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TheCenter for Biological Diversityfipetitionen) hereby petitions the Secretary of Commerce

and the National Oceani c aAA4AQQtArougiotte (Natienali ¢ Ad mi
Marine Fisheries Se caulifloover cofafPbcMdp&a@meandrinmn | i st t h
Hawaiias an endangerex threatenedpeciesn a significant portion of its rangend designate

critical habitat to ensure its recoveayrsuant to Section 4(b) of the Endangered Species Act
(AESAO0) , 81583(bl se&ion®58) of the Administrative Procedure Act, 5 U.S.C. 8

533(e), and 50 C.F.R. § 424.14(a).

The Centef or Bi ol ogi cal Dis avnatioral| noryofit ¢ofseragon Ce nt er 6 )
organization dedicated to the protection of endangered species and wildiplaagh science,

policy, and environmental lavhmong the Center goals is to use HfA as a powerful tool to

presene imperiled species throughout the Uditgtates and abroad and thus conserve and
restorebiodiversity. The Centehas more than & million members and online activists wih

direct interest in ensuring the survival and recovernyngieriled species such as corals. The

Center is highly investein conserving théragile and impactedoral reef ecosystesof Hawalii

and themarine species that depend on them.

NMFS has jurisdiction over thigetition becauséhe cauliflower coralP. meandrinais a marine
speciesThis petition sets in motion gpecificlegal process, requiring NMFS to make an initial
finding as to whether the Petition fipresents
indicating that the petitioned action may be
makethis ni ti al finding fA(t)o the maxi mum extent
p et i tdiTberpetitioner does not needdemonstrate thatdiing is warrantedather the

petitioner must only present informatidemonstrating that suchiating maybe warranted.

While the petitioner believes that the best available science demonstrates that listing the
cauliflower coral P. meandrinaas threatened or endangered in Hawaii as a significant portion of

its range $ warranted, there can be remsonable dispute that the available information indicates

that listing this species as either threatened or endangered may be waliansadMFS

shouldpromptly make a positive finding on the Petition and commence a status review as

required bythe ESA 16 U.S.C. § 1533 (b)(3)(B).

The Centeraspectfully submittethis Petitionthis 14thday ofMarch 2018.

Suggested citation:

Center for Biological Diversity2018 Pdition to list thecauliflower coral Pocillopora
meandring in Hawaiias endngeredr threatenedinder the Endangered Species Act.
Center for Biological Diversity52 pp.



Executive Summary

Corals and corakef ecosystemsorldwide are in crisis. Nearly26 of t he wor |l ddéds <c
have already been lost, and approximatelgthird of all reetbuilding coral species as at riek
extinction(Carpenter et al. 2008; Veron et al. 2Q0&)Jobally, reefbuilding coralsface

widespread threats ranging frariimate changehabitat destruction, pollutiomyverfishing and

disease In particular, climate change effects such as oceammgandaddification caused by
anthropogenic greenhougasemissionghreaten thexistence ofcorals and coral reef

ecosystemas we know thernfPandolfi et al2011; Hughes et al. 2017I9cientific evidence

supports that coral reefs are likely the first ecosystem to collapse at a planetary scale due to

climate changéVeron et al. 2009; Hughes et al. 2017b)

This petitionseekdo list the cauliflower coraRocillopora meandrin, as threatened or

endangered nder t he US EndangeThiearal Speaes hasbstanflatlyt ( A E S,
declinad over the past years due to mass bleaching ewrertawaii, and it is furthetocally

threatened bland-based pollution, sedimentation, overfishing, and physical damage due human
activities. Ocean warming andidification due to anthropog@éngreenhouse emissiopsse the

most serious sheraind longterm threats to the survivllis coral specied hese threats are

already affecting this coral species. Urgent action, including listing under the ESA and

substantial cuts in greenhouse gasssions, is needed now to ensure that this coral speass do

not become extinct in the foreseeable future.
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1. Introduction

The cauliflower coralRocillopora meandrinais a relatively small upright bushy coral species
found in shallow eefs throughout the IndBacific and East Pacifitn Hawaii, P. meandrinahas
experienced high bleaching prevalence and subsequent mortality due to thermal stress events
duringthe past fouyears(20142017) the third global bleaching event on rec{Eakin 2017)
The frequency and severity ¢fegrmal stress evenits the central Pacific is predicteditacrease
andit is likely to causestrongemasscoral bleachingplacingP. meandrinaat high extinction
risk in the foreseeableture in a significant portion of its rande. addition,localized
sedimentation and pollution from inadequate asd practices and overfishing of herbivorous
fishes have contributed tbedecline of shallow water corals in areas of the Main Hawaiian
Islands.Thus, the Centgretitions NMFS to list the shallow wateoral P. meandrinaas
endangered or threatened under the B8&ause it is imperiletthroughout a significant portion
of its range, the Hawaiian Islands.

There is astrong precedent for listing coralader the ESA that show high extinction risk due to
climate changeln 2006 NMFS listed the Caribbean spechssopora cervicorni@andAcropora
palmaa as threatened under the E8#&ein partto its vulnerability to ocean warmingNMFS
2006) Further in 2014, NMFS listed 20 additional corals (15 in the U.S. Pacific and 5 in the
Caribbean) as threatened under the ESA because warming waaithiareat for the continuing
survival.

The auliflower coral warrants ESA listing because of tihgoing and increasing magnitude of
climate change threats as the primeoytributing factor®f the extinction risk.Indeed, the Coral
Biological ReviewTeam oncluded thathe three most important threats increasing extinction

risk of corals between now and the end of the century were ocean warming, diseases, and ocean
acidification(Brainard et al. 2013 p. 1172)ocal threats such as fishing, sedimentation and
eutrophicatiorthat can cause extirpations at local scalese considered as medium extinction
risks(Brainard et al. 2013 p. 117.2)Thus, in analyzing extinction risk f&. meandrinaNMFS
should consider global climatand ocean change threats (e.g., ocean warming and acidification)
and local threats (e.qg., latsed pollution, sedimentation, and fig})ithat contribute to

population decline and extinction in the foreseeable future. In addition, NMFS should consider
the cumulative effects and potential synergistic effects among these threats.

NMFS shouldassesshe extinction risk of the cauliflowencal (P. meandrinqand protect it
under the ESA, including considerationHdwaii as a significant portion of its randeis coral
specieccupieghe northernmost portion of its rangmhnston et al. 2018 p. 8pdlike other
coral speciet is likely to be severely affecteslith predicted environmental changes in the near
future, such as increasing frequency and magnitude of wastregs events and continued
reduction of carbonate saturation st@ieeke et al. 2011; Bahr et al. 2017 p. 1083)

Urgent action is needed to protdoe cauliflower coral P. meandrinaand for this reason NMFS
must make a prompt determination that listing may be warranted and undertake a status review.



2. Governing Provisions of the Endangered Species Act

The ESA was enacted in 1973 ntmesuppnrwhichi de a mea
endangered species and threatened species depend may be conserved, and to provide a program
for the conservation of such endangered speci
Protection under the ESA only applies to species that haen listed as endangered or

threatened according to the provisions of the statute. Thus listing species that need ESA

protection is vital to their conservation.

Specifically, once I|isted as an fdendkdingger edo
capture, or harassment of individual animals, as well as the sale, export, or import of such
speciesld AA 1538(a); 1532(19) (defining Atakeo) . /

At hreatenedo, NMFS s haldmsnmesessargandadwsable foetlieu | at i
conservation ofodd the species including potent
species. Additionally, whenever a U.S. federa
threatened or endangered species,dhgte ncy fAshall 06 consult with NN

impacts, and the consulting agencies may establish mitigation measures for thelgrgect.
1536(a).

2.1 Species Definition under the ESA

The term Aspeciesodo i s br oadl subsdeeiésioffighdor under t
wildlife or plants, and any distinct population segment of any species of vertebrate fish or
wildlife which interbreeds ThelES8Apromdesforthe. 06 16 U
listing of all species that warrant the protectiafferded by the Act. NMFS and the U.S. Fish

and Wildlife Service (AFWS0) have published a
for the purposes of listing, delisting, and reclassifying species under the ESRKR.@Y 2

(February 7, 1996). Wter this policy, a populatiothatisb ot h Adi scret eo and #fs
beeligible for listing under the ActHowever, the distinct population segment concept does not

apply to invertebrates like corals.

22 Significant Portion of the Speciesd Range

The ESA defines an fiendangered specieso as any

throughout all or a significant portion of it
specieso as one that #Ais | i kel fpreseeablelflducco me an
throughout all or a sli6@s.C81532@0).The pSAddesnotn o f i t

definethe phrasé s i gni fi cant [SPR){Thed0i4,FoWS iatnsd rNaMiFgSe o( At h €
S e r v ipolieysntenpretation of SPIF9 FR 37577)s invalid and haseen vacated in court
(seeCenter for Biological Diversity et al. v. Jelv8017,CV-14-02506 TUC-RM).

NMFS should list a specieangewide as endangered if iaces extinctionn a significant
portion of its range. It should list aepes as tlgatened if it is likely to become endangered in
the foreseeable future a significant portion of its range.Thus, if a species is imperiled in an
important part of its range it must be protected throughout its range.



While the ESAdoesmt def i nef f ar es é eusehMESinitiorutisat
reasonable, ensures protection of the petitioned speciegivasdhe benefit of thdoubt
regarding any scientific uncertainty to the speoiesxtinction in the futureGenerally, he
minimum time period that meetisese criteria is 100 yeals. fact, a 106year timeframe has
been used to project changes to growth and mortality of Hawaiian (ldcake et al. 2011)
Becausecean warming anccalification are the foremost threats to fetitioned coal species,
NMFS should considghe timefames used in climate modelibg the latesFifth Assessment
of thelntergovernmentaPanel on Climate kange AR5 (IPCC 2013, 2014)This approach was
already used during the latest coral listing pss¢é9 FR 53851)Predictions of climate impacts
in the next 100 years or more are routine inliteeature, demonstrating thalimate impacts
within this timeframeare inherentlyi f o r e s €heraftrd N&IFSOshould use 100 years as the
foreseeable future determining extinction risk for this coral species.

2.3 Climate Change effects guidance
During the reviewing process of this coral speddFS must follow the most updated

guidance for ESA decisions involving species influenced by climate change
(http://www.nmfs.noaa.gov/pr/pdfs/pr_climate_change quidance_june 201&.pdéxample

A For ESA decisions involving species influenced by climate chang&3\will use climate
indicator values projected under timergovernmentaPanel on Climatelkiange( | PCC) 0 s
Representative Concentration Pathway(86P 8.5when data are available. When data
specific to that pathway are not available, we will use the bestabigscience that is consistent
as possible with RCP 8.5.0

AWhen predicting the future status of species
NMFS will project climate change effects for the longest timer period over which we can
reasonable foeee t he effects of climate change on th

AWhen addressing the adequacy of existing reg
decisions and recovery plans analysis, NMFS will cite to or draw from previous NMFS findings,
updated aappropriated in light of development in this area, to describe the adequacy of existing
gl obal and national climate change regul atory

2.4 Listing Factors under Section 4(A)(1) of the ESA

Under the ESA, NMFS must make a determination whetspeaies is endangered or
threatened based on the best readily available scientific or commercial information on the
following five listing factors, 16 U.S.C. 81533(a)(1):

The present or threatened destruction, modification, or curtailment of its lalidaige;
Overutilization for commercial, recreational, scientific, or education purposes;
Disease or predation;

The inadequacy of exiting regulatory mechanism; and

Other natural or manmade factors affecting its continue existence.

moowz


http://www.nmfs.noaa.gov/pr/pdfs/pr_climate_change_guidance_june_2016.pdf

For a species to bested under the ESA it needs to only face a substantial threat under one of the
above mentioned factors. In addition, any combination of threats that can be considered
cumulatively under multiple factors would also support ESA listing.

2.5 90-Day and 12Month Findings

NMFS is required to determine Ato the maxi mum
presents substantial scientific @nemercial information indicatinthat the petitioned action

may be warrantedo withi n lisBalspedieds. § 1583fb)(3(AR)c ei vi ng
This is al so-dlayowhnnds$ nygbeday#Rdbgwalgral the listemg 90
processld A 1533 ( b) ( 3) ( C)-day finding wilNeaditp @ nsoretcamprehénsige0
Astatus revi-mowd harfd ntdd ngofiltzhat deter mines, ba
scientific and commercial information, whether listing the species as endangered or threatened is
warranted, not warranted, or warranted but precluded by other pending listing proposals for
higherpriority speciesld. § 1533(b)(3)(B)A 90-day finding, a not warranted finding, or a

warranted but precluded 48onth finding are subject to judicial revield. 8 1533(b)(3)(C)(ii).

For the purposes ofthe@Day f i ndi ng, A s ubdsetfa mteida la si mftdiremaatm
information that would lead a reasonable person to believe that the measure proposed in the
petition may be warrantedo 50 C.F.R. A 424.14
presents fAsubstanti al informationo if it:

i. Clealy indicates the administrative measure recommended and gives the scientific and
any common name of the species involved,

ii. Contains detailed narrative justification for the recommended measure; describing, based
on available information, past and presamhbers and distribution of the species
involved and any threats faced by the species;

iii. Provides information regarding the status of the species over all or a significant portion of
its range; and

iv. Is accompanied by appropriate supporting documentatidreifotm of bibliographic
references, reprints of pertinent publications, copies of reports or letters from authorities,
and maps.

50 C.F.R. 88 424.14(b)(2)(ijiv).
This petition presents substantial information that would lead a reasonable perd@véotbat
listing thecauliflower coral P. meandri@, in Hawaii as threatened or endangered within a
significant portion of its range under the E8RAy be warranted.
2.6 Reasonable Person Standards
During the initial petition review to make a@dyfindng t he ESA does not req
evidence of a high probability of species ext

424.14(b)(1). Instead, during the initial-é@y review process, NMFS must consider whether a
reasonable person couldtdrmine that the petition contains substantial information that may
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warrant a more halepth status review of the petitioned species. Thus this initial review should be
characterized as a Athreshold determination. o
demonstrate a high likelihood that a species is endangered or threatened durindethe 90

finding process, but need onlywarrant further review.

2.7 Best Available Scientific and Commercial Data

NMFS is required to make an ESA listing determinatiortiiecauliflower coral P. meandrina

in Hawaii, considering the five listing factors based on the best available scientific and
commercial data. 16 U.S.C § 1533(b)(1)(A). NMFS cannot deny a listing for which little
information is available if the best akable information indicates that the species is endangered
or threatened throughout all, or a significant portion of its range.

3. Natural history of the cauliflower coral P. meandrina
3.1 Taxonomic classificationand issues

In this petition, the taxonomyf thecauliflower coral P. meandrinqwas based on the
|l ntegrated Taxonomic tandivasfolawsi on System (Al TI

Kingdom: Animalia
Phylum: Cnidaria
Class Anthozoa Ehrenberg, 1834
Order: Scleractinia Bourne, 1900
Suborder: Astrocoeniina Vaughan and Wells, 1943
Family: Pocilloporidae Gray, 1842
Genus PocilloporaLamarck, 1816
SpeciesPocillopora meandrindana, 1846

The common name is cauliflower cor8imilar species i®ocilloporaeydouxi (Veron 2000)

The species was first described by Dana (1846). At the begiohihg 1900s,P. meandrina
was thought to be a similar speciePagleganandP. verrucosgVaughan 1918). Later, Veron
& Pichon (1976) described it as a separate species.

Fine-scale morphological features of the corallite (e.g.,-cwealvex to styloidrarely obsolete
columelle) and genetic differentiation of nuclear DNA confirms Ehaneandrinds a unique
specieqFlot et al. 2008 p. 7; Pinzon & LaJeunesse 2011 p. 318; ScRuoatth et al. 2014 p. 1)
However, he genusocilloporais known to have taxonomic issusscause itsnorphological
plasticity and due to aitiple sympatric species with similar skeletal morphology. Several
Pocilloporacoral speciesf the eastern Pacific and western Indian Oceam,Pocillopora
damicornig that were thought to be the same species Hamersto be genetically differerfElot
et al. 2008 p. 7; Pinzdén et al. 2013 p. 1599; SchRatch et al. 2013, 2014 p. 13)

! Integrated Taxonomic Information SysteRuocillopora meandrindana, 1846 Taxonomic Serial No53022
https://www.itisgov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=53022#null

11



3.2 Species descriptiorand identifying characteristics

Colonies ofP. meandrinaare smal(up to 30 cmin diamete) forming upright bushesisually

cream, gren or pink in color (Fig. 1A)Colonies in shallow waters with high wave energy have
curve branches (Fig. 1BBranches are generally flattened and radiate from the center and initial
point of growth(Fig. 1C) Verruca are neat and uniform (Fig. 1D). Spsaiescription was
extracted from Vero(2000)

Figure 1 Common colony shapes Bf meandrinan shallow reefs. Agntire colony from

Papua New Guinea, photo: Charlie Veron; B) Surface detail from Hawaii, photo: Doug Fenner;
C) Colony skeleton from Hawaii, photo: Charlie Veron; D) Clapeshowing verrucag@hoto:

Jim Maragos.

3.3Life history

P. meandrindas describeda s a i ¢ ospgriesnd is likely@¢odecolonize available

substrate in disturbed reefs due to relatively faster growth rates than stress tolerant and massive
coral specieg¢Darling et al. 2012 p. 3)This life history pattern suggests tlatmeandrinas an

r selected species with rapid recruitment as other coral species with similar characfeagtcs

12



1976 p. 478) Pocilloporid corals are considered amongst the strongest coral competitors with
relatively hgh growth rates in the Eastern Tropical Pacific re@®lynn 2001 p. 130)For
example, the growth rate of $especies vary betweeéh42to 4.46¢cm per year in Costa Rica
(Jiménez & Cortés 2003 p. 19@) general, coral species with high growth rates also exhibit
high mortality rateGlynn 2000 p. 124)Studieshave shown th&®. meandringgrowth

relatively fast with high recruitment raBrown 2004 pp. 76, 89putit used to beshorted lived

in Hawaii due to recoloniz&in by other coral speciesd high sensitivity to disturban¢@rigg

& Maragos 1974 p. 389)

Thespecies is aimultaneoumiermaphroditéroadcaster cordhat has been documented
spawning in Hawai{FieneSeverns 1998; Hirose et al. 2001; Marlow & Martindale 2007,
Apprill et al. 2009) P. meandrinahas been observeynchronouslhgpawningfour tofive days
after the full moon durinthe early mornings oApril and May in more less consecutive years
(e.g., 1991, 1994, 1995, 1997, 1998) at the Molokini Islet in the southwestern coast of Maui,
Hawaii (FieneSeverns 1998Based on the few reproduction studies in the vafghwning
events typical last for approximately 15 minufEeneSeverns 1998P. meandrinavertically
seeds its eggs with symbiotic zooxanthellae before spaWiingse et al. 2001and thus the
planulae &rvae contaithe symbiotic dinoflagellatevhich supplement maternal provisioning
through photosynthes{®arlow & Martindale 2007; Apprill et al. 2009; Baird et al. 2008)e
found no studies determinimgaximumduration of planktonic larvae fé&*. meandrina
However, embryonic development for the species is well stiftadow & Martindale 2007)
Periodic pulses in recruitmelinked to cycles of changes in coral coverage Bjl2§earshave
been doumented in Kahe Point, leeward OahwimHawaii (Coles & Brown 2007)

Becausef the branching morphologysaxual reproduction by fragmentatioralsocommon
(Glynn & Colley 2008)

3.4 Distribution

The cauliflower coralP. meandrinais distributed throughout shallow reefs of the tropical and
subtropical Indian and Pacific Oceans (Fig.Bjsed on the IUCMccountof P. meandrinathe
species within thindo-West Pacific, is found in the Central and Northeastern Indian Ocean, the
Central IndePacific, Tropical Australia, Southern Japan and the South China Sea, the Oceanic
west Pacific, the Hawaiian Islands and Johnston Atoll, andriéare Samoa regiofHoeksema

et al. 2014)In the Eastern Tropical Pacific region, the species odooums Mexico to Ecuador,
including the Galapagos Archipelago (Fig. 2). Specific countries of potential occurrence are
American Samoa; Australia; British Indian Oceaarritory; Cambodia; Chile; Christmas Island;
Cocos (Keeling) Islands; Colombia; Costa Rica; Ecuador; El Salvador; Fiji; Guadeloupe; Guam,;
Honduras; India; Indonesia; Japan; Kiribati; Malaysia; Maldives; Marshall Islands; Mauritius;
Mexico; Micronesia, Fedated States of ; Myanmar; Nauru; New Caledonia; Nicaragua;
Northern Mariana Islands; Palau; Panama; Papua New Guinea; Philippines; Samoa; Singapore;
Solomon Islands; Sri Lanka; Taiwan, Province of China; Thailand; Tuvalu; United States Minor
Outlying Islands; Vanuatu; Viet Nam; Wallis and Futufifoeksema et al. 2014lowever,

further research may be needed to determine the actual(fctgaidtRoach et al. 2014)
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| k= W Strongly i M Doubtful ] Mo Record

Figure 2 Potential globadlistribution ofthe cauliflower coralP. meandrinafrom IUCN (top
pane) http://www.iucnredlist.org/details/full/133095(Bloeksema et al. 2014¢onfirmed and
predicted records of éhspecies (bottorpane) from Corals of the Worl@veron 2000)

3.5Habitat
In Hawaii, e cauliflower coralP. meandrinais generallyrestricted teshallow reef areas that
are exposed to relatively high wave energy and wawagrtemperaturgindicating areltively
high degree of physiological strgsokiel 1978) The depttrange of the species is2IF meters
(Hoeksema et al. 2014)

3.6 Abundanceand minimum population estimate n Hawaii

14
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Once dominant across Hawaiian coral reefs, t&tlaypeandrinanay be considered uncommon.
The statewidaverage coveragd P. meandrinaacross 60 permanent transdotsiawaiiwas

1.5% in the last comprehensive daeef assessment and monitoring survey conducted in 2012
(Rodgers et al. 2015 p..5)he only coral species with smaller percent cover was the uncommon
coralMontipora flabellatawith approximatelyd.7% cover statewid@grodgers et al. 2015 p..5)
Percentage cover &. meandrinavas 189% atshallow stations while only 1.%8 at deeper
stations(Rodgers et al. 2015 p..7)

3.7 Current population trend in Hawaii

Coral cover oP. meandrinéhas significantly declined over the last decades. From 1999 to 2012,
P. meandrinaexperiened approximately a36.1 % decline in percentage cover across 60
permanenteef stationsn Hawaii to a statewide cover of ~1.5§Rodgers et al. 2015Average

coral cover oP. meandrinaacross sites of West Hawaias 0.92% in 2003).84% in 2007, and
0.80%in 2011(Walsh et al. 2013 p. 89,91,93Change in coral cover for this species has been
variable across Main Hawaiian Islan@odgers et al. 2015)

Overallthe mea statewide coral coven Hawaiiremained stable from 1999 to 2012 based on

data from 60 permanent reef stations collected b tiral Reef Assessment and Monitoring

Program (CRAMP)but variations in coral cover trends for specific areas were observed

(Rodgers et al. 2015lFor example, aral coveracrossthe Northern Hawaiian Islargdwas in

average 19.9 % with no significant declines between 2000 and(Bfi6@lander et al. 2008)

Higher latitude and relatively cooler water temperature kept these reefs from mass bleaching
eventsduring this timgRodgers et al. 2015\pproximately 40 % oMa ui 6 s cor al reef
showed a significant coral cover decline, while 67% of stations at Hawaii ighdy increase

in coral covel(Rodgers et al. 2015)

Severalareas showed coral declifrem 1999 to 2012Brown et al. 204; Rodgers et al. 2015)
During this period significant coral cover decline was documented at several stations across
Maui( Honol ua Bay, MU 6 &Pbirat)emmstlyBaaspciatechwithl croRofithoans | a
outbreaks(in 2005) and anthropogenic impacts such as land based pollution (e.g., nutrification),
sedimentation, andverfishing(Walsh et al. 2010; Rodgers et al. 2Q1B) fact, dastic coral

cover decline at these sites weoseverghatmay have induced a total coral reef ecosystem
collapse(Walsh et al2010) Specifically, coral decline in West Maui has been linked to runoff
of landbased nutrient6Smith et al. 2005; Dailer et al. 20180)d low herbivore populations
(Walsh et al. 2010)Coral decline at Molokai (from Kamalo to Kamiloloa) has been associated
with terrestrial sediment input and coastal sediment tran@patity et al. 2010om improper
land management, overgrazing of feral ungulates over the past decades, and dredging in the
1970s(Roberts & Field 2007)However, gations with chronic and recurrent stressors showed
much $ower coral recovery (e.gsedimentation and nutrification MUdlaea and Bndua Bay,
Maui) than stations with sporadic acute stresgaug,crown-of-thornsoutbreaks aKanahena
Point, Maui)(Rodgers et al. 2015)ocalized coral decline in 2002, likely due to physical
damage, haalso been documented in heavily visited shallow reefs at Hanauma Bay in Oahu,
which receives more than 1 million visitors a ygodgers et al. 2015 oral cover also
significantly declinedat six out of seven monitored sites in northwestern reef of thaiHa
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Island from 2003 to 2011, likely due to a strong winter storm in 2004 and major sediment runoff
in 2006 and 2012Walsh et al. 2013)

Coralcoversignificant declinel across Hawaiin 20132016(McCoy et al. 2017)Total average

of coral cover has declined across the Hawaiian archipelago from 2010 tby8060%,
especially in fore reef and lagoon habitats of the Northern Hawigiiands such as French
Frigate Shoals (55% to 30%), Kure Atoll (15% to 8%), Lisianski Island (37% to 17%), Pearl &
Hermes Reef (10% to <5%); as well as the Main Hawaiian Islands such as Hawai(23k&nd

to 12%), Kauai (8% to 2.5%), Maui (19% to 11%)ihdu (2.4% to <1%), and Oahu (10% to

6%) (McCoy et al. 2017)

Similarly, total coral cover decline from 2010 to 2016 in islands of American Samoa such as Ofu
and Olosega Islals (26% to 18%jMcCoy et al. 2017)During the same period, catastrophic

coral coverdeclines were documented in the Pacific Remote Islands Areas (PRIA) such as Jarvis
Islands (24% 0 <1%)(McCoy et al. 2017)However, no significant change in coral cover during

the same period was observed in Lanaii Island and Molokai Island of the Main Hawaiian Islands
or in Rose Atoll, Tau Island, and Tutuila Island of American SafhwZoy et al. 2017)

4. The cauliflower coral (P. meandring qualifies as aspeciesunder the ESA

Thecauliflower coml (P. meandrinaqudifies as species under the ESA because is a taxonomic
distinct unit(Flot et al. 2008 p. 1; Pinzon et al. 2013 p. 1603; SchRddich et al. 2014)

5. The cauliflower coral (P. meandring is threatened or endangered within a signifiant
portion of its range, Hawaii

NMFS should interpret the phrase Asignificant
that is biologically significant based on the principles of conservation biology using the concepts
of redundancy, resiliecy, and representation (the three Rs) (Shaffer & Stein 2000). These
concepts can also be analyzed in terms of four population viability characteristics commonly
used by NMFS: abundance, spatial distribution, productivity, and diversity of the spéaes.
cauliflower coral is threatened or endangered significant portion of its rangélawaii)

because the population across Hawaii faces high extinctionaislor in the foreseeable future
Hawaii is a significant portion of the range of this speciesals®. meandrinadhaslow
abundancegccupies the northernmost region of the species geographical distrilautibnay

be ecologically and genetically isolated from other populations in the Pacific Dassats that
increase extinction risk are discusdarther below.

5.1.1 The cauliflower coral exhibit low abundanceacross Hawaii

The cauliflower coral is endangered or threatened aeregmificant portion of its range
(Hawaii) based on its low abundandéne abundance &. meandrinaacross Hawaii was
previously discussetkee above). In summary, coral covePoimeandrinds relatively low with
a statewide mean of ~ 1.5JRodgers et al. 2015 some areas, mean coral cover for the
species is less than 1 %. For example, the average coral céemetindna across sites of
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West Hawaii was 0.80% in 201®alsh et al. 2013 p. 93piven the low abundance of the
species across Hawalt, meandrindaces high extinction risk in a significdrportion of its
range.

5.1.2 Ecologically isolatedfrom other populations of the Pacific basin

The cauliflower corain Hawaiimay be ecologically isolated from other populations of the
Pacific basirdue to dispersal limitations of the planulae larisgesud |, Hawai i 6s caul i
coral populatiormay show a restricted spatial distribution that could be considered significant.

Dispersal is crucial in the ability of rebliilding corals taolonizenew space and recover from
disturbanceThe best scientifievidence shows th&. meandrinds a broadcast spawneoral in
Hawaii (FieneSeverns 1998; Riddle 200&) the Great Barrier Reé6chmidtRoach et al.
2012) and likely in French Polynes{dagalon et al. 2005 p. 2Ynlike most broadcast
spawning coral species, gamete®omeandrinaare not packaged in eggperm bundles, but
sperm and eggs are released sepaf&eumidtRoach et al. 2012 p. 2Eggs are relatively small
(~80 um in diameter), negatively buoyant, and contain algae symi§&siisnidtRoach et al.
2012 p. 2) However, nothing is knowaboutthe larval biologyof this speciessuch agluration
and dispersal capabiliti€SchmidtRoach et al. 2012 p. 3penetic subdivision among
populations of othelPocilloporaspecies on relatively small spatial scalesgesg that dispersal
of sexual larvae may be limitd@chmidtRoach et al. 2012 p. 8j is likely that the small
planulae larvaof P. meandrinanay be settling locally, limiting the geographical dispersion
across other regions of the Pacific bagirfact, newscientific evidence based on a molecular
technique (e.g., gddased restriction fragment length polymorphism rmé}tsuggestthatP.
meandrinamay have a northern range limit to the south of Pearl and Hédmiesston et al.
2018 p. 8) If limited distribution exist within the Hawaiian Islands, it is likely tiia Hawaiian
cauliflower coralpopulation maylsobe ecological isolated from othexgions of tle Pacific,
makingHawaii asignificantportion of the species range.

5.1.3 Genetically distinct from other populations outside Hawaii

The cauliflower coral in Hawaii may be also genetically distinct from other populations across
the Pacificand thusHawaii could beconsidered a significapportion of the species rang&éhe

best available science supports the hypothesis that pocilloporid corals are genetically isolated
within regions of the Ind#acific(Combosch et al. 2008 p. 1307; Pinzon et al. 2013 p. 1599)

For example, Combosch et €2008)showed that the eastern Pacific pocilloporigse

genetically isolated from other regions ofthe WRla c i f i ¢ by t he nAHlestern P
coral biological review team determined that at least one eastern Pacific pocilloporid species,
Pocilloporaeleganswas a distinct species from coralentified asP. elegansn the central and
western Pacifi@and reported extinction risk as separated spéBiesnard et al. 2011)Gene

flow in P. meandrinahas been shown to be restricted at a large geographical scale in the South
Pacific(Magalon et al. 2005 p. 5. meandrinashow genetic differentiation between

populations at large geographic scale of thousands of kiloniiggdysdue to largescale

bleaching event@Magalon et al. 2005 p. 1ffor examplegenetic differentiation between
populations oP. meandringhave been detected between Tonga and the Society Islands in the
South Pacific(Magalon et al. 2005 p. 3Although, here are nogenetic studies differentiating
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cauliflower corals of Hawaii from the rest of the Pacific basin, this is a possibility based on
evidence for other Pocilloporid species.

6. Threats to the species and factors for listing

Under the ESA, a species must be listed if it is in danger of extinction or threatened by possible
extinction in all or a significant portion of its rangew or in the foreseeable futurks U.S.C. 8§
1533(@)(1).mMma ki ng this determination, the agency mi
commer ci al data availableo and analyze the sp
factors:

1. the present or threatened destruction, modification, or curtdiloh@s habitat or range;
2. overutilization for commercial, recreational, scientific or educational purposes;

3. disease and predation;

4. the inadequacy of existing regulatory mechanisms; and

5. other natural or manmade factors affecting its caetirexistence.

16 U.S.C. 88 1533(a)(1)(AE); 50C.F.R. §8 424.11(c)(5).

Thecauliflower coral P. meandrinain Hawaiiis threatened bgt leasfour of the five listing
factors: present modification of its habitdiseaseand predatorghe inagquacy of existing
regulatory mechanisms, and other natural or manmade factors.

6.1 Present or threatened destruction, modification, or curtailment of its habitat or
range

Human pressures within the Archipelago are concentrated in the Main Hawaiian iafaicts,

face challenges relating land-based pollutiongoastal development, tourisneeffisheries, and

the aquarium trad@-riedlander et al. 2008%ediment runoff from agricultural amdastal
development is enajorproblem for the coraleefecosystems of the Main Islandsat combine

with overfishing createddeal conditions for thproliferation ofnative as well agwvasivealgae
populationgJokiel et al. 2004; Friedlander et al. 2008)e commercial aquarium trade is now

t he r egi oeeffiseeryf-iiedlandesdt al. 2008; Nadon et al. 201Bgef fisheries

extract ~990,000 specimens annualy76% of which fom the island of Hawa(iFriedlander et

al. 2008) Seine net fisheries in the Main Islands report catch rate declines of 35% between 1966
and 200§ Friedlander et al. 2008j{ealth of fish stocks varieamongislands and is negatively
correlated with human population dengiEyiedlander et al. 2008; Williams et al. 2008, 2015;
Jouffray et al. 2015)For exampleintense fishig pressures near thiensepopulation center of
Oahu have decimated apex predators and dramatically decreasedreeéiiah biomass
(Friedlander et al. 2008; Williams et al. 2008, 2018uman pressure on tiNorthwest

Hawaiian Island reefis considerable less than tre populated Main Hawaiian Islands
(Friedlander et al. 2008; Williams et al. 2008, 20143 such reef fish assemblagaghis more
isolated section of the Archipelago are significantly healthier than in the Main Hawaiian Islands
(Friedlander et al. 2008; Williams et al. 2008, 2015)
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6.1.1 Land-based source pollution

Land-based source pollution across Hawaii is localized and can result in significant threats at
local scales, especially in seemclose bays with slow water exchang§edimentation from
improper land use practices is considesanajor threat to corals in the Main Hawaiian Islands.
Decline in coral cover has been directly associated with chronic and acute sedimeuntatipn
periods of high rainfalin areas such as Kawaihae (West Haw@ialsh et al. 2013)Maalaea

and Honolua Bay (MauiRodgers et al. 2015)In the western Indian OcedPgcilloporahas

been identified as a sedimeantolerant genugMcClanahan & Obura 199.7Collapsed reefs in
Costa Rica due to erss sedimentation were once dominated by pocilloporid d&atgers

1990) Additionally, Pocilloporahave been found to be susceptible to mortality from freshwater
inputs in Hawaii (e.g., Kaneohe bay, Oakigkiel et al. 1993and elevated nutrients caause
physiological and reproductive negative eff§é&teop et al. 2001; Cox & Ward 2002;

Villanueva et al. 2006)_ocal landbased source pollution can act synergistically with global
stressors such as warming and reduce resilience to blegCarily et al. 2009)

6.1.2 Sewage pollution

Sewage pollution negatively affects coral reefs in Hawaii, particularly in areas close to high
human populatio densitiegYoshioka et al. 2016)5ewage pollution is a complex stressor that
introduces dierse pollutantgncluding toxic chemicaldyeavy metalnutrients (nitrogen and
phosphorousy@ndmicrobial pathogenthat negatively impact coral redfé/ear & Thurber

2015) Pollutans mayfacilitate the emeayence of diseasdlrough nutrient enrichment and
favoring the proliferation of microorganisms that are usually nuttierited in coral reefs
(Bruno et al. 2003; Harvell et al. 2007; Vehaurber et al. 2014)

In some areas of Hawalii, untreated sewage can enterlomastes and directly affectorals.For
example, in Puako, West Hawaii, raw sewage enter the coral reef ecosystem through old
cesspool systems, porous volcanic bedrock sabdnarine groundwater dischai@@ee et al.

2010) Combined with other stressors such as fishing,-@s@d pollutionand climate change

coral cover in the Puako region have drastically decline from 80% in the 1970s to 32% in 2010
(Walsh et al. 2013)urther coral decline has been documented in other studies and Puako is one
of four regions most impacted in West Haw@&iouch et al. 2014; Yoshioka et al. 2016he
dominant coral in the regio®¢rites lobatd, exhibit a high prevalende 14%)of growth
anomalieslikely due to pollutionYoshioka et al. 2016)Growth anomalies iRoritesare

among the most prevalent coral disease on Hawaii I¢keloly et al. 2011; Couch et al. 2014)

The high prevalence of diseases and low coral cover in this region has beemdis&egge

input to the reefYoshioka et al. 2016)

6.1.3 Oxybenzone pollution from sunscreens

Surscreens are widely used in Hawaii because touasthare affecting coral®xybenzoneés a
chemical found in many sunscreen and other persmamal products sold in the United States
designed to protect people from UV radiati@xybenzone and derivativase emerging
environmental contaminants of concern regularly found in wastewater effluents, rivers, lakes and
coastal water§GagoFerrero et al. 2011; Viddborsch et al. 2012; Aglera et al. 2013; Tevar
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Sanchez et al. 2013; Richardson & Ternes 2014; Rodriguez et al. 30ih}ists have grown
increasingly concerned that oxybenzone poses an extreme hazard to freshwater and marine
wildlife, including coralgEichenseher 2006; Coronado et al. 2008; Blitz & Norton 2008;
Bluthgen et al. 2012; Downs et al. 2015; McCoshum et al. 2016)

Recent scientific research has shown that oxybenzone pollution is a substantial threat to corals,
and may cauescoral bleaching by promoting viral infectiofi@anovaro et al. 2008; Downs et al.
2015) Given the wide use of oxybenzone, scientists estithatbetween 6,0004,000 tons of
sunscreen, containing up to 10 % of oxybenzone, enter coral reefs around the world every year
(McCoshum et al. 2016¥%norkelers and divers visiting cbraefs are the primary source and

each year put at least 40% of coastal coral reefs afiMiskoshum et al. 2016)n many popular
nearshore swimming areas, oxybenzone concentration ea idarming leveléTashiro &

Kameda 2013; Bargar et al. 2015; Rodriguez et al. 2015; Bratkovics et al. 2015)

Oxybenzone harms corals, and the concentration of this pollutant at highly visited coastal areas
is suficiently high to kill coral larvae and affect coral tissue. Oxybenzone is insoluble in water
and become highly concentrated in the water columater surfacegr in sediments when

released from sunscreen lotions. Scientists have documented relatirebohcentration of
oxybenzone at popular swimming and snorkeling locations in the Hawaiian Islands. For
example, oxybenzone levels in Hawaii popular beaches range from 0.8 to 19(2148Q0 part

per trillion (ppt) at Waikiki beach, 4,780 ppt at Waintegy, and 568 ppt at Ko Olina cove).

High levels of oxybenzone pollution have also been found in popular snorkeling areas in the U.S.
Virgin Islands (75pg/L to 1.4 mg/L), American Samoa and the Florida K&ygar et al. 2015;

Downs et al. 2015)

Previous studiesdve found that sunscreens at very low concentrations cause rapid coral
bleaching by promoting viral infectiorfBanovaro et al. 2008Yherefore, sunscreens can

potentially induce coral bleaching in coastal areas where tourism and the use of sun blocking
lotions are relativig high (Danovaro etla2008) Recent studies hawatso documented

genotoxic effects, and skeletal disruption in coral larvae and culture primary cells at
concentrations far below these ambient levels with significant harm to omiss et al.

2015) For example, coral larvae deformations are seen at oxybenzone concentrations as low as
6.5 pg/L, and the lethal concentration when 50 % of coral larvae are killeg) (E@s low as

139 pg/L(Downs et al. 20155tudies have shown that oxybenzone affect the reproductive
capacity of coral s, tur nthemgteriemredimpairng o Az ombi e
recruitmentDanovaro et al. 2008; Downs et al. 2015)

The combination of ongoing stressors with chemical poltusiach as high concentration of
oxybenzone in the water can act synergistically amplifying the negative effects of these stressors
and further reducing reproductive capacitycofals This is because coral larvae and juvenile

corals (i.e., recruits) areare sensitive to the toxicological effects of pollution and negative
stressors such as high temperature and ocean acidification than adulidegal$:

’Seep2pyas LyGQf [/ 29¢8dsoBackhSHES., MaMYNdgning. 80Y6TThe Sunscreen Sheen: An
Assessment of the Presence and Quantity of Organi€illdfs in the Waters off Waikiki Beach (Poster
t NBaSyidldAz2zy Inns L5 |IY ncno LyGQf /2N}rf wSST {@&YLRA&AZ
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Hoogenboom 2011; Kroeker et al. 2018xybenzone from sunscreessherefore, another
threatthat contributes to reproductive failure in corals and can be easily avoided.

In January25, 2017THawai i 6s Senator Wi [SBI11ESp2HDS$that nt r oduc
would ban the sale of sunseres containing oxybenzone within the state of Hawaii.

6.1.4 Marine debris

Discarded monofilament fishing lines have been documented to cause deathezindrinaat

popular cast fishing sisein Oahu, Hawai{Yoshikawa & Asoh 2004)For example, ~65 % ¢f.
meandrinac ol oni es out of 129 colonies surveyed at
Area, Kewalo Honolulin March of 199&ad fishing lines on their surface and 80%hafse
affectedcolonies sbwed partial mortalityr were deadiue to abrasio(Yoshikawa & Asoh

2004)

6.2 Over-utilization for commercial, recreational, scentific, or educational purposes
6.2.1 International trade

Due to the relatively small size (30 cm in diameter), the cauliflower d@draheandrim, is
indiscriminately targeted by collectors for the aquarium tratte://trade.cites.orp/

However, here isno evidence of overutilization d?. meandrindor commercial, recreational,
scientific or educatinal purposes Hawaii. Harvesting of pocilloporid corals do occur
throughout the geographical range. For example, in the Eastern Tropical Pacific pocilloporid
harvesting is a major threat along the continental coast and has eliminated pocilloporid corals
from Acapulco (Mexico), Bahia Culebra (Costa Rica), Taboga Island (Panama), and in some
areas of Ecuaddlynn 2001)

Approximately 126 records &. meandrinavere listedon the CITES Trade Database
(https://trade.cites.orpgfrom 19& to 2016 mostly for tradeHowever, ~1,818 records of
unidentifiedPocilloporaspp. were also listed indicating that the actual numbEr afeandrina
records could be higheFrom the 126ecords, ~31,425 corafs 17,663 kg)were reported as
imports and ~48,366orals (+ 29,965 kgas exportgsee Appendix). Approximately 43% thfis
trade wadisted adive specimenskrom these, the United States imported ~26,792 corals (+213
kg), but onlyexported 51 corals (see Appendix). It is unknown whether any exponport of

P. meandrinavere coming from or going to Hawaii.

6.3 Disease or predation
6.3.1 Disease
Diseases that induce tissue loss affgptolonies ofP. meandrindhave been documented in the

east and west coastldhwaii. Tissue loss generally progressesifione side of the colony with
old algaecovered skeleton to denuded skeleton to sloughing and into apparently healthy tissue

3 http://www.capitol.hawaii.gov/measure _indiv.aspx?billtype=SB&billnumber=1150&year=2017
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(Walsh et al. 2010)This tissue loss appear to originate from the base of eachhlaaracclear
branch that slowly progresses towards the(Wplsh et al. 2010)Coral senescence reaction has
also been observed ih meandringWalsh et al. 2010Howeve, Pocilloporahas been

identified as the genus with lower disease prevalence at least in the Northwestern Hawaiian
Islands(Aeby 2009) Other pocilloporid corals have been documented with diseases. For
examplePocilloporids on the Great Barrier Reef have been occasionally documented with
common diseasd$Villis et al. 2004) Pathogens such &8brio coralliilyticushave been found

on bleachedP. damicornigduring thermal stresa Zanzibar enhancing productioof a lytic
extracellular proteag@enHaim et al. 2003; Tout et al. 201%) general, pocilloporid are not
particularly vulnerable to most diseases kndhataffect coralsput chronic skeletal growth
anomalies€roding,hyperplasia and neopia$, blackband disease, yelleWwand diseaseink-

line syndrome, and whitband disease have been occasionally documéBtachard et al.

2011)

6.3.2 Predation

Pocilloporacorals are commonly preyed on by several coralivorous taxa including fishes, crabs,
gastropods, seastars, and urclidsnn 2003) Predation oP. meandrinay the corallivorous
snail,Drupellaspp, theasteroidCulcita novaeguinegend the crowsof-thorns startfish,
Acanthaster plancihas been documented in Haw@iynn & Krupp 1986) especially after
bleaching event&ramer et al. 2016Pocilloporacoral species are among the most commonly
preyed orby crownof-thorns (Glynn 1985;Pratchett 2001)Crown-of-thorns sea stars usually
target juvenile coralsf Pocilloporabecause the lack of crustacean symbionts (e.g., a crab and a
snapping shrimp) that defend the host coral coloi@dgmn 1976; Coles 1980predation by

these sea stars can reduce recruitment succ@sxitibporapopulations. In addition,

Pocillopora corals are also prey of other corallivorous gastrajmtheria pustulatéGlynn

1976)and fishegCole et al. 2008; Jayewardene et al. 2009)

6.4 Theinadequacy of existing regulatory mechanisms

Existing regulatoy mechanisms are inadequédeaddress the principal threatsRomeandrina
Regulatory mechanisms addressing greenhouse gas emissions and inthectotal species

from associated ocean warming and ocean acidification are woefully inadequate stfalesgs
nearterm emissions reductions are implemented in short order at the national and international
levels, itis likely thatP. meandrinawill be committed to etinction. This section reviews

regulatory mechanisms addressing greenhouse gas emasibotherthreats tacorals and coral

reef ecosystems

6.4.1 Regulatory mechanisms addressing greenhouse gas emissions, climate
change, and ocean acidification are ineffective

Greenhouse gas emissions pose the primary threat to the continued exiskemoeaoidrina
principally through impacts from ocean warming and acidification, and yet are among the least
regulated threats. The $t@vailable science indicates that the curear@rageatmospheric CQ
concentration of 405 ppm isalready detrimental to huretls of coral specieand that

atmospheric C@concentrations must be reduced to at most 350 ppm, and perhaps much lower
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(300-325 ppm CQ), to adequately reduce the synergistic threats of ocean warming, ocean
acidification, and other impactsloeghGuldberg et al. 2007a; Donner & others 2009; Veron et
al. 2009; Frieler et al. 2013)o reach a 350 ppm CQarget, the United States and deypst
countries must achieve or exceed the upper end of the reduction range tof 286 below

1990 levels by 202QPCC 2013, 2014)A target that is realistically impossible under the current
CO; trajectory and near future predictionis408 ppm in B17 on averagéBetts et al. 2016)n

fact, we are already committed to levels of ocean warming and acidification that will certainly
harm corals and other marine organism in coral i@dsner & others 2009; Matthews &
Weaver 2010; Frieler et al. 201Regulatory mechanisms at the national and international level
do not adequately address the impacts from climate change and ocean acidification to the
petitioned coral spees, nor require the greenhouse gas emissions reductions netegsatgct
the petitioned coral species frdarther decline and futurextinction.

6.4.2 United States climate mitiatives are ineffective

Regulatory mechanisms in the United States are inadeda effectively address climate change
(73 R R 28287%28288). While existing laws including the Clean Air Act, Energy Policy and
Conservation Act, Clean Water Act, Endangered Species Act, and others provide authority to
executive branch agenciesragjuire greenhouse gas emissioaductions from virtually all

major sources in the U.S., the federal government is clymewitimplementing these legal
mechanisms. While full implementation of these environmental laws, particularly the Clean Air
Act, wouldprovide an effective and comprehensive greenhgaseeduction strateggue to

their norimplementation, existing regulatory mechanismsst be considered inadequtde

protect the petitioned coral species from climate chandecean adification.

In the absence of federal leadership, state and local governments have taken the lead in measures
to reduce greenhouse gas emissions. Wieiteainly a step ithe right direction, unfortunately,

these measures dimeir own are insufficient tprevent the etinction of the petitioned coral

species. For example, the strongest law enacted to date is the California Global Warming

Solutions Act of 200€Cal. Health and Safety Code § 38501(@pislawi t i s t he nati o
mandatory cap oeenhausgas eaiseodssandaequeresahke teducfion of

greenhouse gas emissions to 1990 levels by the yea(@aRMealthand Safety Code 8

3855Q. Although this law is a promising first step, it is grossly insufficient on its own to slow

ocean warmin@gnd ocean acidification significantly enough to ensure the survival of imperiled

corals.

6.4.3 International climate initiatives are also ineffective

The latest international regulatory mechanisms addressing greenhouse gas emissions are the
United Nations Famework Convention on Climate Change andRhgs Agreement. The Paris
A g r e e ncentralobjectiveis:

il [ dr'stirengthen the global response to the threat of climate change by keeping a global
temperature rise well belovW?@ above prandustrial levet within this centuryand to
pursue efforts to limit the temperature increase éwgher to 1.5. Additionally, the
agreement aims to strengthen the ability of countries to deal with the impacts of climate
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change. To reach these ambitious goals, ap@ategfinancial flows, a new technology
framework and an enhanced capacity building framework will be put in place, thus
supporting action by developing countries and the most vulnerable countries, in line with
their own national objectives. The Agreemalso provides for enhanced transparency of
action and support through a more robust transparency frameéwork.

(Paris Agreement 2016)

The effectiveness of the Paris Agreement in reducingedissions and keeping global
temperature belo®°C above prendustrial levelds still too early to evaluate. Thus, this
international regulatory mechanism mhbstconsidered as currently ineffective.

6.4.4 Stateregulations

In Hawaii, state law prohibits eaking or damaging stony coral$.A.R. 1395-70). Thesale of
stony corals native tblawaii is also prohibitedd. Hawaii law also imposes fines on vessels tha
run aground on coral reeflsl. Noretheless, this state lawusable to fully address key threats
to cord reefs in Hawaii. Althouglthe protections offered iyawaii state lavare importantthey
areinadequate to protetite cauliflower coralESA listing would afford greater protection from
a variety of threats and great#eterrents from harming this coral.

Management actions at the local level have been established for several years in some areas
across the Hawaiian Islands to reduce localizedrsentation, nutrients runoff and increase the
abundance of herbivorous fishes. These stressors directly and indirectly contribute to coral
decline via smothering and by blocking potential available space for coral recruifoent.
example, he seasonal bbms of thenvasivealgaAcanthofora spiciferan bays of the west

coast of Maui, which has shown to smoother corals, led to creation of the Kahekili Herbivore
Fisheries Management Area where removal of herbivories fishes has been préWhitddet

al. 2010) For example, most of the decline in coral cover at Papaula in Maui since 2009
coincided with a drastic increaseAfspicifera(Walsh et al. 2010)

State reglations are insufficient to protect this coral species.

6.4.5 Federalregulations
6.4.5.1Federal acts, initiative and regulations areneffective

The Coral Reef Conservation Actpassed in 2000, requires NMFS to develogattonal coral
reef action strategy, initiata matching grants program for reehservation, andreate a
conservation fund to encourage pubtigvate partnershipdJS Commission on Oced&tolicy

2004. H.R. 5821 Coral Reef Conservation Act Reauthorization and Enhancehnesndments

of 2016 wasintroduced in the US House of Representativehilg 14 2016See
https://www.congress.gov/bill/114#ongress/houskill/5821). However, the bill was referred

to the Subcomntiee on Environment on November 30, 2016 and has been stalled since then.

The Cor al Reef Conservation Act canebe viewed
government needs and is willing to fund assistance from outside organizations. While this effo
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funds research, mapping, and monitoring efforts,atlssinadequate to address the multifaceted
threats facing coralsnd coral reefsCongress has n¢nd will likely not)mandated any projects
focus on bleaching, global warming or ocean acidifocaflThelaw does not provide any
enforceable regulatory measures that will protect coral habitat or protect corals from direct
human threats or the overarching threats of global warming and aciel#fircation. Therefore,
even if this Act passes it willebineffective in protecting imperiled corals.

The US Cor al Reef T a svks edtablishecin 1098 byaPsekideriial r c e 0 )
Executive Order 13089, which mandates that federal agencies (1) use their programs and
authorities to prote@nd enhance U&oral reef ecosystems; and (2) to the extent permitted by
law, ensure that any authorized, funded, or executed actions will not degrade the conditions of
these ecosystems (Maurin and Bobbe 2009 (US Coral Reef Task Force Federal Member Coral
Profiles)). TheTask Force currently consists of 12 Federal agencies; 7 U.S. states, territories,
commonwealths (Commonwealths of the Northern Mariana Islands and Puerto Rico, States of
Florida and Hawaii, and the TerritorieEGuam, American Samoa, and the US Virgiansls);

and the three US Freely Associated Stéffeslerated States of Micronesia, Republic of the
Marshall Islands, and the Republic of Palaall nonvoting members)ld. Task Force
responsibilities include (1) overseeing implementation of Bxez@rder 13089 and developing
and implementing efforts to map and monitor US coral reefs; (2) resegureaf decline and its
solutions; (3) minimizing and mitigating coral reef degradation from pollution, overfistua,

other causes; and promoting interoaal conservation and sustainable reef udeThe Task

Force is an important step toward the conservation of corals andaitka®swledged the severity

of the threats faced by coral reefs including giblvarming. However, the Task Force has not
respnded to threats by taking measures to prevent longtteeats to corals from global

warming and ocean acidification. Primarilizge Task Force has focused on research, monitoring,
and reporting without needed action to protect corals. Moreover, thaivegeset out by the
Executive Order do not mandate any federal agency action because they are framed as creating a
policy, which is simply a guiding principle grrocedure and is not legally binding or
enforceabléExec. Ord. 13089 88 2 &). The Orcer explicitly denies the creation of any right,
substantive or procedural, enforceable in law or equity by a pgainst the U.S., its agencies,

and its officersld. § 6. Additionally, the ability of the Task Force to carry out itslgalimited

by dscretionary appropriationdd. § 3.

The United States Coral Reef Initiative (USCRI)of 1996.Created as a platform for U.S.

support of national and international coral reef conservatidnf or t s, t he USCRI 0s
strengthen and fill the gaps éxisting efforts to conserve aridb5 sustainably manage coral

reefs and related ecosystems (sea grass batimangrove forests) itU. S.  wlhd USCRI. 0
consists of federal, state, territorial and c¢

community, the private sector, and other organizatidhs.National Oceanic and Atmospheric
Administration (NOAA), one of the prime federal agency contributors to the USCRI, has worked
to reduce pollution, create marine protected areas, educate impestgort officials to identify

corals, monitor and research coral reefs. The U.S. Coral Reef Initiative, whose achievements are
primarily attributed to NOAAard its partners, has filled sométhe gaps left open by

inadequate state amdngressional statigenterms of coral reef monitoring and the diyikio

effect changevithin local communitiesicross the nation. The USCRI and NOAA can locate
bleachingevents and measure their severity, but their role is merely one of reaction, not action.
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TheUSCRI andNOAA have only enacted tools to chart the results of increasing greenhouse
gases emissions and global warming. There exist no efforts to tackle the issue of how to reduce,
mitigate, and adapt to global warming.

The US All-Islands Coral Reef Initiativei s oflaboration of marine resourceanagers from

state, commonwealth, territorial agencies and freely associated states working together with
federal agencies to conserve and protect cor a
(http://www.allislandscorals.org/ It was established in 199#cincludes governesippointed
representatives from American Samoa, Commonwealth of the NoMttarianas, Guam,

Hawai'i, Puerto Rico, the U.S. Virgin Islands, and Floridayelsas Affiliate Members from the

freely associated states of the Federated States of Micronedigthblic of the Marshall

Islands, and the Republic of Paldd. Most of these efforts afecused on direct human threats

to corals, and they do nbave a comprehensive approachddrassing greenhouse gas

emissions and ocean acidification.

The Marine Protection, Research, andanctuariesAct, which includes th&©cean Dumping

Act and theNational Marine Sanctuaries Act (NMSA), was passed in 197233J.S.C. 88§

1401 et seqThe Ocean Dumping Act seeks to regulate ocean discharge and limit or prevent the
dumping of any material that would adversely affect (1) human health, welfare, or amenities; or
(2) the ecological systems or economic potentiahefrharine environment (US Commission on
Ocean Policy 2004a). The NMSA authorizes NMFS to designate marine sanctuaries and
promulgate conservation and management regulations for thoseldreBEse NMSA includes a
provision that allows NMFS to fund halit@storation within sanctuaries, including coral reefs,
with cost recovery from responsible parties. Recovered funds may be used to restore the
damaged habitats or other habitats within national marine sanctularid$ere are currentl¥3
sanctuariesnanaged under the National Marine Sanctuaries Program, at least five of which
contain coral communities (US Commission on Ocean Policy 2004a). Coral research,
monitoring, and management activities are conducted in these sanctidirges also
http://sanctuaries.noaa.gavihe NMSA has no provisions for projects designed to prevent
physical or longterm chronic damages to reefs from global warming, ocean acidification,
nutrient overloading, or diseas(US Canmission on Ocean Policy 2004a). The continued loss
of corals in marine sanctuaries indicates thatdesignationalone are not sufficient to arrest the
decline and encouragie recovery of specie§he designation of a sanctuary and its boundaries
does not lessen the key threats sashbleaching and impaired calcification. Bleaching will occur
whether or not a reef is within a sanctuary. Thus, while the designation of marine sanctuaries
and other marine protected aré&asrucial to prevent some foewf direct human damage.g.,
overfishing) yet the designation cannot protect corals from largerieng global threats.

US National Marine Monumentsare also managed under the NMFS Natidharine

Sanctuaries Program. Some activities are piaubn Naional Monuments thus affording

limited protections to coral3he Northwestern Hawaiian Islandgere designated a Marine
National Monument in 200671 FR 36443, amended in &bruary 28, 2007 and named the part
of t he Papah Un a\atiomakvionlkentaOnMagust 26 ef 2016, President
Obama substantially expanded the monument to a total area of 1,508,870 square kilometers,
nearly the size of the Gulf of Mexicagge Map. Although the protection of the Northwestern
Hawaiian Island may help fish assemblages it does not protect corals from the main drivers of
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decline, climate chang@ther Marine National Monuments that conteamal reefs include the
Marianas Trench Natial Monument in the Northern Marianas Islaffé AR 1557 Jan. 6,
2009), the Pacific Remote Islands Marine National Monur(@&hER 1565 Jan. 6, 2009and
Rose Atoll Marine National Monument in American Sanio@d R 1577 Jan. 6, 200 Similar
to marire sanctuaries, the regulatory mechanisms witlattonal Monuments are also
inadequate tprotect imperiled corals.
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Executive Order 13,158created an advisogommittee for coordinatingndstrengthening a

coordinated system of Marine Protected Areas

management of uses wilh the designated areas. There are 207 Marine Protected Areas
(AMPAsO) encompassi ng c oriadStategMaddell&Clarkey st e ms
2008) Approximately76% of these MPAs are multiple use areas allowing some level of
resource exti@ion throughout the entire site, and almost one quarter of them were established
for the explicit purpose of continued extractiWaddell & Clarke 2008) Take of marine
resources is prohibited in part or all of 49 of these MPAgproximately86% of these MPAs

are permanent, whereas protections are only temporarily provided at 14% of tf\&adesl|

& Clarke 2008) Management plans have been approved for only 42 MPAs, illustrating the
challengeof long-term plan developmenfWaddell & Clarke 2008) Enforcement, funding,
management capacity, monitoring, and public support have been identified asiXeynprat a
majority of the MPAqWaddell & Clarke 2008) From all these MPAs,45% support some sort

of ongoing monitoring activity, and some level of enforcenaéfatrt is reported at 74% of the
sites(Waddell & Clarke 2008)Like the regulatory mechanisms for marisanctuaries, and
nationalmonuments other marine protected ama@&sgood at protecting reefs from some of the

27

Mo

w



direct human threats, but are inadequate to address the global threats posed by climate change
and ocean acidification. Additionally, these various forms of protectingnenareas are all

managed differently and most do not completely remove direct human impacts, for example
many designated areas still permit various forms of fishing that can adversely impact coral reefs.

There are other U.S. laws that could be brotglvear to further protect corals, however, thus

far the implementation of these laws doesprovide much protection for imperiled corals

large part, these laws have not yet been employed to the benefit of corals. Even if fully utilized
they wouldstill provide onlysmall protection for coral$/oreover, they cannot sufficiently
address the key lorAgrm threats to corals. Instetiése laws provide a patchwork of
environmental laws that are important, but inadequate to provide a safety net faridoeae

laws include:

- Magnusoni Stevens Fishery Conservation and Management Aogstablished
sovereign federal rights to all fishery resources within 200 miles of US shores. 16 U.S.C.
88 1801 et seq.

- The Coastal Zone Management Acbf 1972 (16 U.S.C. 88451 et seq.) provides
technical assistance and financial incentives for sustainable state management of coastal
areas (US Commission on Ocean Policy 2004b).

- The Lacey Actof 1900 prohibits trade of wildlife (including all invertebrates) that is
illegally harvested, possessed, transphrte sold. 16 USC 8§88 3373378

- The National Environmental Policy Act(42 U.S.C. 88 4321 et seq. ), which requires
the federal government to thoroughly analyze the environmental impacts of any federal
action that could sigficantly affect the environment, including those in coeaf
habitat.

- The Clean Water Act(33 U.S.C. 88 1251 et seq.), which regulates the discharge of
dredged or fill materials into U.S. waters.

- The Sikes Act(16 U.S.C. § 670), which requiresth).S Department of Defense to
provide for conservation and rehabilitation of natural resources on military installations,
which in some locations include corals.

All these federal laws haymowerful took thatHawaiican use t@rotect corals, twever,corals
are rarely considered under these lawsng analysis opotentialharming activities

6.4.6 Foreign and international regulations

The I nternational Cor ze$tablRheedin 1994nig atvolumtary infemal i 1 CR
network consisting of severabuntries, including the US, as well as US and international non
governmental orgazations.The ICRI has built important international partnerships, has raised
international public awareness of the coral reef crisis, and has called on nations to reduce
greenhouse gas emissions, but it lacks the ability to mandate change in this sector. The Global

Coral Reef Monitoring Network, one of the operating units of the ICRI, aims to develop and

support consistent regional ecological and socioeconomic monitoriwgnketfor coral reefs

and to disseminate the results of monitoring efforts at local, regional, and global scales. See
http://www.gcrmn.org/about.aspx
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The Convention on International Trade in Endangered Spcies of Wild Fauna and Florida
regulate trade of coralSeveraloral species, including. meandrinaare listed on Appendix Il

of CITES. However, the collection of these species for que aquarium trade is unregitlated

no quotas or size limits andguires regulation under fisheries managen(eioeksema et al.

2014) As a result, thousands of live corals have been traded unregulated among countries over
the past decadeg&urthermoe, CITES listing can only provide protecti@gainst global trade in
imperiled speies and does not regulate the other threats facing corals

Other international agreements could potentially provide added protection to corals, however,
since they are aimed generally at protecting the environment or ocean resources they have not
been flly applied to the protection of coral reefs. For examihie,Convention on Biological
Diversity and United Nations Convention on Law of the Se&oth have general provisions

that aim for environmental conservation and therefore could affect the protetiworal reefs.
However, international treaties are rarely binding and have not thus far afforded coral reefs
needed protections.

In sum, the various state, federal, and international regulatory mechanisms are inadequate to
protect corals. These m&ures are important for the conservation of coral reefs and can
effectively reduce some of the direct human threats to coralstiNdess, these regulatory
mechanisms form a patchwork of approaches and offersoméyl protection to corals.

Meanwhile, tle overarching threats to the corals from bleachungto increased ocean
temperatures and ocean acidification are largely unaddresseei$tieg protections for corals
either do not address ocean warming aondlification, or they only provide researahd

monitoring of those impacts.

Protection under the ESA for thimperiled coral species will pvide comprehensive protections
for which no other regulatory mechanisms can sults. The threats facing thceral species are

particularly troublesom because of their interrelated nature. The effects of these threats are
synergistic, indicating that addressing each threat independently will nofficeestito

conserve thispecies.

6.5 Other natural or manmade factors affecting its continued exience

6.5.1 Ocean warming and acidification

Oceanwarming andacidificationis directly related to the increase in atmospheric carbon dioxide
(CO,) emissions globally. Atmospheric G€@oncentrations reached average annual levels of
over 402.9 parts per milliofppm) globally in 206 (Blunden & Arndt 2017which is higher

than at any point during the last 800,000 yd€highi et al. 2008)Over the past 200 years, the
global oceans have absorbed approximately 25 % of the anthropogeniel€Bed to the
atmosphergIPCC 2014) Approximately2.6 Giga tone of CO, per year (i.e., 26% of total
emissions) entered the global oceans in the last d¢cad@uére et al. 2016)

Atmospheric CQemissionsalsocontibute to warming of the oceans (IPCC 2013)e year

2016 surpassed 2015 as the warmest year in 188% gérecordkeeping since 1880 (Blunden &
Arndt 2017).The average global temperature across land and ocean surfaces in 201®#as +0.
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°C above the 20th century avergd¥CEI 2017) The annual average global temperature for the
oceans was the warmest record at +0.75 °C in 2016 for the third consecutive year since 2014.
Since 1955, the global oceans have absorbed over 90% of the excess pedtityagreenhouse
gas emissions (Levitus et al. 2012).

As the global oceans uptake the excess of, G€avater chemistry profoundly changegahe
oceans become more acidic (Doney et al. 20089.average pH of the global surface ocean has
already decreased by 0.fits (from 8.2 to 8.1 pH unitsyyhich represents 30 % increase acidity
and 10% decrease iambonate ion concentration in comigan with preindustrial levelgFeely

et al. 2004; Doney et al. 2009hanges in ocean chemistry are unprecedented in the geological
record with acidification rates faster than in the past ~300 million years, a geatadcludes

three major mass extinctions,da@6% of marine speciextinct (Honisch et al. 2012).
Anthropogenic C@emissions will further reduce surface ocean pH by 0.3 to 0.5 units on
average by 2100, and regional changes may be even more €ealelera & Wickett 2005;

McNeil & Matear 2006).At an atmospheric Cevel of 560 ppm, pH wodldrop 0.24 units to
~7.9 andmost ocean surface waters would be adversely undersaturateespitt to aragonite
(Veron et al. 2009)If CO, levels reach 788 ppm, ocepH would drop 0.3 or 0.4 units

mounting to a 100L50% change in acidity, and tropical surface concentratiboartonate

would decline by15% (Orr et al. 2005; Meehl et al. 2007)

Reduction of carbonate ion concentration due to oceaniaaithh also reduces calcium
carbonate saturation state globdliang et al. 2015Reduction of calcium carbonate saturation
is already affecting entireoral reef ecosysterparticularly impacting marine species that rely on
calcium carbonate to prodeishells and skeletodndersson et al. 2011Aragonite saturation
statesthe main forms of calcium carbonate that is useddbgractinean coralsas already
declined globally and it is predicted to further decline by the end of the c€@any& Calcira
2008).

Anthropogenic climate change is directly threatening-bedfling scleractinean corals by: 1)

mass coral mortality associated with coral bleaching due to increasingly frequent thermal stress
events and 2) decreased calcification rates gomdection success due to increasing

atmospheric carbon dioxide that causes ocean acidification by decreasing sea water pH and
aragonite saturation stafildoeghGuldberg et al. 2007a; Carpenter et al. 2008)

6.5.1.10cean warmingkills corals

Ocean warming has caused laggale coral bleaching events resulting in mas coral mortality

and associated reef decline regionalhyg globally in the past decades withreasing frequency

and severitf{HoeghGuldberg et al. 2007a; Pandolfi et al. 2011; Hughes et al. 20drT@)s

projected to continugHoeke et al. 2011)'he longest global bleaching event on record, which
currently continues, started in 2014, and Héecged more coral reefs than any previous

worldwide bleaching everfEakin 2017)For example,ite Australian Great Barrier Reef

recently experienced a catastrophic mass bleaching, evtegrte more than 90% ag 2,300 km

reef tract was considerable affectattl over 30% of corals subsequertligd (Hughes et al.

2017a) This mass bleaching events have equally affected degraded and pristine reefs (i.e., no or
minimal human impacts), the latter were thought to be resistant to bledkhiglges et al.
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2017a) Recurrent thermal stress events on corals appear to affect pristine, pratedted,
degraded reef equal(yHughes et al. 2017a)

Coral reefs around Hawaii have experienced several thermal stress events |cladelg &l
coral bleachingn 1996(Main Hawaiian Islands2002and2004(Northwest Islands)and
widespread bleaching 2014 2015 and 201§Jokiel & Brown 2004; Kenyon & Brainard 2006;
Rodgers et al. 2015, 2017; Bahr et al. 2015; Kramer et al. 20b&) most affected coral genera
during all these bleaching events have Heedillopora, Paites, andMontipora

Sea surface temperatures across coastal waters of Hawaii have inetka5€@ over the past

six decadegJokiel & Brown 2004) The consecutive bleaching event of 2014 and 2015 has been
unprecedented in scale and magnit(felg. 4). Coral mortality due to bleaching across the
Hawaiian archipelago is predicted to increase due to higher incidence of thermal stresmevent
the future(Rodgers et al. 2015¢specially in the northern end of the archipel@dmeke et al.

2011) Relatively higher incidence and severity of coral bleaching due to thermal stress events
has been already observed in the nortiawaiianatolls (Kenyon et al. 2006)

Studies of projected changes to coral growth and mortality, based on modeling of current
emission scenarios, predict that it is extremely unlikely that viable coral populations will exist in
shallow waters of the Haaiian archipelago by 2100, if corals are not able to increase their
thermal tolerance to future levels of heat st(ekseke et al. 2011)n fact, Hoeke et al. (2011)
predicted precipitous declines in coral cover in the northern Hawaiian region between 2030 and
2050, while seady decline over the century in the southern region. The capacity of some coral
communities to obtain limited thermal tolerance to near future heat stress could be through
selection of more thermally tolerant algal endosymbi{Bédker et al. 2004 )succession of more
resistant or resilient corals spec{€sottoli et al. 2014)or a combination of both. Thability of

coral communities to adapt to future thermal stress, in particular in Hawaii, is unknown and is
subject to debat@HoeghGuldberg 2012)Today there is little evidence that corals can adapt or
acclimate to the current and projected frequency and magnitude of environmental change
(Baskett et al. 2009; RodoHdetalpa et al. 2014; Edmunds et al. 2014)fact, recent evidence

of widespread coral bleaching in areas that have experienced recurrent mas bleaching indicates
tha the capacity of coral communities to withstand increasing frequent and more severe thermal
stress is very limite@Hughes et al. 2017aJhe severity of such mass bleaching events already
exceeds the ability of coral species and reefs to recover from future thermalEaiesst al.

2010)
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Figure 3. Maximum degree heating weeks for the Hawaiian archipelago in 2014 and 2015.
Degree heating wé&e (DHW) show how much heat stress has accumulated in a specific area
over the past 12 weeks (3 months) by adding up any tempeeateeding the bleaching
threshold during that time ped. When DHW reaches 4°®eeks significant coral bleaching is
likely, especially in more sensitigpecies. When DHW is 8°@eeksor higher, widespread
bleaching and mortality from thermal stress may oddote that heat stress affected more the
Northern Hawaiian Islands in 2014 while the Main Hawaiian Islands in Zig&re after

Couch et al(2016)

Several species within tliocilloporagenus areecognized as beirgusceptibléo bleaching
during thermal stres&or example,iéld experimergin the Great Barrier Reéfave shown that
Pocillopora damiconisesponds as serelyas acroporid corak® increasing temperature
(Marshall & Baird 2000)Similarly, Pocilloporaspp. were among the most sensitive coral
species to bleaching aftAcroporaand branchindporitesin the western Indian Ocean
(McClanahan et al. 2007In the first reported bleaching events due to warming in the 1980s,
pocilloporid coralsuffered high mortalityn the eastern tropical Pacifianging from 51% at
Canfo Island76-85% in Panama, to 9700% in the Galapago Islan{(iSlynn 1983, 1990; Glynn
et al. 188). Controlled laboratory experiments have also shown the highly susceptibility of
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Pocilloporacorals to thermal stre¢sGl ynn & D6 Cr oz 19 910;; DHuCereorzk a8mp
Maté 2004)Bleaching in corals can lead to mortality or physiological stress that lower fecundity
and increase susceptibility to disea@&srd et al. 2002; Bruno et &007; Muller et al. 2008)

The cauliflower coraP. meandrinds particularlyvulnerable to bleaching due to thermal stress
During the 2014 mass bleaching event ~ 20% of the colonies show signs of bleaching across the
entire Hawaiian archipelag@€ouch et al. 2016 p. 2d)n some regions such as the east coast of
Lisianski IslandP. meandrinadisappearedrom 1.05 % cover in 2014 to 0 ébver in 2015

(Couch et al. 2016 p. 34puring the fall (August to Novembenf 2015, an extreme and
prolonged thermal stress event occurred within coastal waters of West Hawaii, where water
temperatures exceed 300Eakin 2017) This event led to mass coral bleaching evehat

resulted incatastrophic coral mortality foeefs ofWest Hawaii, with approximatelyalf of the

coral cover loss from 201&ramer et al. 2016 Survey results fror@4 permanent monitoring

sites from South Kona to North Kohala indicated that mean coral bleaching prevalence during
the thermal stress event was ~53%{85% range), resulting in an average of ~50% coral
mortality between 2014 and 20{6ramer et al. 2016)During this event?. meandrinashowed
major bleachingrevalenceand subsequently catastrophic mortality across the leeward reefs of
theHawaii Islard (Kramer et al. 2016 Severe posbleaching mortality was detected for
meandrinaafter the bleaching event in this area. Approximated$% of colonessuffered

partial postbleaching mortality (> 5% tissue loss) arntB% of coloniesshowedotal post

bleaching mortality£100% tissuejKramer et al. 208). Total postbleaching mortality further
increased to ~90% of the colonies affected in Kealakekua Bay by May of RtdGer et al.

2016)

The 2015 tbrmal stresslsoaffectedP. meandrinan other areas of the Hawaiian Island
Approximately, 45% of corals in the Hanauma Bay Nature Preserve in Oahu showed signs of
bleaching in Octobensf 2015 with a subsequent mortality rate of 9.8Redgers et al. 2017)n

this areaP. meandrinavas one of two coral species with the highest blegacpievalence with

more~ 64% of the colonies affectedllowed bya 1.3% mortality ratRodgers et al. 2017)

Bleaching prevalence was highly variable in space due to localized environmental gradients such
as warm water accumulatigRodgers et al. 2017)

6.5.1.10ceanacidification affects corals

Ocean acidificationn response to increasing atmospheric carbon dioxide)(@®issions well
recognized to reduaggrowth and survivotsp in coralsand associated speciésboratory and

field experiments have shown that as the pGseawater increases, calcium carbonate
productionconsiderablydeclinesslowingthe growth calcification ratesand survival ofadult
andjuvenile coralgLangdon et al. 2003; Jokiel et al. 2008; Albright et al. 2010a; Gray et al.
2012; Castillo et al. 2014; Comeau et al. 2084ilarly, ocean acidification also reduces
calcification rate and repdoction success of crustose coralline alg@gtner et al. 2008; Diaz
Pulido et al. 2012)a crucial reef group that facilitate coraltehent and contribute coral reef
accretionDiazzPul i do et al . 2009; WebsterThestbhyal . 2013
affecting crustose coralline algae, ocean acidification would reduce settlement rates on corals
(Webster et al. 2013; Fabricius et al1ZD As acean acidification becomes more severe,-reef
building corals and crustose coralline algae will continue to show rediadeification ratesand
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reef accretion will be further reduc@dandolfi et al. 2011; Andersson & Gledhill 2013; Albright
et al. 2016)

Corals are already experiencing lower calcification rates linked to oceification in the

Pacific and Caribbean Cooper et al . 2 Baké8tal 2008;¢abticiuseea. al
2011) Experimental and field studies show that the impact ocean acidification on calcification
rates varies among coral spediedmunds 2012; Comeau et al. 2018Yyecent gperimental

study rearing coralgnder warming (2 °C above normal maximum summer temperature) and
ocean acidification (high pGQwice preseniday) conditionsshowedthat corés of Hawaii

reduced calcification raté€m Porites cormpressa, Pocillopora damicornig§ungia scutariaand
Montipora capitatd) in the hightemperature treatme(Bahr et al. 2016) The synergistic effect

of warming water and ocean acidificaticause mortality in at least oneoralspeciesP.
compressgBahr et al. 2016) This study indicates that biological response to temperature and
pCQO; elevation is species specific.

Studies have shown that calcification of entire coral reef ecosystem at different spletissca

already declining in response to changes in water chenfisdie 6 at h et al . 2009,
2015; Albright et al. 2016)or example, reduced calcification is already being detected across

coral reef of the Great Barrier ReéfD e 6 at h .eOn a global sc&lefodleds)showhat

most reefs aralready calcifying 2810% slower today compared with their fnelustrial rates,

and that 30% of the worl dos coral r88%fs have
compared with préndustrial rategSilverman et al. 2009)Calcification rate of reetbuilding

corals are predicted to decrease 40% further with increasing IpCi®e end of the century

(Kleypas & Langdon 2006; Hofmann et al. 2010; Erez et al. 2011; Gattuso et al. 2015)

Ocean acidification alsdisrups reproductiorandcompromisesecruitment success several
studied coral specidalbright et al. 2010a; Albright 2011c; Doropoulos et al. 2012a; Chan &
Connolly 2013) affecting the capacity of reef ecosystems to recfethony et al. 2011b)

Because ocean acidificati@ffects have been quantified for relatively few coral species, the
impact onP. meandrinashould be inferred from congeneric or confamilial species, as previously
done during the listing process of 82 candidate cqBalnard et al. 2013)

Pocilloporid coralsare affected by ocean acidificatidixperimental studies of twweek
incubation ofP. meandrinain which water pH was reduced to 7.8, as forecasted for the year
2100, show that calcification rate decre@b¥y more than 50% at 27°C, although no change was
observed at higher temperat(28°C) (Muehllehner & Edmunds 2008)arvae ofP. damicornis
incubated for 6 hours at high G€oncentrations950 patm) anelevated watetemperature
(30°C) showed depressed metabolic rates which could dffgarsalsettlement and
developmentRivest & Hofmann 2014)Growth rates oP. elegang&ndP. damicornisin the
eastern Pacific has dewd 25%3-% over the past 30 years due to ocean acidification, and
extension rate varies in species along a calcium carbonate saturation state @viatizeito
2010) Thesestudesdemonstrat that the effects of ocean acidification are temperature
dependentiNew studies are needed to determine how the effects of ocean acidification
shallow coastal watergaries with light intensitytemperature and daily pH fluctuations, and
increased nutrients and organic matter ingidkiel et al. 2016)
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Theresponse of corals to ocean acidificationesamong coral specieblowever, on average
changes in aragonite saation statef one unitresult in a 20% decrease in calcification rate
(Kleypas & Langdon 20065tudieshave demonsated a strongositivecorrelation between
aragonite saturation and coral calcificat{@¢mdersson et al. 2011pptimal coral growth occurs
whenaragonite saturation stategeeater than 4.0; levets 3.0 to 3.5 are marginal or low; and
3.3 is generally considered the critical threshold for coral growth, below which considerably
decrease in calcification rates occurs and reef accretion shifts to diss¢tiéippas & Langdon
2006; HoegkhGuldberg et al. 2007blrield studies confirnthat reef accretion approaches to zero
or becomes negative atagonite saturatiobelow 3.3 when atmospheric G&pproaches 480

ppm (Kleypas & Langdon 2006)This is confirmed by observations that reefs with net accretion
today under approximately 400 ppm in atmosph&f are restricted to waters where aragonite
saturation exceeds 3(BoeghGuldberg et al. 2007b)n sum, the best available science shows
that aragonite saturation state below 3.5Suboptimal for coral growtland corals cease grtw
and begin dissolution below 3.3.

Coral reefs in Hawaii are already affectgdocean acidificationThe aragonite saturation state
in surfacewaters surrounding Hawaii may hageclinedmore than 0.5 units since the

industrial revolutionCao & Caldeira 2008)Fig. 4). Prior to the industrial revolution, most coral
reefs (98.4%) worldwide were found near open ocean waters with aragonite saturation state
above 3.5Cao & Caldeira2008) Today, Hawa ialready expeaniendeaube wat er s
optimal conditionsBy mid-century models show that coral reef would be within watetts
carbonate saturatidrelow 3.0 and 2.75a point at whictcoral growth and accretias
substantially redueck(Cao & Caldeira 2008)Fig. 4). At atmospheric C@concentration of 450

to 500 ppm, predicted by mickentury, reef erosion will exceed reef accretidoeghGuldberg

et al. 20073)changing the structure of many coral reefs and increasing the extinction risk of
vulnerable coral species. At G€oncentration of over 500 pm coral reef ecosystem could
disappear as we know the(hloeghGuldberg et al. 2007a; Hughes et al. 201%bichnear
futureprediction for the middle of the century (onl$ ears from nowill have tremendous
implications fo Hawaiicoral reefs.

Ocean acidification conditions observed in Hawaii reefs already affect calcification and
physiology of important reefs species such as corals and crustose coralline algae. A long term
(20 months) mesocosm experimenhdocted in Kaneohe Bay, Oahu, with simulations of pCO
expected for this century showed that crustose coralline algae cover can decrease by 86% with
250% lower rate of calcification under acidified conditighskiel et al. 2008)Similarly, coral
calcification ofMontipora capitatadeclinal 15% to 20% under acidified conditio@dokiel et al.
2008) Because mstose coralline algae play an important role in coral reef ecosystems
enhancing coral recruitment and promoting reef accréBak 1976; Webster et al. 2013)

change in their abundance will have negative effects on the entire ecosystem.
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THREAT TO CORAL REEFS FROM OCEAN ACIDIFICATION IN THE PRESENT, 2030, AND 2050

.
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Figure 4. Sea surface aragonite saturation state for 2005, 2030, and 2050. Note that at 500 ppm
of CO, predicted for 2050, aragonite saturation state around Hawaii waters is mostly marginal
(3.0) and extremely marginal (2.7%)jgure after Cao and Caldeira (2008)

Ocean acidification alsdisrupts otheiphysiological processés coralssuch as photosynthesis

and reproduction. Some coral species can maintain calcification rates under acidified conditions
by spending relativg high amount of energy and compromising other biological functiorts suc

as nutrient assimilation. For example, under low pH combined with high temperature, the
scleractinian corgbtylophora pistillatacan significantly decrease inorganic phosphorous and
nitrogen uptake which are important elements to maintain metabolitdns(Godinot et al.
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2011) A laboratory experiment on the effects of acidification on symbiotic algBerites
australiensis found that acidified seawater significantlycdease fluorescence yield of the coral
and thus affecting calcificatiofiguchi et al. 2012)In Acropora milleporaacidified conditions

lead to the loss of more than 50% of their symbiotic algae decreasing both photosynthesis and
respiration rate@Kaniewska et al. @L2) Thus, oceamcidification can cause major cellular and
physiological impacts on reef building corals.

Ocean acidification affects all early life history stages of corals. In the threatened Caribbean
elkhorn coralAcropora palmatalow pH conditionsaffect three fundamental stages needed for
successful coral recruitment) (arval availability by reducing fertilizationii | reducing
settlement success, anil)(impeding postsettiement growgAlbright et al. 2010b; Albright
2011a, 2011b)The compounding effect of these impacts translates-#8%2reduction in the
number of larval settlers on the reef and elevated rates of postsettimortality(Albright et al.
2010b) Other coral species also show ganresponses to low pH. For example, recruits of the
mustard coraPorites astreoidesare strongly affected by acidic conditiqAdbright & Langdon
2011) In this study, larval metabolism declined by 27 % and 63 % under acidification levels
expected by migentury and endf-century, respectively. Settlement was also reduced up to
45% and 60% at the mid and eofdcentury acidificabn levels, respectivelgAlbright &

Langdon 2011)Similarly, a study oAcropora digitiferalarvae showed that even when
fertilization is successful under low pH conditions metamorphosis can be (fdétkamura et al.
2011) In fact, under low pH conditions coral larvae losartipreference for settlement on
crustose coralline algae, which is normal conditions enhance settl@oeapoulos et al.

2012b)

6.5.2 Intensification of storms

Coralreefs of Hawaii periodically experience inteasel short term powerful stormasndP.
meandrinahas been affected with temporal declines after acute storm ¢Cates & Brown

2007) Wave disturbance have been recognized as important factor in structuring coral
assemblages throughout the Hawaiian Isldfgyg 1983, 1994)Although coral reefs are

adapted to withstand acute disturbance events, hurricanes has contributed to coral reef decline in
shallow areas of some regions, e.g., Ca#jGardner et al. 2005; Crabbe et al. 2008; Edwards
et al. 2011)Strong stormphysically damage corals by breaking off colonies, severing branches,
and increasing acute sedimentation and pollution flux from rivers anébkset! runoff during

and after storms that result in widespread mortégrdner et al. 2005)mmediate mortality to
coloniesand fragments from severe stormsfignhigh, and damagegbpulations are more
susceptible to subsequent disturbar{€eslar 1982)

The number of straphurricanes (category 4 and 5) has steadily increagsdthe past four

decades across all ocean basins, but specially in the North Pacific, Indian and Southwest Pacific
OceangWebster et al. 2005; Holland & Bruyére 201B)rthermore, future projections indicate

that ocean warming will cause an increase in the average intensity of tropical cyoloarst
stronger storms by the end of the centiiifgutson et al. 2010; Manganello et al. 2Q14)jus,

stronger storms aie potential threat to shallogoral reefsn Hawaii. Corals that are under stress
from ocean warming ahacidification will be particularly vulnerable to storm incide¢eron

et al. 2009)

37



6.5.3 Combined impacts of stressors

Multiple stressors can affect corals simultaneously and interactMityan acidification and
warming can lower coral reef resilience, impairing growth, and increasing mogfalifyony et

al. 2011a; Bozec & Mumby 2013)nder warming and acidification forecasted within this
century coral abundances predicted to decrease further by more than 50% even with high
herbivory and good water qualippnthony et al. 2011a)f grazing is reduced algaeay

become dominant sooner under low pH conditigxrghony et al. 2011a)Vhile some corals are
more sensitive to ocean acidification thaneosifCastillo et al. 2014)warming will exacerbate

the impacts of acidificatio(Pandolfi et al. 2011; Putnam @t 2012; Harvey et al. 2013pcean
warming may also act synergistically with coral diseases (or increase disease prevalence)
reducing health condition and surviy8runo & Selig 2007)Other stressors such as pollution
and sedimentation can further diminish the ability of corals to adjust to future climate change
conditions(Biscéré et al. 2015¥§5rowing evidence suggests that corals that suffer physiological
stress from poor water quali¢Zarilliet al . 2009 ; D e 0 ard nfore &enditieelior 1 c i U ¢
high water temperatur@hus, action must be taken to reduce local stressors and thus conserve
corals by increasing the odds against acidification and warming which threaten coral reefs
beyond thecapacity for recovery.

7. Critical Habitat

The ESA mandates that, when NMFS lists a species as endangered or threatened, the agency
generally must also concurrently designeritical habitat for that species. Section 4(a)(3)(A)(i)
ofthe ESA stateshtat , At o the maxi mum extent prudent ar
concurrently with making a determination . . . that a species is an endangered species or

threatened species, designate any habitat of such species which is then considered tal be critic
habitat...A (16 U.S.C. A 1533(a)(3)(A)(i) and A 15

The ESA definestabhe¢ at er hespecifie ar@siwichigpihe T
gearaphical area occupied bythpec e s, at t he ,aniwhich aré foundtisosel i st e d ¢
physical or biological features (I) essentiatiie conservationf the species and (II) which may
require special managememnsiderations or protection; ar{d) Specific areas outside the
geograpical area occupied by tlspeciesat the time ii s | i, sigore addetérmination by the
Secretary that such areas are essential for the conservation of the sfBEgigsS.C. §
1532(5)(A).

The Center expects that NMFS will comply with this unambiguous mandate and designate
critical habitat oncurrently with the listing of the petitioned coral species. We believe that all
current and histac areas occupied by thepeciesneetthe criteria for designation as critical
habitat and must therefore be designated as such.

8. Requested designation ash conclusion
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The Centehereby requesthat the National Marine Fisheries Service list¢haliflower coral
(P. meandrinfas endangered threatened in a significant portion of its rarfg@awaii) under
the ESA NMFS must promptly make a positive-8@y finding on this Petitionnitiate a status
review, and expeditiously proceed toward listing pratecting this coradpecies.

Drastic reductions of global anthpogenic emissions are unlikeljhus coral reef managers

should embrace strategiestthaaximize the little resilience of coral reef ecosysdmglobal
climate change by reducing local and regional impacts (e.g., pollution, overfishing, and habitat
degradation) on imperiled corgM/est & Salm 2003; Donner et al. 2005; Hughes et al. 2010)
slow down the widgwead ecological shift to necoral dominated reefdouffray et al. 2015)

and prevent the extinction of the most vulnerable coral spécapenter et al. 2008l.isting

under the BA provides a series of legal regulatory mechasifimat can facilitate coral

resilience by reducing local jpacts, promote active restoration efforts, and buy time while
global carbon emissions are reduced.

We look forward to the official response as required by the ESA.

9. Referencedall referencesre included in a flastirive with a hard copy of this peitiin)

Aeby GS. 2009. Baseline levels of coral disease in the Northwestern Hawaiian Islands. Coral
Health and Disease in the Pacific: Vision for Action:168.

Aeby GS, Williams GJ, Franklin EC, Kenyon J, Cox EF, Coles S, Work TM. 2011. Patterns of
coral disease across the Hawaiian archipelago: relating disease to environment. PloS one
6:20370.

Aguera A, Bueno MJM, FermélezAlba AR. 2013. New trends in the analytical determination
of emerging contaminants and their transformation products in environmental waters.
Environmental Science and Pollution Rese@2@8496 3515.

Albright R. 2011a. Reviewing the Effects of Ocesaidification on Sexual Reproduction and
Early Life History Stages of Re&uilding Corals. Journal of Marine Biolo@01111
14.

Albright R. 2011b. Effects of Ocean Acidification on Early Life History Stages of Caribbean
Scleractinian Corals.

Albright R. 2011c. Reviewing the Effects of Ocean Acidification on Sexual Reproduction and
Early Life History Stages of Red&uilding Corals, Reviewing the Effects of Ocean
Acidification on Sexual Reproduction and Early Life History Stages of-Baifling
Corals. Joural of Marine Biology, Journal of Marine Biolog11, 2011e473615.

Albright R et al. 2016. Reversal of ocean acidification enhances net coral reef calcification.
Nature531:362 365.

Albright R, Langdon C. 2011. Ocean acidification impacts multiple éiéelhistory processes
of the Caribbean coral Porites astreoides. Global Change Biblb2473 2487.

Albright R, Mason B, Miller M, Langdon C. 2010a. Ocean acidification compromises
recruitment success of the threatened Caribbean coral Acropora palroaéeedngs of
the National Academy of Scienc&87:20400 20404.

39



Albright R, Mason B, Miller M, Langdon C. 2010b. Ocean acidification compromises
recruitment success of the threatened Caribbean coral Acropora palmata. Proceedings of
the National Academy dscienced 07:20400 20404.

Andersson AJ, Gledhill D. 2013. Ocean acidification and coral reefs: effects on breakdown,
dissolution, and net ecosystem calcification. Annual Review of Marine SGe&fH
348.

Andersson AJ, Mackenzie FT, GattusB.J2011. Efécts of ocean acidification on benthic
processes, organisms, and ecosystems. Ocean acidifi@atkin 153.

Anthony KRN, Maynard J a., DiaRulido G, Mumby PJ, Marshall P a., Cao L, Ho&ghdberg
0. 2011a. Ocean acidification and warming will lower coeef resilience. Global
Change Biology.7:1798 1808.

Anthony KRN, Maynard JA, DiaPulido G, Mumby PJ, Marshall PA, Cao L, Hoe@hldberg
0. 2011b. Ocean acidification and warming will lower coral reef resilience. Global
Change Biology.7:1798 1808.

Apprill A, Marlow HQ, Martindale MQ, Rappé MS. 2009. The onset of microbial associations in
the coral Pocillopora meandrina. The ISME Joua85.

Bahr KD, Jokiel PL, Rodgers KS. 2015. The 2014 coral bleaching and freshwater flood events in
KUnedohe & ReerBeH3b6wa i

Bahr KD, Jokiel PL, Rodgers KS. 2016. Relative sensitivity of five Hawaiian coral species to
high temperature under highCO2 conditions. Coral Ree3&:729 738.

Bahr KD, Jokiel PL, Rodgers KS. 2017. Seasonal and annual calcificagsroféhe Hawaiian
reef coral, Montipora capitata, under present and future climate change scenarios. ICES
Journal of Marine Scienc&:1083 1091.

Baird AH, Guest JR, Willis BL. 2009. Systematic and biogeographical patterns in the
reproductive biology ofderactinian corals. Annual Review of Ecology, Evolution, and
Systematicg0:5511 571.

Bak R. 1976. The growth of coral colonies and the importance of crustose coralline algae and
burrowing sponges in relation with carbonate accumulation. Netherlands|JufuBea
Researcii0:285 337.

Bak RPM, Nieuwland G, Meesters EH. 2009. Coral Growth Rates Revisited after 31 Years:
What is Causing Lower Extension Rates in Acropora Palmata? Bulletin of Marine
ScienceB4:287i 294.

Baker AC, Starger CJ, McClanahan TR, GlyhWW. 2004. Cor al reefs: Cor
to climate change. Natud80.741i 741.

Bargar TA, Alvarez DA, Garrison VH. 2015. Synthetic ultraviolet light filtering chemical
contamination of coastal waters of Virgin Islands national park, St. JohWirgi§

Islands. Marine Pollution Bulletih01:193 199.

Baskett ML, Gaines SD, Nisbet RM. 2009. Symbiont diversity may help coral reefs survive
moderate climate change. Ecological Applicati@8s3i 17.

BenHaim Y, ZichermarKeren M, Rosenberg E. 2003. Temgerreregulated bleaching and
lysis of the coral Pocillopora damicornis by the novel pathogen Vibrio coralliilyticus.
Applied and Environmental Microbiolog§9:4236 4242.

Betts RA, Jones CD, Knight JR, Keeling RF, Kennedy JJ. 2016. El Nino and a recrs€0
Nature Climate Chang&806 810.

40



Biscéré T, RodolfeMetalpa R, Lorrain A, Chauvaud L, Thébault J, Clavier J, Houlbreque F.
2015. Responses of Two Scleractinian Corals to Cobalt Pollution and Ocean
Acidification. PLoS ONELG:e0122898.

Blitz JB, Norbn SA. 2008. Possible environmental effects of sunscreeaffusournal of the
American Academy of Dermatolodp®:898.

Blunden J, Arndt DS. 2017. State of the Climate in 2016. Bulletin of the American
Meteorological Societ@98:Sii S277.

Bluthgen N, Zucchi S, Fent K. 2012. Effects of the UV filter benzophe3qio@ybenzone) at
low concentrations in zebrafish (Danio rerio). Toxicology and applied pharmacology
263184 194.

Bozec ¥-M, Mumby PJ. 2015. Synergistic impacts of global warming omeb#ience of coral
reefs. Philosophical Transactions of the Royal Society B: Biological Sciences
370:20130267.

Brainard R, Birkeland C, Eakin CM, McElhany P, Miller MW, Patterson M, Piniak GA. 2011.
Status review report of 82 candidate coral species@etd under the US endangered
species act. US Department of Commerce, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service, Pacific Islands Fisheries Science
Center. Available from
https://pdfs.semanticscholar.org/c710/84G@424376d69b4f6246b9114ed2283.pdf
(accessed September 18, 2017).

Brainard RE, Weijerman M, Eakin C, McElhany P, Miller MW, Patterson M, Piniak GA, Dunlap
MJ, Birkeland C. 2013. Incorporating climate and ocean change into extinction risk
assessments for &ral species. Conservation Biology.1169 1178.

Bratkovics S, Wirth E, Sapozhnikova Y, Pennington P, Sanger D. 2015. Baseline monitoring of
organic sunscreen compounds along South Ca
Marine Pollution Bulletinl01:3701 377.

Brown E. 2004. Reef coral populations: spatial and temporal differences observed on six reefs
off west Maui. Available from
http://scholarspace.manoa.hawaii.edu/bitstream/10125/11973/1/uhm_phd_4425 r.pdf
(accessed September 30, 2017).

Brown EK, Cox EJokiel PL, Rodgers SK, Smith WR, Tissot BN, Coles SL, Hultquist J. 2004.
Development of benthic sampling methods for the Coral Reef Assessment and
Moni toring Program (CRAMB9145i188. Hawai 01 . Pac

Bruno JF, Petes LE, Drew Harvell C, Hegier A. 2003. Nutrient enrichment can increase the
severity of coral diseases. Ecology Lett@f056 1061.

Bruno JF, Selig ER. 2007. Regional decline of coral cover in theRaddic: timing, extent,
and subregional comparisons. PLoS ORX&r11.

Bruno F, Selig ER, Casey KS, Page CA, Willis BL, Harvell CD, Sweatman H, Melendy AM.
2007. Thermal stress and coral cover as drivers of coral disease outbreaks. PL0S biology
5:el24.

Cao L, Caldeira K. 2008. Atmospheric CO2 stabilization and ocean acidific&gmphysical
Research Letter35:L.19609. American Geophysical Union.

Carilli JE, Norris RD, Black BA, Walsh SM, McField M. 2009. Local Stressors Reduce Coral
Resilience to Bleaching. PLoS ONEe6324.

Carpenter KE et al. 2008. Ostieird of reefbuilding coals face elevated extinction risk from
climate change and local impacts. ScieB2&560 563.

41



Castillo KD, Ries JB, Bruno JF, Westfield IT. 2014. The 4mgfding coral Siderastrea siderea
exhibits parabolic responses to ocean acidification and warmioge®lings of the
Royal Society of London B: Biological Scienc281:20141856.

Chan NCS, Connolly SR. 2013. Sensitivity of coral calcification to ocean acidification: a meta
analysis. Global Change Biolod®:282 290.

Cole AJ, Pratchett MS, Jones GP. 2(DRersity and functional importance of coiffeleding
fishes on tropical coral reefs. Fish and Fishe9i286 307.

Coles SL. 1980. Species diversity of decapods associated with living and dead reef coral
Pocillopora meandrina. Marine Ecology ProgresseSe2B1291.

Coles SL, Brown EK. 2007. Twenfive years of change in coral coverage on a hurricane
i mpacted reef in Hawali 0i : t R&OS7dvport ance

Combosch DJ, Guzman HM, Schuhmacher H, Vollmer SV. 2008. Interspecifidizgtion and
restricted tran$acific gene flow in the Tropical Eastern Pacific Pocillopora. Molecular
Ecologyl17:1304 1312.

Comeau S, Carpenter RC, Lantz CA, Edmunds PJ. 2015. Ocean acidification accelerates
dissolution of experimental coral reef comnti@s. Biogeosciencek2:365 372.

Comeau S, Edmunds PJ, Spindel NB, Carpenter RC. 2013. The responses of eight coral reef
calcifiers to increasing partial pressure of CO2 do not exhibit a tipping point. Limnology
and Oceanograpip8:388 398.

Cooper TF,Dé&l at h G, Fabricius KE, Lough JM. 2008. D
Porites in two nearshore regions of the northern Great Barrier Reef. Glob. Change Biol.
14:529'538.

Coronado M, De Haro H, Deng X, Rempel MA, Lavado R, Schlenk D. 2008. EStagptivity
and reproductive effects of the Lhlter oxybenzone (ydroxy-4-methoxyphenyl
methanone) in fish. Aquatic Toxicolo@p:182 187.

Couch CS, Burns J, Kanoelani S, GutlaiNTGeiger E, Eakin M, Kosaki R. 2016. Causes and
Consequencesof Mass B achi ng i n PapahUnaumokuUkea.
from https://nmspapahanaumokuakea.blob.core.windows.net/papahanaumekuakea
prod/media/archive/council/meetings/2017/couch_2016_icrs_pmnm_bleachingtalk.pdf.

Couch CS, Garriques JD, Barnett C, Preskit€atton S, Giddens J, Walsh W. 2014. Spatial and
temporal patterns of coral health and dise
33:693 704.

Cox EF, Ward S. 2002. Impact of elevated ammonium on reproduction in two Hawaiian
scleractinian corals witdifferent life history patterns. Marine Pollution Bulletin
44:1230'1235.

Crabbe MJC, Martinez E, Garcia C, Chub J, Castro L, Guy J. 2008. Growth modelling indicates
hurricanes and severe storms are linked to low coral recruitment in the Caribbean. Marine
environmental resear@b:364 368.

Dail er ML, Knox RS, Smith JE, Napier M, Smith
to map locations and potential sources of anthropogenic nutrient inputs on the island of
Maui, Hawai o0i, US&n6066&671.ne Pol |l uti on B

Danovaro R, Bongiorni L, Corinaldesi C, Giovannelli D, Damiani E, Astolfi P, Greci L,

Pusceddu A. 2008. Sunscreens cause coral bleaching by promoting viral infections.
Environmental health perspectivEs6.441.

Darling ES, AlvarezFilip L, Oliver TA, McClanahan TR, Cété IM. 2012. Evaluatingifsstory

strategies of reef corals from species traits. Ecology Lettei878 1386.

42



D6Croz L, Mat ® JL. 2004. Experi ment atypesmfespons
the reef coral Pocillopora damicornis from upwelling and-apwelling environments in
Panama. Coral Ree®3:473 483.

Dedath G, Fabricius K. 2010. Water quality as
macroalgae on the Great Barrier Résfological Application20:840 850.

Dedath G, Lough JM, Fabricius KE. 2009. Decl i
Reef. Scienc823116 119.

Diaz-Pulido G, Anthony K, Kline DI, Dove S, Hoeghuldberg O. 2012. Interactions between
ocean aciditation and warming on the mortality and dissolution of coralline algae.

Journal of Phycology8:32i 39.

Diaz-Pulido G, Harii S, McCook LJ, HoegBuldberg O. 2009. The impact of benthic algae on
the settlement of a redluilding coral. Coral Reef29:203 208

Dollar SJ. 1982. Wave stress and coral community structure in Hawaii. CorallRd#fil.

Donner SD, others. 2009. Coping with commitment: projected thermal stress on coral reefs under
different future scenarios. PLoS Ofie5712.

Donner SD, Skirving WJLittle CM, Oppenheimer M, HoegBuldberg OVE. 2005. Global
assessment of coral bleaching and required rates of adaptation under climate change.
Global Change Biolog$1:2251 2265.

Doropoulos C, Ward S, DiaRulido G, HoeghGuldberg O, Mumby PJ. 2012a. €m
acidification reduces coral recruitment by disrupting intimate laaigdl settlement
interactions. Ecology Lettedd:338 346.

Doropoulos C, Ward S, DiaRulido G, HoeghGuldberg O, Mumby PJ. 2012b. Ocean
acidification reduces coral recruitment bgmipting intimate larvaalgal settlement
interactions. Ecology letters:33846.

Downs CA et al. 2015. Toxicopathological Effects of the Sunscreen UV Filter, Oxybenzone
(Benzophenon®), on Coral Planulae and Cultured Primary Cells and Its Environmental
Contamination in Hawaii and the U.S. Virgin Islands. Archives of Environmental
Contamination and Toxicologg0:265 288.

Eakin CM et al. 2010. Caribbean Corals in Crisis: Record Thermal Stress, Bleaching, and
Mortality in 2005. PLoS ONB:e13969.

Eakin CM. 2A7. Global Coral Bleaching 2042D17: Status and an Appeal for Observations.

NOAA Coral Reef Watch Program. Available from
https://coralreefwatch.noaa.gov/satellite/analyses_guidance/global_coral_bleaching_2014
-17_status.php.

Edmunds PJ. 2012. Effect of @2 on the growth, respiration, and photophysiology of massive
Porites spp. in Moorea, French Polynesia. Marine biold$2149 2160.

Edmunds PJ et al. 2014. Persistence and Change in Community Composition of Reef Corals
through Present, Past, and Futulen@tes. PLoS ONB:e107525.

Edwards HJ, Elliott IA, Eakin CM, Irikawa A, Madin JS, Mcfield M, Morgan JA, Van WOESIK
R, Mumby PJ. 2011. How much time can herbivore protection buy for coral reefs under
realistic regimes of hurricanes and coral bleachingbh&@IChange Biolog$7:2033
2048.

Eichenseher T. 2006. The cloudy side of sunscreens. Environmental science & technology
40:1377.

Erez J, Reynaud S, Silverman J, Schneider K, Allemand D. 2011. Coral calcification under ocean
acidification and global changPages 151176 Coral reefs: an ecosystem in transition.

43



Springer. Available from http://link.springer.com/10.1007/928007-01144 10
(accessed October 1, 2017).

Fabricius K, Debath G. 2014. Environmént al f a
crustose coralline algae on the Great Barrier Reef. Coral R@8f33 309.

Fabricius KE, Langdon C, Ut hicke S, Humphrey
Muehllehner N, Glas MS, Lough JM. 2011. Losers and winners in coral reefs
acclimatized to elevatethrbon dioxide concentrations. Nature Climate Chdnbe5
169. Nature Publishing Group.

Fabricius KE, Noonan SHC, Abrego D, Harringto
altered settlement substrata as primary constraint for coral communitigsogeda
acidification. Proc. R. Soc. B3420171536.

FieneSeverns P. 1998. A note on synchronous spawning in the reef coral Pocillopora meandrina
at Mol oki ni |l sl et, Hawai 6éi. Reproducti on
Pauley Summer Program Marine Biology4:22i 24.

Flot }F, Magalon H, Cruaud C, Couloux A, Tillier S. 2008. Patterns of genetic structure among
Hawaiian corals of the genus Pocillopora yield clusters of individuals that are compatible
with morphology. Comptes Rendus Biolog&3i:239 247.

Friedlander A, Aeby G, others. 2008. The state of coral reef ecosystems of the main Hawaiian
Islands. The state of coral reef ecosystems of the United States and Pacific freely
associated states,. Available from
http://ccmaserver.nos.noaa.gowsygstems/coralreef/coral_report_2005/MHI_Ch9_C.pdf
(accessed October 23, 2015).

Frieler K, Meinshausen M, Golly A, Mengel M, Lebek K, Donner SD, HeBgldberg O. 2013.
Limiting global warming to 2 AC is wunlikel
Change3:165 170.

GagoFerrero P, Diaruz MS, Barcel6 D. 2011. Occurrence of multiclass UV filters in treated
sewage sludge from wastewater treatment plants. Chemo$zht188 1165.

Gardner TA, Cote IM, Gill JA, Grant A, Watkinson AR. 2005. Hurricanes and Caribbean coral
reefs: impacts, recovery patterns, and role in@mmn decline. Ecolog86:174i 184.

Gattuso &P et al. 2015. Contrasting futures for ocean and society from diff@némopogenic
CO2 emissions scenarios. ScieBd&aac4722aac4722.

Glynn PW. 1976. Some physical and biological determinants of coral community structure in the
eastern Pacific. Ecological monograptts431i 456.

Gl ynn PW. 1983. E x deatm of rieef @ralé dn lthe Racifit coasy aj Ranadna.
Environmental Conservatidi0:149 154.

Glynn PW. 1985. El Nin@ssociated disturbance to coral reefs and post disturbance mortality by
Acanthaster planci. Mar. Ecol. Prog. Q€r4.

Glynn PW. 1990. Corahortality and disturbances to coral reefs in the tropical eastern Pacific.
Elsevier oceanography serig&&551 126.

Glynn PW. 2000. El Ningsouthern oscillation mass mortalities of reef corals: a model of high
temperature marine extinctions? Geologicali&y¢cLondon, Special Publications
178117 133.

Glynn PW. 2001. Eastern Pacific coral reefs: new revelations in the twentieth century. Atoll
Research Bulletin:119.60.

Glynn PW. 2003. Coral communities and coral reefs of Ecuador. Latin American coral reefs
Elsevier, Amsterdam:44972.

44



Glynn PW, Colley SB. 2008. Survival of brooding and broadcasting reef corals following large

scale disturbances: is there any hope for broadcasting species during global warming.
Pages 15 Proceedings of 11th internationalaloreef symposium, Ft. Lauderdale

(session 11). Available from
http://nsuworks.nova.edu/cgi/viewcontent.cgi?filename=72&article=1000&context=occ_
icrs&type=additional (accessed September 27, 2017).

Glynn PW, CortédNunez J, Guzmagspinal HM, Richmond RHL988. El Nifio (198383)

Gl y

associated coral mortality and relationship to sea surface temperature deviations in the
tropical eastern Pacific. Mortalidad de corales asociada con El Nifio-83)82relacion

con las desviaciones de la temperatura superficiahdeen el Pacifico oriental tropical.
Pages 237243 Proceedings of the 6th International Coral Reef Symposium, Australia.
Available from http://www.sidalc.net/cgi
bin/wxis.exe/?IsisScript=oet.xis&method=post&formato=2&cantidad=1&expresion=mfn
=002207 (acessed September 28, 2017).

nn PW, D6Croz L. 1990. Experi ment al evi
Nino-coincident coral mortality. Coral Ree8s181 191.

Glynn PW, Krupp DA. 1986. Feeding biology of a Hawaiian sea star corall@ateita

novaeguineae Muller & Troschel. Journal of Experimental Marine Biology and Ecology
96:751 96.

Godinot C, Houlbreque F, Grover R, Fersigaiges C. 2011. Coral Uptake of Inorganic

Phosphorus and Nitrogen Negatively Affected by Simultaneous Changemjperature
and pH. PLoS ONB:e25024.

Gray SEC, DeGrandpre MD, Langdon C, Corredor JE. 2012.-8rartand seasonal

pH,pCO2and saturation state variability in a coesf ecosystem. Global
Biogeochemical Cycle26:GB3012.

Grigg RW. 1983. Community strture, succession and development of coral reefs in Hawaii.

Grigg RW. 1994. Community structure, succession and development of coral reefs in Hawaii. A

Marine Ecology Progress Series14.

Natural History of the Hawaiian Islands: Selected Readin$y3dlAvailable from
https://books.google.com/books?hl=en&Ir=&id=SFLokRq
JOEC&oi=fnd&pg=PA196&dgq=Community+structure,+succession+and+development+o
f+coral+reefs+in+Hawaii.&ots=3FWybMqdBJ&sig=kO0lvv5140CiCAgHsWdiLrY2Nb3g
(accessed September 30, 2017).

Grigg RW, Margos JE. 1974. Recolonization of hermatypic corals on submerged lava flows in

Hawaii. Ecology55:387 395.

Grottoli AG, Warner ME, Levas SJ, Aschaffenburg MD, Schoepf V, McGinley M, Baumann J,

Matsui Y. 2014. The cumulative impact of annual coral bleactangurn some coral
species winners into losers. Global Change Biok@$823 3833.

Harvell D, JordarDahlgren E, Merkel S, Rosenberg E, Raymundo L, Smith G, Weil E, Willis B.

2007. Coral disease, environmental drivers, and the balance between coratrabibmi
associates. Oceanogray172 195.

Harvey BP, Gwynrlones D, Moore PJ. 2013. Me&taalysis reveals complex marine biological

Hirose M, Kinzie R, Hidaka M. 2001. Timing and process of entry of zooxanthellae into oocytes

responses to the interactive effects of ocean acidification and warming. Ecology and
Evolution3:1016 1030.

of hermatypic corals. Coral Reéf8:273 280.

45

den



HoeghGuldberg O et al. 2007a. Coral reefs under rapid climate change and ocean acidification.
Science3181737 1742

HoeghGuldberg O. 2012. The adaptation of coral reefs to climate change: Is the Red Queen
being outpaced? Scientia Marin&403 408.

HoeghGuldberg O, Mumby P, Hooten A, Steneck R, Greenfield P, Gomez E, Harvell C, Sale P,
Edwards A, Caldeira K. 2007&.oral reefs under rapid climate change and ocean
acidification. Scienc8181737. American Association for the Advancement of Science.

Hoeke RK, Jokiel PL, Buddemeier RW, Brainard RE. 2011. Projected Changes to Growth and
Mortality of Hawaiian Corals oveahe Next 100 Years. PLoS ONEe18038.

Hoeksema BW, Rogers A, Quibilan MC. 2014. Pocillopora meandrina: The IUCN Red List of
Threatened Species 2014: e.T133095A54195662. International Union for Conservation
of Nature. Available from http://www.iucnredlistg/details/full/133095/0 (accessed
September 28, 2017).

Hofmann GE, Barry JP, Edmunds PJ, Gates RD, Hutchins DA, Klinger T, Sewell MA. 2010.
The Effect of Ocean Acidification on Calcifying Organisms in Marine Ecosystems: An
Organismto-Ecosystem Perspeesi. Annual Review of Ecology, Evolution, and
Systematicg1:127 147.

Holland G, Bruyéere CL. 2014. Recent intense hurricane response to global climate change.
Climate Dynamicgl2617 627.

Hueer kamp C, GI ynnlL EMeySB @00 Bleachihg andiecove®y of five
eastern Pacific corals in an El Niielated temperature experiment. Bulletin of Marine
Science69:215 236.

Hughes TP et al. 2017a. Global warming and recurrent mass bleaching of corals. Nature
543373 377.

Hughes TP et al. 2017b. Coral reefs in the Anthropocene. Nat6i@2 90.

Hughes TP, Graham NAJ, Jackson JBC, Mumby PJ, Steneck RS. 2010. Rising to the challenge
of sustaining coral reef resilience. Trends in Ecology & Evolu2&633 642.

Iguchi A, Ozaki S, Nakamura T, Inoue M, Tanaka Y, Suzuki A, Kawahata H, Sakai K. 2012.
Effects of acidified seawater on coral calcification and symbiotic algae on the massive
coral Porites australiensis. Marine Environmental Res&8:82i 36.

IPCC. 2013. Climate Ginge 2013: The Physical Science Basis. Contribution of Working Group
| to the Fifth Assessment Report of the Intergovernmental Panel on Climate
ChangeStocker, T.F., D. Qin,-&. Plattner, M. Tignor, S.K. Allen, J. Boschung, A.
Nauels, Y. Xia, V. Bex and.Rl. Midgley. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA.

IPCC. 2014. Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional
Aspects. Contribution of Working Group Il to the Fifth Assessment Reptheof
Intergovernmental Panel on Climate Change [Barros, V.R., C.B. Field, D.J. Dokken,
M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C.
Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L.
White (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York,
NY, USA.

Jayewardene D, Donahue MJ, Birkeland C. 2009. Effects of frequent fish predation on corals in
Hawaii. Coral Reef28:499 506.

46



Jiménez C, Cortés J. 2003. Growth ofesespecies of scleractinian corals in an upwelling
environment of the eastern Pacific (Golfo de Papagayo, Costa Rica). Bulletin of Marine
Sciencer2:187 198.

Johnston EC, Forsman ZH, Toonen RJ. 2018. A simple molecular technique for distinguishing
speciegeveals frequent misidentification of Hawaiian corals in the genus Pocillopora.
PeerX:e4355.

Jokiel P, P. Jury C, Kuffner I. 2016. Coral Calcification and Ocean Acidification.

Jokiel PL. 1978. Effects of water motion on reef corals. Journal of Expeaeahiarine Biology
and Ecologyd5:87i 97.

Jokiel PL, Brown EK. 2004. Global warming, regional trends and inshore environmental
conditions influence coral bleaching in Hawaii. Global Change Biol®dgi627 1641.

Jokiel PL, Hunter CL, Taguchi S, Watarai L9B9 Ecological impactofafresmat er fAr eef Kk
in Kaneohe Bay, Oahu, Hawaii. Coral Rek®s177 184.

Joki el PL (Paul L., Brown EK, Friedlander A,
Reef Assessment and Monitoring Program: Spatial Patterns argbff@ar®ynamics in
Reef Coral Communities. Pacific Scierg®159 174.

Jokiel PL, Rodgers KS, Kuffner IB, Andersson AJ, Cox EF, Mackenzie FT. 2008. Ocean
acidification and calcifying reef organisms: a mesocosm investigation. Coral Reefs
27473 483.

JouffrayJ-B, Nystrom M, Norstrom AV, Williams ID, Wedding LM, Kittinger JN, Williams GJ.
2015. Identifying multiple coral reef regimes and their drivers across the Hawaiian
archipelago. Philosophical Transactions of the Royal Society B: Biological Sciences
370:20130268.

Kaniewska P, Campbell PR, Kline DI, Rodrigtieametty M, Miller DJ, Dove S, Hoegh
Guldberg O. 2012. Major cellular and physiological impacts of ocean acidification on a
reef building coral. PloS onge34659.

Kenyon JC, Aeby GS, Brainard RE, ChaikeJD, Dunlap MJ, Wilkinson CB. 2006. Mass coral
bleaching on higltatitude reefs in the Hawaiian. Page 643 Proceedings of 10th
International Coral Reef Symposium. Available from https://pifsc
www.irc.noaa.gov/library/pubs/Kenyon_etal ICRS10 2006.pdfgssed September 21,
2017).

Kenyon JC, Brainard RE. 2006. Second recorded episode of mass coral bleaching in the
Northwestern Hawaiian Islands. Atoll Research Bulléd3505 523.

Kleypas JA, Langdon C. 2006. Coral Reefs and Changing Seawater Carbomatsti@h€oral
Reefs and Climate Change: Science and Managemehi@3

Knee KL, Street JH, Grossman> EE, Boehm AB, Paytan A. 2010. Nutrient inputs to the coastal
ocean from submarine groundwater discharge in a grounddatenated system:

Relation to landise (Kona coast, Hawaii, U.S.A.). Limnology and Oceanography
55:11051122.

Knutson TR, McBride JL, Chan J, Emanuel K, Holland G, Landsea C, Held |, Kossin JP,
Srivastava AK, Sugi M. 2010. Tropical cyclones and climate change. Nature Geoscience
3:157 163.

Koop K et al. 2001. ENCORE: the effect of nutrient enrichment on coral reefs. Synthesis of
results and conclusions. Marine pollution bulleti91i 120.

Kramer KL, Cotton SP, Lamson MR, Walsh WJ. 2016. Bleaching and catastrophic mortality of
reefbuildngor al s al ong West Hawai 6i Il sl anid: f i nc

47



241 13th International Coral Reef Symposium. Honolulu, HI. Available from
https://sgmeet.com/icrs2016/static/files/IGRSL6AbstractBook.pdf (accessed
September 18, 2017).

KroekerKJ, Kordas RL, Crim R, Hendriks IE, Ramajo L, Singh GS, Duarte CM, GattBso J
2013. Impacts of ocean acidification on marine organisms: quantifying sensitivities and
interaction with warming. Global Change Biolo)9:1884 1896.

Kuffner 1B, Andersson AJJokiel PL, Rodgers KS, Mackenzie FT. 2008. Decreased abundance
of crustose coralline algae due to ocean acidification. Nature Geostiéadel17.

Langdon C, Broecker WS, Hammond DE, Glenn E, Fitzsimmons K, Nelson SG, féng T
Hajdas I, Bonani G. 2003. Effect of elevated CO2 on the community metabolism of an
experimental coral reef. Global Biogeochemical Cyt/é3011.

Le Quéreé C et al. 2016. Gldh@aarbon Budget 2016. Earth System Science B#&@5 649.

Loya Y. 1976. The Red Sea coral Stylophora pistillata is an r strategist. [189:4&8 480.

Luthi D et al. 2008. Highresolution carbon dioxide concentration record 650,800 0, 000 vy e ar
before pesent. Naturd53379 382.

Magalon H, Adjeroud M, Veuille M. 2005. Patterns of genetic variation do not correlate with
geographical distance in the rérfilding coral Pocillopora meandrina in the South
Pacific. Molecular Ecolog$4:1861 1868.

ManganellalV et al. 2014. Future Changes in the Western North Pacific Tropical Cyclone
Activity Projected by a Multidecadal Simulation with ak® Global Atmospheric
GCM. Journal of Climat@7:7622 7646.

Manzello DP. 2010. Coral growth with thermal stress and ocaeigification: lessons from the
eastern tropical Pacific. Coral Re@&749 758.

Marlow HQ, Martindale MQ. 2007. Embryonic development in two species of scleractinian
coral embryos: Symbiodinium localization and mode of gastrulation. Evolution &
developnent9:355 367.

Marshall PA, Baird AH. 2000. Bleaching of corals on the Great Barrier Reef: differential
susceptibilities among taxa. Coral re&®155 163.

Matthews HD, Weaver AJ. 2010. Committed climate warming. Nature Geos@dd@&143.

McClanahan TRAteweberhan M, Graham NAJ, Wilson SK, Sebastian CR, Guillaume MM,
Bruggemann JH. 2007. Western Indian Ocean coral communities: bleaching responses
and susceptibility to extinction. Marine Ecology Progress S8@&4i 13.

McClanahan TR, Obura D. 1997.démentation effects on shallow coral communities in Kenya.
Journal of Experimental Marine Biology and Ecol@p@103 122.

McCoshum SM, Schlarb AM, Baum KA. 2016. Direct and indirect effects of sunscreen exposure
for reef biota. Hydrobiologi@ 76139 146.

McCoy K, Heenan A, Asher J, Ayotte PM, Gorospe K, Gray A, Lino K, Zamzow J, Williams |.
2017. Pacific Reef Assessment and Monitoring Program. Data Report Ecological
monitoring 2016 reef fishes and benthic habitats of the main Hawaiian Islands,
Northwesgern Hawaiian Islands, Pacific Remote Island Areas, and American Samoa.
PIFSC Data Report DR7-001. Joint Institute for Marine and Atmospheric Research
University of Hawaii at Manoa, Pacific Islands Fisheries Science Center National
Marine Fishems Service, Honolulu, HI. Available from
https://lwww.pifsc.noaa.gov/library/pubs/BRI-003.pdf.

Meehl GA et al. 2007. Global climate projections. Climate cha83eAvailable from
http://www.southwestclimatechange.org/node/902 (accessed July 17, 2015).

48






