coral colonies and/or fragments from
their natural habitats; and (2) captive
culture (i.e., mariculture and
aquaculture) including information on
operations and the role of home aquaria
as it relates to trade. All of the public
comments and supporting papers have
been considered and incorporated into
our assessment as described in more
detail in the Threats Evaluation—
Collection and Trade sub-section.
However, this information does not
change our determination that the threat
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is of low importance to the extinction
risk of corals, generally.

Comment 31: We also received
numerous comments that strongly
disagreed with our characterization and
conclusion regarding the adequacy of
regulatory mechanisms within the coral
trade industry, particularly CITES and
other laws in major source countries
such as Indonesia. Many commenters
assert that CITES and various
regulations provide adequate
restrictions and requirements for the
ornamental trade of coral reef species,
such that trade has much less of a
negative impact on the extinction risk of
the 65 coral species than was portrayed
by the proposed rule and supporting
documents. One commenter also
described Indonesia’s development of
regulations for their mariculture
industry that is helping to alleviate wild
collection pressures.

Response: In the proposed rule we
described that there are some
protections afforded via CITES and
various other national regulations in
some countries where trade of coral reef
species is prevalent. However, we agree
that our evaluation of trade regulations
was incomplete. There are numerous
challenges in documenting trends in
trade due to deficiencies of CITES
import and export data, and the most
recent information is conflicting. Some
reports state that 98 percent of reef-
building corals within the aquarium
trade are still wild collected, with only
two percent originating from
maricultured sources (Thornhill, 2012).
In contrast, another report shows that
maricultured corals accounted for
approximately 20 percent of the trade in
2010 (Wood et al., 2012). Further,
adequate tracking of wild and
maricultured corals along the supply
chain from ocean to aquarium is
extremely difficult, yet necessary for
determining the true dimensions and
impacts of the industry (Cohen et al.,
2013). Additionally, the level of wild
collection of reef-building corals may be
underestimated due to an
undocumented illegal trade and a
significant amount of mortality along
the supply chain from reef to aquarium
(Thornhill, 2012). There are many other
issues and discrepancies related to
assessing the overall impacts of the
trade and the adequacy of regulations
like CITES; however, collection and
trade was ultimately ranked as a low
level threat to corals in general by the
BRT and in the proposed rule. Further,
no one species of coral was determined
to be threatened or endangered solely
due to the effects of the coral trade
industry, and that is still true for the
final determinations in this rule.

Therefore, while we agree CITES
provides some protections for corals in
the trade industry, we maintain that the
threat from collection and trade is low
and does not dictate the listing status of
any individual species. In addition to
public comments, we collected some
supplemental information on regulatory
mechanisms for the global marine
ornamental trade industry, including
details regarding trade of both live and
dead corals and other coral reef wildlife.

In light of the public comments and
information we received regarding the
ornamental trade industry, the Threat
Evaluation—Collection and Trade sub-
section discusses the trade and its
impacts to corals in detail, including
information regarding the physical and
ecological impacts as a result of the
collection process, advances in
aquaculture and mariculture industries,
as well as issues and trends in trade of
both live and dead coral. Any species-
specific information we received on
collection and trade is included in the
Species-specific Information and
Determinations section.

Comments on Inadequacy of Existing
Regulatory Mechanisms (ESA Factor D)
and Conservation Efforts

Comment 32: We received several
comments that critiqued our evaluation
of local regulatory mechanisms and
conservation efforts. Some comments
asserted that we failed to adequately
consider the beneficial effects of local
management actions and conservation
efforts with regard to building reef
resilience in the face of climate change.
For example, we received a comment
letter that stated a broad consensus
exists for management to increase
marine ecosystem resilience to climate
change by reducing local anthropogenic
stressors and reduction of these
stressors may boost the ability of
species, communities, and ecosystems
to tolerate climate-related stresses or
recover after impacts have occurred.
Another commenter emphasized the
importance of local management for
increasing coral reef resiliency,
including management of land-use
changes and water quality, as well as
utilizing coral reef restoration
techniques. Overall, these comments
disagreed with our characterization
regarding the effectiveness of local
regulatory mechanisms and
conservation efforts in the face of
climate change related threats and urged
us to consider the concept of reef
resilience.

Response: We recognize that certain
aspects of local management actions and
conservation efforts need more
explanation than was provided in the

proposed rule and Management Report
(NMFS, 2012b). This final rule provides
that additional explanation, as
summarized here. There is an emerging
body of literature regarding the concept
of reef resilience, defined as an
ecosystem’s capacity to absorb recurrent
shocks or disturbances and adapt to
change without compromising its
ecological function or structural
integrity (Hughes et al., 2010; Obura,
2005). Recent evidence suggests that
managing local scale disturbances for
resilience will be crucial to maintaining
complex, bio-diverse coral reef
ecosystems given the predicted
widespread impacts of climate change
related threats (Anthony ef al., 2011).

Therefore, we recognize that effective
local laws and regulations as well as
conservation projects and programs may
help reduce impacts to corals and coral
reefs from threats on an ecosystem level,
positively affecting the timeframe at
which corals may become in danger of
extinction by providing a protective
temporal buffer (i.e., resiliency) to
individual coral species in the face of
climate change related threats. Some
evidence suggests that local
management actions, particularly of
fisheries (specifically, no-take marine
reserves) and watersheds, can delay reef
loss by at least a decade under
“business-as-usual’ rises in GHG
emissions (Jackson et al., 2014; Kennedy
et al., 2013; Marshall and Schuttenberg,
2006; Mumby and Steneck, 2011).
However, many scientists strongly
suggest that these local actions be
combined with a low-carbon economy
to prevent further degradation of reef
structures and associated ecosystems
(Kennedy et al., 2013).

We cannot definitively say whether
and to what degree the presence of
regulations in a particular location is
currently conferring resilience benefits
for any particular species. Overall, we
agree that local regulatory actions and
conservation efforts to reduce threats are
imperative for resiliency of coral reef
ecosystems in the face of climate
change. However, for purposes of
evaluating the inadequacy of regulatory
mechanisms as well as conservation
efforts under the ESA, we are unable to
definitively establish the current status
and effectiveness of local regulation of
impacts from local threats for any
particular species in any given location,
with the exception of local regulatory
mechanisms for Acropora palmata and
A. cervicornis, which were evaluated in
detail in the 2005 status review for those
species. Further, we maintain that
global regulations to reduce impacts
from climate change are inadequate at
this time. For more detailed information
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about our evaluation of how local
regulatory mechanisms relate to
building coral reef resilience, please
refer to the Threats Evaluation—
Inadequacy of Existing Regulatory
Mechanisms sub-section. Likewise, for
more detailed information about our
evaluation of conservation efforts please
refer to the Conservation Efforts sub-
section.

Comment 33: We received some
comments that disagreed with our
characterization of local regulatory
mechanisms in general, asserting that
certain local laws are sufficient for
protection of corals, thus rendering
additional protection via the ESA
unnecessary. For example, we heard
from several commenters who believe
there are adequate regulations to
prohibit the damage of reef-building
corals, such that additional protections
from the ESA are redundant. We also
received comments that disagreed with
our characterization of conservation
efforts. For example, we received a
comment that disagreed with our
conclusion regarding conservation
efforts, asserting that coral conservation
actions already have, and will continue
to, contribute to coral species recovery.
Examples of conservation efforts that
were not included in the Final
Management Report (FMR; NMFS,
2012b) include ongoing coral reef
restoration projects, specifically in
Florida and the wider-Caribbean, as
well as aquaculture and mariculture
efforts both internationally (e.g.,
Indonesia) and within the United States
to try to alleviate wild collection
pressure on coral reef ecosystems.
Comments urged us to take these efforts
into consideration for evaluating the
status of the 65 corals in this final rule.

Response: We recognize that certain
locations have effective local laws,
regulations, and programs that address
local threats and provide for the
protection and conservation of coral
species. For example, it is illegal to
collect or harvest reef-building coral
species in all U.S. states, territories, and
commonwealths. Some laws even
prohibit harming any reef-building coral
species through activities such as boat
groundings and impose penalties and
fines for doing so. However, we must
evaluate whether regulatory
mechanisms are inadequate for corals
across their entire ranges rather than in
any one specific location. Likewise, our
analysis of conservation efforts must
also include the entirety of the species’
ranges, and it must consider whether
those efforts will result in recovering the
species to the point of ameliorating
threats throughout the species’ range to
such a degree that a species should be

listed as threatened rather than
endangered or even not at all. Therefore,
we cannot solely consider whether
regulations or conservation efforts in the
United States or any other particular
location are sufficient for reducing
threats to corals. The importance of
global climate change-related threats to
the extinction risk of these corals makes
it even more problematic to limit our
assessment of conservation efforts and
the adequacy of regulatory mechanisms
to individual countries. For these corals,
we are required to consider the
adequacy of regulatory mechanisms for
reducing GHG emissions and curbing
the rate of global climate change.

For this ?inal rule, we assessed
regulatory mechanisms and
conservation efforts in a more species-
specific approach. To better capture the
full breadth of existing regulatory
mechanisms, in addition to the
individual country descriptions in the
Final Management Report, we re-
characterized and summarized the
presence of existing regulatory
mechanisms throughout all the
countries in the range of each individual
species. The Inadequacy of Threats
Evaluation—Existing Regulatory
Mechanisms sub-section provides more
detailed information on that range-wide
evaluation process, as well as the
Species Descriptions for the results. For
more detailed information about our
evaluation of the inadequacy of local
management actions, please refer to the
Threats Evaluations—Inadequacy of
Existing Regulatory Mechanisms sub-
section. For more detailed information
about our evaluation of conservation
efforts, please refer to the Conservation
Efforts sub-section of this rule.

Comment 34: Several comments
identified potential errors, omissions,
and/or inaccurate characterizations
within the Final Management Report
(NMFS, 2012b). For example, we
received a comment letter pointing out
several omissions and inaccuracies
regarding Federal management
responsibilities for an extensive area of
lands and waters in the Pacific Ocean.
Many other comments provided
additional laws, regulations, or
conservation efforts that were not
described in the Final Management
Report or identified previously during
the public engagement period during
the summer of 2012. For example, one
commenter requested our inclusion of
Guam Public law 24-87 that ensures
Guam’s marine preserves are protected
from recreational/commercial activities
that may prove detrimental to fragile
ecosystems. Another commenter
pointed out that we omitted information
regarding certain National Wildlife

Refuges and National Parks that include
coral reefs. We also received a public
comment letter requesting us to
consider information regarding
Indonesia’s Coral Reef Rehabilitation
and Management Program as a
conservation effort.

Response: We acknowledge that the
Final Management Report had some
minor errors and omissions. However, it
should be noted that the Final
Management Report was not intended to
be an exhaustive document; rather, it
aimed to capture the breadth of existing
regulatory mechanisms and
conservation efforts that may reduce
threat impacts to corals and coral reefs.
Due to the immense number of
regulatory mechanisms that exist
throughout the entire ranges of the 65
coral species (i.e., 84 countries), the
Management Report was not intended to
identify every individual law and
regulation that may have an effect on
corals or their threats in every country
within the species’ ranges. However,
any additional laws and regulations that
were brought to our attention through
the public comments were noted and
considered in the analysis of
inadequacy of existing regulatory
mechanisms presented in this final rule
under the Threats Evaluation—
Inadequacy of Existing Regulatory
Mechanisms sub-section.

Comments on Risk Analyses

Comment 35: We received many
comments regarding the composition of
the BRT. Some comments disagreed
with the selection of BRT members,
asserting that because all seven
members of the BRT were Federal
employees, non-Federal coral biologists
with expertise in the field within
specific regions (e.g., Hawaii) were
overlooked, thus casting doubt on the
qualifications of the BRT members and
the results of the status review. One
comment suggested that the BRT
member votes should have been
weighted to reflect their level of
expertise in the different types of corals
undergoing review. Another comment
stated that it would not be possible for
certain members of the BRT to act in a
neutral or unbiased manner because
they are strong proponents of
establishing Marine Monuments,
sanctuaries, and MPAs for the
protection of coral reef systems
throughout the U.S. Pacific Islands. Yet
another comment stated there was no
independent verification from experts
who did not have a stake in the Federal
ESA listing processes.

Response: According to agency
guidance, members of the BRT should
have expertise in the particular species’
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biology, population dynamics or
ecology, or other relevant disciplines
(e.g., ocean/environmental/climate
processes, analytical techniques,
population genetics, extinction risk, or
pertinent threats). Additionally, NMFS
must also consider team composition in
light of the Federal Advisory Committee
Act (FACA). Generally, any committee
or group established for the purpose of
providing consensus advice or
recommendations to a Federal agency is
subject to the procedural requirements
of FACA. Biological Review Teams are
subject to FACA because their
assessments constitute group advice
upon which NMFS may base its
determinations as to whether to list
species as endangered or threatened
under the ESA. Based on the
requirements of FACA, the team must
therefore be composed of Federal
officials and employees, and specific
classes of state employees, unless
specifically exempted. As such, the
coral BRT was composed of seven
Federal scientists from NMFS’s Pacific
Islands, Northwest, and Southeast
Fisheries Science Centers and the U.S.
Geological Survey and National Park
Service. The members of the BRT are a
diverse group of scientists with
expertise in coral biology, coral ecology,
coral taxonomy, physical oceanography,
global climate change, and coral
population dynamics. Additionally, the
BRT consulted with numerous non-
Federal scientists and subject matter
experts during the status review, and
had their work peer reviewed, to ensure
the best available information was
utilized in the SRR. These subject
matter experts are detailed in the
Acknowledgements of the SRR. Last, we
provided extraordinary opportunities
for non-Federal scientists to provide
their expertise prior to the publication
of the proposed rule, including two
scientific workshops held in the
summer of 2012. All information
received was considered in the
proposed rule.

Comment 36: We received numerous
criticisms regarding the evaluation
methods used by the BRT. Many
comments criticized the Critical Risk
Threshold voting method used by the
BRT for developing extinction risk
values for the 82 corals within the
proposed rule. Some comments asserted
that the voting process relied on
subjective opinion rather than scientific
facts, while other comments stated that
the anonymous scoring system by the
BRT could not truly be anonymous.
Still, other comments pointed out
critical errors or flaws in the BRT’s
methods. For example, one comment

stated that ranking each coral species
relative to the rankings of other coral
species does not inform NMFS of the
risk status of an individual coral
species. Another comment stated the
Critical Risk Threshold graphs have an
inappropriate and misleading
quantitative horizontal axis, which
suggests higher threat levels than
estimated by the BRT. A couple of
comments questioned the assignment of
levels of confidence in the outcomes of
the BRT voting process given the lack of
information on which those outcomes
were based, noting there was not a high
degree of certainty between the experts.

Response: The voting methods used
by the BRT are consistent with previous
agency listing determinations that
utilized similar structured decision
making techniques. This approach is
typically used when quantitative
modeling of extinction risk is not a
viable option due to a lack of precise
quantitative population data. The BRT’s
voting relied upon professional
interpretation of the best available
scientific information at the time,
including qualitative assessments. This
approach allowed the BRT to explicitly
address various ranges of uncertainty
within their voting. We also emphasize
that the determinations in the proposed
rule did not solely rely on information
within the SRR and the voting outcomes
of the BRT. As described previously in
the proposed rule and throughout this
final rule, numerous sources of
information were considered and
incorporated in the listing
determination process, as described in
explicit detail in the Risk Analyses and
Species-specific Information and
Determinations sections. Additionally,
the ESA does not require quantitative
precision when estimating extinction
risk and determining whether a species
warrants listing as threatened or
endangered under the ESA. Rather, the
decision must be reasonable and based
solely on the best scientific and
commercial information available at the
time of the decision, even in light of
considerable uncertainty.

Comment 37: We received several
comments that criticized how the
proposed rule and supporting
documents inferred species’
characteristics based on genus-level
information (i.e., the proposed rule
assumed that information for other
species in the genus applied to the
proposed species in that genus). A few
comments stated that the BRT only
considered threats to the taxonomic
class and therefore it conducted no
individual species threat analysis for
any of the candidate coral species. Most
comments stated that genus-level info

on response to threats, abundance, and
other characteristics were improperly
extrapolated to species because there are
numerous examples in the literature in
which ecological or physiological traits
are not consistent across species within
a genus.

Response: In the proposed rule, we
relied on higher taxonomic level (i.e.,
genus or family) information for threats
susceptibilities when species-specific
susceptibilities were not available. We
acknowledge that there is intra-genus or
intra-family variability in response to
threats in many cases. In response to
criticism of how the proposed rule and
supporting documents inferred species’
characteristics based on genus-level
information, this final rule does not
automatically assume that genus-level
information for other species in the
genus applies to the proposed species in
that genus. Rather, a careful analysis of
genus-level information is incorporated
into the Species-specific Information
and Determination sections below for
each of the 21 genera in which the 65
species belong. That is, as a preface to
the Species-specific Information and
Determinations for species in a genus,
this final rule includes a description of
the available information for other
species in the genus that are not part of
this final rule, and an analysis of the
degree of applicability of that
information to the species included in
this final rule. Further, in no case in this
final rule do we extrapolate from family-
level information.

Comment 38: We received multiple
comments criticizing the definition of
“foreseeable future” in the proposed
rule and supporting documents out to
the year 2100 because it is too far into
the future. One comment stated that
climate change projections beyond 50
years have a high degree of uncertainty
and may be impacted by numerous
unforeseen and unpredictable
circumstances, and thus identifying the
foreseeable future as out to the year
2100 is not appropriate. Another
comment stated that our use of 2100 for
the foreseeable future is contrary to
previous decisions made by FWS and
NMFS, and there have been no
breakthroughs in climate modeling to
justify our new position on the
reliability of long-term climate
modeling.

Response: Consistent with our
practice for all species listing
determinations, we established that the
appropriate period of time
corresponding to the foreseeable future
is a function of the particular type of
threats, the life-history characteristics,
and the specific habitat requirements for
the coral species under consideration.



53868 Federal Register/Vol. 79, No. 175/ Wednesday, September 10, 2014 /Rules and Regulations

The timeframe established for the
foreseeable future considered the time
necessary to provide for the
conservation and recovery of each
threatened species and the ecosystems
upon which they depend. It was also a
function of the reliability of available
data regarding the identified threats and
extends only as far as the data allow for
making reasonable predictions about the
species’ response to those threats. In the
proposed rule, we explained that our
choice of the year 2100 as the
“foreseeable future” for analysis of
global climate change was based on
AR4’s use of 2100 as the end-point for
most of its global climate change
models. Similarly, most of AR5’s WGI
models also use 2100 as the end-point
(some models go beyond 2100) and
AR5’s WGI reinforces our original
rationale for defining the foreseeable
future as the period of time from the
present to the year 2100. For global
climate change threats, there is strong
support for considering the foreseeable
future as the period from the present to
2100 in AR5’s WGI and its cited
literature (IPCC, 2013). However, we
agree that the foreseeable future for
purposes of other threats to the species
and the species’ responses thereto does
not necessarily extend out to 2100.
Therefore, in this final rule, we clarify
that 2100 simply marks the outer
temporal bounds for consideration of
climate change-related threats, and does
not frame our analysis across all threats
or our ultimate listing determinations.
Further discussion of the foreseeable
future is presented in the Foreseeable
Future subsections of the Threats
Evaluation and Risk Analysis sections
below.

Comment 39: There were many
comments on the quantity and quality of
information used to make listing
decisions for the candidate coral species
in the proposed rule. Several comments
stated that the present biological data do
not support the proposed listings. They
stated that the available science was
insufficient and not compelling enough
to demonstrate the need to make a
decision under the ESA. A few
comments criticized the use of [UCN
data as a surrogate for ‘““true scientific
data” on species distribution and
abundance. Many comments stated that
useful information was available,
especially on coral trade and
mariculture, but the BRT did not use it,
which led to serious errors in the SRR.
The study by Rhyne et al. (2012) was
given as an example. Other comments
stated that there was little data
regarding individual species’ population
numbers and trends, so NMFS did not

conduct the species-specific analyses
required under the ESA. In general, the
commenters indicated that the voting
process by the BRT seemed very
subjective, with the results coming from
the individual scientists’ perception of
extinction rather than solid scientific
data.

Response: The proposed rule and the
SRR did conduct a species by species
analysis of extinction risk for each of the
candidate corals. However, in the
proposed rule, the presentation of the
information on which we based our
determinations may have been unclear
because of our use of the Determination
Tool as an organizational mechanism to
present the enormous amount of data. In
response to criticism of the lack of
sufficient species-specific information
in the proposed rule and supporting
documents on distribution, abundance,
threat susceptibilities, and other
information, this final rule clarifies and
explains how the information relating to
the taxonomic, field identification,
distribution, abundance, life history,
threat susceptibilities, and management
information for each of the 65 coral
species were evaluated in reaching the
final listing determinations. The
presentation of the information includes
the information on which the proposed
rule was based, information submitted
by public comments, and information
we gathered after the proposed rule
published. The information was also
analyzed in an integrated, non-
formulaic framework instead of in a
linear, formulaic framework as it was in
the Determination Tool. The resulting
information provides the basis for the 65
listing determinations in this final rule.
In addition, while IUCN listings were
used by the petitioner as one criterion
for selecting coral species in the original
2009 petition, and ITUCN maps were
used in the 2011 SRR, no IUCN data or
information is used in this final rule
because it does not represent the current
best available species-specific
information. To explain more clearly the
changes from the proposed to the final
listings, we included an Overview of
Methods and Key Changes Applied in
Final Determination Framework sub-
section within the Risk Analyses section
to illustrate how all of the available
information was considered for each
species and how it contributed to each
species’ listing status. As a result, the 65
species-specific determinations below
are based on the best available species-
specific information and improves upon
the proposed rule.

Comment 40: We received a couple of
comments disagreeing with the
characterization of the level of
extinction risk inherent for a species

due to its occurrence in the Caribbean.
One comment stated that the BRT’s
determination that the entire Caribbean
is sufficiently limited in geographic
scale to be a factor that increases the
extinction risk of all corals in the
Caribbean is at odds with genetic data.
The commenter provided references
(Baums et al., 2005b; Baums et al.,
2006a; Murdoch and Aronson, 1999;
Vollmer and Palumbi, 2007) that show
that, while it is clear that regional-scale
processes such as bleaching and disease
are acting on all these reefs
simultaneously, no two reefs or areas
respond the same to these disturbances.
Another comment asserted that no
threat to Caribbean Acropora is
imminent, and therefore endangered
listings are not supportable for these
species.

Response: Geographic distribution is
one of many factors we must evaluate to
determine a species’ status. We agree
with commenters that an inherent
increase in extinction risk solely due to
occurrence in the Caribbean is not
accurate; rather, the ratings in the
Determination Tool regarding basin
occupancy were an inadvertent function
of comparing the Caribbean basin to the
Indo-Pacific basin. That is, the
automatic increase in extinction risk for
species occurring in the smaller, more
disturbed Caribbean was only relative in
comparison to species occurring in the
larger, less disturbed Indo-Pacific. In
light of public comments, we
determined that absolute range size in
both the Caribbean and Indo-pacific was
inadvertently under-estimated in the
proposed rule. As a result, we now give
consideration to geographic distribution
in terms of absolute size rather than
relative size in both the Caribbean and
Indo-Pacific. We still maintain that the
Caribbean is a highly disturbed basin
that has experienced loss of resilience;
however, the reconsideration of absolute
distribution represents one piece of a
more holistic approach to linking each
species’ characteristics to each species’
status. The implications of occurrence
in the Caribbean and more detailed
descriptions of geographic ranges and
how they may affect extinction risk are
now provided in more detail for all
species individually in the Risk
Analyses and Species-specific
Information and Determinations
sections below.

We also explicitly incorporated
consideration of regional and local
variability in response to threats. We
have also endeavored to provide a
clearer discussion of how we assessed
the vulnerability of each coral species,
not just the Caribbean Acropora, to the
major threats. The evolution of the
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Determination Tool into a more
comprehensive Determination
Framework is described in the Risk
Analyses section of this final rule
below.

Comments on the Determination Tool

Comment 41: Commenters criticized
that the Determination Tool equated
species’ characteristics to outcomes
without adequate rationale. For
example, one commenter stated that the
Determination Tool suffers from a lack
of transparency because we did not
provide any information regarding how
the rating values in the Determination
Tool were assigned, who made the
determinations, what their expertise
was, or on what basis the decisions were
made.

Several comments stated that the
Determination Tool’s decision points
and resulting outcomes depended on
species-specific information that was
not available. For example, one
commenter asserted that there is little to
no experimental data provided in the
proposed rule documentation to support
the ratings used in the Determination
Tool. Another commenter noted that
there is almost no information on many
of the species’ abundances, geographic
ranges, trends or recruitment rates, and
that the ratings for these were based
solely on qualitative opinion. Similarly,
another commenter used ocean
acidification as an example, stating that
due to the large degree of uncertainty
regarding the impacts of ocean
acidification on coral species it is
difficult to quantify the level of risk
ocean acidification poses to the species.
The commenter concluded by stating
that assigning levels of ocean
acidification-associated risk within the
Determination Tool is a difficult
proposition. Another commenter
deemed the Determination Tool analysis
and results arbitrary. The commenter
stated that the analysis and results of
the Determination Tool were based on
the same faulty assumptions,
extrapolations, assessments, and
approximations of the seven BRT
members and were based on very little,
if any, species-specific spatial
distribution or abundance data for a
number of the proposed species.

Commenters claimed the
Determination Tool was flawed and
equated species’ characteristics to
listing outcomes too conservatively,
especially for proposed endangered
species. We received a detailed
comment letter that outlined several
criticisms of the Determination Tool and
its four elements with regard to species
outcomes. The Determination Tool was
labeled faulty because it was deemed

inherently biased towards listing. The
commenter criticized that the first
element in the Determination Tool was
just a re-hash of the BRT’s highly
subjective ranking of threats and
vulnerabilities. The commenter also
asserted that nowhere in the four
elements of the Determination Tool is
there a discussion of imminence or a
discussion of why we considered a
species that meets any of the four factors
to be “on the brink” of extinction. The
commenter asserted that we not only
failed to adhere to the legal standard of
endangered, but we did so on extremely
poor evidence. Further, the commenter
criticized the results of the BRT voting
as well as the Determination Tool for
ranking each of the coral species’ in a
relative fashion, and as a result, asserted
that our approach in determining
extinction risk for each species was
flawed.

Several comments pointed out
additional perceived flaws in the
Determination Tool. For example, one
commenter stated that the
Determination Tool dismissed the
potential benefits of management
efforts. Another commenter noted that
the Determination Tool did not
incorporate or consider projections of
adaptation potential over the foreseeable
future (i.e., 2100). More specifically, the
commenter asserted that the
Determination Tool did not sufficiently
consider the ability of corals to migrate
(i.e., undergo range expansion/shift) and
adapt to changing conditions, especially
when local stressors are well managed.
One commenter also suggested that the
Determination Tool conflicted with the
SRR (e.g., by giving too much weight to
distribution when the range maps that
the BRT relied upon were not precise).
Similarly, commenters also criticized us
for overemphasizing the importance of
qualitative rankings for species’
abundance (e.g., common, uncommon,
rare) in the Determination Tool, stating
that a coral species’ rarity does not
necessarily correspond to its
vulnerability to extinction.

Response: We acknowledge that
several aspects of the process by which
we produced our determinations in the
proposed rule were not described or
explained clearly enough. The
Determination Tool in the proposed rule
was a central aspect of a larger overall
framework for making our decisions, as
it organized and standardized our
presentation of the risk factors, but we
acknowledge that the larger
determination framework was not
sufficiently explained in the proposed
rule. This lack of a clear explanation led
to an overemphasis on and
misunderstanding of the Determination

Tool, which was one component of the
determination framework. To better
explain how the Determination Tool
assessed risk and derived listing
statuses we conclude that, as some
public comments suggested, the
Determination Tool was too linear and
deterministic. We describe our final
determination framework in greater
detail in the Risk Analyses—Final
Determination Framework sub-section
below, and utilize a more holistic
approach in considering all of the
available information for each species.
As described in that section, the non-
formulaic approach used in this final
rule, is more species-specific, and
allowed us to address the concern that
sufficient species-specific information
was not available.

In summary, the Final Determination
Framework in this final rule is
composed of seven elements. The first
element is describing the statutory
standards for corals. The second, third,
fourth, and fifth elements are
identifying and analyzing all the
appropriate species-specific and general
characteristics that influence extinction
risk for a coral species. The sixth
element is relating a species’
characteristics to a particular extinction
risk at appropriate spatial and temporal
scales. The seventh element is explicitly
stating how each species’ extinction risk
meets the statutory listing definitions as
applied to corals, resulting in an
ultimate listing status. As a last
consideration, we determine if any
conservation efforts are abating the
threats to the species such that it
changes the individual species’ listing
status (i.e., an endangered species’
extinction risk is reduced such that it is
threatened or that a threatened species
is not warranted). This method of
implementing our Final Determination
Framework for every species
individually is intended to be more
transparent, by showing how complete
use is made of available information to
reach individual listing decisions.

We believe that there is still
significant value in applying a
standardized framework to each of the
species to ensure consistency
throughout the 65 individual
determinations, but now do that in a
narrative fashion in which there are no
recipes or formulas for endangered,
threatened, and not warranted species.
This approach allows for the
consideration of the system as a whole
(i.e., synergistically evaluating each
species’ demography, spatial
characteristics, threat susceptibilities,
and current and future environmental
conditions independently of the other
species), leading us to species-specific
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conclusions about vulnerability to
extinction.

In response to the criticism that the
Determination Tool did not
appropriately evaluate the imminence of
danger of extinction in proposing to list
corals as endangered, in this final rule
we more fully explain the biological
characteristics and distinctions between
endangered and threatened corals, and
corals not warranting listing under the
ESA, and relate each species’ particular
characteristics to one of those
classifications. These characteristics and
the distinctions between them as they
relate to the three ESA classifications
are explained in the Statutory Standards
sub-section of the Risk Analyses section.

Comments on Significant Portion of Its
Range (SPOIR)

Comment 42: We received one
comment regarding the identification of
a significant portion of its range to
support not warranted determinations
for the proposed coral species found in
Hawaii. The commenter asserted that
the species of corals proposed for listing
in Hawaii are abundant, relatively
healthy, and relatively insulated from
impacts of the primary identified
threats. As a result, the species will
presumably persist in Hawaii, despite
more immediate threats in other
portions of their ranges, ultimately
preventing the species from going
extinct. Thus, the commenter argues
that a significant portion of its range
should be identified for these species,
rendering the species not warranted for
listing.

Response: The commenter
misunderstands the function of the
SPOIR analysis. As discussed in the
Statutory Standard sub-section below, a
SPOIR analysis is performed to ensure
that a species that has been found not
to be endangered or threatened based on
the range-wide analysis is still
considered for listing if any portions of
its range meet the criteria of the SPOIR
Final Policy. Therefore, the function of
a SPOIR is not to avoid a listing but to
still consider a listing. In any case, as
described in the Risk Analyses section
below, the results of our analysis of
SPOIR are unchanged from the
proposed rule, after considering all
comments and supplemental
information. At this time, no SPOIR is
determinable for any of the proposed
species. Thus, our analysis of each
species at the range-wide level is
determinative, and no portions of the
range require further examination.
Nevertheless, we agree with the general
underlying premise of the comment,
which is that if a species has significant
areas of refugia or diversity of habitat,

those are factors that provide additional
buffering against extinction risk. We
have incorporated that consideration in
the final rule through our Final
Determination Framework and species-
specific evaluations.

Comments on Listing Determinations

Comment 43: We received numerous
comments referring to the actual listing
determinations of the 82 candidate coral
species in the proposed rule. Many of
those comments referred to specific
coral species and to specific aspects of
those species determinations. Those
comments are discussed in detail in the
Caribbean Species: Listing
Determinations, Indo-Pacific Species:
Listing Determinations, and
Reclassification of Acropora palmata
and A. cervicornis comment response
sections below. The other comments
regarding listing determinations
centered on the lack of species-specific
information on which the species
determinations were based. Some
comments were very skeptical that the
assumptions being made from limited
scientific information on individual
coral species, which the proposed rule
recognized, could justify the listing
proposals. These commenters asserted
that further studies and surveys should
be performed to gather factual and
relevant data on the status of the coral
species, which could potentially change
the assumptions used to make the
listing determinations. Some comments
specifically stated that a much better
understanding of the global distribution
and abundance of the species, including
developing better species distribution
maps, is critical to making an informed
listing decision. Yet other comments
stated that the proposed rule did not
take into account the variability of
response to threats that corals can have
based on species, location, habitat type,
and other factors that define an
individual coral. Other comments
suggested that NMFS was using global
climate predictions as a substitute
measure for species population and
distribution information for listing
purposes.

Response: We recognize that species-
specific information was fairly limited
for many of the proposed species.
However, since the proposed rule was
published, we have received or
collected information for all species,
including supplemental distribution
and abundance information for 63 of the
65 species in this final rule as a result
of the data collection effort by Veron
(2014). In addition to updating all of the
general information regarding coral reef
biology, ecology, demography, and
threat susceptibilities, we also

incorporated this supplemental
information in our discussions in the
individual species-specific listing
determinations in that section of this
final rule. In light of the supplemental
species-specific information, and the
change to a more holistic and species-
specific determination framework, we
considered the ability of each species’
distribution and abundance traits to
affect vulnerability to extinction in the
context of the statutory definitions of
threatened and endangered for each
species. In most cases, this
consideration led to changes in listing
status from the proposed rule. These
species-specific assessments consider
all of the public comments and available
information for each species and
provide a detailed description of what is
and is not known for each species,
including susceptibilities to all
identified threats and vulnerability to
extinction

Comment 44: We received several
letters alerting us to an extensive
ongoing effort by coral expert, Dr. J.E.N.
“Charlie” Veron, to gather previously
unpublished information for all reef-
building corals of the world, including
the 65 corals in this final rule. The
resulting report (Veron, 2014) updates
species-specific information on semi-
quantitative (i.e., survey data from 2,984
individual sites) and qualitative
population abundance estimates (i.e.,
Veron’s subjective estimates covering a
full range of habitats and most
ecoregions the author has worked in),
geographic distribution, principle
habitat, and identification issues.
Comments stated that given the lack of
species-specific information on
quantitative abundances and geographic
distribution for most of our Indo-Pacific
species, this effort proves extremely
relevant to our listing decisions within
this final rule.

Response: We agree with comments
that information from Veron (2014)
supplemented the existing species-
specific information relied on in the
proposed rule and that this information
is relevant to the determinations made
in this final rule. Thus, the
supplemental information received in
the report (Veron, 2014) was made
available to the public on NOAA’s Web
site, and has been incorporated into the
Species-specific Information and
Determinations section for the 63
species covered in the report, Veron
(2014) does not cover non-scleractinian
corals in his report, and thus did not
provide information for the Millepora
species in this final rule).
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Comments on Alternatives To Listing
Under the ESA

Comment 45: We received several
comments that suggested alternatives to
ESA listing such as Candidate
Conservation Agreements (CCAs),
adding the proposed corals to the
Species of Concern list, and extending
the time period in which to make a
determination to allow for the gathering
of additional scientific data. One
commenter suggested using CCAs, citing
lack of species-specific information and
other concerns as justification.
Comments also asserted that because
NOAA has no authority under the ESA
to protect corals from climate change,
CCAs could provide the same
conservation benefits as ESA listings.

Response: While we acknowledge that
CCAs provide conservation value for
candidate species, no such agreements
exist for any of the proposed species.
Therefore, we are unable to determine a
species’ status on the basis of the
conservation provided by a CCA.
Further, in the Conservation Efforts
section we determined that there are no
conservation efforts currently or
planned in the future that are expected
to improve the overall status of any of
the 65 coral species in this final rule,
such that the additional protections
provided by the ESA are not warranted.

We also considered the potential for
utilizing the Species of Concern
designation, which was suggested in
lieu of ESA listings due to a lack of
species-specific information and
taxonomic uncertainty. This designation
can be used if we decide a species is not
warranted for listing under the ESA
because we are unable to confidently
assess the level of extinction risk, even
qualitatively. Ultimately, based on the
best available scientific information, we
concluded that all 65 corals within this
final rule are determinable species
under the ESA. We also concluded that
we have enough information to
qualitatively assess the level of
extinction risk and make listing
determinations for most of the 65
species in this final rule with some
degree of confidence. The species that
are determined to be not warranted for
listing due to a lack of sufficient
information to assess their status are
clearly described as such in the
individual species determinations.
Those species may be considered for
inclusion on the Species of Concern list
after this listing rule becomes final.

Extending the time period in which to
make final species determinations in
order to collect more scientific data is
not permissible under the ESA. We are
required to use the best scientific and

commercial data available within the
applicable statutory timeframes for
responding to petitions, as the basis for
our final determinations.

Comment 46: We received comments
that criticized our proposed
determinations due to their assumed
inconsistency with other recent agency
decisions, such as the Not Warranted
bumphead parrotfish 12-month finding,
and the negative Alaska deep-sea corals
90-day finding. Comments cited a lack
of adequate species-specific information
and taxonomic uncertainty as
justification for the previous not
warranted and negative determinations
for bumphead parrotfish and Alaskan
corals, and claimed that the proposed
rule for the 68 reef-building corals
suffers from the same level of
uncertainty. Comments thus concluded
that NOAA'’s decision to propose 68
reef-building corals for listing under the
ESA is inconsistent with previous
agency decisions and that there is a lack
of adequate species-specific information
to proceed with final listings.

Response: We respond to each
petition based on the information
presented within that petition and, if we
conduct a status review, on the best
scientific and commercial information
available for each petitioned species at
the time. We disagree that this final rule
for 65 reef-building corals is
inconsistent with our previous Not
Warranted 12-month finding for the
bumphead parrotfish. Primary threats to
bumphead parrotfish, a coral reef-
associated fish, were determined to be
adult harvest and juvenile habitat loss.
As a result of a thorough status review,
the bumphead parrotfish received a Not
Warranted determination largely due to
its current abundance, life history,
existing local management in the form
of spear fishing regulations, and
protections for mangrove habitat.
Overall, the differences between
bumphead parrotfish and the reef-
building corals in this final rule are vast;
however, we have complied with the
requirements set forth under the ESA in
each case.

Likewise, we disagree that this final
rule is inconsistent with the negative
90-day finding for 44 Alaska deep-sea
corals. The Alaska deep-sea coral
species are non-reef building and
exhibit many different characteristics
than shallow-water tropical corals,
which have been comparatively well
researched. The Alaska corals were
petitioned due to climate change related
threats, as well as physical threats from
commercial fisheries. NOAA considered
these factors, but found that there are no
empirical studies that have shown
harmful effects of climate change related

threats to these deep-sea corals or to
similar corals in the area. Additionally,
ocean acidification research cited in the
petition was conducted on mostly
tropical, reef-building corals that are
very different from deep-sea corals; no
inference could be made about the
potential effects to the status of deep-sea
corals from this information. Finally,
there have been large swaths of fishing
ground closures in Alaska since 2005
and NOAA determined that these
closures were sufficient for protecting
deep-water corals from bottom-contact
fishing activities. Overall, differences
between the Alaska deep-water corals
and the reef-building corals in this final
rule are vast; however, we have
complied with the requirements set
forth under the ESA in each case.

Comments on Caribbean Species:
Listing Determinations

Comment 47: We received some
comments that expressed disagreement
with our proposed threatened
determinations for some Caribbean
species. For example, one comment
disagreed with our proposed threatened
listing of Dichocoenia stokesi, citing the
following as justification: Large
population numbers (even after the
White Plague Type II epidemic), broad
distribution among multiple habitat
types (especially hard-bottom habitats),
high relative abundance among all
corals in the region, and the presently
low prevalence of White Plague Type IL
Another comment stated that D. stokesi
is among the most common species in
Florida, and that population estimates
approached 100 million colonies in
2005, with no apparent downward
trend. In addition, we received
comments about the proposed
threatened determination for Agaricia
lamarcki. Comments argued that due to
potentially larger populations not yet
surveyed in deeper waters, the
threatened status for A. lamarcki is not
warranted. Many comments disagreed
with the proposed endangered
determinations for the Orbicella
(formerly Montastraea) annularis
complex (i.e., O. annularis, O. faveolata,
and O. franksi). One comment provided
information from van Woesik et al.
(2012) as justification for listing O.
annularis complex as threatened rather
than endangered. Other comments
submitted a technical report (Miller et
al., 2013) from the Nova Southeastern
University on population abundance
estimates and trends for the Caribbean
coral species in the Florida Keys, in
opposition to all proposed endangered
listing determinations, including the
proposed endangered determinations for
the Orbicella species as well as
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Dendrogyra cylindrus and
Mycetophyllia ferox. Miller et al. (2013)
provided recommended changes to the
proposed listing statuses for each of the
proposed Caribbean species using their
population and distribution estimates as
support. We received other comment
letters that also noted the large
population abundances of several of the
Caribbean species, despite some local
declines (i.e., O. annularis and O.
faveolata). One comment also noted that
for five of the Caribbean species (i.e., O.
franksi, D. cylindrus, M. ferox, D.
stokesi, and A. lamarcki) there is a
complete lack of population data to
support ESA listings. We also received
information regarding the ecology of O.
annularis and O. faveolata in opposition
to their proposed endangered
determinations, but supporting
threatened listings. One comment
argued that the total population number
estimates of these two species are very
large and that, in light of their broad
depth ranges and multi-habitat
distributions, these species are
relatively resistant (in ecologic time) to
extinction. Accordingly, the comment
asserted that these species’ potential
listing is contrary to their ecology,
especially in light of their remaining
substantial population numbers both in
Florida and throughout their range.

Response: Since the proposed rule
was published, we received and
collected supplemental information for
all the Caribbean species, including
updated distribution and abundance
information. Therefore, we updated and
expanded our individual species-
specific descriptions in the Species-
specific Information and Determinations
section for all 65 reef-building corals
within this final rule. These species-
specific assessments consider the public
comments and available information for
each species, and explain what is and is
not known for each species, including
susceptibilities to the identified threats
and overall vulnerability to extinction.
Further, as described in earlier comment
responses, we now more fully consider
the ability of abundance, distribution
and habitat heterogeneity to affect
vulnerability to extinction in the context
of the statutory definitions of threatened
and endangered as applied to corals.
The reconsiderations of the spatial and
demographic factors contributed to
changes in all the Caribbean species’
statuses in this final rule. Thus, as
described in detail in the Species-
specific Information and Determinations
section, based on the public comments,
best available information, and the Final
Determination Framework, we are
revising our proposal to list O.

annularis, O. faveolata, O. franksi, D.
cylindrus, and M. ferox as endangered
species. Our final determination for
these species is to list them as
threatened species. We have determined
D. stokesi and A. lamarcki do not
warrant listing.

Comments on Indo-Pacific Species:
Listing Determinations

Comment 48: We received several
comments regarding our proposed
threatened and endangered
determinations for various Indo-Pacific
species. Several comments disagreed
with our proposed threatened
determinations for the Hawaiian
Montipora clades (M. dilitata/flabellata/
turgescens and M. patula/verrilli). As
described in more detail below,
comments disagreed with the status of
these clades and suggested they be
assessed individually rather than
lumped into groups (see Comment 49
below for more details). Taxonomic
uncertainty as it relates to the Genus
Montipora and the decision to lump
these two groups of species is addressed
in more detail in the response to
comments on taxonomic uncertainty
(Comment 3 above). Comments also
asserted that the Montipora clades not
only have significantly large geographic
ranges, but also include some of the
most common coral species in Hawalii,
thus rendering these clades not
warranted for threatened listing. We
received many other comments that
disagreed with the proposed threatened
determinations for a number of the
Indo-Pacific coral species, but we did
not receive any additional substantive
information or data for consideration of
those arguments.

One commenter provided information
regarding the proposed endangered
status of Pocillopora elegans in the
Eastern Pacific. Evidence from
southwestern Nicaragua suggests that P.
elegans has undergone extensive
mortality, with only a few fragmented
and small colonies persisting. The data
provided, while limited, supports a
wider body of evidence suggesting
particular vulnerability of P. elegans in
the Eastern Pacific Ocean. However, as
described above in Comments on
Taxonomic Uncertainty in Reef-building
Corals, new information on Pocillopora
species has resulted in our
determination that P. elegans is not
determinable under the ESA.

The main argument against our
proposed endangered determinations for
Indo-Pacific species is a lack of
adequate species-specific information to
support an endangered status. For
example, one comment letter noted the
percentage of references used in the SRR

that provided species-specific
information for each of the proposed
endangered species (e.g., only two
percent, 5.9 percent and 9.4 percent of
the references used in the SRR provided
species-specific information for
Acropora rudis, Acropora lokani, and
Acropora jacquelineae, respectively).
We also received comments regarding
the proposed endangered
determinations for various Acropora
species, particularly A. lokani and A.
jacquelineae. For example, one
comment emphasized the lack of
adequate data for the proposed
endangered determination of A.
jacquelineae, citing questionable
taxonomic status and lack of density
estimates and distribution information.
Likewise, another comment criticized
the proposed endangered determination
for A. lokani, stating that there is
virtually no published information
available for this species. Another
comment letter recommended
threatened designations for A.
jacquelineae, A. lokani, and A. rudis
rather than endangered, based on van
Woesik et al. (2012), and stated that
Euphyllia paradivisa absolutely does
not warrant endangered status. We
received other comments in
disagreement with our proposed
endangered determinations, but they
did not include any other substantive
information or data to consider.

Response: We recognize that species-
specific information was limited for
many of the Indo-Pacific species. Since
the proposed rule was published,
however, we have received or collected
supplemental information for several
species, including updated distribution
and abundance information for 63 of the
65 species in this final rule as a result
of the data collection effort by Veron
(2014). As a result, we substantially
updated and expanded our individual
species-specific descriptions in the
Species-specific Information and
Determinations section for all 65 reef-
building corals within this final rule.
These species-specific assessments
consider all of the public comments and
available information for each species,
and provide a detailed description of
what is and is not known for each
species, including vulnerabilities to all
identified threats.

Comment 49: We received some
comments that provided species-
specific information for various Indo-
Pacific species that is being applied in
this final rule. The species-specific
information we received predominantly
relates to relative abundance and
geographic distributions. We
specifically received comments on
abundance for the following Indo-
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Pacific species: Acropora aspera, Porites
nigrescens, Acropora diversa, and
Isopora cuneata. We specifically
received comments on distribution for
the following Indo-Pacific species:
Alveopora allingi, Acropora palmerae,
Acropora paniculata, Acropora
jacquelineae, Acropora rudis, Euphyllia
paradivisa, Acanthastrea brevis,
Acanthastrea ishigakiensis,
Acanthastrea regularis, Acropora
globiceps, Acropora lokani, Acropora
striata, Alveopora fenestrata, Alveopora
verilliana, Astreopora cucullata,
Barabattoia laddi, Euphyllia
paraancora, Millepora tuberosa, Pavona
diffluens, Pocillopora danae, Acropora
verweyi, and the Montipora clades that
are discussed in more detail below. We
received several detailed comment
letters that provided species-specific
information regarding the Hawaiian
Montipora clades (i.e., Montipora
dilatata/flabellata/turgescens and
Montipora patula/verrilli). Several of the
comments provided references to
journal articles or other reports as new
species-specific information. Some of
those references were already available
to NMFS and some constituted
supplemental information we did not
consider in the proposed rule. We
received three comments specific to
genetics of Indo-Pacific species
specifically referring to Pavona species
at mesophotic depths and to Pocillopora
species. Species-specific comments
regarding taxonomy were specific to
Acropora acuminata, Acropora
paniculata, and Acropora polystoma.
Comments with species-specific
information on threat vulnerabilities
applied to Acropora aculeus, Acropora
aspera, Acropora paniculata, Acropora
polystoma, Montipora patula,
Montipora flabellata, Pocillopora
elegans, Porites horizontalata, and
Seriatopora aculeata.

Response: Overall, most of the
supplemental information we received
for the Indo-Pacific species was specific
to certain geographic locations;
however, we must evaluate the status of
the species throughout the entirety of
their ranges. As described in earlier
comment responses, we now more fully
consider the ability of spatial and
demographic traits, as well as the
heterogeneous habitats occupied by all
of the Indo-Pacific species, to affect
vulnerability to extinction in the context
of the statutory definitions of threatened
and endangered for each species. For
many of the Indo-Pacific species, their
geographic ranges include waters
between the east coast of Africa and
French Polynesia. As described in detail
in the Species-specific Information and

Determinations section, based on the
Final Determination Framework and
supplemental information, we are
maintaining our proposals to list
Acropora globiceps, Acropora
pharaonis, Acropora retusa, Acropora
speciosa, Acropora tenella, Isopora
crateriformis, Montipora australiensis,
Pavona diffluens, Porites napopora, and
Seriatopora aculeata as threatened in
this final rule. Five Indo-Pacific coral
species determinations changed from
endangered in the proposed rule to
threatened in the final rule: Acropora
jacquelineae, Acropora lokani,
Acropora rudis, Anacropora spinosa,
and Euphyllia paradivisa. Forty Indo-
Pacific coral species’ determinations
changed from threatened in the
proposed rule to not warranted in the
final rule: Acanthastrea brevis,
Acanthastrea hemprichii, Acanthastrea
ishigakiensis, Acanthastrea regularis,
Acropora aculeus, Acropora acuminata,
Acropora aspera, Acropora dendrum,
Acropora donei, Acropora horrida,
Acropora listeri, Acropora microclados,
Acropora palmerae, Acropora
paniculata, Acropora polystoma,
Acropora striata, Acropora vaughani,
Acropora verweyi, Alveopora allingi,
Alveopora fenestrata, Alveopora
verrilliana, Anacropora puertogalerae,
Astreopora cucullata, Barabattoia laddi,
Caulastrea echinulata, Euphyllia
cristata, Euphyllia paraancora, Isopora
cuneata, Millepora tuberosa, Montipora
angulata, Montipora calcarea,
Montipora caliculata, Montipora
dilatata/flabellata/turgescens,
Montipora lobulata, Montipora patula/
verrilli, Pachyseris rugosa, Pectinia
alcicornis, Physogyra lichtensteini,
Porites horizontalata, and Porites
nigrescens. Finally, Millepora foveolata
changed from endangered in the
proposed rule to not warranted in the
final rule.

Last, as described in Comment 2,
three coral species determinations
changed from endangered or threatened
in the proposed rule to not determinable
in the final rule: Pocillopora elegans
(eastern Pacific) warranted listing as
endangered in the proposed rule but
was considered not determinable in the
final rule, and Pocillopora danae and
Pocillopora elegans (Indo-Pacific)
warranted listing as threatened in the
proposed rule but were considered not
determinable in the final rule.

Comments on Reclassification of
Acropora palmata and Acropora
cervicornis

Comment 50: Several comments
disagreed with our proposal to reclassify
the Caribbean species A. cervicornis and
A. palmata from threatened to

endangered. Most comments agreed
with the current status of threatened for
the Caribbean acroporid species. Many
comments cited increasing abundances,
recovering populations, and significant
advances in active restoration projects
as justification for not reclassifying
them as endangered. One comment
opposed the proposed reclassification,
citing population numbers (Miller et al.,
2013), genetic diversity (Hemond and
Vollmer, 2010), forward-looking
population models and extinction
models based on paleontological data
(van Woesik et al., 2012), and a better
understanding of the causes of and
resistance to mortality (Kline and
Vollmer, 2011; Vollmer and Kline, 2008)
as justification. Comments also stated
that there has been no significant
change in the population status of the
acroporids since their initial listing in
2006, and populations are relatively
stable and recovering in some areas.
One commenter also emphasized that A.
cervicornis in particular does not
warrant endangered listing status due to
its presence throughout its entire
biogeographical range, population
expansion northward in south Florida,
and its ability to still reproduce
sexually. One commenter asserted that
reclassifying the Caribbean Acropora
species to endangered is not warranted
because the threats to these species are
not imminent. Additionally, many
comments cited the growing number of
successful restoration projects
throughout southeast Florida and the
Caribbean (Hollarsmith et al., 2012;
Johnson et al., 2011; Young et al., 2012)
that continue to aid in conservation of
acroporids and help recover genetically
viable populations. Overall, comments
suggest the Caribbean acroporids should
remain threatened under the ESA, and
do not warrant reclassification to
endangered status. However, we did
receive one comment letter in support of
the reclassifications for the Caribbean
acroporids.

Response: As described previously,
we have revised and provided a clearer
explanation of our decision-making
framework to further strengthen our
final listing determinations. As with all
other species in this final rule, we
updated all of the general information
regarding coral reef biology, ecology,
demography, and threat susceptibilities
relevant to the Caribbean acroporids,
and thus we substantially updated and
expanded our individual species-
specific descriptions for these species in
the Species-specific Information and
Determinations section. Further, as
previously described in earlier comment
responses, we more fully consider in



53874 Federal Register/Vol. 79, No. 175/ Wednesday, September 10, 2014 /Rules and Regulations

this final rule the ability of spatial and
demographic traits, as well as habitat
heterogeneity, to affect vulnerability of
the Caribbean acroporids to extinction
in the context of the statutory
definitions of threatened and
endangered for corals.

We also carefully considered the
significant progress of active restoration
projects in the state of Florida and the
wider-Caribbean. We agree that these
efforts confer conservation and potential
recovery benefits for the species;
however, these efforts, to date, are very
limited in scale compared to the species
ranges and should not be considered a
panacea for conserving and recovering
the Caribbean acroporids. The
Conservation Efforts section of this rule
provides more information on active
coral reef restoration efforts. As
described in detail in the Species-
specific Information and Determinations
section, based on the Final
Determination Framework and
supplemental information, we are
changing our proposal to reclassify A.
palmata and A. cervicornis as
endangered species. Acropora palmata
and A. cervicornis will remain listed as
threatened species.

Comments on Effects of Listing

Comment 51: We received several
comments that described potential
negative effects that could result from
ESA coral listings. These include
regulatory burdens in the form of permit
applications and other various
paperwork, consultations and biological
opinions, postponement of in-water
maintenance activities, and increased
costs associated with harbor
improvement projects. We also received
numerous comments expressing
concern about impacts to cultural
practices as a result of listing, including
native artists’ livelihoods, reef access by
indigenous peoples, fishing, lime
production, customary navigation and
seafaring, and specifically native
Hawaiian recreational and cultural
practices, and the cultural needs and
practices of American Samoa. One
comment expressed concern that
reclassifying A. palmata and A.
cervicornis from threatened to
endangered will impede ongoing
restoration and recovery efforts. We
received one comment encouraging
NMEFS to make sure we have adequate
staff to carry out the additional
workload associated with ESA Section 7
consultations for any coral species that
are listed in this final rule.

Response: The ESA explicitly restricts
the factors that can be considered in
listing decisions. Listing decisions can
be based solely on the best scientific

and commercial data available, after
conducting a status review and taking
conservation measures into account.
Therefore, comments relevant to the
proposed listing include those
comments that provide additional
substantive information regarding
whether a species is in danger of
extinction or likely to become so in the
foreseeable future (e.g., the biology,
status, and/or threats to the species,
evaluation methodologies, effectiveness
of conservation measures, accuracy and
comprehensiveness of best available
information, etc.). We are unable to
consider other types of comments in a
listing determination (e.g., socio-
economic or policy impacts). However,
after we implement the final listings, we
will work with our stakeholders and
affected entities to reduce the impact of
the listings while still providing for the
conservation of the listed corals.

Comments on Critical Habitat

Comment 52: We received three
comments related to critical habitat.
One commenter offered to provide
information to assist in the economic
analysis required for critical habitat
designation. A second commenter
proposed the use of NOAA benthic
habitat maps to define areas of critical
habitat for listed corals and requested
reconsideration of designated critical
habitat for Acropora palmata and
Acropora cervicornis. A third
commenter requested to be consulted
during critical habitat designation to
ensure the operation of their facilities
would not be affected.

Response: The comments summarized
above do not provide substantive
information to help inform the final
species determinations. NMFS is
required to designate critical habitat at
the time of final rule publication, unless
we determine that critical habitat is
undeterminable at that time. Below, we
discuss our determination that critical
habitat is not currently determinable for
the species being newly listed through
this final rule. Designation of critical
habitat will occur via a separate rule-
making process once this final rule is
published, which will include
opportunities for public participation
and input. As such, the comments
described above are noted but are not
responded to further in this final rule.

Comments on ESA Section 9 Take
Prohibitions

Comment 53: We received 12
comments specific to ESA 4(d) rule-
making, which is discussed in the
Section 9 Take Prohibitions section of
the proposed rule. Eight of these
comments requested or suggested

exemptions from Section 9 take
prohibitions for specific activities that
should be included in a 4(d) rule issued
for threatened species listed in this final
rule. Two comments recommended that
lawful emissions of GHG should be
included as an exception in any future
4(d) rule. Two other comments said the
opposite, stating that NMFS should not
consider GHG emissions in the context
of the ESA.

Response: The comments described
above did not provide substantive
information to help inform the final
listing determinations for the 65 coral
species. NMFS is not required to issue
a 4(d) rule for threatened species in
conjunction with a final ESA listing. We
will do so only if we determine it is
necessary and advisable for the
conservation of threatened species. If we
make that finding for threatened species
listed in this final rule, issuance of a
4(d) rule is a separate rule-making
process that will include specific
opportunities for public input. As such,
the comments above are noted but not
responded to further in this final rule.

Comments on Identification of Those
Activities That Would Constitute a
Violation of Section 9 of the ESA

Comment 54: We received numerous
comments regarding concerns over the
definition of “‘take” for corals under the
ESA. Comments questioned how we
would define ‘“‘take” if corals are listed,
considering their unique biological and
ecological characteristics (i.e., corals are
colonial and clonal organisms). One
commenter pointed out a lack of
certainty regarding the threshold of
“take” for coral larvae. Another
commenter thought it was unclear how
people would know if they are “taking”
a listed coral and expressed concern
about the ability to conduct cultural
practices. A third commenter stated
that, in the example of corals, the stated
goals of the ESA are at odds with the
best plan for the recovery of any coral
species.

Response: We agree that defining
“take” of corals under the ESA is both
unique and challenging, because of the
biology of reef-building corals. As
described below under Corals and Coral
Reefs—Individual Delineation, these
species are both colonial (i.e., capable of
creating colonies from multiple
genetically-identical polyps) and clonal
(i.e., capable of asexual reproduction to
create genetic duplicates). The ESA take
prohibitions only apply to endangered
species immediately upon listing. No
species in this final rule are being listed
as endangered; therefore, we do not
define activities that may result in take
in this final rule, because take is not
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automatically prohibited for threatened
species. Should we deem it necessary
and advisable that extending any of the
ESA section 9 prohibitions, including
take prohibitions, is necessary for the
conservation of any of the newly-list
threatened coral, we will do so in a
subsequent rule-making.

Comments on Policies on Role of Peer
Review

Comment 55: We received two
comments that criticized NMFS for not
conducting peer review on the proposed
rule. One commenter stated the
following: “The Department of
Commerce issued guidelines to comply
with the OMB mandate, publishing the
final Guidelines for Ensuring and
Maximizing the Quality, Objectivity,
Utility, and Integrity of Disseminated
Information in October 2002. As part of
the NOAA guidelines, the agency must
apply a higher standard to ‘influential
scientific information’ (‘ISI’), which is
defined as scientific information the
agency reasonably can determine will
have or does have a clear and
substantial impact on important public
policies or private sector decisions.” Id.
ISI is subject to the more stringent
information standards in the OMB’s
Final Information Quality Bulletin for
Peer Review (“OMB Peer Review
Bulletin”), which requires peer review
by qualified specialists in the relevant
field (70 F.R. 2664; January 14, 2005).”

Response: The proposed rule itself
was not peer reviewed. However, the
supporting documents that formed the
basis for the determinations in the
proposed rule (e.g., the SRR, FMR) were
independently peer reviewed by subject
matter experts. In addition, much of the
information we received as a result of
the public engagement and public
comment periods and incorporated into
this final rule was independently peer
reviewed. During the public comment
period and subsequent 6-month
extension solicitation, we received
critical review of the information on
which the proposed rule was based from
several coral reef experts. As a result,
the information used to form the basis
of our final listing determinations
represents the best available scientific
and commercial information to date on
the 65 reef-building coral species within
this final rule, and that we have
complied with all applicable policies
and guidance on peer review.

Comments Outside of the Scope of the
Proposed Rule

We received numerous public
comments in response to the proposed
rule that are outside the scope of this
rulemaking. Below are brief

explanations to note the comments were
received and explain why they are not
considered relevant to the content of the
proposed rule.

Comment 56: We received several
comments regarding concerns over
potential economic impacts as a result
of listing coral species from various
concerned parties. In addition, we
received many comments criticizing the
proposed rule as an inappropriate use of
the ESA to protect corals in the face of
global climate change. Some comments
emphasized that the ESA is not
designed to regulate GHGs and thus
ESA listings are not a prudent use of
time and resources. Comments also
cited impacts to cultural practices
related to marine resource use in
opposition of ESA coral listings.

Response: Due to the statutory
requirements of the ESA, comments
relevant to the proposed listing include
those comments that provide additional
substantive information regarding any
facet of the proposed rule (e.g., the
biology, status, and/or threats to the
species, evaluation methodologies,
accuracy and comprehensiveness of best
available information, etc.). Comments
not relevant to this rule making are
those comments that are not related to
the content of the proposed rule and/or
comments that we are legally unable to
consider in a listing determination (e.g.,
economic impacts). While we are
required to review and consider all
comments, comments on issues outside
the scope of the proposed rule, such as
the comments described above, were
noted, but are generally not responded
to in this final rule.

Comment 57: Several commenters
provided general support for the
proposed listings but did not provide
substantive information or specific
comments on the content of the
proposed rule.

Response: General support for the
proposed action does not constitute
submission of substantive information
regarding any facet of the proposed rule.
Therefore, these comments were noted
but are not responded to in this final
rule.

Comment 58: We received three
comments pertaining directly to one or
more of the 16 Not Warranted findings
that were issued simultaneously with
the proposed rule. One commenter
questioned why some Caribbean species
were determined to be Not Warranted
while others are proposed because
threats to all species appear to be the
same. Another commenter stated that
Porites pukoensis should have been
proposed for listing based solely on the
fact that it is endemic to Hawaii. A third
commenter provided information on

Turbinaria reniformis’ tolerance to
threats associated with climate change.

Response: A Not Warranted finding is
a final decision for which public
comments are not solicited. Therefore,
comments on the not warranted findings
are noted but not considered relevant to
the content of the proposed rule and are
not responded to directly in this final
rule. We do note, however, that species
determinations are based on more than
just geographic range or existing threats
alone and not warranted determinations
were reached by considering all
available information on species
abundance, range, depth distribution,
and threat vulnerabilities including
susceptibility and exposure, as is
described in more detail in the not
warranted findings.

As also described in the proposed
rule, a threatened coral is likely to
become an endangered coral within the
foreseeable future throughout all or a
significant portion of its range. For
threatened species, there is a temporal
delay in extinction risk afforded by
some characteristics of the species, such
as broader distribution, larger
populations, lower vulnerability to the
most important threats, and better
management. Threatened species are
less vulnerable than endangered
species, but still have characteristics
that are likely to put them at elevated
extinction risk within the foreseeable
future. For each of the 65 species under
consideration, we explain how a
species’ characteristics and its ability to
provide buffering capacity to the
identified threats influences its
extinction risk over the foreseeable
future. Some of the 65 species in this
final rule meet the definition of
threatened, as explained in the species
sections below.

Basis of Listing Determinations

The following sections summarize all
of the best available information on reef-
building corals in general, which
provides the baseline context and
foundation for our species-specific
listing determinations. While this
general information illustrates that the
most important threats are currently
increasing in severity, and likely to
continue increasing further in the
foreseeable future, it also illustrates that
the impacts from these threats, both
currently and over the foreseeable
future, are difficult to interpret and do
not necessarily correlate to increased
vulnerability to extinction due to the
biological and physical variability and
complexity of corals and their habitat.
Accordingly, our Final Determination
Framework and species determinations
are based upon an analysis of the best
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available species-specific information
evaluated within a worsening future
environment.

In addition to the comments we
received on the proposed rule that
include new or supplemental
information, we have continued to
collect information that has either
emerged since the publication of the
proposed rule or that was published at
the time of the proposed rule, but had
been inadvertently overlooked. This
latter category also includes literature
cited in the SRR or SIR, but that was
further examined to provide relevant
information. Therefore, we consider
“supplemental information” to be that
which was not considered at the time of
the proposed rule that expands upon the
themes in the proposed rule, but does
not fundamentally change a finding
from the proposed rule. “New
information” is considered to be that
which is novel and results in a change
to a finding in the proposed rule. To
distinguish between the information on
which the proposed rule was based from
new or supplemental information, we
will only cite the primary literature for
new or supplemental information. For
clarity, we will distinguish whether the
information was identified via public
comment or if we gathered it ourselves.

All the general information on reef-
building corals, which provides the
appropriate context for our species-
specific determinations, is provided in
the Corals and Coral Reefs and Threats
Evaluation sections. The Risk Analyses
section follows and describes our
methods and final determination
framework for making our
determinations. Last, we provide the
individual listing determinations in the
Species-specific Information and
Determinations section, which are based
on all of the best available information
for each coral species.

Corals and Coral Reefs

This section provides a summary of
the best available information on the
biology and habitat of reef-building
corals as it pertains to this final rule.
First, we briefly summarize the
information from the proposed rule,
which is based on the SRR and SIR. We
also address all relevant comments
received pertaining to the biology and
habitats of reef-building corals. Further,
we provide supplemental information
relevant to biology and habitat of corals
that we gathered during the period
between the proposed and this final
rule. This information provides part of
the context in which we evaluate the
species’ status and illustrates the unique
nature of this evaluation compared to

typical NMFS’ ESA listing
determinations (i.e., vertebrates).

As summarized in the proposed rule,
corals are marine invertebrates in the
phylum Cnidaria that occur as polyps,
usually forming colonies of many clonal
polyps on a calcium carbonate skeleton.
The Cnidaria include true stony corals
(class Anthozoa, order Scleractinia), the
blue coral (class Anthozoa, order
Helioporacea), and fire corals (class
Hydrozoa, order Milleporina). All 68
proposed species are reef-building
corals, because they secrete massive
calcium carbonate skeletons that form
the physical structure of coral reefs.
Reef-building coral species collectively
produce coral reefs over time in high-
growth conditions, but these species
also occur in non-reef habitats (i.e., they
are reef-building, but not reef-
dependent). There are approximately
800 species of reef-building corals in the
world.

Most corals form complex colonies
made up of a tissue layer of polyps (a
column with mouth and tentacles on the
upper side) growing on top of a calcium
carbonate skeleton, which the polyps
produce through the process of
calcification. Millepora fire corals are
also reef-building species, but unlike the
stony corals, they have near-
microscopic polyps containing tentacles
with stinging cells.

Individual Delineation

Comment 5 identified the lack of
clarity on and complexity of the
delineation of the “individual” with
respect to corals and its influence in
estimating population abundance. We
agree that this is a complex issue and
did not provide sufficient details on
how we identified what an individual is
and how the consideration of this issue
factored into our estimates of
abundances for each of the proposed
species in the proposed rule. Thus, in
this final rule, we provide details on
how we considered individual
delineation in the proposed rule and
this final rule.

Reef-building corals are clonal
organisms. A single larva will develop
into a discrete unit (the primary polyp)
that then produces modular units (i.e.,
genetically-identical copies of the
primary polyp) of itself, which are
connected seamlessly through tissue
and skeleton. These modular units may
be solitary (e.g., fungiid corals) or
colonial. Most reef-building coral
species are colonial, including all
species covered in this final rule.
Colony growth is achieved mainly
through the addition of more polyps,
and colony growth is indeterminate.
The colony can continue to exist even

if numerous polyps die, or if the colony
is broken apart or otherwise damaged.
The biology of such clonal, colonial
species creates ambiguity with regard to
delineation of the individual in reef-
building corals, specifically: (1) Polyps
versus colonies; (2) sexually-produced
versus asexually-produced colonies; and
(3) difficulty determining colony
boundaries. Each source of ambiguity is
addressed below, leading to a
conclusion regarding the delineation of
the “individual” for the species covered
by this final rule, which was not
specifically defined in the proposed
rule. Though not specifically defined,
we applied this same concept of the
individual in the proposed rule.

The polyp coulg be considered as the
smallest unit of the individual for reef-
building corals. Each polyp in a coral
colony consists of a column of tissue
with a mouth and tentacles on the upper
side, growing in a cup-like skeletal
structure (the corallite) made of calcium
carbonate that the polyp produces
through calcification. The polyps are the
building blocks of the colony, and most
colony growth occurs by increasing the
number of polyps and supporting
skeleton. Polyps carry out the biological
functions of feeding, calcification, and
reproduction. However, because the
polyps within a colony are modular
units, and connected to one another
physiologically (i.e., via nerve net and
gastrovascular cavity, and are the same
sex), single polyps within a colony are
not considered to be individuals for
purposes of this final rule.

Alternatively, only colonies
originating from sexually-produced
larvae could be considered as the
individual for reef-building corals.
Colonies are founded by either sexually-
produced larvae that settle and become
the primary polyp of a colony, or
asexually-produced fragments of pre-
existing colonies that break off to form
a new colony. Fragments from the same
colony can fuse back together into the
same colony if they are close enough to
grow together. Fragmentation in
branching species may lead to a large
number of asexually-produced,
genetically identical colonies,
commonly resulting in a population
made up of more asexually-produced
colonies than sexually-produced
colonies (Hughes, 1984). Sexually-
produced colonies are important to the
population by increasing the genetic
diversity of the population, and colonies
originating from asexually-produced
fragments do not contribute to the
effective population (i.e., group of
genetically unique individuals). Asexual
reproduction, though it does not create
new genetic individuals, is likely the
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more critical mode for some species,
especially branching species, allowing
them to grow, occupy space, and persist
between relatively rare events of sexual
reproduction. Sexually- and asexually-
produced colonies often cannot be
distinguished from one another in the
field, but are identifiable as an
individual, in most cases. Thus, we use
the concept of the “physiological
colony” as the entity that can be
considered an individual. The
physiological colony for reef-building
colonial species is defined here as any
colony of the species, whether sexually
or asexually produced.

A physiological colony is generally
autonomous from other colonies of the
same species. However, colony
morphology, partial colony mortality,
and other colony growth characteristics
(e.g., formation of stands or thickets) can
complicate the delineation of
physiological colonies from one another
in the field. For example, the overall
colony morphology of many encrusting
species (e.g., some Montipora species) is
largely dictated by the underlying
substrate. In those cases, colony shape
may not distinguish colonies from one
another, and boundaries between
separate encrusting colonies that have
grown together may be difficult or
impossible to make out visually. Partial
mortality of colonies, especially larger
colonies, can also mask the boundaries
between colonies, because the algae-
encrusted coral skeleton of a partially
dead colony may appear to delineate
two or more colonies. In addition, many
reef-building coral species occur in
stands or thickets that may be tens of
meters or more in diameter (e.g., some
Acropora species), possibly consisting
of multiple colonies or only one large
colony, also masking the boundaries
between colonies. In each of these
instances, the actual number of
genetically-distinct individuals can only
be determined through genetic analysis.
Those techniques have not been
established for all coral species and are
not feasible to conduct for every reef
assessment. Therefore, most reef
assessments for coral abundance also
use the concept of the physiological
colony as the unit for enumerating
species.

Despite the challenges in individual
delineation of clonal, colonial reef-
building corals, this final rule considers
the “individual” for each of the
proposed species to be the physiological
colony, as defined above. That is,
polyps are not considered individuals,
but sexually- and asexually-produced
colonies are considered individuals
because they are a type of physiological
colony and are the unit that can be

identified in the field. We acknowledge
that there are limitations with this
definition of the individual, including
usually-unknown proportions of
genetically-distinct individuals in a
population and the difficulty with the
determination of physiological colony
boundaries. But defining the individual
this way is the most supportable for this
final rule based on the best available
science. While we did not specifically
name the individual as the
physiological colony in the proposed
rule, it is how we considered the
individual in the proposed rule because
the majority of the information on
abundance is based on the physiological
colony which can be readily identified
and counted in field surveys. Thus, in
our species determinations we use the
physiological colony to inform how we
estimate abundance of a coral species
because that is how field surveys
estimate coral abundance. Using the
physiological colony to estimate
abundance in the final rule does not
change how we estimated abundance in
the proposed rule, in which we also
relied on information that uses the
physiological colony to report
abundance estimates. If we have
information on the effective population
size (i.e., proportion of clonality) for a
species, that information is also
considered.

Taxonomic Uncertainty in Reef-Building
Corals

To determine if the proposed corals
meet the ESA definition of a species, we
had to address issues related to the
taxonomic uncertainty in corals (e.g.,
reliance on morphological features
rather than genetic and genomic science
to delineate species) and corals’
evolutionary history of reticulate
processes (i.e., individual lineages
showing repeated cycles of divergence
and convergence via hybridization). To
address taxonomic uncertainty related
to species delineation, except as
described below where genetic
information was available, the proposed
rule considered the nominal species
designation as listed in the petition,
acknowledging that future research may
result in taxonomic reclassification of
some of the candidate species.
Additionally, to address complex
reticulate processes in corals, the BRT
attempted to distinguish between a
““good species” that has a hybrid
history—meaning it may display genetic
signatures of interbreeding and back-
crossing in its evolutionary history—
and a “hybrid species” that is composed
entirely of hybrid individuals (as in the
case of Acropora prolifera, discussed in
the status review of acroporid corals in

the Caribbean; Acropora Biological
Review Team, 2005). The best available
information indicates that, while several
of the candidate species have hybrid
histories, there is no evidence to suggest
any of them are “hybrid species” (that
is, all individuals of a species being F1
hybrids); thus, they were all considered
to meet the definition of a ““species.”

Studies elucidating complex
taxonomic histories were available for
several of the genera addressed in the
status review, and we were able to
incorporate those into our species
determinations. Thus, while we made
species determinations for most of the
82 candidate coral species on the
nominal species included in the
petition, we made alternate
determinations on the proper taxonomic
classification for the candidate species
Montipora dilatata and M. flabellata;
Montipora patula and Porites pukoensis
based on genetic studies. We decided to
subsume a nominal species (morpho-
species) into a larger clade whenever
genetic studies failed to distinguish
between them (e.g., Montipora dilatata,
M. flabellata, and M. turgescens (not
petitioned) and Porites Clade 1 forma
pukoensis). Comment 3 objected to the
lumping of the Montipora species based
solely on one study. However, because
the commenter did not provide any
contrary information and we did not
find any new or supplemental
information suggesting that subsuming
the Montipora species into a larger clade
is incorrect, we are maintaining our
determination that M. dilitata/M.
flabellata/M. turgescens and M. patula/
M. verrilli are considered species under
the ESA.

In the proposed rule, Pocillopora
elegans was split into two separate
species because the two geographically-
distant populations have different
modes of reproduction. Additionally,
the proposed rule examined the listing
status of P. danae. After consideration
of the information on taxonomic
uncertainty, including from the
proposed rule and supporting
documents, Comment 2, and new
information, we have determined that
these three Pocillopora species (P.
elegans (Eastern Pacific), P. elegans
(Indo-Pacific), and P. danae), are not
listable entities under the ESA. As
explained in the response to Comment
2, new information on the three
proposed Pocillopora species proposed
for listing indicates an increasing level
of taxonomic uncertainty to the point
that these three species are not listable
entities under the ESA at this time.
Thus, this final rule considers 65 of the
68 species included in the proposed
rule. However, even though these
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remaining 65 species are determinable
under the ESA, some uncertainty
regarding taxonomy and certain species
identification remains. These
uncertainties are addressed for each
species in the Species-specific
Information and Determinations
sections.

In addition to these specific examples
of species delineation, Comment 1
stated that taxonomic uncertainties
associated with many reef-building
coral species are problematic for the
ESA listing determination process. We
acknowledge the clear delineation
among individuals that characterizes
vertebrate species is often absent in reef-
building coral species. This final rule
addresses that ambiguity with the
general introductions in this sub-
section, then by providing species-
specific information for each species.
Therefore, the level of taxonomic
uncertainty is addressed for each of the
species in this final rule in the Species-
specific Information and Determinations
sub-sections below.

Species Identification

We received several comments related
to the difficulty in coral species
identification (see Comment 1). In the
proposed rule we acknowledged the
difficulty in identification and how that
affected the ability to accurately infer
abundances for individual species (see
proposed rule Distribution and
Abundance section). However, we did
not discuss the species identification
uncertainty on a species by species
basis. In this sub-section, we more fully
describe the challenge of species
identification. In the Species-specific
Information and Determinations section,
we address the identification
uncertainty for each species, and
determine if that uncertainly affects the
reliability of the distribution and
abundance information described for
each species, based on expert analysis
(Fenner, 2014b).

In this final rule “species
identification” refers to the assignment
of a given individual to a species based
on its appearance in the field or lab. In
contrast, “‘species delineation” refers to
the definition of reef-building corals as
distinct species based on their scientific
classification or taxonomy (covered in
the previous sub-section). Many reef-
building coral species are difficult to
identify for many reasons, including: (1)
The high biodiversity of reef-building
corals; (2) the high morphological
plasticity in many reef-building coral
species; and (3) the different methods
used for species identification. An
example of all three factors working
together (high biodiversity,

morphological plasticity, different
methods) is provided by massive Porites
species: Many species occur together in
the same habitats and locations,
morphological plasticity is high for both
colony shape and corallite structure,
and experts disagree about how to
distinguish the species (Forsman et al.,
2009; Veron, 2000).

Coral species identification is based
on the assumption that the taxonomy is
correct. The high biodiversity, high
morphological plasticity, and different
methodologies create species
identification problems even when the
taxonomy is correct. But if the
taxonomy is not correct, the species
identification problems described here
are irrelevant because species with a
high level of taxonomic uncertainty
(e.g., the Pocillopora species in this final
rule) are not listable entities under the
ESA. Both the species delineation and
species identification problems are
highly species-specific, and are
addressed for each species in the
Species-specific Information and
Determinations section.

Reproductive Life History of Reef-
Building Corals

As summarized in the proposed rule,
corals use a number of diverse
reproductive strategies that have been
researched extensively; however, many
individual species’ reproductive modes
remain poorly described. Most coral
species use both sexual and asexual
propagation. Sexual reproduction in
corals is primarily through
gametogenesis (i.e., development of eggs
and sperm within the polyps near the
base). Some coral species have separate
sexes (gonochoric), while others are
hermaphroditic. Strategies for
fertilization are either by “brooding” or
“broadcast spawning” (i.e., internal or
external fertilization, respectively).
Asexual reproduction in coral species
most commonly involves fragmentation,
where colony pieces or fragments are
dislodged from larger colonies to
establish new colonies, although the
budding of new polyps within a colony
can also be considered asexual
reproduction. In many species of
branching corals, fragmentation is a
common and sometimes dominant
means of propagation.

Depending on the mode of
fertilization, coral larvae (called
planulae) undergo development either
mostly within the mother colony
(brooders) or outside of the mother
colony, adrift in the ocean (broadcast
spawners). In either mode of larval
development, larvae presumably
experience considerable mortality (up to
90 percent or more) from predation or

other factors prior to settlement and
metamorphosis. Such mortality cannot
be directly observed, but is inferred
from the large amount of eggs and sperm
spawned versus the much smaller
number of recruits observed later. Coral
larvae are relatively poor swimmers;
therefore, their dispersal distances
largely depend on the duration of the
pelagic phase and the speed and
direction of water currents transporting
the larvae. The documented maximum
larval life span is 244 days (Montastraea
magnistellata), suggesting that the
potential for long-term dispersal of coral
larvae, at least for some species, may be
substantially greater than previously
understood and may partially explain
the large geographic ranges of many
species.

The spatial and temporal patterns of
coral recruitment have been studied
extensively. Biological and physical
factors that have been shown to affect
spatial and temporal patterns of coral
recruitment include substrate
availability and community structure,
grazing pressure, fecundity, mode and
timing of reproduction, behavior of
larvae, hurricane disturbance, physical
oceanography, the structure of
established coral assemblages, and
chemical cues. Additionally, factors
other than dispersal may influence
recruitment, and several other factors
may influence reproductive success and
reproductive isolation, including
external cues, genetic precision, and
conspecific signaling.

In general, on proper stimulation,
coral larvae settle and metamorphose on
appropriate substrates. Some evidence
indicates that chemical cues from
crustose coralline algae, microbial films,
and/or other reef organisms or acoustic
cues from reef environments stimulate
settlement behaviors. Calcification
begins with the forming of the basal
plate. Buds formed on the initial
corallite develop into daughter
corallites. Once larvae are able to settle
onto appropriate hard substrate,
metabolic energy is diverted to colony
growth and maintenance. Because
newly settled corals barely protrude
above the substrate, juveniles need to
reach a certain size to limit damage or
mortality from threats such as grazing,
sediment burial, and algal overgrowth.
In some species, it appears that there is
virtually no limit to colony size beyond
structural integrity of the colony
skeleton, as polyps apparently can bud
indefinitely.

Comment 4 identified the lack of
information on coral population
dynamics and connectivity; however, it
did not provide any supplemental
information, other than for Acropora
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cervicornis, which will be considered in
that species’ determination. Therefore,
the section above is a summary of the
information on coral reproductive life
history from the proposed rule as it
contributes to the extinction risk
analyses for the proposed corals. In our
species determinations, we consider life
history characteristics that may
contribute to extinction risk. For
example, species with high recruitment
rates or fast growth rates may have the
ability to more quickly recover from
disturbances. Additionally, long-lived
species with large colony size can
sustain partial mortality (fission) and
still have potential for persistence and
regrowth. However, detailed life history
information is not available for all of the
species considered in this final rule,
though it is used when available.

Distribution and Abundance of Reef-
Building Corals

The proposed corals are distributed
throughout the wider-Caribbean (i.e.,
the tropical and sub-tropical waters of
the Caribbean Sea, western Atlantic
Ocean, and Gulf of Mexico; herein
referred to collectively as “Caribbean”),
the Indo-Pacific biogeographic region
(i.e., the tropical and sub-tropical waters
of the Indian Ocean, the western and
central Pacific Ocean, and the seas
connecting the two in the general area
of Indonesia), and the tropical and sub-
tropical waters of the eastern Pacific
Ocean. In our species determinations,
spatial and demographic traits inform
our evaluation of a species’ current
status and its capacity to respond to
changing conditions over the
foreseeable future. One important
demographic trait is absolute
abundance, which is a function of local
density (either quantitative or
qualitative) and range size. Absolute
abundance is more informative than a
relative description of abundance for
corals such as “rare,” because even a
coral species described as ‘“‘rare’” may
still have millions of individual
colonies or more (i.e., few individuals
per unit area spread across a very large
area). Similarly, the spatial trait of
geographic distributions are not
considered on a relative scale (i.e.,
narrow, moderate, wide as we did in the
proposed rule), but rather considered on
an absolute scale, which for even the
smallest species distribution
encompasses millions of square miles.

As described in the Individual
Delineation sub-section, determining
abundance of the proposed corals
presents a unique challenge because
corals are clonal, colonial invertebrates,
and colony growth occurs by the
addition of new polyps. In addition,

colonies can exhibit partial mortality in
which a subset of the polyps in a colony
dies, but the colony persists. Colonial
species present a special challenge in
determining the appropriate unit to
evaluate for status. In addition, new
coral colonies, particularly in branching
species, can be added to a population by
fragmentation (breakage from an
existing colony of a branch that
reattaches to the substrate and grows) as
well as by sexual reproduction (see
above, and Fig. 2.2.1 in SRR).
Fragmentation results in multiple,
genetically identical colonies (ramets)
while sexual reproduction results in the
creation of new genetically distinct
individuals (genotypes or genets).

In the proposed rule, quantitative
abundance estimates were available for
only a few of the candidate species. In
the Indo-Pacific, many reports and long-
term monitoring programs describe
coral percent cover only to genus level
because of the substantial diversity
within many genera and difficulties in
field identification among congeneric
species. In the Caribbean, most of the
candidate species are either too few in
numbers to document meaningful
trends in abundance from literature
reports (e.g., Dendrogyra cylindrus), or
commonly identified only to genus
(Mycetophyllia and Agaricia spp.), or
potentially misidentified as another
species. At the time of the proposed
rule, the only comprehensive
abundance data in the Caribbean were
for the three Orbicella species, partially
because they historically made up a
predominant part of live coral cover.
Even for these species, the time series
data are often of very short duration
(they were not separated as sibling
species until the early 1990s and many
surveys continue to report them as
“Orbicella annularis complex”) and
cover a very limited portion of the
species range (e.g., the time series only
monitors a sub-section of a single
national park). In general, the available
quantitative abundance data were so
limited or compromised due to factors
such as small survey sample sizes, lack
of species-specific data, etc., that they
were considerably less informative for
evaluating the risk to species than other
data, and were therefore generally not
included as part of the individual
species extinction risk evaluations.

Comment 47 provided quantitative
abundance estimates from Florida for all
of the proposed corals in the Caribbean.
In addition, we gathered supplemental
information providing quantitative
abundance estimates and distribution
for individual species in the Caribbean
and Indo-Pacific. These data are
included and described in the

individual extinction risk assessments
for those species in the Species-specific
Information and Determinations section.

Unlike quantitative abundance data,
qualitative abundance characterizations
(e.g., rare, common), were available for
all species (Veron, 2000), and were
considered in the proposed rule’s
individual species extinction risk
evaluations. These estimates are the
subjective opinion of the author and are
meant to indicate relative abundance
between the categories. That is, a rare
species has fewer individuals as
compared to an uncommon one, and an
uncommon species has fewer
individuals than a common one. These
estimates are also meant to describe the
author’s opinion of the qualitative
abundance of the species throughout its
range, and not necessarily an estimate of
the abundance at an individual location.
Since the proposed rule was published,
semi-quantitative (i.e., survey data from
2,984 individual sites) and updated
non-quantitative (i.e., the author’s
subjective estimates covering a full
range of habitats and most ecoregions
the author has worked in) abundance
estimates were provided for 63 of the 65
corals covered in this final rule (Veron,
2014). In addition to the semi-
quantitative and non-quantitative
estimates, Veron (2014) provided
occupancy of each species within the
approximately 150 ecoregions he has
defined. An ecoregion is defined as an
area that is internally cohesive (i.e.,
areas with similar habitats share similar
species complements), but externally
distinct from neighboring regions
(http://coral.aims.gov.au/). Ecoregions
are widely used in biogeography
because they incorporate a substantial
amount of background knowledge, are a
good platform for statistical analysis,
and allow the pooling and comparison
of different datasets from the same
ecoregion. Ecoregions are not equal in
size and thus occupancy in the same
number of ecoregions by two different
species does not indicate the same range
size. Rather, the number of ecoregions
occupied is a good indication of the
diversity of habitats and geographic
distribution in which a species may be
found. These data are included in the
individual extinction risk assessments
for those species in the Species-specific
Information and Determinations section.

As previously described in the
Individual Delineation section, clonal,
colonial organisms, such as corals, are
vastly different in their biology and
ecology than vertebrates, which are
typically the focus of ESA status
reviews. Therefore, concepts and terms
that are typically applied to vertebrates
have very distinct meanings when
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applied to corals. A ‘rare’ coral may still
have millions of colonies as compared
to a ‘rare’ vertebrate, which may only
have hundreds of individuals.

Coral Habitats

As summarized in the Coral Reefs,
Other Coral Habitats, and Overview of
Candidate Coral Environments section
of the proposed rule, a “coral reef” is a
complex three-dimensional structure
occurring from the surface to
approximately 30 to 40 meters of depth
resulting from the skeletal growth of
reef-building corals that provides
habitat, food, and shelter for numerous
marine species. As such, coral reefs
foster exceptionally high biodiversity
and provide the following essential
functional roles: Primary production
and recycling of nutrients in relatively
nutrient poor (oligotrophic) seas,
calcium carbonate deposition yielding
reef construction, sand production,
modification of near-field or local water
circulation patterns, and habitat for
secondary production, including
fisheries. These functional roles yield
important ecosystem services in
addition to direct economic benefits to
human societies such as traditional and
cultural uses, food security, tourism,
and potential biomedical compounds.
Coral reefs protect shorelines, coastal
ecosystems, and coastal inhabitants
from high seas, severe storm surge, and
tsunamis.

The three broad categories of coral
reefs are fringing reefs, barrier reefs, and
atolls. Fringing reefs are mostly close to
coastlines, and usually have a high
component of non-carbonate sediment.
Barrier reefs are offshore and are
composed of wave-resistant
consolidated limestone. Atolls are
usually a wall of reefs partially or
completely enclosing a central lagoon.
There are not sharp differences that
clearly mark boundaries between reef
types. For example, fringing reefs
gradually become barrier reefs with
increasing distance from shore. Also,
the shape of both barrier reefs and atolls
is largely determined by the bathymetry
of the substratum, producing many
irregularly shaped reefs that are
intermediary between the two types.
Isolated reefs that do not fit any of these
descriptions are referred to as platform
reefs (Veron, 2000).

Despite the differences between the
reef categories, most fringing reefs,
barrier reefs, atolls, and platform reefs
consist of a reef slope, a reef crest, and
a back-reef, which in turn are typically
characterized by distinctive habitats.
The reef slope is the seaward side of the
coral reef between the reef crest and the
deep ocean, and generally includes

upper fore-reefs or upper slopes
(approximately 5—10 to 10—20 m depth),
mid-slopes that often occur as terraces
or shelves (approximately 10-20 to 20—
30 m depth), and deep fore-reefs, lower
slopes, or walls (approximately 30—40 m
depth) that transition to mesophotic
areas (greater than 30—40 m depth). The
reef crest (approximately 0 to 5-10 m
depth) forms the boundary between the
reef slope and back-reef, and generally
includes a consolidated ridge or rim
where the waves break, and a lower reef
crest on the seaward side of the algal
ridge often made of up of buttresses and
surge channels (i.e., spur-and-groove
structures). The back-reef lies between
the reef crest and land (or middle of the
lagoon, in the case of atolls). The back-
reef generally includes reef flats
(approximately 0 to 1-5 m depth) and
lagoons (approximately 1-5 to over 30
m depth), interlaced with tide pools,
channels, patch reefs, and other
features. The characteristics of these
habitat types vary greatly by reef
categories, locations, latitudes,
frequency of disturbance, etc., and there
is also much habitat variability within
each habitat type, together constituting
the habitat heterogeneity of coral reefs,
as described further below.

Fringing reefs occur adjacent to
coastlines, and subsequently the
habitats associated with their reef slopes
and back-reefs may be quite different
than on barrier reefs or atolls. The reef
slopes of many fringing reefs that are
protected from strong wave action (e.g.,
on leeward sides of islands) consist of
unconsolidated material sloping gently
towards deeper water, while those of
fringing reefs in more exposed areas
(e.g. windward sides of islands) are
usually more consolidated. On many
fringing reefs, even on the reef slope,
natural turbidity and sedimentation may
be high due to proximity to land.
Fringing reefs typically have narrow
back-reefs consisting of a reef flat
abutting the reef crest, and possibly tide
pools, channels, or small lagoons
between the reef flat and shore (Goreau,
1959; Veron, 2000). Barrier reefs
typically form tens to hundreds of
kilometers from coastlines, their reef
slopes are composed of consolidated
limestone that may plunge steeply to
deeper water, and natural turbidity and
sedimentation are very low due to
distance from land. Thus the
characteristics of their reef slope
habitats can be quite different than on
fringing reefs. Barrier reefs are exposed
to very strong wave action, and their
reef crests can vary from high,
consolidated algal ridges to
unconsolidated shingle ramparts to low

and wide indistinct crests. In addition,
barrier reefs typically have immense
back-reefs consisting of reef flats
abutting the reef crest, and large lagoons
that may vary from clear and sandy near
the reef to turbid and muddy near land,
and include various features such as
patch reefs and islands (Maxwell, 1968).
Atolls occur in oceanic waters far from
land, and may be hundreds of
kilometers across. Their reef slopes
often form vertical walls dropping into
abyssal waters, and their back-reefs
consist of large, clear lagoons (Veron,
2000; Wells, 1951). Environmental
conditions vary greatly between the
habitat types found on the reefs slopes,
reef crests, and back-reefs of the world’s
coral reefs. In addition, much variability
also occurs within each habitat type. For
example, Maxwell (1968) describes six
geomorphological types of reef crests,
and how the different environmental
conditions provide ‘“coral zones”
unique to each type of reef crest. The
physical diversity of coral reef habitat is
illustrated by Kuchler (1986), who notes
that the scientific literature on the GBR
alone used over 20 terms for the reef
slope or its habitats, over 50 terms for
the reef crest or its habitats, and over
100 terms for the reef flat and lagoon
and their habitats.

In conclusion, five main points are
important regarding coral habitat on
coral reefs (as opposed to non-reefal and
mesophotic habitats) for this final rule:
(1) Regardless of reef category, reefs
generally consist of reef slopes, reef
crests, and back-reefs, each of which
have distinct habitats, but those habitats
can be highly variable between reef
types and locations; (2) spatial
variability in coral habitat conditions is
very high between habitat types, as well
as within the habitat types described
above (i.e., deep fore-reefs, walls, mid-
slopes, upper reef slopes, lower reef
crests, algal ridges, reef flats, and
lagoons), producing highly variable
environmental conditions across both
large and small spatial scales at any
given point in time; (3) temporal
variability in coral habitat conditions is
also very high, both cyclically (e.g., from
tidal, seasonal, annual, and decadal
cycles) and episodically (e.g., storms,
temperature anomalies, etc.); (4)
together this spatial and temporal
variability in environmental conditions
across multiple scales produces the very
high habitat heterogeneity of coral reefs;
and (5) while most coral species in this
final rule are more common in certain
reef habitat types, they are typically
found in many different habitat types.

Reef-building corals have specif?c
habitat requirements, including hard
substrate, narrow mean temperature
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range, adequate light, and adequate
water flow. These habitat requirements
most commonly occur on the shallow
tropical and subtropical coral reefs
described above, but also occur in non-
reefal and mesophotic areas. All of the
proposed species require hard
substrates. Thus, in this final rule, “non-
reefal habitats” refers to hard substrates
where reef-building corals can grow,
including marginal habitats where
conditions prevent reef development
(e.g., turbid or high-latitude or
upwelling-influenced areas) and
recently available habitat (e.g., lava
flows). The term “mesophotic habitats”
refers to hard substrates deeper than 30
m. Coral reefs, non-reefal areas, and
mesophotic areas are not necessarily
sharply delineated from one another,
thus one may gradually blend into
another. We anticipate the total area of
non-reefal and mesophotic habitats is
greater than the total area of shallow
coral reef habitats within the ranges of
the corals in this final rule.

Comments 6 and 7 suggested that we
did not consider non-reefal habitats and
mesophotic habitats adequately in our
proposed rule. However, these
comments did not provide any new or
supplemental information on how to
interpret the importance of these
habitats in our extinction risk analysis.
Comment 7 includes two studies that
provide supplemental information on
the extent of mesophotic reefs. In
addition to the public comment
received on the diversity and
complexity of coral reef habitats,
supplemental information has become
available on non-reefal and mesophotic
habitats since the publication of the
proposed rule. The following sub-
sections on non-reefal and mesophotic
habitats are intended to illustrate the
diversity of reef-building coral habitats,
but are not intended to provide an
exhaustive list of them.

Non-reefal habitats include marginal
habitats (Perry and Larcombe, 2003), as
well as newly available natural habitats
such as the hard substrates created by
lava flows (Grigg and Maragos, 1974),
tsunamis (scoured bedrock or
transported boulders (Goto et al., 2010)),
or other episodic processes. Non-reefal
habitats are defined as areas where
environmental conditions prevent reef
formation but reef-building corals are
present. Marginal habitats are much
more common than newly-available
natural habitats. Marginal habitats are
very diverse, as they occur where
seawater temperatures or light levels are
sub-optimal (i.e., inadequate for high
skeletal growth but still allowing reef-
building corals to survive), and thus
include environments that are turbid

(Blakeway et al., 2013; Browne et al.,
2012), very warm (Riegl and Purkis,
2012; Riegl et al., 2011), or cold because
of high latitude (Dalton and Roff, 2013;
Lybolt et al., 2011) or upwelling
(Alvarado et al., 2011; Manzello et al.,
2008), and other environments (Couce et
al., 2012; Done, 1982; Perry and
Larcombe, 2003). Some coral species
can also live on soft substrates, such as
Manicina areolata in the Caribbean,
staghorns (Acropora) that must begin on
hard substrate but can then grow over
soft substrates, and Catalaphyllia
jardini, which is common in some soft
substrates in Australia. Such habitat is
not necessarily indicative of low-
diversity coral assemblages, as shown
by turbid sites, which have been
documented to support over 160 species
of reef-building corals (Perry and
Larcombe, 2003), and fresh lava flows,
which have been documented to
support fully recovered coral
communities only 20 years after the
flow (Grigg and Maragos, 1974).
Marginal habitats expands the diversity
of environmental conditions that can
support some reef-building corals and
therefore may provide refugia from
some threats affecting shallow coral reef
habitat, as described in the Spatial and
Temporal Refugia sub-section below.

Since 2012, research on mesophotic
habitats has demonstrated that many
reef-building corals have greater depth
distributions than previously reported.
Twenty-two of the proposed species
have been reported from mesophotic
depths (i.e., 30 m or more) and several
more reported at 25 m. For other
species, their biogeographic ranges may
be underestimated due to lack of
mesophotic exploration. These studies
demonstrate that some species in
shallow coral reef habitats readily
extend to mesophotic depths if water
clarity and temperatures remain
favorable (Kahng et al., 2014). For
example, investigations in American
Samoa (Bare et al., 2010), the Hawaiian
Archipelago (Kahng et al., 2010; Rooney
et al., 2010), and the Mariana
Archipelago (Rooney et al., 2012), have
revealed extensive mesophotic coral reef
ecosystems. While classically
considered to be limited to 100 m,
mesophotic reefs have been observed as
deep as 130 m in some of these areas,
including at depths in excess of 150 m
in the Au‘au Channel of Hawaii (Blyth-
Skyrme et al., 2013). Likewise,
investigations on Australia’s GBR found
extensive mesophotic habitats both
along the continental shelf-edge and on
submerged reefs inside the lagoon of the
GBR, both of which support previously
unknown communities of reef-building

corals (Bridge et al., 2012a; Bridge and
Guinotte, 2013; Bridge et al., 2012b). As
noted in one of these recent papers,
several coral species (including
Acropora aculeus, A. jacquelineae, and
A. tenella) are common and
geographically widespread in deeper
waters (30—60 m; Bridge et al., 2013b).
Other recent studies in Curagao
(Bongaerts et al., 2013), Bermuda (Locke
et al., 2013), and Hawaii (Luck et al.,
2013) reveal extensive mesophotic
habitats and reef-building coral
communities. These studies expand the
known potential habitats for reef-
building corals, but species diversity
and abundances have not been well-
documented due to the relative
inaccessibility of these habitats to
divers.

In summary, the magnitude of
habitats potentially supporting reef-
building coral species is extremely
large, and much larger than the 0.2
percent of the marine environment
provided in the SRR. Globally, some
reef-building corals can occur in
shallow coral reef, non-reefal, and/or
mesophotic habitats. These three types
of general habitats combined provide
the overall physical environment of
many species, and supplemental
information on non-reefal and
mesophotic habitats indicates that their
magnitude is larger than previously
understood.

Inter-Basin Comparisons

As described in the proposed rule, the
Caribbean and Indo-Pacific basins
contrast greatly both in size and in
condition. The Caribbean basin is
geographically small and partially
enclosed, has high levels of
connectivity, and has relatively high
human population densities. The wider-
Caribbean occupies five million square
km of water and has approximately
55,000 km of coastline, including
approximately 5,000 islands. Shallow
coral reefs occupy approximately 25,000
square km (including =2,000 square km
within U.S. waters), or about 10 percent
of the total shallow coral reefs of the
world. The amount of non-reefal and
mesophotic habitat that could
potentially be occupied by corals in the
Caribbean is unknown, but is
potentially greater than the area of
shallow coral reefs in the Caribbean.

The Caribbean region has experienced
numerous disturbances to coral reef
systems throughout recorded human
history. Fishing has affected Caribbean
reefs since before European contact, and
continues to be a threat. Beginning in
the early 1980s, a series of basin-scale
disturbances has led to altered
community states, and a loss of
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resilience (i.e., inability of corals and
coral communities to recover after a
disturbance event). Massive, Caribbean-
wide mortality events from disease
conditions of both the keystone grazing
urchin Diadema antillarum and the
dominant branching coral species
Acropora palmata and Acropora
cervicornis precipitated widespread and
dramatic changes in reef community
structure. None of the three important
keystone species (Acropora palmata,
Acropora cervicornis, and Diadema
antillarum) have shown much recovery
over decadal time scales. In addition,
continuing coral mortality from periodic
acute events such as hurricanes, disease
outbreaks, and bleaching events from
ocean warming have added to the poor
state of Caribbean coral populations and
yielded a remnant coral community
with increased dominance by weedy
brooding species, decreased overall
coral cover, and increased macroalgal
cover. Additionally, iron enrichment in
the Caribbean may predispose the basin
to algal growth. Further, coral growth
rates in the Caribbean have been
declining over decades.

Caribbean-wide meta-analyses suggest
that the current combination of
disturbances, stressful environmental
factors such as elevated ocean
temperatures, nutrients and sediment
loads, and reduced observed coral
reproduction and recruitment have
yielded a loss of resilience, even to
natural disturbances such as hurricanes.

Coral cover (percentage of reef
substrate occupied by live coral) across
the region has declined from
approximately 50 percent in the 1970s
to approximately 10 percent in the early
2000s (i.e., lower densities throughout
the range, not range contraction), with
concurrent changes between subregions
in overall benthic composition and
variation in dominant species. However,
supplemental information suggests that
this estimate of coral cover decline in
the Caribbean is an oversimplification.
In the Caribbean, quantitative surveys of
a few dozen sites from before the early
1980s suggest the regional mean for
coral cover was 30—40 percent around
1980 (Gardner et al., 2003; Schutte et
al., 2010). Supplemental information
based on more complete sampling effort
(i.e., meta-analysis of 35,000
quantitative reef surveys from 1969 to
2012) indicates higher levels of
“current” percent live coral cover in the
Caribbean than described in the
proposed rule. For example, a recent
study found that average coral cover
throughout the wider-Caribbean
declined by 66 percent from an overall
average of 41 percent between 1969—
1983 to 14 percent today, slightly higher

than the 10 percent reported earlier. The
earlier reports were based on less
thorough sampling of the available data,
and were also dominated by data from
the Florida Keys, U.S. Virgin Islands,
and Jamaica, which may not be
representative of the entire Caribbean
(Jackson et al. 2014).

In conclusion, the supplemental
information regarding live coral cover
does not dispute that there has been a
long-term overall decline in live coral
cover in the Caribbean and that those
declines are likely ongoing and likely to
continue in the future as a result of a
multitude of global and local threats at
all spatial scales. These wide-scale
changes in coral populations and
communities have affected habitat
complexity and may have already
reduced overall reef fish abundances.
These trends are expected to continue.
However, as the above information
illustrates, live coral cover trends are
highly variable both spatially and
temporally, producing patterns on small
scales that may not be indicative of
conditions throughout the basin.

Ocean basin size and diversity of
habitats (e.g., reef-flats, forereef,
mesophotic, non-reefal), as well as some
vast expanses of ocean area with only
very local, spatially-limited, direct
human influences, have provided
substantial buffering of Indo-Pacific
corals from many of the threats and
declines manifest across the Caribbean.
The Indo-Pacific (Indian and Pacific
Oceans) is enormous and hosts much
greater coral diversity than the
Caribbean region (~700 coral species
compared with 65 coral species). The
Indo-Pacific region encompasses the
tropical and sub-tropical waters of the
Indian Ocean, the western and central
Pacific Ocean, and the seas connecting
the two in the general area of Indonesia.
This vast region occupies at least 60
million square km of water (more than
ten times larger than the Caribbean), and
includes 50,000 islands and over 40,000
km of continental coastline, spanning
approximately 180 degrees of longitude
and 60 degrees of latitude. There are
approximately 240,000 square km of
shallow coral reefs in this vast region,
which is more than 90 percent of the
total coral reefs of the world. In
addition, the Indo-Pacific includes
abundant non-reefal habitat, as well as
vast but scarcely known mesophotic
areas that provide coral habitat. The
amount of non-reefal and mesophotic
habitat that could potentially be
occupied by corals in the Indo-Pacific is
unknown, but is likely greater than the
area of shallow coral reefs in the Indo-
Pacific (NMFS, 2012b; SIR Section 4.3).

While the reef communities in the
Caribbean may have poor resilience, the
reefs in the central Pacific (e.g.,
American Samoa, Moorea, Fiji, Palau,
and the Northwestern Hawaiian Islands)
appear to remain much more resilient
despite major bleaching events from
ocean warming, hurricanes, and crown-
of-thorns seastar predation outbreaks.
That is, even though the reefs have
experienced significant impacts, corals
have been able to recover, as described
below. Several factors likely result in
greater resilience in the Indo-Pacific
than in the Caribbean: (1) The Indo-
Pacific is more than 10-fold larger than
the Caribbean, including many remote
areas; (2) the Indo-Pacific has
approximately 10-fold greater diversity
of reef-building coral species than the
Caribbean; (3) broad-scale Caribbean
reef degradation likely began earlier
than in the Indo-Pacific; (4) iron
enrichment in the Caribbean may
predispose it to algal growth versus lack
of broad-scale iron enrichment in the
Indo-Pacific; (5) there is greater coral
cover on mesophotic reefs in the Indo-
Pacific than in the Caribbean; and (6)
there is greater resilience to algal phase
shifts in the Indo-Pacific than in the
Caribbean.

Even given the relatively higher
resilience in the Indo-Pacific as
compared to the Caribbean, one meta-
analysis of overall coral status
throughout the Indo-Pacific indicates
that substantial loss of coral cover (i.e.,
lower densities throughout the range,
but not range contraction) has already
occurred in most subregions. As of
2002-2003, the Indo-Pacific had an
overall average of approximately 20
percent live coral cover, down from
approximately 50 percent since the
1970s. However, supplemental
information refines this estimate. Data
from 154 surveys of reefs across the
Pacific performed between 1980 and
1982 had mean live coral cover of 42.5
percent (Bruno and Selig, 2007). Coral
cover in the Indian Ocean declined from
approximately 40 percent prior to the
1998 bleaching event to approximately
22 percent; subsequently, mean coral
cover increased to approximately 30
percent by 2005 (Ateweberhan et al.,
2011) Live coral cover likely had
already declined in all regions before
1980, but region-wide quantitative data
is generally lacking. For example, local
surveys before 1980 from several parts
of the Indo-Pacific documented live
coral cover of 50 to 70 percent (Gomez
etal., 1981).

Unlike the Caribbean, no recent
region-wide reports of current, overall
live coral cover are available for the
Indo-Pacific as a whole. However,
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recent reports from parts of the region
have found current live coral cover
higher than the 20 percent for the region
reported earlier, and stable or increasing
live coral cover. For example,
monitoring data collected annually from
47 sites on the GBR from 1995 to 2009
averaged 29 percent live coral cover.
More importantly, this study found no
evidence of consistent, system-wide
decline in coral cover since 1995.
Instead, fluctuations in coral cover at
sub-regional scales (10-100 km), driven
mostly by changes in fast-growing
Acroporidae, occurred as a result of
localized disturbance events and
subsequent recovery (Osborne et al.,
2011). However, another recent study
based on 2,258 surveys of 214 GBR reefs
over 1985—-2012, showed declines in
live coral cover from 28 percent to 14
percent, a loss of half of the initial coral
cover. In the Philippines, a study of 317
sites from 1981 to 2010 averaged 36
percent live coral cover, and showed an
overall increase from 29 percent in 1981
to 37 percent in 2010 (Magdaong et al.,
2013). A study of 366 sites from 1977 to
2005 in the Indian Ocean documented
large initial decline from approximately
35 percent live coral cover to
approximately 15 percent at most sites
following the 1998 bleaching event,
followed by partial recovery to
approximately 25 percent, and then
stability of live coral cover
(Ateweberhan et al., 2011). Likewise, a
study in Western Australia from 2005 to
2009, following the 2005 bleaching
event, documented declines to 10
percent live coral cover as a result of the
event and then subsequent recovery to
30 percent (Ceccarelli ef al., 2011). 