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The Center for Biological Diversity (ñpetitionerò) hereby petitions the Secretary of Commerce 

and the National Oceanic and Atmospheric Administration (ñNOAAò), through the National 

Marine Fisheries Service (ñNMFSò), to list the cauliflower coral (Pocillopora meandrina) in 

Hawaii as an endangered or threatened species in a significant portion of its range and designate 

critical habitat to ensure its recovery pursuant to Section 4(b) of the Endangered Species Act 

(ñESAò), 16 U.S.C. § 1533(b), section 553(e) of the Administrative Procedure Act, 5 U.S.C. § 

533(e), and 50 C.F.R. § 424.14(a).  

 

The Center for Biological Diversity (ñthe Centerô) is a national, nonprofit conservation 

organization dedicated to the protection of endangered species and wild places through science, 

policy, and environmental law. Among the Center goals is to use the ESA as a powerful tool to 

preserve imperiled species throughout the United States and abroad and thus conserve and 

restore biodiversity. The Center has more than 1.5 million members and online activists with a 

direct interest in ensuring the survival and recovery of imperiled species such as corals. The 

Center is highly invested in conserving the fragile and impacted coral reef ecosystems of Hawaii 

and the marine species that depend on them. 

 

NMFS has jurisdiction over this petition because the cauliflower coral, P. meandrina, is a marine 

species. This petition sets in motion a specific legal process, requiring NMFS to make an initial 

finding as to whether the Petition ñpresents substantial scientific or commercial information 

indicating that the petitioned action may be warranted.ò 16 U.S.C. Ä 1533 (b)(3)(A). NMFS must 

make this initial finding ñ(t)o the maximum extent practicable, within 90 days after receiving the 

petition.ò Id. The petitioner does not need to demonstrate that listing is warranted, rather, the 

petitioner must only present information demonstrating that such a listing may be warranted. 

While the petitioner believes that the best available science demonstrates that listing the 

cauliflower coral, P. meandrina as threatened or endangered in Hawaii as a significant portion of 

its range is warranted, there can be no reasonable dispute that the available information indicates 

that listing this species as either threatened or endangered may be warranted. Thus, NMFS 

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

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

 

The Center respectfully submitted this Petition this 14th day of March, 2018.  
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Executive Summary 
 

Corals and coral reef ecosystems worldwide are in crisis. Nearly 25% of the worldôs coral reefs 

have already been lost, and approximately one-third of all reef-building coral species as at risk of 

extinction (Carpenter et al. 2008; Veron et al. 2009).  Globally, reef-building corals face 

widespread threats ranging from climate change, habitat destruction, pollution, overfishing, and 

diseases. In particular, climate change effects such as ocean warming and acidification caused by 

anthropogenic greenhouse gas emissions threaten the existence of  corals and coral reef 

ecosystems as we know them (Pandolfi et al. 2011; Hughes et al. 2017b). Scientific evidence 

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

climate change (Veron et al. 2009; Hughes et al. 2017b). 

 

This petition seeks to list the cauliflower coral, Pocillopora meandrina, as threatened or 

endangered under the US Endangered Species Act (ñESAò). This coral species has substantially 

declined over the past years due to mass bleaching events in Hawaii, and it is further locally 

threatened by land-based pollution, sedimentation, overfishing, and physical damage due human 

activities. Ocean warming and acidification due to anthropogenic greenhouse emissions pose the 

most serious short- and long-term threats to the survival this coral species. These threats are 

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

substantial cuts in greenhouse gas emissions, is needed now to ensure that this coral species does 

not become extinct in the foreseeable future. 
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1. Introduction  

 

The cauliflower coral (Pocillopora meandrina) is a relatively small upright bushy coral species 

found in shallow reefs throughout the Indo-Pacific and East Pacific. In Hawaii, P. meandrina has 

experienced high bleaching prevalence and subsequent mortality due to thermal stress events 

during the past four years (2014-2017), the third global bleaching event on record (Eakin 2017). 

The frequency and severity of thermal stress events in the central Pacific is predicted to increase 

and it is likely to cause stronger mass coral bleaching, placing P. meandrina at high extinction 

risk in the foreseeable future in a significant portion of its range. In addition, localized 

sedimentation and pollution from inadequate land-use practices and overfishing of herbivorous 

fishes have contributed to the decline of shallow water corals in areas of the Main Hawaiian 

Islands. Thus, the Center petitions NMFS to list the shallow water coral P. meandrina as 

endangered or threatened under the ESA because it is imperiled throughout a significant portion 

of its range, the Hawaiian Islands. 

 

There is a strong precedent for listing corals under the ESA that show high extinction risk due to 

climate change. In 2006, NMFS listed the Caribbean species Acropora cervicornis and Acropora 

palmata as threatened under the ESA due in part to its vulnerability to ocean warming (NMFS 

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 was the main threat for the continuing 

survival. 

 

The cauliflower coral warrants ESA listing because of the ongoing and increasing magnitude of 

climate change threats as the primary contributing factors of the extinction risk. Indeed, the Coral 

Biological Review Team concluded that the 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). Local threats such as fishing, sedimentation and 

eutrophication that can cause extirpations at local scales were considered as medium extinction 

risks (Brainard et al. 2013 p. 1172).  Thus, in analyzing extinction risk for P. meandrina, NMFS 

should consider global climate- and ocean change threats (e.g., ocean warming and acidification) 

and local threats (e.g., land-based pollution, sedimentation, and fishing) that 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 should assess the extinction risk of the cauliflower coral (P. meandrina) and protect it 

under the ESA, including consideration of Hawaii as a significant portion of its range. This coral 

species occupies the northernmost portion of its range (Johnston et al. 2018 p. 8) and like other 

coral species it is likely to be severely affected with predicted environmental changes in the near 

future, such as increasing frequency and magnitude of warming stress events and continued 

reduction of carbonate saturation state (Hoeke et al. 2011; Bahr et al. 2017 p. 1083).  

 

Urgent action is needed to protect the cauliflower coral, P. meandrina, and for this reason NMFS 

must make a prompt determination that listing may be warranted and undertake a status review.  
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2. Governing Provisions of the Endangered Species Act 

 

The ESA was enacted in 1973 ñto provide a means whereby the ecosystems upon which 

endangered species and threatened species depend may be conserved, and to provide a program 

for the conservation of such endangered species and threatened species.ò 16 U.S.C. Ä 1531(b). 

Protection under the ESA only applies to species that have been 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 listed as an ñendangeredò species, the ESA prohibits the ñtakeò or the killing, 

capture, or harassment of individual animals, as well as the sale, export, or import of such 

species. Id. ÄÄ 1538(a); 1532(19) (defining ñtakeò). Alternatively, if a species is listed as 

ñthreatenedò, NMFS ñshall issue such regulations as [it] deems necessary and advisable for the 

conservation ofò the species including potentially the same bans applicable to endangered 

species. Additionally, whenever a U.S. federal agency takes any action that ñmay affectò a 

threatened or endangered species, that agency ñshallò consult with NMFS regarding those 

impacts, and the consulting agencies may establish mitigation measures for the project. Id. § 

1536(a).  

 

2.1 Species Definition under the ESA 

 

The term ñspeciesò is broadly defined under the ESA to include ñany subspecies of fish, or 

wildlife or plants, and any distinct population segment of any species of vertebrate fish or 

wildlife which interbreeds when mature.ò 16 U.S.C. Ä 1532 (16). The ESA provides for the 

listing of all species that warrant the protections afforded by the Act. NMFS and the U.S. Fish 

and Wildlife Service (ñFWSò) have published a policy to define a ñdistinct population segmentò 

for the purposes of listing, delisting, and reclassifying species under the ESA. 61 F.R. 4722 

(February 7, 1996). Under this policy, a population that is both ñdiscreteò and ñsignificantò can 

be eligible for listing under the Act. However, the distinct population segment concept does not 

apply to invertebrates like corals. 

 

2.2   Significant Portion of the Speciesô Range 

 

The ESA defines an ñendangered speciesò as any species that is ñin danger of extinction 

throughout all or a significant portion of its range,ò 16 U.S.C. Ä 1532(6), and a ñthreatened 

speciesò as one that ñis likely to become an endangered species within the foreseeable future 

throughout all or a significant portion of its range.ò 16 U.S.C. § 1532(20). The ESA does not 

define the phrase ñsignificant portion of its rangeò (SPR). The 2014, FWS and NMFS (ñthe 

Servicesò) policy interpretation of SPR (79 FR 37577) is invalid and hasbeen vacated in court 

(see Center for Biological Diversity et al. v. Jewell 2017, CV-14-02506-TUC-RM).  

 

NMFS should list a species range-wide as endangered if it faces extinction in a significant 

portion of its range. It should list a species as threatened if it is likely to become endangered in 

the foreseeable future in 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.  
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While the ESA does not define ñforeseeable future,ò NMFS must use a definition that is 

reasonable, ensures protection of the petitioned species, and gives the benefit of the doubt 

regarding any scientific uncertainty to the species of extinction in the future. Generally, the 

minimum time period that meets these criteria is 100 years. In fact, a 100-year timeframe has 

been used to project changes to growth and mortality of Hawaiian corals (Hoeke et al. 2011). 

Because ocean warming and acidification are the foremost threats to the petitioned coral species, 

NMFS should consider the timeframes used in climate modeling by the latest Fifth Assessment 

of the Intergovernmental Panel on Climate Change, AR5 (IPCC 2013, 2014). This approach was 

already used during the latest coral listing process (79 FR 53851). Predictions of climate impacts 

in the next 100 years or more are routine in the literature, demonstrating that climate impacts 

within this timeframe are inherently ñforeseeable.ò Therefore, NMFS should use 100 years as the 

foreseeable future in determining extinction risk for this coral species. 

 

2.3   Climate Change effects guidance  

 

During the reviewing process of this coral species, NMFS 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_guidance_june_2016.pdf). For example:  

 

ñ For ESA decisions involving species influenced by climate change, NMFS will use climate 

indicator values projected under the Intergovernmental Panel on Climate Change (IPCC)ôs 

Representative Concentration Pathway 8.5 (RCP 8.5) when data are available. When data 

specific to that pathway are not available, we will use the best available science that is consistent 

as possible with RCP 8.5.ò  

 

ñWhen predicting the future status of species in decisions under ESA sections 4, 7, and 10, 

NMFS will project climate change effects for the longest timer period over which we can 

reasonable foresee the effects of climate change on the speciesô status.ò 

 

ñWhen addressing the adequacy of existing regulatory mechanisms in status reviews, listing 

decisions and recovery plans analysis, NMFS will cite to or draw from previous NMFS findings, 

updated as appropriated in light of development in this area, to describe the adequacy of existing 

global and national climate change regulatory mechanismsò 

 

   

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

 

Under the ESA, NMFS must make a determination whether a species is endangered or 

threatened based on the best readily available scientific or commercial information on the 

following five listing factors, 16 U.S.C. §1533(a)(1):  

 

A. The present or threatened destruction, modification, or curtailment of its habitat or range; 

B. Overutilization for commercial, recreational, scientific, or education purposes; 

C. Disease or predation; 

D. The inadequacy of exiting regulatory mechanism; and 

E. Other natural or manmade factors affecting its continue existence. 

http://www.nmfs.noaa.gov/pr/pdfs/pr_climate_change_guidance_june_2016.pdf
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For a species to be listed 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 12-Month Findings 

 

NMFS is required to determine ñto the maximum extent practicable é whether [a] petition 

presents substantial scientific or commercial information indicating that the petitioned action 

may be warrantedò within 90 days of receiving a petition to list a species. Id. § 1533(b)(3)(A). 

This is also known as the ñ90-day findingò. A ñnegativeò 90-day finding will end the listing 

process. Id. Ä 1533(b)(3)(C)(ii). A ñpositiveò 90-day finding will lead to a more comprehensive 

ñstatus reviewò and to a ñ12-month findingò that determines, based on the best available 

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 

higher priority species. Id. § 1533(b)(3)(B). A 90-day finding, a not warranted finding, or a 

warranted but precluded 12-month finding are subject to judicial review. Id. § 1533(b)(3)(C)(ii).  

 

For the purposes of the 90-day finding, ñsubstantial informationò is defined as ñthe amount of 

information that would lead a reasonable person to believe that the measure proposed in the 

petition may be warrantedò 50 C.F.R. Ä 424.14(b)(1). Under NMFSôs regulations a petition 

presents ñsubstantial informationò if it:  

 

i. Clearly 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 present numbers 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 documentation in the form of bibliographic 

references, reprints of pertinent publications, copies of reports or letters from authorities, 

and maps.  

 

50 C.F.R. §§ 424.14(b)(2)(i)ï(iv). 

 

This petition presents substantial information that would lead a reasonable person to believe that 

listing the cauliflower coral, P. meandrina, in Hawaii as threatened or endangered within a 

significant portion of its range under the ESA may be warranted. 

 

2.6  Reasonable Person Standards 

 

During the initial petition review to make a 90-day finding the ESA does not require ñconclusive 

evidence of a high probability of species extinctionò to support a positive outcome. 50 C.F.R. Ä 

424.14(b)(1). Instead, during the initial 90-day review process, NMFS must consider whether a 

reasonable person could determine that the petition contains substantial information that may 
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warrant a more in-depth status review of the petitioned species. Thus this initial review should be 

characterized as a ñthreshold determination.ò Accordingly, a petition does not need to 

demonstrate a high likelihood that a species is endangered or threatened during the 90-day 

finding process, but it need only warrant further review.  

 

2.7  Best Available Scientific and Commercial Data 

 

NMFS is required to make an ESA listing determination for the cauliflower 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 available 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 classification and issues 

 

In this petition, the taxonomy of the cauliflower coral (P. meandrina) was based on the 

Integrated Taxonomic Information System (ñITISò),1 and is as follows: 

 

Kingdom: Animalia 

      Phylum: Cnidaria 

Class: Anthozoa, Ehrenberg, 1834 

        Order : Scleractinia Bourne, 1900 

  Suborder: Astrocoeniina Vaughan and Wells, 1943 

      Family: Pocilloporidae Gray, 1842 

       Genus: Pocillopora Lamarck, 1816 

Species: Pocillopora meandrina Dana, 1846 

 

The common name is cauliflower coral. Similar species is Pocillopora eydouxi  (Veron 2000). 

 

The species was first described by Dana (1846).  At the beginning of the 1900s,  P. meandrina 

was thought to be a similar species as P. elegans and P. verrucosa (Vaughan 1918). Later, Veron 

& Pichon (1976) described it as a separate species. 

 

Fine-scale morphological features of the corallite (e.g., oval-convex to styloid, rarely obsolete 

columelle) and genetic differentiation of nuclear DNA confirms that P. meandrina is a unique 

species (Flot et al. 2008 p. 7; Pinzon & LaJeunesse 2011 p. 318; Schmidt-Roach et al. 2014 p. 1). 

However, the genus Pocillopora is known to have taxonomic issues because its morphological 

plasticity and due to multiple sympatric species with similar skeletal morphology. Several 

Pocillopora coral species of the eastern Pacific and western Indian Ocean (e.g., Pocillopora 

damicornis) that were thought to be the same species have shown to be genetically different (Flot 

et al. 2008 p. 7; Pinzón et al. 2013 p. 1599; Schmidt-Roach et al. 2013, 2014 p. 13).  

                                                           
1
 Integrated Taxonomic Information System: Pocillopora meandrina Dana, 1846. Taxonomic Serial No.: 53022  

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=53022#null   
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3.2 Species description and identifying characteristics 

 

Colonies of P. meandrina are small (up to 30 cm in diameter) forming upright bushes, usually 

cream, green or pink in color (Fig. 1A). Colonies in shallow waters with high wave energy have 

curve branches (Fig. 1B). Branches are generally flattened and radiate from the center and initial 

point of growth (Fig. 1C). Verruca are neat and uniform (Fig. 1D). Species description was 

extracted from Veron (2000) 

 

Figure 1 Common colony shapes of P. meandrina on shallow reefs. A) Entire 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) Close-up showing verrucae, photo: 

Jim Maragos. 

 

3.3 Life history  

 

P. meandrina is described as a ñcompetitiveò species and is likely to recolonize available 

substrate in disturbed reefs due to relatively faster growth rates than stress tolerant and massive 

coral species (Darling et al. 2012 p. 3).  This life history pattern suggests that P. meandrina is an 

r selected species with rapid recruitment as other coral species with similar characteristics (Loya 

A B 

C D 
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1976 p. 478).  Pocilloporid corals are considered amongst the strongest coral competitors with 

relatively high growth rates in the Eastern Tropical Pacific region (Glynn 2001 p. 130). For 

example, the growth rate of these species vary between 3.42 to 4.46 cm per year in Costa Rica 

(Jiménez & Cortés 2003 p. 190). In general, coral species with high growth rates also exhibit 

high mortality rates (Glynn 2000 p. 124). Studies have shown that P. meandrina growth 

relatively fast with high recruitment rate (Brown 2004 pp. 76, 89), but it used to be shorted lived 

in Hawaii due to recolonization by other coral species and high sensitivity to disturbance (Grigg 

& Maragos 1974 p. 389). 

 

The species is a simultaneous hermaphrodite broadcaster coral that has been documented 

spawning in Hawaii (Fiene-Severns 1998; Hirose et al. 2001; Marlow & Martindale 2007; 

Apprill et al. 2009). P. meandrina has been observed synchronously spawning four to five days 

after the full moon during the early mornings of April  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 (Fiene-Severns 1998). Based on the few reproduction studies in the wild, spawning 

events typical last for approximately 15 minutes (Fiene-Severns 1998). P. meandrina vertically 

seeds its eggs with symbiotic zooxanthellae before spawning (Hirose et al. 2001) and thus the 

planulae larvae contain the symbiotic dinoflagellate, which supplement maternal provisioning 

through photosynthesis (Marlow & Martindale 2007; Apprill et al. 2009; Baird et al. 2009). We 

found no studies determining maximum duration of planktonic larvae for P. meandrina. 

However, embryonic development for the species is well studied (Marlow & Martindale 2007). 

Periodic pulses in recruitment linked to cycles of changes in coral coverage by 10-12 years have 

been documented in Kahe Point, leeward Oahu in of Hawaii (Coles & Brown 2007). 

  

Because of the branching morphology, asexual reproduction by fragmentation is also common 

(Glynn & Colley 2008).  

 

 

3.4 Distribution  

 

The cauliflower coral, P. meandrina, is distributed throughout shallow reefs of the tropical and 

subtropical Indian and Pacific Oceans (Fig. 2). Based on the IUCN account of P. meandrina, the 

species within the Indo-West Pacific, is found in the Central and Northeastern Indian Ocean, the 

Central Indo-Pacific, Tropical Australia, Southern Japan and the South China Sea, the Oceanic 

west Pacific, the Hawaiian Islands and Johnston Atoll, and American Samoa region (Hoeksema 

et al. 2014). In the Eastern Tropical Pacific region, the species occurs from Mexico to Ecuador, 

including the Galápagos Archipelago (Fig. 2). Specific countries of potential occurrence are 

American Samoa; Australia; British Indian Ocean Territory; 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, Federated 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 Futuna (Hoeksema et al. 2014). However, 

further research may be needed to determine the actual range (Schmidt-Roach et al. 2014). 
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Figure 2 Potential global distribution of the cauliflower coral, P. meandrina  from IUCN (top 

panel) http://www.iucnredlist.org/details/full/133095/0 (Hoeksema et al. 2014). Confirmed and 

predicted records of the species (bottom panel) from Corals of the World (Veron 2000). 

 

3.5 Habitat  
 

In Hawaii, the cauliflower coral, P. meandrina, is generally restricted to shallow reef areas that 

are exposed to relatively high wave energy and warmer water temperatures indicating a reltively 

high degree of physiological stress (Jokiel 1978). The depth range of the species is 1-27 meters 

(Hoeksema et al. 2014).  

 

3.6 Abundance and minimum population estimate in Hawaii 

 

http://www.iucnredlist.org/details/full/133095/0
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Once dominant across Hawaiian coral reefs, today P. meandrina may be considered uncommon. 

The statewide average coverage of P. meandrina across 60 permanent transects in Hawaii was 

1.5% in the last comprehensive coral reef assessment and monitoring survey conducted in 2012 

(Rodgers et al. 2015 p. 5). The only coral species with smaller percent cover was the uncommon 

coral Montipora  flabellata with approximately 0.7% cover statewide (Rodgers et al. 2015 p. 5). 

Percentage cover of P. meandrina was 1.89% at shallow stations while only 1.13% at deeper 

stations (Rodgers et al. 2015 p. 7).  

 

3.7 Current population trend in Hawaii 

 

Coral cover of P. meandrina has significantly declined over the last decades. From 1999 to 2012, 

P. meandrina experienced approximately a ï36.1 % decline in percentage cover across 60 

permanent reef stations in Hawaii to a statewide cover of ~1.5% (Rodgers et al. 2015). Average 

coral cover of P. meandrina across sites of West Hawaii was 0.92% in 2003, 0.84% in 2007, and 

0.80% in 2011 (Walsh et al. 2013 p. 89,91,93).  Change in coral cover for this species has been 

variable across Main Hawaiian Islands (Rodgers et al. 2015).  

 

Overall the mean statewide coral cover in Hawaii remained stable from 1999 to 2012 based on 

data from 60 permanent reef stations collected by the Coral Reef Assessment and Monitoring 

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

(Rodgers et al. 2015). For example, coral cover across  the Northern Hawaiian Islands was in 

average 19.9 % with no significant declines between 2000 and 2006 (Friedlander et al. 2008).  

Higher latitude and relatively cooler water temperature kept these reefs from mass bleaching 

events during this time (Rodgers et al. 2015). Approximately 40 % of Mauiôs coral reef stations 

showed a significant coral cover decline, while 67% of stations at Hawaii Island slightly increase 

in coral cover (Rodgers et al. 2015). 

 

Several areas showed coral decline from 1999 to 2012 (Brown et al. 2004; Rodgers et al. 2015). 

During this period, significant coral cover decline was documented at several stations across 

Maui (Honolua Bay, MǕôalaea Bay, and Papaula Point), mostly associated with crown-of-thorns 

outbreaks (in 2005),  and anthropogenic impacts such as land based pollution (e.g., nutrification), 

sedimentation, and overfishing (Walsh et al. 2010; Rodgers et al. 2015).  In fact, drastic coral 

cover decline at these sites were so severe that may have induced a total coral reef ecosystem 

collapse (Walsh et al. 2010). Specifically, coral decline in West Maui has been linked to runoff 

of land-based nutrients (Smith et al. 2005; Dailer et al. 2010) and 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 transport (Prouty et al. 2010) from improper 

land management, overgrazing of feral ungulates over the past decades, and dredging in the 

1970s (Roberts & Field 2007). However, stations with chronic and recurrent stressors showed 

much slower coral recovery (e.g., sedimentation and nutrification at MǕôalaea and Honolua Bay, 

Maui) than stations with sporadic acute stressors (e.g., crown-of-thorns outbreaks at Kanahena 

Point, Maui) (Rodgers et al. 2015). Localized coral decline in 2002, likely due to physical 

damage, has also been documented in heavily visited shallow reefs at Hanauma Bay in Oahu, 

which receives more than 1 million visitors a year (Rodgers et al. 2015). Coral cover also 

significantly declined at six out of seven monitored sites in northwestern reef of the Hawaii 
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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 2012 (Walsh et al. 2013).  

 

Coral cover significant declined across Hawaii in 2010-2016 (McCoy et al. 2017). Total average 

of coral cover has declined across the Hawaiian archipelago from 2010 to 2016 by 40-50%, 

especially in fore reef and lagoon habitats of the Northern Hawaiian Islands 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 Hawaii Island (27% 

to 12%), Kauai (8% to 2.5%), Maui (19% to 11%), Niihau (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 Islands (26% to 18%) (McCoy et al. 2017). During the same period, catastrophic 

coral cover declines were documented in the Pacific Remote Islands Areas (PRIA) such as Jarvis 

Islands (24% to <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 Samoa (McCoy et al. 2017). 

 

 

4. The cauliflower coral (P. meandrina) qualifies as a species under the ESA  

 

The cauliflower coral (P. meandrina) qualifies as species under the ESA because is a taxonomic 

distinct unit (Flot et al. 2008 p. 1; Pinzón et al. 2013 p. 1603; Schmidt-Roach et al. 2014). 

 

5. The cauliflower coral (P. meandrina) is threatened or endangered within a significant 

portion of its range, Hawaii 

 

NMFS should interpret the phrase ñsignificant portion if its rangeò as a portion of a species range 

that is biologically significant based on the principles of conservation biology using the concepts 

of redundancy, resiliency, 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 species. The 

cauliflower coral is threatened or endangered in a significant portion of its range (Hawaii) 

because the population across Hawaii faces high extinction risk now or in the foreseeable future. 

Hawaii is a significant portion of the range of this species because P. meandrina has low 

abundance, occupies the northernmost region of the species geographical distribution, and may 

be ecologically and genetically isolated from other populations in the Pacific basin. Threats that 

increase extinction risk are discusses further below. 

 

5.1.1 The cauliflower coral exhibit low abundance across Hawaii 

 

The cauliflower coral is endangered or threatened across a significant portion of its range 

(Hawaii) based on its low abundance. The abundance of P. meandrina across Hawaii was 

previously discussed (see above). In summary, coral cover of P. meandrina is relatively low with 

a statewide mean of ~ 1.5% (Rodgers et al. 2015). In some areas, mean coral cover for the 

species is less than 1 %. For example, the average coral cover of P. meandrina across sites of 
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West Hawaii was 0.80% in 2011 (Walsh et al. 2013 p. 93). Given the low abundance of the 

species across Hawaii, P. meandrina faces high extinction risk in a significant portion of its 

range. 

 

5.1.2 Ecologically isolated from other populations of the Pacific basin 

 

The cauliflower coral in Hawaii may be ecologically isolated from other populations of the 

Pacific basin due to dispersal limitations of the planulae larvae. As such, Hawaiiôs cauliflower 

coral population may show a restricted spatial distribution that could be considered significant.  

 

Dispersal is crucial in the ability of reef-building corals to colonize new space and recover from 

disturbance. The best scientific evidence shows that P. meandrina is a broadcast spawner coral in 

Hawaii (Fiene-Severns 1998; Riddle 2008), in the Great Barrier Reef (Schmidt-Roach et al. 

2012), and likely in French Polynesia (Magalon et al. 2005 p. 2). Unlike most broadcast 

spawning coral species, gametes of P. meandrina are not packaged in egg-sperm bundles, but 

sperm and eggs are released separated (Schmidt-Roach et al. 2012 p. 2). Eggs are relatively small 

(~80 µm in diameter), negatively buoyant, and contain algae symbionts (Schmidt-Roach et al. 

2012 p. 2). However, nothing is known about the larval biology of this species, such as duration 

and dispersal capabilities (Schmidt-Roach et al. 2012 p. 3). Genetic subdivision among 

populations of other Pocillopora species on relatively small spatial scales suggests that dispersal 

of sexual larvae may be limited (Schmidt-Roach et al. 2012 p. 5). It is likely that the small 

planulae larva of P. meandrina may be settling locally, limiting the geographical dispersion 

across other regions of the Pacific basin. In fact, new scientific evidence based on a molecular 

technique (e.g., gel-based restriction fragment length polymorphism method) suggests that P. 

meandrina may have a northern range limit to the south of Pearl and Hermes (Johnston et al. 

2018 p. 8). If limited distribution exist within the Hawaiian Islands, it is likely that the Hawaiian 

cauliflower coral population may also be ecological isolated from other regions of the Pacific, 

making Hawaii a significant portion 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 Pacific and thus Hawaii could be considered a significant portion of the species range. The 

best available science supports the hypothesis that pocilloporid corals are genetically isolated 

within regions of the Indo-Pacific (Combosch et al. 2008 p. 1307; Pinzón et al. 2013 p. 1599). 

For example, Combosch et al. (2008) showed that the eastern Pacific pocilloporids were 

genetically isolated from other regions of the Indo-Pacific by the ñEastern Pacific Barrierò. The 

coral biological review team determined that at least one eastern Pacific pocilloporid species, 

Pocillopora elegans, was a distinct species from corals identified as P. elegans in the central and 

western Pacific and reported extinction risk as separated species (Brainard et al. 2011). Gene 

flow in P. meandrina  has been shown to be restricted at a large geographical scale in the South 

Pacific (Magalon et al. 2005 p. 5). P. meandrina show genetic differentiation between 

populations at large geographic scale of thousands of kilometers likely due to large-scale 

bleaching events (Magalon et al. 2005 p. 1). For example, genetic differentiation between 

populations of P. meandrina have been detected between Tonga and the Society Islands in the 

South Pacific  (Magalon et al. 2005 p. 3). Although, there are not genetic 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 range now or in the foreseeable future. 16 U.S.C. § 

1533(a)(1). In making this determination, the agency must rely ñsolely on the best scientific and 

commercial data availableò and analyze the speciesô status in light of five statutory listing 

factors:  

 

1. the present or threatened destruction, modification, or curtailment of its 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 continued existence.  

 

16 U.S.C. §§ 1533(a)(1)(A)-(E); 50C.F.R. §§ 424.11(c)(1)-(5).  

 

The cauliflower coral (P. meandrina) in Hawaii is threatened by at least four of the five listing 

factors: present modification of its habitat, disease and predators, the inadequacy 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 Islands, which 

face challenges relating to land-based pollution, coastal development, tourism, reef fisheries, and 

the aquarium trade (Friedlander et al. 2008). Sediment runoff from agricultural and coastal 

development is a major problem for the coral reef ecosystems of the Main Islands, that combine 

with overfishing created ideal conditions for the proliferation of native as well as invasive algae 

populations (Jokiel et al. 2004; Friedlander et al. 2008). The commercial aquarium trade is now 

the regionôs biggest reef fishery (Friedlander et al. 2008; Nadon et al. 2015).  Reef fisheries 

extract ~ 990,000 specimens annually, ~76% of  which from the island of Hawaii (Friedlander et 

al. 2008). Seine net fisheries in the Main Islands report catch rate declines of 35% between 1966 

and 2006 (Friedlander et al. 2008). Health of fish stocks varies among islands and is negatively 

correlated with human population density (Friedlander et al. 2008; Williams et al. 2008, 2015; 

Jouffray et al. 2015). For example, intense fishing pressures near the dense population center of 

Oahu have decimated apex predators and dramatically decreased overall reef fish biomass 

(Friedlander et al. 2008; Williams et al. 2008, 2015).  Human pressure on the Northwest 

Hawaiian Island reefs is considerable less than on the populated Main Hawaiian Islands  

(Friedlander et al. 2008; Williams et al. 2008, 2015).  As such reef fish assemblages in this 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 semi-enclose bays with slow water exchange. Sedimentation from 

improper land use practices is considered a major threat to corals in the Main Hawaiian Islands. 

Decline in coral cover has been directly associated with chronic and acute sedimentation during 

periods of high rainfall in areas such as Kawaihae (West Hawaii) (Walsh et al. 2013), Maalaea 

and Honolua Bay (Maui) (Rodgers et al. 2015).  In the western Indian Ocean, Pocillopora has 

been identified as a sediment-intolerant genus (McClanahan & Obura 1997). Collapsed reefs in 

Costa Rica due to excess sedimentation were once dominated by pocilloporid corals (Rogers 

1990). Additionally, Pocillopora have been found to be susceptible to mortality from freshwater 

inputs in Hawaii (e.g., Kaneohe bay, Oahu) (Jokiel et al. 1993) and elevated nutrients can cause 

physiological and reproductive negative effects (Koop et al. 2001; Cox & Ward 2002; 

Villanueva et al. 2006). Local land-based source pollution can act synergistically with global 

stressors such as warming and reduce resilience to bleaching (Carilli et al. 2009). 

 

6.1.2 Sewage pollution 
 

Sewage pollution negatively affects coral reefs in Hawaii, particularly in areas close to high 

human population densities (Yoshioka et al. 2016). Sewage pollution is a complex stressor that 

introduces diverse pollutants including toxic chemicals, heavy metal, nutrients (nitrogen and 

phosphorous), and microbial pathogens that negatively impact coral reefs (Wear & Thurber 

2015). Pollutants may facilitate the emergence of diseases through nutrient enrichment and 

favoring the proliferation of microorganisms that are usually nutrient-limited in coral reefs 

(Bruno et al. 2003; Harvell et al. 2007; Vega Thurber et al. 2014).  

 

In some areas of Hawaii, untreated sewage can enter coastal waters and directly affect corals. For 

example, in Puako, West Hawaii, raw sewage enter the coral reef ecosystem through old 

cesspool systems, porous volcanic bedrock, and submarine groundwater discharge (Knee et al. 

2010). Combined with other stressors such as fishing, land-based pollution, and climate change, 

coral cover in the Puako region have drastically decline from 80% in the 1970s to 32% in 2010  

(Walsh et al. 2013). Further coral decline has been documented in other studies and Puako is one 

of four regions most impacted in West Hawaii (Couch et al. 2014; Yoshioka et al. 2016). The 

dominant coral in the region (Porites lobata), exhibit a high prevalence (~14%) of growth 

anomalies, likely due to pollution (Yoshioka et al. 2016).  Growth anomalies in Porites are 

among the most prevalent coral disease on Hawaii Island (Aeby et al. 2011; Couch et al. 2014). 

The high prevalence of diseases and low coral cover in this region has been linked to sewage 

input to the reef (Yoshioka et al. 2016).  

 

6.1.3 Oxybenzone pollution from sunscreens 
 
Sunscreens are widely used in Hawaii because tourism and are affecting corals. Oxybenzone is a 

chemical found in many sunscreen and other personal-care products sold in the United States 

designed to protect people from UV radiation. Oxybenzone and derivatives are emerging 

environmental contaminants of concern regularly found in wastewater effluents, rivers, lakes and 

coastal waters  (Gago-Ferrero et al. 2011; Vidal-Dorsch et al. 2012; Agüera et al. 2013; Tovar-
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Sánchez et al. 2013; Richardson & Ternes 2014; Rodríguez et al. 2015). Scientists have grown 

increasingly concerned that oxybenzone poses an extreme hazard to freshwater and marine 

wildlife , including corals (Eichenseher 2006; Coronado et al. 2008; Blitz & Norton 2008; 

Blüthgen 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 cause coral bleaching by promoting viral infections (Danovaro et al. 2008; Downs et al. 

2015). Given the wide use of oxybenzone, scientists estimate that between 6,000-14,000 tons of 

sunscreen, containing up to 10 % of oxybenzone, enter coral reefs around the world every year 

(McCoshum et al. 2016). Snorkelers and divers visiting coral reefs are the primary source and 

each year put at least 40% of coastal coral reefs at risk (McCoshum et al. 2016). In many popular 

near-shore swimming areas, oxybenzone concentration can reach alarming levels (Tashiro & 

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

 

Oxybenzone harms corals, and the concentration of this pollutant at highly visited coastal areas 

is sufficiently high to kill coral larvae and affect coral tissue. Oxybenzone is insoluble in water 

and become highly concentrated in the water column, water surface, or in sediments when 

released from sunscreen lotions. Scientists have documented relatively high concentration 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 19.2 µg/L (11,300 part 

per trillion (ppt) at Waikiki beach, 4,780 ppt at Waimea bay, and 568 ppt at Ko Olina cove).
2
  

High levels of oxybenzone pollution have also been found in popular snorkeling areas in the U.S. 

Virgin Islands (75µg/L to 1.4 mg/L), American Samoa and the Florida Keys (Bargar et al. 2015; 

Downs et al. 2015).  

 

Previous studies have found that sunscreens at very low concentrations cause rapid coral 

bleaching by promoting viral infections (Danovaro et al. 2008). Therefore, sunscreens can 

potentially induce coral bleaching in coastal areas where tourism and the use of sun blocking 

lotions are relatively high (Danovaro et al. 2008).  Recent studies have also documented 

genotoxic effects, and skeletal disruption in coral larvae and culture primary cells at 

concentrations far below these ambient levels with significant harm to corals (Downs et al. 

2015). For example, coral larvae deformations are seen at oxybenzone concentrations as low as 

6.5 µg/L, and the lethal concentration when 50 % of coral larvae are killed (LC50) is as low as 

139 µg/L (Downs et al. 2015). Studies have shown that oxybenzone affect the reproductive 

capacity of corals, turning them into ñzombiesò by making them sterile and impairing 

recruitment (Danovaro et al. 2008; Downs et al. 2015).  

 

The combination of ongoing stressors with chemical pollution such as high concentration of 

oxybenzone in the water can act synergistically amplifying the negative effects of these stressors 

and further reducing reproductive capacity of corals. This is because coral larvae and juvenile 

corals (i.e., recruits) are more sensitive to the toxicological effects of pollution and negative 

stressors such as high temperature and ocean acidification than adult corals (Negri & 

                                                           
2
 See, 5ƻǿƴǎΣ LƴǘΩƭ /ƻǊŀƭ wŜŜŦ {ȅƳǇƻǎƛǳƳΤ see also, Booth, H.S., M.M. Manning. 2016 The Sunscreen Sheen: An 

Assessment of the Presence and Quantity of Organic UV-Filters in the Waters off Waikiki Beach (Poster 
tǊŜǎŜƴǘŀǘƛƻƴ ІплΣ L5 ІΥ пспύ LƴǘΩƭ /ƻǊŀƭ wŜŜŦ {ȅƳǇƻǎƛǳƳΣ Iƻƴƻƭǳƭǳ IŀǿŀƛƛΦ 
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Hoogenboom 2011; Kroeker et al. 2013). Oxybenzone from sunscreens is therefore, another 

threat that contributes to reproductive failure in corals and can be easily avoided.  

 

In January 25, 2017, Hawaiiôs Senator Will Espero introduced a bill (SB1150 SD2 HD3)
3
 that 

would ban the sale of sunscreens containing oxybenzone within the state of Hawaii.  

 

6.1.4 Marine debris 

 

Discarded monofilament fishing lines have been documented to cause death of P. meandrina at 

popular cast fishing sites in Oahu, Hawaii (Yoshikawa & Asoh 2004). For example, ~65 % of P. 

meandrina colonies out of 129 colonies surveyed at the Kakaôako Waterfront State Recreation 

Area, Kewalo Honolulu in March of 1998 had fishing lines on their surface and 80% of these 

affected colonies showed partial mortality or were dead due to abrasion (Yoshikawa & Asoh 

2004). 
 

6.2     Over-utilization for commercial, recreational, scientific, or educational purposes 

6.2.1 International trade  

 

Due to the relatively small size (30 cm in diameter), the cauliflower coral, P. meandrina, is 

indiscriminately targeted by collectors for the aquarium trade (https://trade.cites.org/).  

 

However, there is no evidence of overutilization of P. meandrina for commercial, recreational, 

scientific or educational purposes in 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 Ecuador (Glynn 2001). 

 

Approximately 126 records of P. meandrina were listed on the CITES Trade Database 

(https://trade.cites.org/) from 1985 to 2016, mostly for trade. However, ~1,818 records of 

unidentified Pocillopora spp. were also listed indicating that the actual number of P. meandrina 

records could be higher.  From the 126 records, ~31,425 corals (+ 17,663 kg) were reported as 

imports and ~48,366 corals (+ 29,965 kg) as exports (see Appendix). Approximately 43% of this 

trade was listed as live specimens. From these, the United States imported ~26,792 corals (+213 

kg), but only exported 51 corals (see Appendix). It is unknown whether any export or import of 

P. meandrina were coming from or going to Hawaii.   

 

6.3   Disease or predation 

6.3.1 Disease 

 

Diseases that induce tissue loss affecting colonies of P. meandrina have been documented in the 

east and west coast of Hawaii. Tissue loss generally progresses from one side of the colony with 

old algae-covered 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  

https://trade.cites.org/
https://trade.cites.org/
http://www.capitol.hawaii.gov/measure_indiv.aspx?billtype=SB&billnumber=1150&year=2017


 

22 
 

(Walsh et al. 2010). This tissue loss appear to originate from the base of each branch as a clear 

branch that slowly progresses towards the top (Walsh et al. 2010). Coral senescence reaction has 

also been observed in P. meandrina (Walsh et al. 2010). However, Pocillopora has 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 

example Pocilloporids on the Great Barrier Reef have been occasionally documented with 

common diseases (Willis et al. 2004). Pathogens such as Vibrio corallii lyticus have been found 

on bleached P. damicornis during thermal stress in Zanzibar, enhancing production of a lytic 

extracellular protease (Ben-Haim et al. 2003; Tout et al. 2015). In general, pocilloporid are not 

particularly vulnerable to most diseases known that affect corals, but chronic skeletal growth 

anomalies (eroding, hyperplasia and neoplasia), black-band disease, yellow-band disease, pink-

line syndrome, and white-band disease have been occasionally documented (Brainard et al. 

2011). 

 

6.3.2 Predation 

 

Pocillopora corals are commonly preyed on by several coralivorous taxa including fishes, crabs, 

gastropods, seastars, and urchins (Glynn 2003). Predation of P. meandrina by the corallivorous 

snail, Drupella spp., the asteroid Culcita novaeguineae, and the crown-of-thorns startfish, 

Acanthaster planci, has been documented in Hawaii (Glynn & Krupp 1986), especially after 

bleaching events (Kramer et al. 2016). Pocillopora coral species are among the most commonly 

preyed on by crown-of-thorns (Glynn 1985; Pratchett 2001). Crown-of-thorns sea stars usually 

target juvenile corals of Pocillopora because the lack of crustacean symbionts (e.g., a crab and a 

snapping shrimp) that defend the host coral colonies (Glynn 1976; Coles 1980). Predation by 

these sea stars can reduce recruitment success of Pocillopora populations. In addition, 

Pocillopora corals are also prey of other corallivorous gastropod Jenneria pustulata (Glynn 

1976) and fishes (Cole et al. 2008; Jayewardene et al. 2009). 

 

6.4   The inadequacy of existing regulatory mechanisms 

 

Existing regulatory mechanisms are inadequate to address the principal threats to P. meandrina. 

Regulatory mechanisms addressing greenhouse gas emissions and impacts to this coral species 

from associated ocean warming and ocean acidification are woefully inadequate. Unless strong 

near-term emissions reductions are implemented in short order at the national and international 

levels, it is likely that P. meandrina will be committed to extinction. This section reviews 

regulatory mechanisms addressing greenhouse gas emissions and other threats to corals 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 existence of P. meandrina 

principally through impacts from ocean warming and acidification, and yet are among the least 

regulated threats. The best available science indicates that the current average atmospheric CO2 

concentration of ~405 ppm is already detrimental to hundreds of coral species, and that 

atmospheric CO2 concentrations must be reduced to at most 350 ppm, and perhaps much lower 
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(300-325 ppm CO2), to adequately reduce the synergistic threats of ocean warming, ocean 

acidification, and other impacts (Hoegh-Guldberg et al. 2007a; Donner & others 2009; Veron et 

al. 2009; Frieler et al. 2013). To reach a 350 ppm CO2 target, the United States and developed 

countries must achieve or exceed the upper end of the reduction range of 25% to 40% below 

1990 levels by 2020 (IPCC 2013, 2014). A target that is realistically impossible under the current 

CO2 trajectory and near future predictions of 408 ppm in 2017 on average (Betts et al. 2016). In 

fact, we are already committed to levels of ocean warming and acidification that will certainly 

harm corals and other marine organism in coral reefs (Donner & others 2009; Matthews & 

Weaver 2010; Frieler et al. 2013). Regulatory mechanisms at the national and international level 

do not adequately address the impacts from climate change and ocean acidification to the 

petitioned coral species, nor require the greenhouse gas emissions reductions necessary to protect 

the petitioned coral species from further decline and future extinction. 

 

6.4.2 United States climate initiatives are ineffective 
 

Regulatory mechanisms in the United States are inadequate to effectively address climate change 

(73 FR 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 agencies to require greenhouse gas emissions reductions from virtually all 

major sources in the U.S., the federal government is currently not implementing these legal 

mechanisms. While full implementation of these environmental laws, particularly the Clean Air 

Act, would provide an effective and comprehensive greenhouse gas reduction strategy, due to 

their non-implementation, existing regulatory mechanisms must be considered inadequate to 

protect the petitioned coral species from climate change and ocean acidification. 
 

In the absence of federal leadership, state and local governments have taken the lead in measures 

to reduce greenhouse gas emissions. While certainly a step in the right direction, unfortunately, 

these measures on their own are insufficient to prevent the extinction of the petitioned coral 

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

Solutions Act of 2006 (Cal. Health and Safety Code § 38501(a)). This law it is the nationôs first 

mandatory cap on a stateôs overall greenhouse gas emissions and requires the reduction of 

greenhouse gas emissions to 1990 levels by the year 2020 (Cal. Health and Safety Code § 

38550).  Although this law is a promising first step, it is grossly insufficient on its own to slow 

ocean warming and 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 Framework Convention on Climate Change and the Paris Agreement. The Paris 

Agreementôs central objective is: 

 

 ñ[T]o strengthen the global response to the threat of climate change by keeping a global 

temperature rise well below 2ºC above pre-industrial levels within this century, and to 

pursue efforts to limit the temperature increase even further to 1.5ºC. 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, appropriate financial 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 Agreement also provides for enhanced transparency of 

action and support through a more robust transparency framework.ò  

  (Paris Agreement 2016).   

 

The effectiveness of the Paris Agreement in reducing CO2 emissions and keeping global 

temperature below 2ºC above pre-industrial levels is still too early to evaluate. Thus, this 

international regulatory mechanism must be considered as currently ineffective. 
 

6.4.4 State regulations 

 

In Hawaii, state law prohibits breaking or damaging stony corals (H.A.R.  13-95-70). The sale of 

stony corals native to Hawaii is also prohibited. Id. Hawaii law also imposes fines on vessels that 

run aground on coral reefs. Id.  Nonetheless, this state law is unable to fully address key threats 

to coral reefs in Hawaii. Although the protections offered by Hawaii state law are important, they 

are inadequate to protect the cauliflower coral. ESA listing would afford greater protection from 

a variety of threats and greater deterrents 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 localized sedimentation, 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 recruitment. For 

example, the seasonal blooms of the invasive alga Acanthofora spicifera in 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 prohibited (Walsh et 

al. 2010). For example, most of the decline in coral cover at Papaula in Maui since 2009 

coincided with a drastic increase of A. spicifera (Walsh et al. 2010).  

 

State regulations are insufficient to protect this coral species. 

 

6.4.5 Federal regulations 

 

6.4.5.1 Federal acts, initiative and regulations are ineffective 

 

The Coral Reef Conservation Act, passed in 2000, requires NMFS to develop a national coral 

reef action strategy, initiate a matching grants program for reef conservation, and create a 

conservation fund to encourage publicïprivate partnerships (US Commission on Ocean Policy 

2004).  H.R. 5821, Coral Reef Conservation Act Reauthorization and Enhancement Amendments 

of 2016, was introduced in the US House of Representatives in July 14 2016 (See  

https://www.congress.gov/bill/114th-congress/house-bill/5821).  However, the bill was referred 

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

 

The Coral Reef Conservation Act can be viewed as Congressô acknowledgement that the 

government needs and is willing to fund assistance from outside organizations. While this effort 

https://www.congress.gov/bill/114th-congress/house-bill/5821
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funds research, mapping, and monitoring efforts, it is also inadequate to address the multifaceted 

threats facing corals and coral reefs. Congress has not (and will likely not) mandated any projects 

focus on bleaching, global warming or ocean acidification. The law 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 ocean acidification. Therefore, 

even if this Act passes it will be ineffective in protecting imperiled corals. 

 

The US Coral Reef Task Force (ñTask Forceò) was established in 1998 by Presidential 

Executive Order 13089, which mandates that federal agencies (1) use their programs and 

authorities to protect and enhance US coral 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)). The Task 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 Territories of Guam, American Samoa, and the US Virgin Islands); 

and the three US Freely Associated States (Federated States of Micronesia, Republic of the 

Marshall Islands, and the Republic of Palau ï all non-voting members).  Id.  Task Force 

responsibilities include (1) overseeing implementation of Executive Order 13089 and developing 

and implementing efforts to map and monitor US coral reefs; (2) researching reef decline and its 

solutions; (3) minimizing and mitigating coral reef degradation from pollution, overfishing, and 

other causes; and promoting international conservation and sustainable reef use.  Id. The Task 

Force is an important step toward the conservation of corals and it has acknowledged the severity 

of the threats faced by coral reefs including glob al warming. However, the Task Force has not 

responded to threats by taking measures to prevent long term threats to corals from global 

warming and ocean acidification. Primarily, the Task Force has focused on research, monitoring, 

and reporting without needed action to protect corals. Moreover, the objectives set 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 or  procedure and is not legally binding or  

enforceable (Exec. Ord. 13089 §§ 2 & 6). The Order explicitly denies the creation of any right, 

substantive or procedural, enforceable in law or equity by a party against the U.S., its agencies, 

and its officers. Id. § 6. Additionally, the ability of the Task Force to carry out its goals is limited 

by discretionary appropriations.  Id. § 3.   

 

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

support of national and international coral reef conservation  efforts, the USCRIôs goal ñis to 

strengthen and fill the gaps in existing efforts to conserve and  165 sustainably manage coral 

reefs and related ecosystems (sea grass beds an d mangrove forests) in  U.S. waters.ò The USCRI 

consists of federal, state, territorial and commonwealth governments, the nationôs scientific 

community, the private sector, and other organizations. The 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 import and export officials to identify 

corals, monitor and research coral reefs. The U.S. Coral Reef Initiative, whose achievements are 

primarily attributed to NOAA and its partners, has filled some of the gaps left open by 

inadequate state and congressional statutes in terms of coral reef monitoring and the ability to 

effect change within local communities across the nation. The USCRI and NOAA can locate 

bleaching events and measure their severity, but their role is merely one of reaction, not action. 
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The USCRI and NOAA 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 Initiative is ña collaboration of marine resource managers from 

state, commonwealth, territorial agencies and freely associated states working together with 

federal agencies to conserve and protect coral reefs in the United States.ò  

(http://www.allislandscorals.org/ ). It was established in 1994 and includes governor-appointed 

representatives from American Samoa, Commonwealth of the Northern Marianas, Guam, 

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

freely associated states of the Federated States of Micronesia, the Republic of the Marshall 

Islands, and the Republic of Palau.  Id.  Most of these efforts are focused on direct human threats 

to corals, and they do not have a comprehensive approach to addressing greenhouse gas 

emissions and ocean acidification.  

 

The Marine Protection, Research, and Sanctuaries Act, which includes the Ocean Dumping 

Act and the National Marine Sanctuaries Act (NMSA), was passed in 1972. 33 U.S.C. §§ 

1401 et seq.  The 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 potential of the marine environment (US Commission on 

Ocean Policy 2004a). The NMSA authorizes NMFS to designate marine sanctuaries and 

promulgate conservation and management regulations for those areas. Id.  The NMSA includes a 

provision that allows NMFS to fund habitat restoration 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 sanctuaries.  Id. There are currently 13 

sanctuaries managed 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 sanctuaries.  Id. see also 

http://sanctuaries.noaa.gov/ . The NMSA has no provisions for projects designed to prevent 

physical or long-term chronic damages to reefs from global warming, ocean acidification, 

nutrient overloading, or diseases (US Commission on Ocean Policy 2004a). The continued loss 

of corals in marine sanctuaries indicates that the designations alone are not sufficient to arrest the 

decline and encourage  the recovery of species. The designation of a sanctuary and its boundaries 

does not lessen the key threats such as bleaching 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 areas is crucial to prevent some forms of direct human damage (e.g., 

overfishing), yet the designation cannot protect corals from larger long-term global threats.     

 

US National Marine Monuments are also managed under the NMFS National Marine 

Sanctuaries Program.  Some activities are prohibited in National Monuments thus affording 

limited protections to corals. The Northwestern Hawaiian Islands were designated a Marine 

National Monument in 2006 (71 FR 36443), amended in February 28, 2007 and named the part 

of the PapahǕnaumokuǕkea Marine National Monument. On August 26 of 2016, President 

Obama substantially expanded the monument to a total area of 1,508,870 square kilometers, 

nearly the size of the Gulf of Mexico, (see Map). Although the protection of the Northwestern 

Hawaiian Island may help fish assemblages it does not protect corals from the main drivers of 

http://www.allislandscorals.org/
http://sanctuaries.noaa.gov/
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decline, climate change. Other Marine National Monuments that contain coral reefs include the 

Marianas Trench National Monument in the Northern Marianas Islands (74 FR 1557, Jan. 6, 

2009), the Pacific Remote Islands Marine National Monument (74 FR 1565, Jan. 6, 2009), and 

Rose Atoll Marine National Monument in American Samoa (74 FR 1577, Jan. 6, 2009). Similar 

to marine sanctuaries, the regulatory mechanisms within National Monuments are also 

inadequate to protect imperiled corals. 

 

 
 

Map. Expansion of the PapahǕnaumokuǕkea Marine National Monument. 

 

Executive Order 13,158 created an advisory committee for coordinating and strengthening a 

coordinated system of Marine Protected Areas (ñMPAsò).  Corals within MPAs benefit from the 

management of uses with in the designated areas. There are 207 Marine Protected Areas 

(ñMPAsò) encompassing coral reef ecosystems within the United States (Waddell & Clarke 

2008). Approximately 76% of these MPAs are multiple use areas allowing some level of 

resource extraction throughout the entire site, and almost one quarter of them were established  

for the explicit purpose of continued extraction  (Waddell & Clarke 2008).  Take of marine 

resources is prohibited in part or all of 49 of these MPAs.  Approximately 86% of these MPAs 

are permanent, whereas protections are only temporarily provided at 14% of the sites (Waddell 

& Clarke 2008). Management plans have been approved for only 42 MPAs, illustrating the 

challenge of long-term plan development  (Waddell & Clarke 2008).  Enforcement, funding, 

management capacity, monitoring, and public support have been identified as key problems at a 

majority of the MPAs (Waddell & Clarke 2008).  From all these MPAs, ~45% support some sort 

of ongoing monitoring activity, and some level of enforcement effort is reported at 74% of the 

sites (Waddell & Clarke 2008). Like the regulatory mechanisms for marine  sanctuaries, and 

national monuments other marine protected areas are good at protecting reefs from some of the 



 

28 
 

direct human threats, but are inadequate to address the global threats posed by climate change 

and ocean acidification. Additionally, these various forms of protecting marine areas 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 brought to bear to further protect corals, however, thus 

far the implementation of these laws does not provide much protection for imperiled corals.  In 

large part, these laws have not yet been employed to the benefit of corals. Even if fully utilized 

they would still provide only small protection for corals. Moreover, they cannot sufficiently 

address the key long-term threats to corals. Instead these laws provide a patchwork of 

environmental laws that are important, but inadequate to provide a safety net for corals. These 

laws include: 

 

- MagnusonïStevens Fishery Conservation and Management Act, established 

sovereign federal rights to all fishery resources within 200 miles of US shores. 16 U.S.C. 

§§ 1801 et seq. 

- The Coastal Zone Management Act of 1972 (16 U.S.C. §§ 1451 et seq.) provides 

technical assistance and financial incentives for sustainable state management of coastal 

areas (US Commission on Ocean Policy 2004b).  

- The Lacey Act of 1900 prohibits trade of wildlife (including all invertebrates) that is 

illegally harvested, possessed, transported, or sold. 16 USC §§ 3371-3378 

- The National Environmental Policy Act (42 U.S.C. §§ 4321 et seq. ), which requires  

the federal government to thoroughly analyze the environmental impacts of any federal 

action that could significantly affect the environment, including those in coral reef 

habitat. 

- The Clean Water Act (33 U.S.C. §§ 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 requires the U.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 have powerful tools that Hawaii can use to protect corals, however, corals 

are rarely considered under these laws during analysis of potential harming activities 

 

6.4.6 Foreign and international regulations 

 

The International Coral Reef Initiative (ñICRIò), established in 1994, is a voluntary informal 

network consisting of several countries, including the US, as well as US and international non-

governmental organizations. 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 monitoring networks for coral reefs 

and to disseminate the results of monitoring efforts at local, regional, and global scales. See 

http://www.gcrmn.org/about.aspx .  

 

http://www.gcrmn.org/about.aspx
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The Convention on International Trade in Endangered Species of Wild Fauna and Florida, 

regulate trade of corals. Several coral species, including P. meandrina are listed on Appendix II 

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

no quotas or size limits and requires regulation under fisheries management (Hoeksema et al. 

2014). As a result, thousands of live corals have been traded unregulated among countries over 

the past decades.  Furthermore, CITES listing can only provide protection against global trade in 

imperiled species 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 fully applied to the protection of coral reefs. For example, the Convention on Biological 

Diversity and  United Nations Convention on Law of the Sea both have general provisions 

that aim for environmental conservation and therefore could affect the protection of  coral 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 measures are important for the conservation of coral reefs and can 

effectively reduce some of the direct human threats to corals. Nonetheless, these regulatory 

mechanisms form a patchwork of approaches and offer only small protection to corals. 

Meanwhile, the overarching threats to the corals from bleaching due to increased ocean 

temperatures and ocean acidification are largely unaddressed. The existing protections for corals 

either do not address ocean warming and acidification, or they only provide research and 

monitoring of those impacts.   

 

Protection under the ESA for this imperiled coral species will provide comprehensive protections 

for which no other regulatory mechanisms can substitute. The threats facing this coral species are 

particularly troublesome because of their interrelated nature. The effects of these threats are 

synergistic, indicating that addressing each threat independently will not be sufficient to 

conserve this species.    

 

6.5    Other natural or manmade factors affecting its continued existence 
 

6.5.1 Ocean warming and acidification 

 

Ocean warming and acidification is directly related to the increase in atmospheric carbon dioxide 

(CO2) emissions globally. Atmospheric CO2 concentrations reached average annual levels of 

over 402.9 parts per million (ppm) globally in 2016 (Blunden & Arndt 2017) which is higher 

than at any point during the last 800,000 years (Lüthi et al. 2008). Over the past 200 years, the 

global oceans have absorbed approximately 25 % of the anthropogenic CO2 released to the 

atmosphere (IPCC 2014). Approximately 2.6 Giga tones of CO2 per year (i.e., 26% of total 

emissions) entered the global oceans in the last decade (Le Quéré et al. 2016).  
 

Atmospheric CO2 emissions also contribute to warming of the oceans (IPCC 2013). The year 

2016 surpassed 2015 as the warmest year in 137 years of recordkeeping since 1880 (Blunden & 

Arndt 2017). The average global temperature across land and ocean surfaces in 2016 was +0.94 
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ºC above the 20th century average (NCEI 2017).  The annual average global temperature for the 

oceans was the warmest on record at +0.75 ºC in 2016 for the third consecutive year since 2014. 

Since 1955, the global oceans have absorbed over 90% of the excess heat trapped by greenhouse 

gas emissions (Levitus et al. 2012).  

 

As the global oceans uptake the excess of CO2, seawater chemistry profoundly changes and the 

oceans become more acidic (Doney et al. 2009). The average pH of the global surface ocean has 

already decreased by 0.1 units (from 8.2 to 8.1 pH units), which represents 30 % increase acidity 

and 10% decrease in carbonate ion concentration in comparison with pre-industrial levels (Feely 

et al. 2004; Doney et al. 2009). Changes in ocean chemistry are unprecedented in the geological 

record with acidification rates faster than in the past ~300 million years, a period that includes 

three major mass extinctions, and 96% of marine species extinct (Hönisch et al. 2012). 

Anthropogenic CO2 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 severe (Caldeira & Wickett 2005; 

McNeil & Matear 2006).  At an atmospheric CO2 level of 560 ppm, pH would drop 0.24 units to 

~7.9 and most ocean surface waters would be adversely undersaturated with respect to aragonite 

(Veron et al. 2009). If CO2 levels reach 788 ppm, ocean pH would drop 0.3 or 0.4 units 

mounting to a 100ï150% change in acidity, and tropical surface concentrations of carbonate 

would decline by 45%  (Orr et al. 2005; Meehl et al. 2007).  

 

Reduction of carbonate ion concentration due to ocean acidification also reduces calcium 

carbonate saturation state globally (Jiang et al. 2015). Reduction of calcium carbonate saturation 

is already affecting entire coral reef ecosystem, particularly impacting marine species that rely on 

calcium carbonate to produce shells and skeletons (Andersson et al. 2011). Aragonite saturation 

states, the main forms of calcium carbonate that is used by scleractinean corals has already 

declined globally and it is predicted to further decline by the end of the century (Cao & Caldeira 

2008).  

 

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

mass coral mortality associated with coral bleaching due to increasingly frequent thermal stress 

events and 2) decreased calcification rates and reproduction success due to increasing 

atmospheric carbon dioxide that causes ocean acidification by decreasing sea water pH and 

aragonite saturation state (Hoegh-Guldberg et al. 2007a; Carpenter et al. 2008).  

 

6.5.1.1 Ocean warming kills corals 

 

Ocean warming has caused large-scale coral bleaching events resulting in mas coral mortality 

and associated reef decline regionally and globally in the past decades with increasing frequency 

and severity (Hoegh-Guldberg et al. 2007a; Pandolfi et al. 2011; Hughes et al. 2017a), and is 

projected to continue (Hoeke et al. 2011). The longest global bleaching event on record, which 

currently continues, started in 2014, and has affected more coral reefs than any previous 

worldwide bleaching event (Eakin 2017). For example, the Australian Great Barrier Reef 

recently experienced a catastrophic mass bleaching event, where more than 90% of its 2,300 km 

reef tract was considerable affected and over 30% of corals subsequently died (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 bleaching (Hughes et al. 
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2017a). Recurrent thermal stress events on corals appear to affect pristine, protected, and 

degraded reef equally (Hughes et al. 2017a). 

 

Coral reefs around Hawaii have experienced several thermal stress events leading to localized 

coral bleaching in 1996 (Main Hawaiian Islands), 2002 and 2004 (Northwest Islands), and 

widespread bleaching in 2014, 2015, and 2016 (Jokiel & Brown 2004; Kenyon & Brainard 2006; 

Rodgers et al. 2015, 2017; Bahr et al. 2015; Kramer et al. 2016).  The most affected coral genera 

during all these bleaching events have been Pocillopora, Porites, and Montipora.  

 

Sea surface temperatures across coastal waters of Hawaii have increased +1.15ºC over the past 

six decades (Jokiel & Brown 2004). The consecutive bleaching event of 2014 and 2015 has been 

unprecedented in scale and magnitude (Fig. 4). Coral mortality due to bleaching across the 

Hawaiian archipelago is predicted to increase due to higher incidence of thermal stress events in 

the future (Rodgers et al. 2015), especially in the northern end of the archipelago (Hoeke et al. 

2011). Relatively higher incidence and severity of coral bleaching due to thermal stress events 

has been already observed in the northern Hawaiian atolls (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 Hawaiian archipelago by 2100, if corals are not able to increase their 

thermal tolerance to future levels of heat stress (Hoeke et al. 2011). In fact, Hoeke et al. (2011) 

predicted precipitous declines in coral cover in the northern Hawaiian region between 2030 and 

2050, while steady 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 endosymbionts (Baker et al. 2004), succession of more 

resistant or resilient corals species (Grottoli et al. 2014), or a combination of both. The ability of 

coral communities to adapt to future thermal stress, in particular in Hawaii, is unknown and is 

subject to debate (Hoegh-Guldberg 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; Rodolfo-Metalpa et al. 2014; Edmunds et al. 2014). In fact, recent evidence 

of widespread coral bleaching in areas that have experienced recurrent mas bleaching indicates 

that the capacity of coral communities to withstand increasing frequent and more severe thermal 

stress is very limited (Hughes et al. 2017a). The severity of such mass bleaching events already 

exceeds the ability of coral species and reefs to recover from future thermal stress (Eakin et al. 

2010).  
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Figure 3. Maximum degree heating weeks for the Hawaiian archipelago in 2014 and 2015. 

Degree heating weeks (DHW) show how much heat stress has accumulated in a specific area 

over the past 12 weeks (3 months) by adding up any temperature exceeding the bleaching 

threshold during that time period. When DHW reaches 4°C-weeks, significant coral bleaching is 

likely, especially in more sensitive species. When DHW is 8°C-weeks or higher, widespread 

bleaching and mortality from thermal stress may occur. Note that heat stress affected more the 

Northern Hawaiian Islands in 2014 while the Main Hawaiian Islands in 2015. Figure after 

Couch et al. (2016). 

 

Several species within the Pocillopora genus are recognized as being susceptible to bleaching 

during thermal stress. For example, field experiments in the Great Barrier Reef have shown that 

Pocillopora damiconis responds as severely as acroporid corals to increasing temperature 

(Marshall & Baird 2000). Similarly, Pocillopora spp. were among the most sensitive coral 

species to bleaching after Acropora and branching Porites in the western Indian Ocean 

(McClanahan et al. 2007). In the first reported bleaching events due to warming in the 1980s, 

pocilloporid corals suffered high mortality in the eastern tropical Pacific, ranging from 51% at 

Caño Island, 76-85% in Panama, to 97-100% in the Galapago Islands (Glynn 1983, 1990; Glynn 

et al. 1988). Controlled laboratory experiments have also shown the highly susceptibility of 
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Pocillopora corals to thermal stress (Glynn & DôCroz 1990; Hueerkamp et al. 2001; DôCroz & 

Maté 2004). Bleaching in corals can lead to mortality or physiological stress that lower fecundity 

and increase susceptibility to diseases (Ward et al. 2002; Bruno et al. 2007; Muller et al. 2008). 

 

The cauliflower coral P. meandrina is particularly vulnerable to bleaching due to thermal stress. 

During the 2014 mass bleaching event ~ 20% of the colonies show signs of bleaching across the 

entire Hawaiian archipelago (Couch et al. 2016 p. 20). In some regions such as the east coast of 

Lisianski Island P. meandrina  disappeared, from 1.05 % cover in 2014 to 0 % cover in 2015 

(Couch et al. 2016 p. 34).  During  the fall (August to November) of 2015, an extreme and 

prolonged thermal stress event occurred within coastal waters of West Hawaii, where water 

temperatures exceed 30ºC (Eakin 2017). This event led to a mass coral bleaching event that 

resulted in catastrophic coral mortality for reefs of West Hawaii, with approximately half of the 

coral cover loss from 2014 (Kramer et al. 2016). Survey results from 24 permanent monitoring 

sites from South Kona to North Kohala indicated that mean coral bleaching prevalence during 

the thermal stress event was ~53% (45 - 66% range), resulting in an average of ~50% coral 

mortality between 2014 and 2016 (Kramer et al. 2016). During this event, P. meandrina showed 

major bleaching prevalence and subsequently catastrophic mortality across the leeward reefs of 

the Hawaii Island (Kramer et al. 2016). Severe post-bleaching mortality was detected for P. 

meandrina after the bleaching event in this area. Approximately, ~96% of colonies suffered 

partial post-bleaching mortality (> 5% tissue loss) and ~78% of colonies showed total post-

bleaching mortality (=100% tissue) (Kramer et al. 2016). Total post-bleaching mortality further 

increased to ~90% of the colonies affected in Kealakekua Bay by May of 2016 (Kramer et al. 

2016).  

 

The 2015 thermal stress also affected P. meandrina in other areas of the Hawaiian Islands. 

Approximately, 45% of corals in the Hanauma Bay Nature Preserve in Oahu showed signs of 

bleaching in October of 2015, with a subsequent mortality rate of 9.8% (Rodgers et al. 2017). In 

this area, P. meandrina was one of two coral species with the highest bleaching prevalence with 

more ~ 64% of the colonies affected followed by a 1.3% mortality rate  (Rodgers et al. 2017). 

Bleaching prevalence was highly variable in space due to localized environmental gradients such 

as warm water accumulation (Rodgers et al. 2017).  

 

6.5.1.1 Ocean acidification affects corals  

 

Ocean acidification in response to increasing atmospheric carbon dioxide (CO2) emission is well 

recognized to reduce growth and survivorship in corals and associated species. Laboratory and 

field experiments have shown that as the pCO2 of seawater increases, calcium carbonate 

production considerably declines slowing the growth, calcification rates, and survival of adult 

and juvenile corals (Langdon et al. 2003; Jokiel et al. 2008; Albright et al. 2010a; Gray et al. 

2012; Castillo et al. 2014; Comeau et al. 2015). Similarly, ocean acidification also reduces 

calcification rate and reproduction success of crustose coralline algae (Kuffner et al. 2008; Diaz-

Pulido et al. 2012), a crucial reef group that facilitate coral settlement and contribute to coral reef 

accretion (Diaz-Pulido et al. 2009; Webster et al. 2013; Fabricius & Deôath 2014). Thus, by 

affecting crustose coralline algae, ocean acidification would reduce settlement rates on corals 

(Webster et al. 2013; Fabricius et al. 2017). As ocean acidification becomes more severe, reef-

building corals and crustose coralline algae will continue to show reduced calcification rates and 
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reef accretion will be further reduced (Pandolfi et al. 2011; Andersson & Gledhill 2013; Albright 

et al. 2016).  

 

Corals are already experiencing lower calcification rates linked to ocean acidification in the 

Pacific and Caribbean (Cooper et al. 2008; Deôath et al. 2009; Bak et al. 2009; Fabricius et al. 

2011).  Experimental and field studies show that the impact ocean acidification on calcification 

rates varies among coral species (Edmunds 2012; Comeau et al. 2013). A recent experimental 

study rearing corals under warming (2 ºC above normal maximum summer temperature) and 

ocean acidification (high pCO2 twice present-day) conditions showed that corals of Hawaii 

reduced calcification rates (in Porites compressa, Pocillopora damicornis, Fungia scutaria, and 

Montipora capitata ) in the high-temperature treatment (Bahr et al. 2016).  The synergistic effect 

of warming water and ocean acidification caused mortality in at least one coral species, P. 

compressa (Bahr et al. 2016).  This study indicates that biological response to temperature and 

pCO2 elevation is species specific.  

 

Studies have shown that calcification of entire coral reef ecosystem at different spatial scales is 

already declining in response to changes in water chemistry (Deôath et al. 2009; Comeau et al. 

2015; Albright et al. 2016). For example, reduced calcification is already being detected across 

coral reef of the Great Barrier Reefs (Deôath et al. 2009). On a global scale, models show that 

most reefs are already calcifying 20-40% slower today compared with their pre-industrial rates, 

and that 30% of the worldôs coral reefs have decreased their gross calcification by 60-80% 

compared with pre-industrial rates (Silverman et al. 2009).  Calcification rates of reef-building 

corals are predicted to decrease 40% further with increasing pCO2 by the end of the century 

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

 

Ocean acidification also disrupts reproduction and compromises recruitment success of several 

studied coral species (Albright et al. 2010a; Albright 2011c; Doropoulos et al. 2012a; Chan & 

Connolly 2013), affecting the capacity of reef ecosystems to recover (Anthony et al. 2011b). 

Because ocean acidification effects have been quantified for relatively few coral species, the 

impact on P. meandrina should be inferred from congeneric or confamilial species, as previously 

done during the listing process of 82 candidate corals (Brainard et al. 2013).  

 

Pocilloporid corals are affected by ocean acidification. Experimental studies of two-week 

incubation of P. meandrina, in which water pH was reduced to 7.8, as forecasted for the year 

2100, show that calcification rate decreased by more than 50% at 27ºC, although no change was 

observed at higher temperature (29ºC) (Muehllehner & Edmunds 2008). Larvae of P. damicornis 

incubated for 6 hours at high CO2 concentrations (950 µatm) and elevated water temperatures 

(30°C) showed depressed metabolic rates which could affect dispersal, settlement and 

development (Rivest & Hofmann 2014). Growth rates of P. elegans and P. damicornis  in the 

eastern Pacific  has declined 25%-3-% over the past 30 years due to ocean acidification, and 

extension rate varies in species along a calcium carbonate saturation state gradient (Manzello 

2010). These studies demonstrate that the effects of ocean acidification are temperature 

dependent. New studies are needed to determine how the effects of ocean acidification in 

shallow coastal waters varies with light intensity, temperature and daily pH fluctuations, and 

increased nutrients and organic matter inputs (Jokiel et al. 2016). 
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The response of corals to ocean acidification varies among coral species. However, on average 

changes in aragonite saturation state of one unit result in a 20% decrease in calcification rate 

(Kleypas & Langdon 2006). Studies have demonstrated a strong positive correlation between 

aragonite saturation and coral calcification (Andersson et al. 2011). Optimal coral growth occurs 

when aragonite saturation state is greater than 4.0; levels of 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 dissolution (Kleypas & Langdon 

2006; Hoegh-Guldberg et al. 2007b). Field studies confirm that reef accretion approaches to zero 

or becomes negative at aragonite saturation below 3.3 when atmospheric CO2 approaches 480 

ppm (Kleypas & Langdon 2006). This is confirmed by observations that reefs with net accretion 

today under approximately 400 ppm in atmospheric CO2 are restricted to waters where aragonite 

saturation exceeds 3.3 (Hoegh-Guldberg et al. 2007b). In sum, the best available science shows 

that aragonite saturation state below 3.5 is sub-optimal for coral growth and corals cease growth 

and begin dissolution below 3.3.  

 

Coral reefs in Hawaii are already affected by ocean acidification. The aragonite saturation state 

in surface waters surrounding Hawaii may have declined more than - 0.5 units since the 

industrial revolution (Cao & 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 3.5 (Cao & Caldeira 2008). Today, Hawaiiôs surface waters already experience sub-

optimal conditions. By mid-century models show that coral reef would be within waters with 

carbonate saturation below 3.0 and 2.75,  a point at which coral growth and accretion is 

substantially reduced (Cao & Caldeira 2008) (Fig. 4). At atmospheric CO2 concentration of 450 

to 500 ppm, predicted by mid-century, reef erosion will exceed reef accretion (Hoegh-Guldberg 

et al. 2007a), changing the structure of many coral reefs and increasing the extinction risk of 

vulnerable coral species. At CO2 concentration of over 500 pm coral reef ecosystem could 

disappear as we know them  (Hoegh-Guldberg et al. 2007a; Hughes et al. 2017b). Such near 

future prediction for the middle of the century (only 33 years from now) will have tremendous 

implications for Hawaii coral 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 

(10 months) mesocosm experiment conducted in Kaneohe Bay, Oahu, with simulations of pCO2 

expected for this century showed that crustose coralline algae cover can decrease by 86% with 

250% lower rate of calcification under acidified conditions (Jokiel et al. 2008). Similarly, coral 

calcification of Montipora capitata declined 15% to 20% under acidified conditions (Jokiel et al. 

2008). Because crustose coralline algae play an important role in coral reef ecosystems 

enhancing coral recruitment and promoting reef accretion (Bak 1976; Webster et al. 2013), a 

change in their abundance will have negative effects on the entire ecosystem. 
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Figure 4. Sea surface aragonite saturation state for 2005, 2030, and 2050. Note that at 500 ppm 

of CO2 predicted for 2050, aragonite saturation state around Hawaii waters is mostly marginal 

(3.0) and extremely marginal (2.75). Figure after Cao and Caldeira (2008) 

 

 

Ocean acidification also disrupts other physiological processes in corals such as photosynthesis 

and reproduction. Some coral species can maintain calcification rates under acidified conditions 

by spending relatively high amount of energy and compromising other biological functions such 

as nutrient assimilation. For example, under low pH combined with high temperature, the 

scleractinian coral Stylophora pistillata can significantly decrease inorganic phosphorous and 

nitrogen uptake which are important elements to maintain metabolic functions (Godinot et al. 
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2011). A laboratory experiment on the effects of acidification on symbiotic algae in Porites 

australiensis, found that acidified seawater significantly decrease fluorescence yield of the coral 

and thus affecting calcification (Iguchi et al. 2012). In Acropora millepora, acidified conditions 

lead to the loss of more than 50% of their symbiotic algae decreasing both photosynthesis and 

respiration rates (Kaniewska et al. 2012). Thus, ocean acidification 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 coral Acropora palmata, low pH conditions affect three fundamental stages needed for 

successful coral recruitment: (i) larval availability by reducing fertilization, (ii ) reducing 

settlement success, and (iii ) impeding postsettlement growth (Albright et al. 2010b; Albright 

2011a, 2011b). The compounding effect of these impacts translates to 52-73% reduction in the 

number of larval settlers on the reef and elevated rates of postsettlement mortality (Albright et al. 

2010b). Other coral species also show similar responses to low pH. For example, recruits of the 

mustard coral Porites astreoides, are strongly affected by acidic conditions (Albright & Langdon 

2011). In this study, larval metabolism declined by 27 % and 63 % under acidification levels 

expected by mid-century and end-of-century, respectively. Settlement was also reduced up to 

45% and 60% at the mid and end-of-century acidification levels, respectively (Albright & 

Langdon 2011). Similarly, a study of Acropora digitifera larvae showed that even when 

fertilization is successful under low pH conditions metamorphosis can be halted (Nakamura et al. 

2011). In fact, under low pH conditions coral larvae lose their preference for settlement on 

crustose coralline algae, which is normal conditions enhance settlement (Doropoulos et al. 

2012b). 

 

6.5.2 Intensification of storms  

 

Coral reefs of Hawaii periodically experience intense and short term powerful storms, and P. 

meandrina  has been affected with temporal declines after acute storm events (Coles & Brown 

2007).  Wave disturbance have been recognized as important factor in structuring coral 

assemblages throughout the Hawaiian Islands (Grigg 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., Caribbean (Gardner et al. 2005; Crabbe et al. 2008; Edwards 

et al. 2011). Strong storms physically damage corals by breaking off colonies, severing branches, 

and increasing acute sedimentation and pollution flux from rivers and land-based runoff during 

and after storms that result in widespread mortality (Gardner et al. 2005). Immediate mortality to 

colonies and fragments from severe storms is often high, and damaged populations are more 

susceptible to subsequent disturbances (Dollar 1982). 

 

The number of strong hurricanes (category 4 and 5) has steadily increased over the past four 

decades across all ocean basins, but specially in the North Pacific, Indian and Southwest Pacific 

Oceans (Webster et al. 2005; Holland & Bruyère 2014). Furthermore, future projections indicate 

that ocean warming will cause an increase in the average intensity of tropical cyclones towards 

stronger storms by the end of the century (Knutson et al. 2010; Manganello et al. 2014). Thus, 

stronger storms are a potential threat to shallow coral reefs in Hawaii. Corals that are under stress 

from ocean warming and acidification will be particularly vulnerable to storm incidence (Veron 

et al. 2009).   
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6.5.3 Combined impacts of stressors 

 

Multiple stressors can affect corals simultaneously and interactivity. Ocean acidification and 

warming can lower coral reef resilience, impairing growth, and increasing mortality (Anthony et 

al. 2011a; Bozec & Mumby 2015). Under warming and acidification forecasted within this 

century, coral abundance is predicted to decrease further by more than 50% even with high 

herbivory and good water quality (Anthony et al. 2011a). If grazing is reduced algae may 

become dominant sooner under low pH conditions (Anthony et al. 2011a). While some corals are 

more sensitive to ocean acidification than others (Castillo et al. 2014), warming will exacerbate 

the impacts of acidification (Pandolfi et al. 2011; Putnam et al. 2012; Harvey et al. 2013). Ocean 

warming  may also act synergistically with coral diseases (or increase disease prevalence) 

reducing health condition and survival (Bruno & 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). Growing evidence suggests that corals that suffer physiological 

stress from poor water quality (Carilli et al. 2009; Deôath & Fabricius 2010) are more sensitive to 

high water temperature. Thus, 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 the capacity for recovery.  

 

 

7. Critical Habitat  

 

The ESA mandates that, when NMFS lists a species as endangered or threatened, the agency 

generally must also concurrently designate critical habitat for that species.  Section  4(a)(3)(A)(i) 

of the ESA states  that, ñto the maximum extent prudent and determinable,ò NMFS:   shall, 

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 to  be critical 

habitat . . . . ñ (16 U.S.C. Ä 1533(a)(3)(A)(i) and Ä 1533(b)(6)(C))  

 

The ESA defines the term ñcritical habitatò to mean: (i) The specific areas within the 

geographical area occupied by the species, at the time it is listedé , on which are found those   

physical or biological features (I) essential to the conservation of  the species and (II) which may  

require special management considerations or protection; and  (ii ) Specific areas outside the 

geographical area occupied by the species  at the time it is listed é,  upon a determination by the  

Secretary  that such areas are essential for the conservation of  the species.   (16 U.S.C. § 

1532(5)(A).   

 

The Center expects that NMFS will comply with this unambiguous mandate and designate 

critical habitat concurrently with the listing of the petitioned coral species. We believe that all 

current and historic areas occupied by this species meet the criteria for designation as critical 

habitat and must therefore be designated as such.  
 

8. Requested designation and conclusion  
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The Center hereby requests that the National Marine Fisheries Service list the cauliflower coral 

(P. meandrina) as endangered or threatened in a significant portion of its range (Hawaii) under 

the ESA. NMFS must promptly make a positive 90-day finding on this Petition, initiate a status 

review, and expeditiously proceed toward listing and protecting this coral species.  

 

Drastic reductions of global anthropogenic emissions are unlikely. Thus, coral reef managers 

should embrace strategies that maximize the little resilience of coral reef ecosystems to global 

climate change by reducing local and regional impacts (e.g., pollution, overfishing, and habitat 

degradation) on imperiled corals (West & Salm 2003; Donner et al. 2005; Hughes et al. 2010), 

slow down the widespread ecological shift to non-coral dominated reefs (Jouffray et al. 2015), 

and prevent the extinction of the most vulnerable coral species (Carpenter et al. 2008). Listing 

under the ESA provides a series of legal regulatory mechanisms that can facilitate coral 

resilience by reducing local impacts, 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.  
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