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Executive Summary 
This Recovery Status Review (RSR) is intended to inform the development of a recovery plan for 
the 15 Indo-Pacific reef-building coral species listed as threatened under the Endangered Species 
Act (ESA) in 2014 and the ecosystems upon which they depend. To that end, key ecosystem trends 
are first described to provide context, followed by a general evaluation of the most important 
threats to Indo-Pacific reef-building corals, and finally species reports for each of the 15 listed 
corals. The RSR provides the information needed to formulate actions in the recovery plan. 

Over the past few decades, disturbances of Indo-Pacific coral reef ecosystems have become more 
frequent and severe especially warming-induced coral bleaching events while the available 
recovery times have become shorter. These patterns have diminished overall resilience despite the 
large size, high biodiversity, and substantial proportion of remote areas of Indo-Pacific coral reef 
ecosystems. Coral cover has declined in most regions, compounded by replacement of sensitive 
coral species with hardier species and reductions in diversity. Overall, the observed trends in the 
extent of disturbance, recovery time, overall resilience, coral cover and community composition 
collectively illustrate a steady decline in Indo-Pacific coral reef ecosystems in recent decades, and 
these trends are expected to continue and worsen in the foreseeable future unless the most 
important threats are brought under control. 

The main threats to Indo-Pacific reef-building corals including the 15 listed species have worsened 
since listing in 2014, especially the most important threat, ocean warming and warming-induced 
bleaching. All threats are projected to become much more severe throughout the 21st century if 
current levels of greenhouse gas (GHG) emissions continue, which would lead to global warming 
above pre-industrial levels of nearly 3° C. Even if the goal of the 2016 Paris Agreement is met and 
global warming is limited to 1.5° C above pre-industrial, ocean warming, ocean acidification and 
sea-level rise will likely continue to worsen throughout the 21st century, while local threats such as 
unsustainable fishing and land-based sources of pollution are likely to also worsen as the human 
population and economic development increase. That is, additional regulatory mechanisms for the 
management of both climate change and local threats are necessary to halt the decline of reef-
building corals including the 15 listed species let alone provide for their recovery. 

Of the 15 listed corals, 11 species are in the Acroporidae family (Acropora globiceps, A. jacquelineae, 
A. lokani, A. pharaonis, A. retusa, A. rudis, A. speciosa, A. tenella, Anacropora spinosa, Isopora 
crateriformis, Montipora australiensis) while the four others are each in different families (Euphyllia 
paradivisa, Pavona diffluens, Porites napopora, and Seriatopora aculeata). The 15 species were listed 
mainly because of their limited distributions, low and declining abundances, high susceptibilities to 
ocean warming, ocean acidification, and other important threats, and high likelihood that the most 
important threats will substantially worsen in the foreseeable future (i.e., now to 2100). Since 2014, 
all threats have become more severe, especially ocean warming, as illustrated by the series of 
marine heatwaves and coral bleachings across the Indo-Pacific since then. 

Based on the information in the RSR and cited documents, global and local threats to the 15 listed 
species are worsening, especially the most important threat, ocean warming and warming-induced 
coral bleaching. All threats are projected to become much more severe in the foreseeable future. 
Recovery of the 15 species is not possible unless the worsening trends are at least stabilized, 
especially for the threats resulting from global climate change, ocean warming and ocean 
acidification. That is, a viable recovery strategy must be based on controlling global climate change. 
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1. Introduction 
 

In 2009, the Center for Biological Diversity (CBD) petitioned the National Marine Fisheries Service 
(NMFS, also known as NOAA Fisheries) to list 75 Indo-Pacific reef-building coral species as 
threatened or endangered under the United States (U.S.) Endangered Species Act (ESA; CBD 2009). 
CBD selected the 75 species with 2 criteria: (1) occurrence in U.S. waters, based on information 
available at that time; and (2) inclusion on the International Union for Conservation of Nature’s Red 
List of Threatened Species. That is, the petition was limited to U.S. reef-building coral species at 
relatively high extinction risk, and was not necessarily representative of Indo-Pacific reef-building 
corals with the highest extinction risk globally.  

In response to the petition, NMFS completed a Status Review Report (SRR) for the 75 petitioned 
species in 2011 (Brainard et al. 2011), and listed 15 of the 75 species as threatened under the ESA 
in 2014. These species are Acropora globiceps, A. jacquelineae, A. lokani, A. pharaonis, A. retusa, A. 
rudis, A. speciosa, A. tenella, Anacropora spinosa, Euphyllia paradivisa, Isopora crateriformis, 
Montipora australiensis, Pavona diffluens, Porites napopora, and Seriatopora aculeata, as described 
in the final listing rule (79 FR 53851).  

The decision about whether or not to list a species as threatened or endangered under the ESA 
requires determination of the status of the species currently and over the foreseeable future (ESA 
section 4). However, Indo-Pacific reef-building corals have many biological and habitat features 
that complicate the determination of the status of any given species, including but not necessarily 
limited to: most are modular, colonial, and sessile; the definition of the individual is ambiguous; the 
taxonomy of many species is uncertain; field identification of many species is difficult; colonies or 
polyps are a collection of coral-algae-microbe symbiotic relationships; skeletal plasticity is high 
within many species; they utilize a combination of sexual and asexual reproduction; hybridization 
may be common in many species; high habitat heterogeneity fosters acclimatization and adaptation 
to wide ranges of environmental conditions; and large ranges encompass habitats that provide 
refuges from disturbances (e.g., Osman et al. 2018, Sully and van Woesik 2020, Dietzel et al. 2021). 
These factors were considered in the final listings of the 15 listed corals (79 FR 53851), the Not 
Warranted determinations for the 60 other petitioned species (79 FR 53851), and the Not 
Warranted determination for Pocillopora meandrina (NMFS 2020) in response to a petition to list 
that species (CBD 2018). 

 For marine species listed under the ESA, NMFS must develop and implement recovery plans, unless 
they will not have conservation benefit to the species (ESA Section 4(f)(1)). The purpose of a 
recovery plan is to provide a roadmap for a species’ recovery, with the goal of improving its status 
and managing threats to the point at which protections under the ESA are no longer needed.  

 
This document is a Recovery Status Review (RSR) for 15 Indo-Pacific coral species. It contains 
information on the species’ biology and status to inform ESA actions, and can be updated 
periodically as new information becomes available. This RSR is the most comprehensive and 
current source for the 15 coral species’ biological and status information needed for many ESA 
decisions (e.g., section 7 consultations, grants, permits, conservation plans developed under Section 
10, 5-year reviews, and recovery planning). The RSR includes background on Indo-Pacific reef-
building corals and the 15 listed species (Section 2), a general threats evaluation (Section 3), and 
species reports for the 15 listed species (Section 4). The RSR is based largely on the original SRR 
(Brainard et al. 2011), the Management Report that describes relevant regulatory mechanisms and 
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conservation efforts (NMFS 2012), the final listing rule for the 15 listed species (79 FR 53851), and 
the general status review conducted as part of the response to the petition to list for Pocillopora 
meandrina  (Smith 2019), updated with more recent information from the scientific and gray 
literatures.  

While the information in this document is not a full compilation of unabridged text from the other 
aforementioned sources, it is also more than a mere summary. However, original sources (e.g., SRR, 
final listing rule, etc.) contain more exhaustive descriptions of certain topics, and like any reference 
cited, should be referred to for more contextual information, where appropriate or where noted. 
For example, the SRR (Brainard et al. 2011) contains much more detailed information on general 
coral reef ecology and general reef-building coral biology from the classic scientific literature than 
this document. The SRR (Brainard et al. 2011), final listing rule (79 FR 53851), and related 
documents are available for download at https://www.fisheries.noaa.gov/corals.  

A Recovery Status Review does not result in any decisions. Rather, it provides the best scientific and 
commercial data available to inform management and recovery actions for ESA listed species. 

2. Background on Indo-Pacific Reef-building Corals 
Reef-building corals are defined by symbioses with unicellular photosynthetic algae living within 
their tissues (zooxanthellae), hence they are sometimes referred to as “zooxanthellate” or 
“hermatypic” corals. The symbiosis provides them the capacity to grow large skeletons and thrive 
in nutrient-poor tropical and subtropical seas. Reef-building corals collectively produce shallow 
coral reefs over time, and over 90% of the world’s coral reefs occur in the Indian and Pacific Oceans 
(i.e., the Indo-Pacific, Brainard et al. 2011, 79 FR 53851). Recent and projected ecosystem trends 
are key in determining the status of the listed corals and thus are summarized in this section, 
together with a description of coral species distributions and background on the 15 listed corals. 

 
The status of reef-building corals is largely determined by the extent of disturbance, the amount of 
time available to recover from disturbance, and overall resilience of the reef-building coral 
communities and coral reef ecosystems. The most common measure of the status of Indo-Pacific 
reef-building coral communities is live coral cover of all species combined. Coral cover does not 
typically consider community composition (e.g., diversity of coral species), which is an important 
measure of coral community health. Trends in the extent of disturbance, recovery time, overall 
resilience, and coral cover and community composition are summarized below. These trends are 
described both in terms of observations since relevant scientific information became available 
(≈1950), and projections over the foreseeable future (i.e., from now to 2100; 79 FR 53851, NMFS 
2020). 

Extent of Disturbance. Disturbance is defined as an anthropogenic or natural event that results in 
large-scale coral colony mortality. All of the threats described in the Threats Evaluation below are 
at least partially anthropogenic, and have the potential to cause large-scale disturbance. 
Disturbances may be acute (shorter-term, more intense) or chronic (longer-term, less intense) 
(Connell 1997). Natural disturbance is key for maintaining high diversity of reef-building corals in 
coral reef ecosystems. That is, over a given time period, variable conditions throughout cycles of 
disturbance and recovery at a given reef site enable a higher diversity of species to occur at that site 
than in the absence of disturbance (Hughes and Connell 1999). Observed and projected disturbance 
of Indo-Pacific reef-building coral communities are described below. 

Overall, observed acute and chronic disturbances of Indo-Pacific coral reefs have sharply increased 
over the past several decades (Brainard et al. 2011, Birkeland 2019, Hughes et al. 2021). As 

https://www.fisheries.noaa.gov/corals
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described in the Ocean Warming section of the Threats Evaluation (Section 2.2.1), the most 
important pattern in observed disturbance of Indo-Pacific coral reefs is the increase in the 
frequency, intensity, and magnitude of large-scale, warming-induced coral bleaching events. The 
repeated bleachings of 2014 – 2017 together constitute the most severe coral bleaching event ever 
recorded in the Indo-Pacific, and affected many remote reefs far from local human impacts (Eakin 
et al. 2017, Hughes et al. 2017a, Hughes et al. 2018a). Ocean acidification represents a chronic 
disturbance because of its continual effects on both coral calcification and reef accretion. Both 
ocean acidification and its impacts on corals have  been observed to be increasing in the Indo-
Pacific (Iida et al. 2020, Davis et al. 2021). Localized chronic disturbances such as land-based 
sources of pollution (Carlson et al. 2019, Donovan et al. 2021) and coral disease outbreaks (Aeby et 
al. 2020, Howells et al. 2020) are all broadening and worsening on coral reefs near human 
populations throughout the Indo-Pacific.  

As described in the Threats Evaluation (Section 3), all threats to Indo-Pacific reef-building corals 
are projected to increase in the foreseeable future. In addition, the interactions of threats with one 
another are likely to become more severe in the foreseeable future than currently. These threats 
collectively are projected to result in increases in the frequency, intensity, and magnitude of both 
acute and chronic anthropogenic disturbances of Indo-Pacific reef-building coral communities in 
the foreseeable future. Spatial variability in all disturbances combined is expected to be high across 
the region, as some areas are more susceptible to multiple, simultaneous threats and their 
subsequent disturbances than others. However, areas that currently provide refugia from threats 
are likely to shrink under conditions projected during the 21st century (van Hooidonk 2014, 2016, 
2020).  

Recovery Time. Recovery time refers to the amount of time needed for a reef-building coral 
community to be restored after a disturbance to a degree comparable to its original state (Pearson 
1981, Birkeland 2019). Reviews of the impacts of disturbance on Indo-Pacific coral communities 
have found that recovery of coral cover alone generally took less than 10 years in the absence of 
additional disturbances, where most recovery was due to rapid regrowth of fast-growing branching 
or tabletop Acropora species (Connell 1997, Baker et al. 2008). However, this type of recovery 
typically results in a less diverse coral community with fewer slow-growing reef-building coral 
species than pre-disturbance (Berumen and Pratchett 2006). Most studies of recovery of both coral 
cover and community structure have concluded that recovery from an acute disturbance usually 
takes about 10 – 15 years, as long as there are no additional chronic or acute disturbances 
(Birkeland 2019). However, as disturbances have increased in frequency, intensity, and magnitude, 
the amount of recovery time available has steadily decreased over the past several decades (van 
Hooidonk et al. 2016, Hughes et al. 2021). 

As described in more detail in the Threats Evaluation, all threats are projected to increase in the 
foreseeable future, leading to higher frequency, intensity, and magnitude of both acute and chronic 
anthropogenic disturbances of Indo-Pacific coral reefs. One of the most important implications of 
the projected increasing frequency of disturbance is the subsequent reduction in recovery time. For 
example, an analysis of the timing of Annual Severe Bleaching (ASB) of the world’s coral reefs in the 
21st century concluded ASB will occur on >75% of all reefs by mid-century, essentially eliminating 
the time available for recovery on those reefs, assuming no capacity for acclimatization or 
adaptation of corals to higher temperatures (van Hooidonk et al. 2016). Although the spatial 
variability of conditions on Indo-Pacific coral reefs provides networks of refugia from threats, the 
increasing prevalence of all types of disturbance will likely erode or eliminate many of these 
refugia. Thus, the ever-increasing frequency of disturbance is projected to reduce the capacity of 
coral reefs to recover through reduction of recovery times (Hoegh-Guldberg et al. 2017, Skirving et 
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al. 2019, Hughes et al. 2021), especially under “business-as-usual” climate change scenarios (Heron 
et al. 2017, van Hooidonk et al. 2020). 

Overall Resilience. Overall resilience is a broader concept than recovery and is defined as the 
capacity of reef-building coral communities and coral reef ecosystems to recover from disturbance 
without undergoing a phase shift (i.e., transition from a coral-dominated system to an algae-
dominated system), maintaining their original state through disturbance, or reversing to their 
original state after a phase shift. Thus, overall resilience has three major components: (1) Recovery, 
defined as an individual, population, or community returning to its original state after disturbance; 
(2) resistance, defined as the ability to be unaffected or lightly affected by disturbance; and (3) 
reversibility, defined as the ability to shift back to the original state after a phase shift. Resilience 
applies to the individual (colony), population, and community levels, here termed “overall 
resilience.” Loss of resilience is indicated both by the inability to recover, leading to a phase shift, 
and the inability to reverse a phase shift. Such loss of resilience has been widely observed in 
Caribbean coral reefs but less so in Indo-Pacific coral reefs because: (1) The Caribbean has inherent 
characteristics that provide relatively less resilience than the Indo-Pacific, such as relatively small 
ecosystem size, lower fish and coral diversity, and lower abundances of herbivores; and (2) human 
impacts in the Caribbean are generally higher than in the Indo-Pacific, resulting in relatively more 
coral reef degradation and higher proportions of imperiled foundational reef-building coral species 
(Jackson et al. 2014, Roff et al. 2015, NASEM 2019).  

Several factors confer overall resilience to Indo-Pacific reef-building communities and ecosystems, 
including high habitat heterogeneity, large ecosystem size, and high coral and reef fish species 
diversity (Roff and Mumby 2012, 79 FR 53851). Relatively high overall resilience is indicated by: 
(1) observed impacts of disturbances on corals have been spatially highly variable (Hock et al. 
2017, Guest et al. 2018); (2) observed responses of corals to disturbances show that most either 
were resistant or recovered given adequate recovery time (Connell 1997, Baker et al. 2008, 
Birkeland 2019); and (3) observed responses of coral reefs to disturbances show that phase shifts 
have been either rare or reversed (Cheal et al. 2010, Graham et al. 2013). However, the limits of 
overall resilience are being exceeded by the ever-increasing frequency, intensity, and magnitude of 
disturbance and subsequent reduction in recovery times (Birkeland 2019, Hughes et al. 2021), even 
on remote reefs (Smith et al. 2017, Baumann et al. 2021). As described in the Threats Evaluation 
below, all major threats to Indo-Pacific reef-building corals are projected to increase throughout the 
21st century, including the most important threat of ocean warming and warming-induced 
bleaching. Consequently, disturbance and bioerosion are projected to increase, and recovery times 
and coral cover are projected to decrease. Thus, overall resilience for Indo-Pacific reef-building 
coral communities and coral reef ecosystems is projected to decline in the foreseeable future. 

Coral Cover and Community Composition. Coral cover is defined as the percentage of the seafloor 
occupied by living reef-building corals, and is an important metric of coral reef health (Jones et al. 
2004, Dustan et al. 2013). A collection of anecdotal accounts by early coral reef researchers 
describes high coral cover on reef flats and reef slopes in French Polynesia, the Great Barrier Reef 
(GBR), Thailand, Madagascar, east Africa, and the eastern Pacific from the 1950s to the 1970s (Sale 
and Szmant 2012). Anthropogenic disturbance resulted in coral cover declines before coral reef 
monitoring programs began in the 1960s and 1970s, and prior to more recent threats such as 
warming-induced bleaching and ocean acidification (Pandolfi et al. 2003). In the 1960s, researchers 
started collecting coral cover data at some locations in the Indo-Pacific, providing the first 
quantitative descriptions of coral cover in the region (e.g., Gomez et al. 1981). More extensive reef 
monitoring programs began in the late 1970s and spread throughout the region in the following 
decades, providing time-series of coral cover data from many locations that can provide insight on 
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temporal trends (e.g., Bruno and Selig 2007, Atewerberhan et al. 2011, Brainard et al. 2012, Deʹath 
et al. 2012, Magdaong et al. 2013).  

The Global Coral Reef Monitoring Network (GCRMN) was established in 1995 to coordinate the 
consolidation and reporting of coral monitoring results, producing global reports starting in 1998 
and most recently in 2020 (GCRMN 2020). GCRMN organizes the coral reefs of the world into 10 
regions, 8 of which are in the Indo-Pacific. GCRMN’s 2020 report summarizes coral reef monitoring 
data from 1979-1998 (depending on region) to 2019 for each of the 10 regions, based on 34,870 
surveys at 12,160 sites. Mean annual live hard coral cover results for the eight Indo-Pacific regions 
are shown in Figure 1. Major bleaching events occurred in 1998, and several times between 2010 
and 2019. Most regions had overall decreases in coral cover, especially after the worst bleaching 
events in 1998 and 2016. Recoveries occurred in most regions during the decade following the 
1998 event. However, from 2010 to 2019, all regions had decreases in coral cover, although there 
was high variability between and within regions (GCRMN 2020). 

 
Figure 1. Coral cover monitoring results from the eight GCRMN Indo-Pacific regions through 2019 (GCRMN 2020, 
Chapters 3 – 10). Hard coral cover (%) is shown on the X axes. The solid lines represent the estimated means. The 
associated darker and lighter shades represent the 80% and 95% confidence intervals, respectively. Grey areas represent 
periods during which no data were available. 

The monitoring results confirm that warming-induced coral bleaching is the greatest threat to the 
world’s reef-building corals, approximately 90% of which are in the Indo-Pacific. The 1998 
bleaching event alone killed 8% of the world’s reef-building coral, and bleaching events since 2010 
have killed 14% (GCRMN 2020). Given the ocean warming projections described in Section 3.2.1, 
coral cover is projected to substantially decrease over the foreseeable future. Observed and 
projected impacts to reef-building corals may be even worse than indicated by coral cover, because 
coral cover alone does not account for changes in coral community composition.  

Coral cover is the simplest measure of the condition of reef-building coral communities, but may 
overlook changes in coral community composition such as changes or reductions in coral species 
diversity (Hughes et al. 2012), as shown by these three examples: Historical reconstructions of 
inshore GBR reefs showed that communities dominated by large colonies of thick-branched 
Acropora species collapsed between 1920 and 1955 in response to chronic increases in sediments 
and nutrients following European settlement around 1870. In recent decades at one of the sites, 
coral cover recovered to levels similar to or greater than historic levels, but with relatively hardy 
Pavona species replacing Acropora species as the dominant taxa (Roff et al. 2013). A study of a 
Moorea reef documented how the Acropora community was decimated in 1981 by the crown-of-
thorns seastar (COTS). Subsequently, Pocillopora species became dominant, and coral cover of the 
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Pocillopora-dominated community in 2003 was slightly higher than that of the Acropora-dominated 
community in 1979 (Berumen and Pratchett 2006). The Australian Institute of Marine Sciences’ 
(AIMS) Long-Term Monitoring Program has been collecting coral cover data on the GBR annually 
since 1987. Coral cover was higher in 2022 than at any time in the 36-year history of the program, 
after recovery from recent bleaching events. However, communities in 2022 were dominated by 
small colonies of fast-growing Acropora species that are highly susceptible to disturbance (AIMS 
2022). In all three examples, changes in coral cover alone may imply that coral communities had 
“recovered,” masking the changes in community composition. 

Even when coral cover recovers to pre-disturbance levels, coral community composition may be 
affected in important ways, such as the replacement of sensitive species by hardier species, or 
reductions in coral species diversity, both of which may affect rare species such as the ESA-listed 
corals. But as described above from GCRMN (2020), coral cover is generally declining across the 
Indo-Pacific, which has even more serious implications for coral community structure. Since there 
is much more data on trends in coral cover than on community composition in the Indo-Pacific, it is 
unknown how much coral community composition has changed since the onset of the Industrial 
Era (circa 1850) or even over the past few decades as disturbances have rapidly increased. 
However, it is likely that Indo-Pacific coral community structure has been affected in various ways 
(Hughes et al. 2012), and that this trend will worsen in the foreseeable future in response to 
worsening threats. 

Ecosystem Trends Summary. Over the past few decades, disturbance of Indo-Pacific coral reef 
ecosystems has become much more extensive, especially warming-induced coral bleaching events, 
while recovery times from the disturbances have become shorter. These patterns have diminished 
overall resilience despite the large size, high biodiversity, and substantial proportion of remote 
areas of Indo-Pacific coral reef ecosystems. Coral cover has declined in most regions, but trends in 
coral cover alone can be misleadingly optimistic because coral community composition is not 
typically monitored, in which case replacement of sensitive coral species with hardier species and 
reductions in diversity are not accounted for. Overall, the observed trends in the extent of 
disturbance, recovery time, overall resilience, and coral cover and community composition 
collectively illustrate a steady decline in Indo-Pacific coral reef ecosystems in recent decades. These 
trends are expected to continue and worsen in the foreseeable future, unless the most important 
threats are brought under control, as described in the Threats Evaluation below. 

 
The geographic distribution of the listed coral species is a key factor in determining their status. 
The best available information on the distributions of Indo-Pacific reef-building corals has long 
been provided by Charlie Veron’s Corals of the World (COTW) books (Veron 2000) and website 
(Veron et al. 2016). Veron divides the coral reefs of the Indo-Pacific into 133 ecoregions, and the 
SRR (Brainard et al. 2011) and final listing rule (79 FR 53851) both determined the distributions of 
the listed species in terms of Veron ecoregions. However, this document uses Spalding et al.’s 
(2007) Marine Ecoregions of the World (MEOWs) to portray the geographic distributions of the 15 
listed coral species. The switch from Veron ecoregions to MEOWs was made because mapping data 
and files are more readily available, and MEOW provinces are more useful for recovery planning. 

The MEOW system divides the world’s marine environments into 12 realms, 62 provinces, and 232 
ecoregions. The collective ranges of the 15 listed corals occur in a total of 76 MEOWs across 26 
provinces, as shown in Figure 2. The numbers of listed corals in each province are described and 
shown in Section 2.3, and the geographic distributions of each of the 15 listed corals provided in 
Sections 4.1 – 4.15 below. 
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Figure 2. Collective geographic distributions of the 15 listed corals in the Indo-Pacific, based on the species-specific 
information in Section 4. The 15 species occur in 26 provinces and 76 ecoregions of Spalding et al.’s (2007) Marine 
Ecoregions of the World, including within U.S. waters as shown in yellow.  

In addition to geographic distribution, the depth distribution of a species also influences their 
status. Unlike the geographic distributions of reef-building coral species provided in the COTW 
books (Veron 2000) and website (Veron et al. 2016), there is no comprehensive source of 
information on depth distributions. However, the Coral Traits Database (https://coraltraits.org/) 
provides depth distributions for many of the world’s reef-building coral species. 

Abundance of the listed coral species is also a key factor in determining their status. Abundance can 
be represented as relative abundance (i.e., how common a species is compared to others). While 
there is no comprehensive source for the relative abundances of reef-building coral species, 
DeVantier and Turak (2017) published a large study on the abundances of over 600 Indo-Pacific 
reef-building coral species in 31 of Veron 133 Indo-Pacific ecoregions, based on survey data 
collected from 1994 to 2016. Their results provide ecoregion-scale relative abundance data for all 
of the listed corals in terms of the following categories: Very Rare, Rare, Uncommon, Common, Very 
Common; and Near Ubiquitous (DeVantier and Turak 2017). 

Abundance can also be represented as absolute abundance (i.e., the total number of colonies of a 
species that currently exists throughout its range). While there is no comprehensive source for the 
absolute abundances of reef-building coral species, several studies provide estimates for some 
species, including Dietzel et al. (2021) and Richards et al. (2008, 2019). Also, the final listing rule 
used distribution and relative abundance information to develop minimum absolute abundance 
estimates for the listed species (79 FR 53851).  

The most informative abundance metric regarding the status of the species is its rangewide 
abundance trend over time. Such data are difficult to collect and there is no such information for 

https://coraltraits.org/
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any of the listed species. The final listing rule (79 FR 53851) assumed that based on the continued 
worsening of the most important threats, it is likely that the listed species are decreasing in overall 
abundance (i.e., abundance across all the ecoregions that make up a species’ range). 

 
The 15 Indo-Pacific reef-building coral species (Table 1) were listed as threatened under the ESA in 
2014 based on the best available information at that time. The ESA defines a “threatened species” as 
“any species which is likely to become an endangered species within the foreseeable future 
throughout all or a significant portion of its range.” (ESA Section 3(20)). The time period from the 
present to 2100 is interpreted as the foreseeable future for these species (79 FR 53851). We 
determined in 2014 that these species warranted listing as threatened under the ESA because their 
combinations of characteristics (i.e., limited geographic/depth distributions, relatively low 
abundances, and/or higher susceptibilities to key threats) together with future projections of 
threats indicated they are likely to be in danger of extinction within the foreseeable future 
throughout their ranges (79 FR 53851). We also determined that the other 60 petitioned Indo-
Pacific corals (CBD 2009) did not warrant listing under the ESA because their characteristics (i.e., 
broad geographic/depth distributions, relatively high abundances, and/or lower susceptibilities to 
key threats) would adequately limit vulnerability to the threats (79 FR 53851).  

Since 2014, new information has become available on the distributions, abundances, and threats for 
the 15 listed species, which has been incorporated into the detailed species reports in Section 3 and 
summarized in Table 1 below. Since listing in 2014, most threats have worsened, including the 
threats that are most important to most listed species (ocean warming and ocean acidification), as 
described in Section 2. In January 2021, NMFS announced that we will conduct 5-year reviews of 
these 15 species to ensure that their listing classifications are accurate, based on the best currently 
available information (NMFS 2021). 
Table 1. Current information on the distributions (geographic, depth, US), abundances (relative, absolute), 
and threats impacting status for the 15 listed species, summarized from Section 4.  

Listed Species Distribution Abundance Threats 
Impacting 

Statusf 
Geoa Depthb USc Relatived Absolutee 

Acropora globiceps 39 0-20 Yes Uncommon to Common ≥hundreds of millions 1-7,9 
Acropora jacquelineae 15 10-50 No Uncommon ≥tens of millions 1-7,9 
Acropora lokani 14 8-50 No Uncommon ≥tens of millions 1-7,9 
Acropora pharaonis 19 2-44 No Common ≥tens of millions 1-7,9 
Acropora retusa 35 0-29 Yes Rare to Uncommon ≥hundreds of millions 1-7,9 
Acropora rudis 9 3-30 No Uncommon ≥millions 1-7,9 
Acropora speciosa 33 12-65 Yes Common ≥tens of millions 1-7,9 
Acropora tenella 23 6-110 No Uncommon to Common ≥tens of millions 1-7,9 
Anacropora spinosa 17 5-15 No Uncommon ≥millions 1-7,9 
Euphyllia1 paradivisa 24 5-75 Yes Uncommon ≥hundreds of millions 1-4,6,7,9 
Isopora crateriformis 27 0-25 Yes Uncommon to Common ≥tens of millions 1-7,9 
Montipora australiensis 36 2-30 No Rare to Uncommon ≥tens of millions 1-7,9 
Pavona diffluens 9 5-20 No Uncommon ≥millions 1-6,9 
Porites napopora 19 3-17 No Uncommon to Common ≥millions 1-6,9 
Seriatopora aculeata 26 3-40 No Common ≥tens of millions 1-7,9 

1. Name changed to Fimbriaphyllia paradivisa (see Section 4.2.10). a. Geo = Geographic distribution in number of Marine 
Ecoregions of the World; b. Depth distribution in meters; c. US = confirmed in US waters after listing in 2014; d. Relative 
abundance within the species’ range; e. Absolute abundance in colonies; f. i.e., threats with at least a Low-Medium 
importance rating (threat codes: 1 = ocean warming; 2 = ocean acidification; 3 = disease; 4 = fishing; 5 = land-based 
sources of pollution; 6 = predation; 7 = collection and trade; 8 = sea-level rise; and 9 = inadequate regulatory 
mechanisms). See RSR Section 4 for more information and sources. 
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As noted in Section 2.2 and shown in Figure 2 above, the 15 Indo-Pacific listed corals occur in 26 of 
Spalding et al.’s (2007) 62 global marine ecosystem provinces. As with Indo-Pacific reef-building 
coral species diversity in general (Veron 2000, Veron et al. 2015), the highest numbers of listed 
coral species are concentrated in the Coral Triangle (i.e., Philippines, Malaysia, Indonesia, Papua 
New Guinea, Solomon Islands), where 12 listed species occur in the Western and Eastern Coral 
Triangle Provinces (Fig. 3). Relatively high numbers of listed corals also occur in the Sunda Shelf 
(11 spp.), Tropical Southwestern Pacific (11 spp.), Tropical Northwestern Pacific (9 spp.), and 
Central Polynesia (8 spp.) Provinces. Also following general diversity patterns, the fewest listed 
coral species occur in peripheral provinces, such as the Agulhas (South Africa), West and East 
Australian Shelf, and Hawaii Provinces (1 sp. each, Fig. 3). 

 
Figure 3. Numbers of listed corals in each of the 26 provinces (see Fig. 1), from most (12 species, bright red) to least (1 
species, dark green), based on geographic distributions of each species described in Section 4. 
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3. Threats Evaluation 
Section 4(a)(1) of the ESA and NMFS’ implementing regulations (50 CFR 424) state that the agency 
must determine whether a species is endangered or threatened because of any of the following five 
factors:  

(A) present or threatened destruction, modification, or curtailment of habitat or range;  
(B) overutilization for commercial, recreational, scientific, or educational purposes;  
(C) disease or predation;  
(D) inadequacy of existing regulatory mechanisms; or  
(E) other natural or manmade factors affecting its continued existence currently or in the 
foreseeable future.  

The 2014 final listing rule (79 FR 53851) provided a general threats evaluation that defined and 
rated the most important threats to corals in general (i.e., the world’s reef-building corals), as 
shown in Table 2 below (left columns), based on the SRR (Brainard et al., 2011). That threats 
evaluation was for the world’s reef-building corals (i.e., Indo-Pacific and Atlantic combined), using 
the best available information at that time. Each threat was rated in terms of its relative importance 
to the extinction risk of corals in general (Table 1, 79 FR 53851). The general threats evaluation in 
this RSR is for Indo-Pacific reef-building corals only, based on currently available information, as 
also shown in Table 2 (right columns). The lack of species-specific information (i.e., for the 82 
candidate corals in 2014 and the 15 listed corals currently) requires the use of general information 
to characterize threats to corals.  

Differences in how threats are defined in the 2014 final listing rule vs. this RSR include: (1) fishing 
was limited to the trophic effects of fishing in the final listing rule, but includes both the trophic 
effects of fishing and habitat impacts from fishing in the RSR; and (2) sedimentation and nutrients 
were treated as separate threats in the final listing rule, but are combined into land-based sources 
of pollution in the RSR (Table 2). Differences in how the threats are rated in the 2014 final listing 
rule vs. this RSR include: (1) ocean warming was rated as High in the final listing rule but is rated as 
Very High in the RSR (2) ocean acidification was rated as Medium-High in the final listing rule but is 
rated as High in the RSR; (3) predation was rated as Low in the final listing rule but is rated as Low-
Medium in the RSR; (4) collection and trade was rated as Low in the final listing rule but is rated as 
Low-Medium in the RSR; and (5) sea-level rise was rated as Low-Medium in the final listing rule but 
is rated as Low in the RSR (Table 2). In addition, the final listing rule did not rate the importance of 
the inadequacy of existing regulatory mechanisms, but the RSR provides a rating to clarify how this 
threat compares to the others. The rationales for these differences in how the threats are defined 
and prioritized in the RSR are provided in the specific threats descriptions in Section 3.2 and 
summarized in Table 2 below.  
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Table 2. Most important threats contributing to the extinction risk of: (1) the world’s reef-building corals and 
their importance ratings based on the 2014 final listing rule (left); and (2) Indo-Pacific reef-building corals 
and their importance ratings based on information in this RSR, noting changes to the latter and references to 
RSR sub-sections for more information (right).  

World’s Reef-building Corals, 2014 Indo-Pacific Reef-building Corals, 2023 

Threat Definition Importance Rating Threat Definition Importance Rating 

Ocean Warming High No change Changed to Very High, see 
Section 3.2.1. 

Disease High No change No change 

Ocean Acidification Medium-High No change Changed to High, see Section 
3.2.2. 

Trophic Effects of 
Fishing 

Medium Broadened to include habitat 
impacts from fishing, renamed 

“Fishing”, see Section 3.2.4. 

No change 

Sedimentation Low-Medium Broadened to include nutrients 
and renamed “Land-based 

Sources of Pollution”, see Section 
3.2.5. 

No change 

Nutrients Low-Medium Broadened to include 
sedimentation and renamed 

“Land-based Sources of 
Pollution”, see Section 3.2.5. 

No change 

Sea-level Rise Low-Medium No change Changed to Low, see Section 
3.2.8. 

Predation Low No change Changed to Low-Medium, 
see Section 3.2.6. 

Collection and Trade Low No change Changed to Low-Medium, 
see Section 3.2.7. 

Inadequacy of Existing 
Regulatory Mechanisms 

Not rated No change High 

 

Ocean warming, ocean acidification, and sea-level rise are all direct results of increased 
concentrations of carbon dioxide (CO2) and other greenhouse gases in the atmosphere. Because of 
its prominent role in driving two of the most important threats to reef-building corals, an overview 
of global climate change is provided in Section 3.1. This is followed by descriptions of each threat in 
Section 3.2, and the Threats Evaluation conclusion in Section 3.3. All threats except the inadequacy 
of existing regulatory mechanisms are described in terms of observed and projected effects to Indo-
Pacific reef-building corals in general. “Observed” refers to the time period since relevant scientific 
information became available, while “projected” refers to the time period between now and the 
year 2100. The inadequacy of existing regulatory mechanisms is described in terms of their 
adequacy or lack thereof at managing threats. Species-level information on the impacts of the 
threats on each of the 15 listed species is described in Section 4.  
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The most important threats contributing to the extinction risk of Indo-Pacific reef-building corals 
result from global climate change. Global climate change refers to increased concentrations of 
greenhouse gases (GHGs; CO2, methane, nitrous oxide, and others, of which CO2 makes up 
approximately 80% of the total) in the atmosphere from anthropogenic emissions, and subsequent 
warming of the earth, acidification of the oceans, rising sea-levels, and other impacts since the onset 
of the industrial era (circa 1850). Since that time, the release of GHGs from industrial and 
agricultural activities has resulted in atmospheric CO2 concentrations that have increased from 
approximately 280 ppm in 1850 (IPCC 2018) to 419 ppm in 2022, according to NOAA’s Earth 
System Research Laboratory (ESRL) station on Mauna Kea, Hawaii 
(https://www.esrl.noaa.gov/gmd/ccgg/trends/, accessed August 2022). The resulting warming of 
the earth has been unequivocal (IPCC 2013, 2018, 2021, NCEI 2022).  

In order to provide context for the climate change-related threats to the 15 listed species (primarily 
ocean warming and ocean acidification), and to support climate change-related management 
actions in the recovery plan, this overview covers 3 key points: (1) Observed global warming since 
the pre-industrial period (1850-1900); (2) efforts to control GHG emissions; and (3) additional 
global warming projected by 2100.  

1. Observed Global Warming Since the Pre-industrial Period. Global Mean Surface Temperature 
(GMST) refers to the mean of air temperatures observed at the earth’s surface over both land and 
sea. GMSTs can be estimated for the period of 1850 to 1900 based on temperature data collected 
from around the world by the United Kingdom’s Hadley Centre and the University of East Anglia’s 
Climatic Research Unit, known as HadCRUT. Data from this period establishes the “pre-industrial” 
GMST baseline used for comparisons with subsequent temperature changes (Fig. 4). According to 
the HadCRUT data, between the pre-industrial period (1850–1900) and 2021, observed GMSTs 
increased by over 1°C (Fig. 4, HadCRUT 2022).  

GMSTs have increased at an average rate of 0.08°C per decade since 1880 and over twice that rate 
(0.18°C/decade) since 1981. Since 2015, GMSTs have increased even more rapidly (NCEI 2022). 
Warming is generally higher over land than over the ocean, thus warming of the ocean lags behind 
warming of air at the earth’s surface. Regardless of future emissions, warming from past 
anthropogenic GHG emissions since the pre-industrial period will persist for centuries to millennia, 
and will continue to cause further long-term changes in the climate system, such as sea-level rise, 
with associated impacts (IPCC 2013, 2018, 2021).  

https://www.esrl.noaa.gov/gmd/ccgg/trends/
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Figure 4. Global Mean Surface Temperatures (GMST), 1850-2100: Observed annual GMSTs from 1850 to 2021 (HadCRUT 
data, black line), relative to the pre-industrial baseline (green) and Paris Agreement objective (purple). Also shown are 
projected GMSTs to 2100 (66% and 90% likelihoods) resulting from current policies (brown) and successful 
implementation of net zero targets (blue), based on UNEP’s 2021 Gap Report (UNEP 2021a).  

2. Efforts to Control GHG Emissions. The necessity of limiting GHG emissions to control global 
warming was recognized many decades ago, leading to a series of international agreements, 
described in Section 2.3 below. GHG emissions are managed primarily through such agreements, 
which lead to statutes, regulations, and initiatives at the national, state, and local levels (UNEP 
2018, 2019, 2020, 2021a). The most recent and extensive agreement is the 2015 Paris Agreement 
(UN 2015), which was signed in 2016 by 195 countries (UN 2016) with the objective of “holding the 
increase in the global average temperature to well below 2°C above pre-industrial levels and to 
pursue efforts to limit the temperature increase to 1.5°C above pre-industrial levels” (UN 2015, 
2016). As shown in Figure 4, more than 1.0°C of global warming above the pre-industrial baseline 
has already occurred, thus meeting the 1.5°C objective of the Paris Agreement requires immediate 
and effective global action. 

Each Paris Agreement signatory country is required to develop GHG reduction targets, then 
implement policies to meet the targets. The United Nations Environment Programme (UNEP) 
monitors the implementation of the Agreement via its annual Emissions Gap Reports (EGRs), which 
quantify the gap between the likely outcome of “current policies” of the Agreement’s signatories vs. 
the Agreement’s objective of limiting global warming to 1.5°C above pre-industrial by 2100 (i.e. the 
“emissions gap”). “Current policies” includes legislation and executive orders but not officially 
announced plans or strategies (UNEP 2021a).  

3. Projected Additional Global Warming. The 2021 EGR provided 50%, 66%, and 90% likelihood 
estimates1 of global warming by 2100 resulting from continuation of current policies, the 66% and 

                                                             
1 In the UNEP Gap Reports, “likelihood” refers to the per cent chance that warming will be kept to X°C under scenario Y by 
date Z based on modeling results. For example, a 90% likelihood of 3.4°C of warming under current policies by 2100 
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90% results of which are used in this document. Projected global warming estimates by 2100 
resulting from continuation of current policies (as of December 2021) are 2.6°C (66%) and 3.4°C 
(90%)2 above the pre-industrial baseline (Fig. 4, UNEP 2021a). Error ranges for the 66% and 90% 
likelihood estimates are provided in footnote #2 below. 

As noted above, current policies do not include announced plans or strategies. However, an 
important, recent development in GHG management is the commitments by over 100 countries to 
reduce their net GHG emissions to zero by 2050, i.e., “net zero targets.” Projected global warming 
estimates by 2100 resulting from the successful implementation of all net zero targets (as of 
December 2021) are 2.0°C (66%) and 2.7°C (90%)3 above the pre-industrial baseline (Fig. 4, UNEP 
2021a). Error ranges for the 66% and 90% likelihood estimates are provided in footnote #3 below. 

 
As described in the introductory paragraphs to this General Threats Evaluation and summarized in 
Table 2 above, the SRR (Brainard et al., 2011) and the 2014 final listing rule (79 FR 53851) define 
and rate the most important threats to the world’s reef-building corals, based on information 
available at that time. In contrast, this Threats Evaluation is limited to Indo-Pacific reef-building 
corals, based on currently available information, leading to some slight changes in how threats are 
defined and rated. As explained in the following sub-sections, the most important threats to the 
Indo-Pacific corals based on currently available information are ocean warming (Factor E, Very 
High importance), ocean acidification (Factor E, High importance), disease (Factor C, High 
importance), fishing (Factor A, Medium importance), land-based sources of pollution (Factors A and 
E, Low-Medium importance), predation (Factor C, Low-Medium importance), collection and trade 
(Factor B, Low-Medium importance), sea-level rise (Factor E, Low importance), and the inadequacy 
of existing regulatory mechanisms (Factor D, High importance).  

The effects of these threats are summarized from the SRR (Brainard et al. 2011) and final rule (79 
FR 53851) as appropriate for the Indo-Pacific, as well as the substantial amount of new, relevant 
information that has become available since 2014. Conclusions are provided for each threat in 
terms of changes since 2014, projections for the foreseeable future, and the relative importance 
rating of each threat based on current information. 

In order to summarize new information on observed and projected climate change-related threats 
(ocean warming, ocean acidification, and sea-level rise) that has become available since the SRR 
(Brainard et al. 2011) and final rule (79 FR 53851) were published, we use information from the 
Intergovernmental Panel on Climate Change’s (IPCC) Sixth Assessment Report (AR6) and other 
published scientific literature. AR6 (IPCC 2021) describes historical global climate change, 
including observed ocean warming, ocean acidification, and sea-level rise. AR6 also projects ocean 
warming, ocean acidification, and sea-level rise over the remainder of the 21st century using a set of 
nine Shared Socio-economic Pathways (SSPs) that provide a standard framework for consistently 

                                                             
means there is a 90% chance that warming will be kept to 3.4°C or lower, and a 10% chance that warming will exceed 
3.4°C, under current policies by 2100. 
2 Likelihood estimates of global warming above the pre-industrial baseline by 2100 assuming continuation of current 
policies, as of December 2021 (UNEP 2021a, p. 36): 

• 66%: 2.6°C (range = 2.1–3.0°C). I.e., there is a 66% chance that warming will be kept to 2.6°C or lower. 
• 90%: 3.4°C (range = 2.8–3.9°C). I.e., there is a 90% chance that warming will be kept to 3.4°C or lower. 

3 Likelihood estimates of global warming above the pre-industrial baseline by 2100 assuming successful implementation 
of all net zero policies, as of December 2021 (UNEP 2021a, p. 36): 

• 66%: 2.0°C (range = 1.8–2.3°C). I.e., there is a 66% chance that warming will be kept to 2.0°C or lower. 
• 90%: 2.7°C (range = 2.3–3.1°C). I.e., there is a 90% chance that warming will be kept to 2.7°C or lower. 
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modeling future climate change under different assumptions, including a core set of five scenarios 
that are the focus of AR6. These five scenarios span a wide range of plausible societal and climatic 
futures from potentially below 1.5°C best-estimate warming to over 4°C warming by 2100 (IPCC 
2021, Figure 1.25). AR6’s SSP scenarios incorporate the Representative Concentration Pathway 
(RCP) scenarios from the IPCC’s Fifth Assessment Report (AR5, IPCC 2013), thus the SSPs are 
named after the RCP scenario that they are most similar to. For example, SSP2-4.5 is most similar to 
RCP4.5 from AR5 (IPCC 2021). 

As described in Section 2.1 above, the effects of current GHG management policies are projected to 
result in 2.6–3.4°C of global warming above the pre-industrial baseline by 2100 (Fig. 4). Thus, 
projections of ocean warming over the foreseeable future (now to 2100) in the Indo-Pacific 
provided in the following section are based on the assumption that this level of global warming will 
occur between now and 2100, which is roughly equivalent to the AR6’s combined projections for 
SSP2-4.5 and SSP3-7.0. Projections of ocean acidification and sea-level rise over the foreseeable 
future in the Indo-Pacific provided in the following sections are also based on AR6’s combined 
projections for SSP2-4.5 and SSP3-7.0 (IPCC 2021). AR6’s Interactive Atlas provides projections of 
climate variables over different 21st century timeframes under the SSP scenarios for all parts of the 
world compared to various historical baselines. The following projections of sea surface 
temperature (SST), surface pH, and sea-level rise are summarized from the Atlas for the foreseeable 
future (i.e., from the present to 2100) under the SSP2-4.5 and SSP3-7.0 scenarios for the Indo-
Pacific in terms of change from the pre-industrial baseline of 1850-1900. 

3.2.1. Ocean Warming (Factor E) 
Ocean warming refers to the ongoing warming of the world’s oceans from anthropogenic global 
climate change, causing warming-induced bleaching and mortality of corals. Because of the sharp 
increase in warming-induced coral bleaching and mortality since the 1980s, ocean warming was 
rated as “High” in terms of its relative importance to the extinction risk of the world’s reef-building 
corals in the 2014 final listing rule (79 FR 53851), as shown in the left columns of Table 2 above. 
Ocean warming was considered the most important threat in the decision to list 20 of those species 
including the 15 Indo-Pacific species (79 FR 53851). Ocean warming is summarized here based on 
the SRR and the final rule, as well as new information that has become available since then, in terms 
of: (1) observed ocean warming to date within the Indo-Pacific, including trends since the 2014 
listings; (2) projected ocean warming within the Indo-Pacific in the foreseeable future (i.e., from 
now to 2100); (3) observed effects of warming-induced mass bleaching on Indo-Pacific reef coral 
communities to date, including trends since the 2014 listings; and (4) projected effects of warming-
induced mass bleaching on Indo-Pacific reef coral communities in the foreseeable future.   

Observed Ocean Warming. The oceans influence climate by storing and transporting large amounts 
of heat, freshwater, and carbon. The ability of the oceans to store vast amounts of heat reflects the 
large mass and heat capacity of seawater relative to air. The oceans absorb most of the excess heat 
produced by greenhouse gas warming, resulting in warmer oceans and changes in global climate 
feedback loops. Heat absorption directly impacts the chemical and physical properties of the ocean, 
while moderating the effects of GHG emissions on land. Heat is absorbed first in the ocean’s upper 
layers but eventually penetrates to all depths. Heat that is not absorbed by the ocean will warm the 
land, causing land and sea ice to melt (IPCC 2013, 2018, 2021).  

Global mean SSTs increased by 0.88°C from the pre-industrial baseline period of 1850–1900 to 
2011–2018, with 0.60°C of this warming having occurred since 1980. The tropical oceans have 
been warming faster than other regions since 1950, with the fastest warming in the equatorial 
Indian Ocean and the Coral Triangle area of the western Pacific Ocean. In contrast, the eastern 
Pacific Ocean has warmed more slowly than the global average (IPCC 2021, Figure 9.3, Table 2.4). 

https://interactive-atlas.ipcc.ch/
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AR6 was based on data collected through 2018, but data collected by the NOAA National Centers for 
Environmental Information (NCEI) since then show a continued increase in global mean SSTs as 
well as those within the Indo-Pacific from 2019 to 2022 (NCEI 2022). The recent continuation of 
ocean warming has led to a sharp increase in anomalous warm seawater events known as “marine 
heatwaves” in the Indo-Pacific and elsewhere (Eakin et al. 2019, Oliver et al. 2021). 

Projected Ocean Warming. Projections of global mean SSTs from now to 2100 under SSP1-2.6, 
SSP2-4.5, SSP3-7.0, and SSP5-8.5 are shown in Figure 9.3 of AR6 (IPCC 2021) compared to the 
1950-1980 baseline when SSTs had already risen a few tenths of a degree Celsius above the pre-
industrial baseline. Under SSP2-4.5, global mean SSTs are projected to increase approximately 2°C 
above the 1950-1980 baseline by 2100, or slightly more than 2°C above the pre-industrial baseline 
by 2100. Under SSP3-7.0, global mean SSTs are projected to increase slightly under 3°C above the 
1950-1980 baseline by 2100, or approximately 3°C above the pre-industrial baseline by 2100. As 
shown in Figure 9.3 for SSP5-8.5, SST projections are spatially highly variable between and within 
the world’s oceans, including within the Indo-Pacific. 

Regional projections of increases in mean SSTs within the Indo-Pacific are provided by AR6’s 
Interactive Atlas. For the long-term (2081-2100) under SSP2-4.5 within the approximately 20 IPCC 
reference regions that overlap with the ranges of the listed corals, mean SSTs in most regions are 
projected to increase by 2.0-2.5°C over the pre-industrial baseline, while some (e.g., Persian Gulf, 
Equatorial Pacific) are projected to increase by approximately 2.5°C or even more. For the long-
term under SSP3-7.0 within these regions, mean SSTs in most regions are projected to increase by 
2.75-3.25°C over the pre-industrial baseline, while some (e.g., Red Sea, Northeastern Africa) are 
projected to increase by over 3.5°C or even approximately 4.0°C (Persian Gulf).  

Observed Effects of Warming-Induced Coral Bleaching. Elevated seawater temperatures lead to 
coral bleaching, the expulsion of the coral’s symbiotic zooxanthellae in response to stress. Corals 
can withstand mild to moderate bleaching, but prolonged, severe, or repeated bleaching can lead to 
colony mortality. While coral bleaching patterns are complex, there is general agreement that 
thermal stress led to accelerated bleaching and mass mortality during the several decades 
preceding listing in 2014 (Brainard et al. 2011, 79 FR 53851). More recently, the coral bleachings 
across the Indo-Pacific, especially in 2014-2017, have been the longest, most widespread, and most 
damaging warming-induced coral bleaching events on record (Hughes et al. 2017a,b, Kayanne et al. 
2017, Couch et al. 2017, Eakin et al. 2019, Lough et al. 2018, Skirving et al. 2019, Baumann et al. 
2021). In addition, there were multiple widespread coral bleachings in parts of the Indo-Pacific 
between 2019 and 2022 (Cheung et al. 2021, Speare et al. 2022, Moriarty et al. 2023). Since 2014, 
the frequency, intensity, and magnitude of mass coral bleaching events in the Indo-Pacific have 
rapidly increased, marking the transition to a new era in which bleaching refugia are shrinking, and 
intervals between recurrent bleachings are too short for recovery (Hughes et al. 2018a,b, Dietzel et 
al. 2020, Dixon et al. 2022, Hughes et al. 2021). 

The capacity of reef-building corals to acclimatize or adapt to changing environmental conditions 
such as warming seawater temperatures may buffer some species or populations from the full 
effects of warming-induced bleaching events (Brainard et al. 2011, Burt et al. 2020, Putnam 2021, 
Putnam et al. 2017). There are many documented examples of acclimatization or adaptation of 
Indo-Pacific corals to ocean warming (Brainard et al. 2011, Palumbi et al. 2014, Hughes et al. 2018c, 
Bairos-Novak et al. 2021, IPCC 2022, Elder et al. 2022, Smith et al. 2022). Although these examples 
demonstrate that the general acclimatization and adaptation capacity of Indo-Pacific reef-building 
corals has sometimes limited the impacts of ocean warming, they also show that any such capacity 
is highly dependent on species, location, habitat type, and many other factors.  

https://interactive-atlas.ipcc.ch/
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Projected Effects of Warming-Induced Coral Bleaching. The responses of the world’s corals and 
coral reef ecosystems to ocean warming and other threats in the 21st century under SSP2-4.5 and 
SSP3-7.0 are approximated by models of the most similar AR5 scenarios or global warming levels. 
Projections of the effects of ocean warming under RCP4.5 (similar to AR6’s SSP2-4.5) include sharp 
increases in coral disease (Maynard et al. 2015), the onset of Annual Severe Bleaching on >75% of 
the world’s coral reefs by mid-century (van Hooidonk et al. 2016), and the likely elimination of 
most coral reefs by 2040–2050 (Hoegh-Guldberg et al. 2017). A projection of the effects of ocean 
warming under an assumed global warming level of 3.0°C by 2100 (roughly equal to SSP3-7.0) 
concluded that the world’s coral reefs would experience 23 times more thermal stress than all of 
the historical bleaching events combined from the late 1800s to 2016 (Lough et al. 2018). That is, 
the projected effects of warming-induced bleaching would be severe under either SSP2-4.5 or SSP3-
7.0 (IPCC 2022). 

As noted above, acclimatization and adaptation has been observed to sometimes limit the effects of 
ocean warming on reef-building corals. However, recent models incorporating physiological, 
ecological, and evolutionary processes find limited ability to adapt this century at rates of warming 
projected under RCP4.5 (similar to SSP2-4.5), RCP6.0 (slightly less warming than SSP3-7.0), and 
RCP8.5 (more warming than SSP3-7.0; Matz et al. 2020, McManus et al. 2020, Logan et al. 2021, 
IPCC 2022). For example, based on Logan et al. (2021), IPCC (2022) projected conditions of the 
world’s coral reefs under the four RCPs assuming “no adaptation” vs. “with adaptation” by 2100. 
With no adaptation, over 90% of all coral reefs would be eliminated by 2100 under either RCP4.5 or 
RCP6.0, and those that remained would be degraded. With adaptation, approximately 30% and 
80% of all coral reefs would be eliminated by 2100 under RCP4.5 and RCP6.0, respectively, and 
those that remained would be either low diversity or degraded (IPCC 2022). 

Ocean Warming Conclusion. Based on the above summaries and cited information, we conclude 
that: (1) ocean warming and warming-induced coral bleaching has substantially worsened since the 
15 corals were listed in 2014, as illustrated by the series of marine heatwaves and subsequent mass 
coral bleaching events across the Indo-Pacific from 2014 to 2017, the most severe and widespread 
on record, as well as multiple events since 2019; and (2) ocean warming and coral bleaching are 
projected to greatly worsen in the foreseeable future under SSP2-4.5 and SSP3-7.0, even assuming 
broad coral adaptation capacity. Since ocean warming has substantially worsened since 2014, 
current projections indicate that this threat is likely to greatly worsen in the foreseeable future, and 
current information suggests that the capacity of Indo-Pacific corals to adapt to ocean warming is 
limited, we rate the current importance of ocean warming to the extinction risk of Indo-Pacific reef-
building corals as “Very High,” as shown in the right columns of Table 2 above (up from “High” in 
the 2014 final rule for the world’s reef-building corals). We consider ocean warming to be the most 
important threat to the 15 listed corals and Indo-Pacific coral reef ecosystems in general.  

3.2.2. Ocean Acidification (Factor E) 
Ocean acidification refers to the ongoing decrease in pH of the world’s oceans, as they continue to 
absorb the increasing CO2 in the atmosphere. Ocean acidification reduces coral calcification and 
erodes the physical structure of coral reefs, and was rated as “Medium-High” in terms of its relative 
importance to the extinction risk of the world’s reef-building corals in the 2014 final listing rule (79 
FR 53851), as shown in the left columns of Table 2 above. Ocean acidification is summarized here 
based on the SRR (Brainard et al. 2011), the 2014 final listing rule (79 FR 53851), and new 
information that has become available since then, in terms of: (1) observed ocean acidification to 
date within the Indo-Pacific; (2) projected ocean acidification within the Indo-Pacific in the 
foreseeable future (i.e., from now to 2100); (3) observed effects of ocean acidification on Indo-
Pacific reef coral communities to date; and (4) projected effects of ocean acidification on Indo-
Pacific reef coral communities in the foreseeable future.  
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Observed Ocean Acidification. The rising atmospheric CO2 concentrations and corresponding 
increase in CO2 uptake by the oceans has led to a reduction in global mean surface pH in the open 
ocean of slightly more than 0.1 pH units from approximately 8.2 to <8.1 units since the pre-
industrial baseline period of 1850 to 1900. Between 1985 and 2020 in the low-latitudes (i.e., 30°N–
30°S, an area that includes most of the Indo-Pacific’s coral reefs), mean surface pH in the open 
ocean dropped from approximately 8.10 to 8.06. Mean surface pH in the open ocean varies spatially 
by seawater temperature, upwelling, and other factors. Within the Indo-Pacific, areas with lowest 
surface pH are mostly those with strong upwelling, such as along the east Africa coast and within 
the eastern equatorial Pacific (IPCC 2021).  

Ocean acidification reduces the aragonite saturation state (Ωarg) in seawater by lowering the 
supersaturation of carbonate minerals including aragonite, which requires marine calcifiers like 
reef-building corals to expend more energy to calcify their skeletons. Mean Ωarg of the surface 
waters of the open ocean across the tropical Indo-Pacific decreased from approximately 4.0-4.5 in 
the pre-industrial era to 3.5-4.0 in recent decades (Feely et al. 2009, 2012, Ishii et al. 2020). As of 
2012, mean annual Ωarg of the surface waters of the open ocean in the tropical Indo-Pacific ranged 
from approximately 3.2 (eastern equatorial Pacific) to 4.0 (central south Pacific), with the western 
Pacific and Indian Oceans at intermediate levels (Jiang et al. 2015). Since then, the rate of ocean 
acidification and associated Ωarg declines in the surface waters of the open ocean have accelerated 
in the Pacific (Ono et al. 2019, Ishii et al. 2020) and Indian Oceans (Panchang and Ambokar 2021). 
Projected Ocean Acidification. Under SSP2-4.5 and SSP3-7.0, global mean surface pH of the open 
ocean is projected to decrease from approximately 8.1 in 2020, to 7.9 and 7.8 by 2100, respectively 
(IPCC 2021, Fig. 4.8). Regional projections of decreases in mean pH within the Indo-Pacific are 
provided by AR6’s Interactive Atlas. For the long-term (2081-2100) under SSP2-4.5 within the 
approximately 20 IPCC reference regions that overlap with the ranges of the listed corals, mean 
surface pH of the open ocean is projected to decrease by 0.15 to 0.20 pH units from current levels. 
For the long-term under SSP3-7.0 within these regions, mean surface pH of the open ocean is 
projected to decrease by 0.20 to 0.30 pH units from current levels (IPCC 2021).  

AR6 (IPCC 2021) does not include Ωarg projections for the SSPs, as of August 2022. Matear et al. 
(2018) projected Ωarg under AR5’s RCP4.5, a similar scenario to AR6’s SSP2-4.5, finding that Ωarg 
would decrease to <3.0 across approximately half to three-quarters of the surface waters of the 
open ocean within the Indo-Pacific by 2090. Hoegh-Guldberg et al. (2017) modeled Ωarg at an 
atmospheric CO2 level of 800 ppm (roughly equivalent to SSP3-7.0 in 2100), finding that Ωarg would 
decrease to <3.0 in nearly all of the surface waters of the open ocean within the Indo-Pacific.  
Observed Effects of Ocean Acidification. Ocean acidification affects reef-building corals primarily 
through decreased calcification of coral colonies (leading to lower skeletal growth rates) and 
increased dissolution of the calcium carbonate structure of coral reefs (leading to reef erosion rates 
outpacing accretion rates), although there are other impacts as well, such as on coral reproduction 
(leading to lower fertilization, settlement, and recruitment; Brainard et al. 2011, 79 FR 53851). 
Many studies report decreases in calcification and skeletal growth rates of reef-building corals 
across the Indo-Pacific in recent decades, with ocean acidification and ocean warming considered 
the most important factors (e.g., Mollica et al. 2018, Steiner et al. 2018, Kang et al. 2021).  

Guo et al. (2020) devised a coral growth model to isolate the impacts of ocean acidification on 
skeletal growth of massive Porites colonies from ocean warming and other factors, finding that 
ocean acidification alone reduced skeletal growth by 13 ± 3% on the GBR since 1950. Other studies 
indicate that ocean acidification has resulted in reductions in ecosystem-scale coral reef 
calcification (i.e., corals and crustose coralline algae) in the Indo-Pacific (Smith et al. 2020, Davis et 
al. 2021). Increases in erosion rates of Indo-Pacific coral reefs are also occurring, most likely 

https://interactive-atlas.ipcc.ch/
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because ocean acidification is exacerbating the impacts of more frequent and severe warming-
induced bleaching events, storms, and other disturbances (Eyre et al. 2018, Steiner et al. 2018, 
Torda et al. 2018). 

Projected Effects of Ocean Acidification. Projections of the effects of ocean acidification under 
scenarios or global warming levels similar to SSP2-4.5 and SSP3-7.0 include sharp decreases in 
coral calcification (Hoegh-Guldberg et al. 2017, Albright et al. 2018, Kornder et al. 2018, IPCC 2018), 
increased reef erosion and dissolution of reef substrates (Cornwall et al. 2021, Davis et al. 2021, 
IPCC 2022), and impacts to coral reproduction such as reduced settlement (Fabricius et al. 2017, 
IPCC 2022). The projected impacts of ocean acidification have severe implications for reef-building 
corals, even if they were occurring in the absence of other threats. But they will be occurring 
simultaneously with the effects of ocean warming and other threats, thereby exacerbating their 
impacts (Hough-Guldberg et al. 2017, Klein et al. 2021). The combined effects of projected ocean 
acidification and ocean warming are expected to result in reductions in coral reef complexity and 
resilience, decreasing populations of reef-building corals especially sensitive species, increases in 
macroalgae, and overall habitat simplification and degradation (Agostini et al. 2018, IPCC 2018, 
2022). 

Ocean Acidification Conclusion. Based on the above summaries and cited information, we conclude 
that: (1) ocean acidification and its effects on Indo-Pacific reef-building corals and coral reefs have 
been occurring for decades, and have worsened since the 15 corals were listed in 2014, as shown 
by decreased coral and crustose coralline algae calcification rates and increased reef erosion rates; 
and (2) ocean acidification and its effects on Indo-Pacific reef-building corals and coral reefs are 
projected to greatly worsen in the foreseeable future under SSP2-4.5 and SSP3-7.0, especially in 
terms of interactions with other threats. Since ocean acidification has substantially worsened since 
2014, current projections indicate that this threat is likely to greatly worsen in the foreseeable 
future, and current information suggests that the capacity of Indo-Pacific corals to adapt to ocean 
acidification is limited, we rate the current importance of ocean acidification to the extinction risk 
of Indo-Pacific reef-building corals as “High” (up from “Medium-High” in the 2014 final rule for the 
world’s reef-building corals), as shown in the right columns of Table 2 above. 

3.2.3. Disease (Factor C) 
Disease refers to infectious diseases of reef-building corals, which adversely affect various coral life 
history stages by causing adult mortality, reducing reproductive success, and impairing colony 
growth. Because disease commonly results from a combination of local stressors and climate 
change that are projected to greatly increase in the foreseeable future, disease was rated as “High” 
in terms of its relative importance to the extinction risk of the world’s reef-building corals in the 
2014 final listing rule (79 FR 53851), as shown in the left columns of Table 2 above. Disease is 
summarized here based on the SRR (Brainard et al. 2011), the final rule, and new information that 
has become available since then, in terms of: (1) observed effects of disease on Indo-Pacific reef-
building corals to date; and (2) projected effects of disease on Indo-Pacific reef-building corals in 
the foreseeable future.  

Observed Effects of Disease. Most information on disease is from the Caribbean, where it is more 
common and better documented. Region-wide patterns of the prevalence of disease in the Indo-
Pacific are relatively difficult to determine because of the high diversity of both reef-building coral 
species and their diseases, the vast size of the region, and the lack of data across the appropriate 
spatial and temporal scales. Some of the most common diseases are white syndrome, black band 
disease, brown band disease, skeletal eroding band and growth anomalies, all of which have been 
documented at numerous locations around the Indo-Pacific. Disease in the Indo-Pacific may have 
increased over the last few decades, but trend data are lacking. What is certain is that the stressors 
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associated with disease, such as elevated seawater temperatures, sedimentation, and excessive 
nutrients, have rapidly increased during this period in the Indo-Pacific (Brainard et al. 2011, 79 FR 
53851). 

Since the 15 corals were listed in 2014, disease has been increasingly reported from across the 
Indo-Pacific (e.g., Bourne et al. 2015, Thangaradjou et al 2016, Rodríguez-Villalobos and Reyes-
Bonilla 2019, Greene et al. 2020, Howells et al. 2020). Globally, disease distributions are both 
diverse and widespread across all ocean basins, indicating hotspots in both the Indo-Pacific and the 
Caribbean (Vega Thurber et al. 2020). Since 2014, the stressors associated with disease have 
increased rapidly in the Indo-Pacific, especially the warming events and subsequent coral bleaching 
and mortality in 2014–2017. Disease outbreaks associated with these warming events have 
occurred in many locations within the Indo-Pacific (e.g., Hadaidi et al. 2018, Kubomura et al. 2018, 
Brodnicke et al. 2019, Aeby et al. 2020). Disease outbreaks are also associated with LBSP (e.g., 
Oberle et al. 2019), and the interactive effects of ocean warming and LBSP are also contributing to 
more widespread disease in the Indo-Pacific (MacNeil et al. 2019, Vega Thurber et al. 2020). 

Projected Effects of Disease. The projected effects of disease in the foreseeable future on Indo-
Pacific coral reefs under SSP2-4.5 and SSP3-7.0 are likely to substantially increase, given that 
disease outbreaks typically are caused by other threats, especially ocean warming and LBSP, both 
of which are projected to increase in the foreseeable future under both scenarios. The following 
papers model projected disease under various scenarios to 2100: (1) Maynard et al. (2015) 
projected that disease under RCP8.5 (somewhat worse than SSP3-7.0) would sharply increase 
globally including in the Indo-Pacific over the 21st century, and that disease would cause as much 
coral mortality as bleaching in the coming decades; (2) Zvuloni et al. (2015) projected that white 
plague disease in Red Sea corals under additional warming of 0.5°C and 1.0°C (less than either 
SSP2-4.5 or SSP3-7.0) would result in sharply increased epidemics under either scenario over the 
21st century; and (3) Burke et al. (2023) projected that 76.8% of the world’s reef-building corals 
would be diseased by 2100 under the equivalent of RCP8.5 (somewhat worse than SSP3-7.0). 

Disease Conclusion. Based on the above summaries and cited information, we conclude that: (1) the 
effects of disease on Indo-Pacific corals have increased since the 15 corals were listed in 2014, 
mainly in response to the 2014 – 2017 bleaching events; (2) these effects are likely to substantially 
increase in the foreseeable future under SSP2-4.5 and SSP3-7.0; and (3) the current importance of 
disease to the extinction risk of Indo-Pacific reef-building corals is “High,” as shown in the right 
columns of Table 2 above. 

3.2.4. Fishing (Factor A) 
The SRR (Brainard et al. 2011) and 2014 final listing rule (79 FR 53851) treated the “Direct Habitat 
Impacts” (i.e., direct effects) and “Trophic Effects” (i.e., indirect effects) of fishing on the world’s 
reef-building corals as separate threats. The direct effects of fishing refer to the habitat impacts of 
fishing gear and practices, while indirect threats refer to ecological impacts of removing certain 
types of fish from coral reefs, otherwise known as the trophic effects of fishing. The direct and 
indirect effects of fishing were rated as “Low” and “Medium” importance to the world’s reef-
building corals in the final rule, respectively, the latter of which is shown in the left columns of 
Table 2 above. As a result of treating the direct effects of fishing as a separate threat and its low 
rating, it was not included in the list of the most important threats to corals in the final listing rule 
(79 FR 53851).  

The direct and indirect effects of fishing on reef-building corals may not be readily distinguishable 
from one another, especially when several other threats are also present, which is almost always 
the case. For example, direct and indirect effects of fishing both lead to reduction in reef fish 
biomass, simplification of reef structure, and increases in macroalgae. Given that: (1) the purpose of 
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the threats evaluation is to provide information that is needed to determine the status of the 15 
listed corals and to formulate actions needed to recover the species; and (2) fine distinctions 
between threats are not useful for determining status, and recovery actions to address the direct 
and indirect effects of fishing are likely to be very similar if not identical, this RSR combines the 
direct and indirect effects of fishing into a single threat. 

Fishing refers to the harvest of finfish, mollusks, crustaceans, and other forms of marine animal and 
plant life on or in the vicinity of shallow coral reefs and reef-building corals, either for food or for 
the aquarium trade. Harvest of corals themselves is treated separately under Collection and Trade 
below. Fishing is summarized here based on the SRR (Brainard et al. 2011), the 2014 final listing 
rule (79 FR 53851), and new information that has become available since then, in terms of: (1) 
observed effects of fishing on Indo-Pacific reef-building corals to date; and (2) projected effects of 
fishing on Indo-Pacific reef-building corals in the foreseeable future (i.e., from now to 2100).  

Observed Effects of Fishing. Fishing directly affects the habitats of reef-building corals and the coral 
colonies themselves when various gears or fishing methods come into contact with reef substrates. 
Gillnets and traps damage corals and other sessile fauna via movement during even mild storm 
events and during gear retrieval in adverse conditions. Lost or abandoned fishing gear (derelict 
gear) becomes entangled on coral reefs, continuing to damage corals through abrasion for months 
or years. Fishers in some parts of the world employ destructive methods such as blasting or 
poisoning to harvest fish and invertebrates from coral reefs, killing or damaging corals. Direct 
fishing impacts on corals are particularly high in heavily-populated parts of the Indo-Pacific with 
high densities of poorly-regulated coral reef fisheries, such as Southeast Asia, eastern Africa, and 
others (Brainard et al. 2011, 79 FR 53851).  

Since the 15 corals were listed in 2014, the direct effects of fishing on corals and coral reefs have 
continued across much of the Indo-Pacific (e.g., Ballesteros et al 2018, Mbaru et al 2019, Figueroa-
Pico et al 2020). Although blast fishing is illegal in nearly all countries in the Indo-Pacific (NMFS 
2012, Dunning 2014), it persists in some places (Slade and Kalangahe 2015, Veloria et al 2021). The 
direct effects of legal fishing on coral reefs are very widespread and growing as the human 
population grows, especially in the Coral Triangle area and east Africa (Riegl and Glynn 2020). 
Other factors may be reducing direct effects in certain areas, including the ongoing shift of 
populations in many Indo-Pacific countries from rural to urban areas (UN-Habitat 2015), and the 
growth of no-take marine protected areas (Lewis et al. 2017, Williams et al. 2019, Campbell et al. 
2020). However, the increasingly severe impacts of ocean warming, ocean acidification, and other 
threats are reducing the overall health of Indo-Pacific coral reefs, likely reducing their capacity to 
withstand the direct effects of fishing. 

In addition to the direct effects of fishing described above, fishing can also have indirect effects by 
reducing the populations of certain types of fish on coral reefs, such as herbivorous and piscivorous 
fish species. Fewer herbivorous fish results in less grazing of algae, which in turn allows algae to 
outcompete corals for space. Fewer piscivorous fish results in less predation on corallivorous fish 
species such as butterflyfish and parrotfish, allowing their populations to grow, which in turn leads 
to more predation of corals, providing a competitive advantage to macroalgae. These types of 
indirect effects are collectively referred to as “trophic effects of fishing” because fishing alters food 
web dynamics on coral reefs, typically in ways that are harmful to corals. In the Indo-Pacific, while 
high diversity of herbivorous reef fish assemblages and large coral reef ecosystems provide some 
resilience to fishing, trophic effects have been documented for decades (Brainard et al. 2011, 79 FR 
53851).  

Since the 15 corals were listed in 2014, the indirect effects of fishing on corals and coral reefs have 
continued across the heavily-fished portions of the Indo-Pacific such as parts of east Africa and the 
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Coral Triangle, as shown by studies comparing trophic structures of heavily vs. lightly-fished coral 
reefs (Graham et al. 2017, Ruppert et al. 2018, Heenan et al 2019, Robinson et al. 2020). The 
increasing number of marine protected areas that restrict or ban fishing has reduced indirect 
effects of fishing on Indo-Pacific coral reefs such as in some cases on the GBR and in the Red Sea and 
Fiji (Williams et al. 2016, 2019, Cinner et al. 2020), but not in others such as in some cases in the 
Philippines (Aurellado et al 2021). Similar to the direct effects of fishing, a larger problem is that 
the increasingly severe impacts of the other threats are likely reducing the capacity of Indo-Pacific 
coral reefs to withstand the indirect effects of fishing. 

Projected Effects of Fishing. The effects of fishing on Indo-Pacific reef-building corals from now to 
2100 depend on human populations throughout the region (Brainard et al. 2011, Riegl and Glynn 
2020), many of which are expected to grow at higher rates than the mean global human population. 
For example, the countries in the Coral Triangle (Malaysia, Indonesia, Philippines, Papua New 
Guinea, Solomon Islands), where much of the coral reef area (Spalding 2001) and reef-building 
coral biodiversity (Veron et al. 2015) of the Indo-Pacific are located, all have projected population 
growth rates that exceed the global mean. Human populations are also expected to grow more 
rapidly in east Africa than the global mean (United Nations Population Division, 
https://population.un.org/wpp/, accessed Aug-22). Another factor that affects fishing pressure is 
fishing technologies (fishing gear, boats, etc.), which affect the capacity of the fisheries to find and 
catch fish even from distant and deep coral reefs. Generally, fishing technologies are rapidly 
advancing in much of the Indo-Pacific, and the rate of advancement is expected to increase in the 
foreseeable future (Silapajarn et al. 2017).  

The projected direct and indirect effects of fishing in the foreseeable future on Indo-Pacific coral 
reefs under SSP2-4.5 and SSP3-7.0 are likely to substantially increase, given the following factors: 
(1) increasing human populations, especially in the Coral Triangle and east Africa; (2) advancement 
of fishing technologies; and (3) exacerbation of fishing effects by severe ocean warming and ocean 
acidification under both scenarios. Better fisheries management and more extensive marine 
protected areas have the potential to somewhat limit the effects of fishing, but it is not possible to 
project the degree to which they will be implemented in the foreseeable future.  

Fishing Conclusion. Based on the above summaries and cited information, we conclude that: (1) the 
direct and indirect effects of fishing on Indo-Pacific corals have continued since the 15 corals were 
listed in 2014, likely intensifying in some locations while lessening in others due to various factors; 
and (2) these effects are likely to substantially increase in the foreseeable future under SSP2-4.5 
and SSP3-7.0. As noted at the beginning of this section, the SRR and final rule treated the direct and 
indirect effects of fishing separately, rating their importance to the world’s reef-building corals as 
“Low” and “Medium,” respectively. This RSR combines direct and indirect effects into a single 
threat. Since the direct effects of fishing are more pronounced in the Indo-Pacific than in the 
Atlantic, we rate the importance of the combined direct and indirect effects of fishing on Indo-
Pacific reef-building corals as “Medium,” as shown in the right columns of Table 2 above. 

3.2.5. Land-based Sources of Pollution (Factors A and E) 
The SRR (Brainard et al. 2011) and 2014 final listing rule (79 FR 53851) treated the effects of 
sedimentation and nutrients originating from land on the world’s reef-building corals as separate 
threats, both of which were rated as “Low-Medium” importance to the world’s reef-building corals 
in the final rule, as shown in the left columns of Table 2 above. The effects of sedimentation and 
nutrients on reef-building corals may not be readily distinguishable from one another, especially 
when several other threats are also present, which is almost always the case. For example, 
sedimentation and nutrients both lead to lower coral growth, reduced coral reproductive output, 
and increases in macroalgae. Given that: (1) the purpose of the threats evaluation is to provide 
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information that is needed to determine the status of the 15 listed corals and to formulate actions 
needed to recover the species; and (2) fine distinctions between threats are not useful for 
determining status, and recovery actions to address sedimentation and nutrients are likely to be 
very similar if not identical, this RSR combines the sedimentation and nutrients into land-based 
sources of pollution. 

Land-based sources of pollution (LBSP) refers to sediment, nutrients, contaminants, salinity, and 
other types of pollution affecting reef-building corals that originate from agriculture, urbanization, 
logging, mining, road-building and other development in coastal and inland watersheds that make 
their way to the ocean by river discharge, groundwater seeps, and surface runoff. Because of the 
relatively high impacts of sediment and nutrients on reef-building corals compared to contaminants 
and salinity, LBSP here only includes sedimentation and nutrients. LBSP is summarized here based 
on the SRR (Brainard et al. 2011), the final rule (79 FR 53851), and new information that has 
become available since then, in terms of: (1) observed effects of LBSP on Indo-Pacific reef-building 
corals to date; and (2) projected effects of LBSP on Indo-Pacific reef-building corals in the 
foreseeable future (i.e., from now to 2100).  

Observed Effects of LBSP. When terrestrial sediment enters the marine environment, it is deposited 
on substrates or suspended in the water column. The resulting sedimentation and turbidity impacts 
reef-building corals in several ways, including: (1) partial or complete colony mortality from 
smothering by sediment; (2) lower colony growth and reproductive output as energy is diverted to 
sediment displacement; (3) prevention or reduction of settlement and recruitment by 
sedimentation of substrates; and (4) blocking of light by turbidity, making less energy available for 
photosynthesis and growth. Land-clearing for agriculture and livestock grazing rapidly grew in 
many parts of the Indo-Pacific starting in the late 19th century, leading to sharp increases in 
sedimentation on coral reefs. In recent decades, the trend has worsened with the expansion of 
agriculture together with urbanization, logging, and mining. Overall, sedimentation is considered to 
be a primary cause of coral reef degradation and loss in many locations throughout the Indo-Pacific, 
including parts of the GBR and the Coral Triangle (Brainard et al. 2011, 79 FR 53851).  

Many of the same human activities that result in sedimentation of coral reefs, especially agriculture 
and urbanization, also produce excessive nutrients (e.g., nitrogen and phosphorus in fertilizers, 
wastewater). These nutrients make their way to coral reefs via point and non-point sources such as 
river discharges, groundwater, and municipal outfalls. Excessive nutrients impact reef-building 
corals through reduced reproductive capacity and compromised skeletal growth, and indirectly by 
allowing higher growth of algae that compete with coral for space and stimulating plankton growth 
in the water column that increases turbidity. As with sedimentation, the proportion of coral reefs 
impacted by excessive nutrients has rapidly increased in recent decades, and nutrients are also 
considered to be a primary cause of coral reef degradation and loss in many locations throughout 
the Indo-Pacific. LBSP can also include contaminants, such as heavy metals, pesticides, antifoulants, 
and many others, resulting in localized impacts to corals (Brainard et al. 2011, 79 FR 53851). 

Since the 15 corals were listed in 2014, deforestation, urbanization and industrialization have 
continued if not accelerated in many coastal watersheds of the Indo-Pacific, including within much 
of the Coral Triangle, throughout south Asia and east Africa, and in many Pacific Islands (e.g., 
Adyasari et al. 2021, Crompton et al. 2021, Zhang and Su 2022). The increasing development has 
likely exacerbated LBSP on adjacent coral reefs across much of the Indo-Pacific, as has been 
documented in many locations (Browne et al. 2019, Carlson et al. 2019, Guo et al. 2019, Adam et al. 
2021). The weakening of corals by sediment and nutrients reduces their capacity to survive 
warming-induced bleaching and ocean acidification (Prouty et al. 2017, Allgeier et al. 2019, Tuttle 
and Donahue 2022), and compromises their recovery (MacNeil et al. 2019, IPCC 2022).  
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Projected Effects of LBSP. The projected effects of LBSP in the foreseeable future on Indo-Pacific 
coral reefs under SSP2-4.5 and SSP3-7.0 are likely to substantially increase, given the following 
factors: (1) increasing human populations, especially in the Coral Triangle and east Africa (United 
Nations Population Division, https://population.un.org/wpp/); (2) the most rapid industrialization 
in the world through 2050 is projected to be in south and southeastern Asia (PwC 2017); and (3) 
exacerbation of LBSP impacts by severe ocean warming and ocean acidification under both 
scenarios (IPCC 2022). While the impacts of LBSP on corals and coral reefs will likely continue 
growing in many locations around the Indo-Pacific, an increasing number of coastal areas and 
watersheds adjacent to coral reefs are being included in new protected areas throughout the Indo-
Pacific (UNEP 2021b) or actively managed to reduce LBSP at the watershed scale (Richmond et al. 
2019), potentially controlling or reducing the impacts of LBSP on coral reefs in some locations. 
However, while more extensive coastal protected areas and better watershed management have 
the potential to somewhat limit the impacts of LBSP (Richmond et al. 2019, UNEP 2021b), it is not 
possible to project the degree to which they will be implemented in the foreseeable future.  

LBSP Conclusion. Based on the above summaries and cited information, we conclude that: (1) the 
effects of LBSP on Indo-Pacific corals have continued since the 15 corals were listed in 2014, likely 
intensifying in some locations while lessening in others due to various factors; (2) these effects are 
likely to substantially increase in the foreseeable future under SSP2-4.5 and SSP3-7.0; and (3)the 
current importance of LBSP to the extinction risk of Indo-Pacific reef-building corals is “Medium-
High,” as shown in the right columns of Table 2 above.  

3.2.6. Predation (Factor C) 
Predation refers to feeding upon reef-building corals by corallivorous species of invertebrates and 
fish. Outbreaks of the crown-of-thorns seastar (COTS) are among the most significant disturbances 
affecting Indo-Pacific reef-building corals. The importance of predation to the extinction risk of the 
world’s reef-building corals was rated as “Low” in the 2014 final listing rule (79 FR 53851), as 
shown in the left columns of Table 2 above. However, predation was still considered one of the 
most important threats in the decision to list the 15 corals (79 FR 53851). Predation is summarized 
here based on the SRR and the final rule, and new information that has become available since then, 
in terms of: (1) observed effects of predation on Indo-Pacific reef-building corals to date; and (2) 
projected effects of predation on Indo-Pacific reef-building corals in the foreseeable future.  

Observed Effects of Predation. Predation on some Indo-Pacific reef-building coral genera, especially 
Acropora, Montipora, Pocillopora, and Porites, by COTS, Drupella snails, fish, and other corallivores 
is a chronic energy drain. Predator outbreaks, especially by COTS, can result in major disturbances 
by wiping out coral cover over a large area in a short period of time. COTS outbreaks in some areas 
are thought to be caused by LBSP that results in phytoplankton blooms which, in turn, provide food 
for COTS larvae, allowing their populations to grow quickly. COTS outbreaks may be facilitated by 
removal of their predators such as large sea snails and reef fish through collection and fishing, as 
well as through the trophic effects of fishing which allow algae to outcompete and weaken corals 
thereby making them more susceptible to predation (Brainard et al. 2011, 79 FR 53851). 

Since the 15 corals were listed in 2014, COTS outbreaks remain one of the most significant 
disturbances and major causes of coral loss across the Indo-Pacific (Pratchett et al. 2017, Plaganyi 
et al 2020), while outbreaks of other predators such as Drupella are also important locally (Koido et 
al 2017, Bessey et al. 2018). The bleaching events of 2014–2017 resulted in increased predation on 
corals in some locations (Vanhatalo et al 2016, Keesing et al. 2019, Tkachenko and Huang 2022), as 
did disease (Nicolet et al. 2018, Renzi et al. 2022). These impacts have likely been further 
exacerbated by the additional bleaching events that have occurred since 2017 (see Ocean Warming 
section above). COTS (Haywood et al 2019, Vercelloni et al. 2017) and Drupella (Bruckner et al. 
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2017) outbreaks have been shown to reduce coral resilience and inhibit recovery from bleaching 
events. 

Projected Effects of Predation. The projected effects of predation in the foreseeable future on Indo-
Pacific coral reefs under SSP2-4.5 and SSP3-7.0 are likely to substantially increase, because: (1) as 
described above, ocean warming, ocean acidification, fishing, land-based sources of pollution, and 
disease all are projected to increase under both scenarios in the foreseeable future, all of which 
make corals more susceptible to predation; and (2) COTS larvae grow faster under the levels of 
ocean warming and ocean acidification projected for these scenarios than under current conditions 
(Kamya et al. 2017, 2018).  

Predation Conclusion. Based on the above summaries and cited information, we conclude that: (1) 
the effects of predation on Indo-Pacific corals have increased since the 15 corals were listed in 
2014, mainly because the 2014 – 2017 bleaching events resulted in more favorable conditions for 
predators such as COTS, as well as multiple events since 2019; and (2) the effects of predation are 
likely to substantially increase in the foreseeable future under SSP2-4.5 and SSP3-7.0. Since factors 
that exacerbate predation have increased since 2014, especially ocean warming, and current 
projections indicate that these factors are likely to greatly worsen in the foreseeable future, we rate 
the current importance of predation to the extinction risk of Indo-Pacific reef-building corals as 
“Low-Medium,” as shown in the right columns of Table 2 above (up from “Low” in the 2014 final 
rule for the world’s reef-building corals). 

3.2.7. Collection and Trade (Factor B) 
Collection and trade refers to the process of taking reef-building corals from their natural habitat 
(collection) to supply the international and domestic marine aquarium, ornamental and curio 
industries (trade). Coral populations are impacted directly by removal of individual colonies, and 
indirectly by altering or destroying coral habitat during the collection process. The collection and 
trade industry has grown substantially over the last several decades. The importance of collection 
and trade to the extinction risk of the world’s reef-building corals was rated as “Low” in the 2014 
final listing rule (79 FR 53851), as shown in the left columns of Table 2 above. However, collection 
and trade was still considered one of the most important threats in the decision to list the 15 corals 
(79 FR 53851). Collection and trade is summarized here based on the SRR (Brainard et al. 2011), 
the 2014 final listing rule (79 FR 53851), and new information that has become available since 
then, in terms of: (1) observed effects of collection and trade on Indo-Pacific reef-building corals to 
date; and (2) projected effects of collection and trade on Indo-Pacific reef-building corals in the 
foreseeable future.  

Observed Effects of Collection and Trade. Millions of live coral colonies or fragments have been 
collected annually from Indo-Pacific coral reefs over the last several decades to supply marine 
aquarium demand, mainly from the United States, the European Union, and Japan. Nearly all reef-
building corals are listed under Appendix II of the Convention on International Trade in 
Endangered Species’ (CITES), which regulates and tracks international trade of these species to 
avoid utilization incompatible with their survival. The CITES collection and trade database 
(https://trade.cites.org) shows a steady increase in international trade since the 1980s, mostly 
from wild collection, although some production has shifted to captive culture (i.e., land-based and 
ocean-based artificial propagation). The ten most popular coral genera in the global marine 
aquarium trade have been Acropora, Euphyllia, Goniopora, Trachyphyllia, Plerogyra, Montipora, 
Heliofungia, Lobophyllia, Porites, and Turbinaria, all of which are Indo-Pacific reef-building corals. 
Collection of corals from their natural habitat is usually destructive to the reef habitat around the 
corals, and can result in removing and discarding large amounts of live coral that go unsold. While 
collection is typically focused on small parts of a coral reef, it can result in significant impacts to 
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that reef and may contribute to individual species’ extinction risk (Brainard et al. 2011, 79 FR 
53851). 

Since the 15 corals were listed in 2014, international collection and trade of marine species, 
including reef-building corals, has continued to grow at a rapid pace (Pavitt et al. 2021). According 
to the CITES database, international trade continued to grow for most listed coral genera including 
Acropora (NMFS 2022a). Although the CITES database is a valuable source of information on coral 
collection and trade, it likely does not represent the total amount of coral collection and trade that 
is occurring globally because: (1) not all countries submit their coral import/export reports to 
CITES, and many submit them years late (Pavitt et al. 2021); (2) it likely undercounts for several 
other reasons, such as taxa identification challenges, undocumented or illegal trade, etc. (CBD 2020, 
2021); and (3) it only tracks international trade, but legal and illegal collection of corals for 
domestic curio markets occur in some countries (UNEP-WCMC 2015) and can result in major 
impacts on corals (e.g., Glynn 2001). However, there are other factors that have recently slowed the 
growth of wild collection of corals, including: (1) reduction due to the covid pandemic (Grand View 
Research 2022); (2) bans on wild collection in major exporting countries including Fiji (2017) and 
Indonesia (2018); and (3) the increasing prevalence of captive culture (NMFS 2022a).  

Projected Effects of Collection and Trade. The projected effects of collection and trade in the 
foreseeable future on Indo-Pacific coral reefs under SSP2-4.5 and SSP3-7.0 are likely to 
substantially increase because: (1) the global demand for marine aquarium animals including 
corals is likely to increase (Pavitt et al. 2021); (2) population and economic growth are both 
projected to increase over at least the next several decades, resulting in more demand for luxury 
items such as marine aquarium species; and (3) the worsening of ocean warming and ocean 
acidification may compound the localized impacts of coral collection. The impacts of the projected 
growth of the marine aquarium industry on corals may be moderated somewhat by the 
simultaneous increase in captive culture.  

Collection and Trade Conclusion. Based on the above summaries and cited information, we 
conclude that: (1) collection and trade has remained an important threat since the 15 corals were 
listed in 2014, but information is inadequate to determine overall trends; and (2) the effects of 
collection and trade are likely to substantially increase in the foreseeable future under SSP2-4.5 and 
SSP3-7.0. Since the factors that exacerbate the effects of collection and trade (i.e., increasing 
demand, population and economic growth, and worsening of threats that compound effects) are all 
expected to substantially increase in the foreseeable future, the effects of collection and trade on 
Indo-Pacific reef-building corals are likely to be higher than anticipated in 2014. Thus, we rate the 
current importance of collection and trade to the extinction risk of Indo-Pacific reef-building corals 
as “Low-Medium,” as shown in the right columns of Table 2 above (up from “Low” in the 2014 final 
rule for the world’s reef-building corals).  

3.2.8. Sea-level Rise (Factor E) 
Sea-level rise refers to the ongoing increase in mean sea-levels around the world resulting from 
anthropogenic ocean warming. The importance of sea-level rise to the extinction risk of the world’s 
reef-building corals was rated as “Low-Medium” in the 2014 final listing rule (79 FR 53851), as 
shown in the left columns of Table 2 above. Sea-level rise is summarized here based on the SRR 
(Brainard et al. 2011), the 2014 final listing rule (79 FR 53851), and new information that has 
become available since then, in terms of: (1) observed sea-level rise to date within the Indo-Pacific; 
(2) projected sea-level rise within the Indo-Pacific in the foreseeable future (i.e., from now to 
2100); (3) observed effects of sea-level rise on Indo-Pacific reef coral communities to date; and (4) 
projected effects of sea-level rise on Indo-Pacific reef coral communities in the foreseeable future.  
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Observed Sea-level Rise. Global mean sea level rose faster in the 20th century than in any prior 
century over the last three millennia, with a 20 cm rise over the period 1901–2018. Sea-level rise 
has accelerated since the late 1960s, with an average rate of 0.23 cm annually over the period 
1971–2018 increasing to 0.37 cm annually over the period 2006–2018 (IPCC 2022). Sea-level rise 
is not spatially uniform, with portions of the Indo-Pacific such as Tuvalu and Tokelau in the western 
tropical Pacific Ocean experiencing rates of sea-level rise approximately three times faster than the 
global mean since 1950 (Becker et al. 2012).  

Projected Sea-level Rise. Sea-level rise is projected to accelerate in the foreseeable future due to the 
melting of land and sea ice, combined with thermal expansion. Under SSP2-4.5, AR6 projects total 
sea-level rise of 56 cm over the period 2022 – 2100 (compared to the 1995–2014 baseline), at a 
rate of 0.77 cm annually by 2181 – 2100. Under SSP3-7.0, the projections are for 68 cm over the 
period 2022–2100 at a rate of 1.04 cm annually by 2181–2100 (Table 9.9, IPCC 2022). It is 
important to note that projected regional sea-level rise differs substantially from the projected 
global mean for some Indo-Pacific coral reef areas. For example, the Torres Strait and nearshore 
areas of the northern Indian Ocean are projected to rise less than the projected global mean, 
whereas areas around the northern Philippines and Hawaii are projected to rise more than the 
projected global mean (IPCC 2022, Figure 9.28c,d).  

Observed Effects of Sea-level Rise. Sea-level rise over the past few decades has resulted in physical 
impacts in coral reef areas, such as increased coastal erosion and water quality degradation. 
However, there is little information available on the effects of sea-level rise on Indo-Pacific corals, 
most likely because the sea-level rise in much of the region so far has been slow and small, making 
detection of any biological response difficult (Brainard et al. 2011, 79 FR 53851). In those cases 
where localized sea-level rise has been relatively high, evidence from Indo-Pacific coral responses 
so far generally show beneficial effects by providing new substrates for corals to colonize (van 
Woesik et al. 2015, Albert et al. 2017, Chen et al. 2018). However, widespread impacts on Indo-
Pacific coral reefs such as increased coastal erosion and water quality degradation are expected to 
occur in the foreseeable future, due to the much higher projected rates of sea-level rise compared to 
recent decades (Brainard et al. 2011, 79 FR 53851). 

Projected Effects of Sea-level Rise. Under SSP2-4.5 and SSP3-7.0, rates of mean global sea-level rise 
of 0.77 and 1.04 cm annually are projected to occur by 2081–2100 (IPCC 2022). Many studies show 
that that these projected rates of sea-level rise are likely to exceed reef accretion rates at that time 
in the Indo-Pacific (e.g., van Woesik et al. 2015, van Woesik and Cacciapaglia 2018, Perry et al. 
2018, Zuo et al. 2021). That is, sea-level rise will be accelerating at the same time that reef accretion 
is slowing down due to ocean warming, ocean acidification, and other threats, eventually leading to 
submergence of reefs below depths needed for adequate light. In addition, sea-level rise is 
projected to impact Indo-Pacific coral reefs via increased sedimentation due to increased coastal 
erosion (Bramante et al. 2020), and degradation of water quality by wastewater leakage (McKenzie 
et al. 2021). Thus, sea-level rise is likely to impact Indo-Pacific coral reefs in the foreseeable future 
in several ways, including reef submergence as reef accretion rates decline, sedimentation from 
coastal erosion, and degradation of water quality.  

Sea-level Rise Conclusion. Based on the above summaries and cited information, we conclude that: 
(1) the rate of sea-level rise has been gradually increasing in recent decades, and the rate of change 
since 2014 may have been too gradual to result in measurable effects on corals; and (2) the rate of 
sea-level rise is projected to accelerate in the foreseeable future under SSP2-4.5 and SSP3-7.0, 
especially in the latter half of the 21st century, gradually impacting Indo-Pacific corals by reef 
submergence as reef accretion rates decline, sedimentation from coastal erosion, and degradation 
of water quality. Thus, we rate the current importance of sea-level rise to the extinction risk of 
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Indo-Pacific reef-building corals as “Low,” as shown in the right columns of Table 2 above (down 
from “Low-Medium” in the 2014 final rule for the world’s reef-building corals). 

3.2.9. Inadequacy of Existing Regulatory Mechanisms (Factor D) 
Existing regulatory mechanisms refers to treaties, agreements, laws, and regulations at all levels of 
government that may affect the continued existence of reef-building corals. The inadequacy of 
existing regulatory mechanisms is not included in the above list of threats because it does not 
constitute physical or biological conditions that directly threaten reef-building corals. Relevant 
regulatory mechanisms include numerous treaties, agreements, laws, and regulations at the 
international, national, state, local, and other levels, thus their collective effects cannot be observed 
or projected like the direct threats. Nonetheless, they are included in the Threats Evaluation 
because we must evaluate the inadequacy of existing regulatory mechanisms under ESA section 
4(a)(1). Hence, in support of the 2014 final coral listing rule (79 FR 53851), a Management Report 
was developed to identify existing regulatory mechanisms and conservation efforts relevant to 
threats to the direct threats to Indo-Pacific reef-building coral species that were being considered 
for listing (NMFS 2012). The report covers regulatory mechanisms relevant to addressing both 
global and local threats, i.e., GHG management globally and the management of local threats in the 
68 countries with Indo-Pacific reef-building corals. This section summarizes information from that 
report (NMFS 2012), the final coral listing rule (79 FR 53851), and more recently available 
information. 

GHG Management. Greenhouse gases (GHGs) are regulated through international agreements and 
through statutes and regulations at the national, state, and local levels. The major international 
agreements to manage GHGs are: (1) The binding Montreal Protocol of 1987 with eight subsequent 
revisions between 1990 and 2016 to protect the stratospheric ozone layer by phasing out the 
production and consumption of ozone-depleting substances (which are also secondary GHGs); (2) 
the 1992 United Nations Framework Convention on Climate Change (UNFCCC) to “stabilize 
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system,” which establishes how international treaties 
may be negotiated to reduce emissions of the primary GHGs (CO2, methane, nitrous oxide, and 
others); (3) the binding Kyoto Protocol of 1997 to implement the UNFCCC by reducing CO2, 
methane, nitrous oxide, and other GHGs to 1990 levels by 2012 (although the Kyoto Protocol 
covered only a small fraction of global emissions because many of the major GHG emitters were not 
signatories); (4) as an interim replacement to the Kyoto Protocol, the non-binding 2009 
Copenhagen Accord to limit the increase in average global temperature to 2°C above the pre-
industrial level by implementing national GHG reductions starting in 2020; and (5) as a permanent 
replacement to the Kyoto Protocol, the binding 2015 Paris Agreement (UN 2015), which was signed 
in 2016 by 195 UNFCCC member countries (UN 2016) with the objective of “holding the increase in 
the global average temperature to well below 2°C above pre-industrial levels and to pursue efforts 
to limit the temperature increase to 1.5°C above pre-industrial levels” by implementing policies to 
reduce national GHG emissions starting in 2020 (NMFS 2012, 2014, 2020; UN 2015, 2016).  

The Montreal Protocol successfully reduced ozone-depleting substances, leading to recovery of the 
ozone layer and a modest reduction in secondary GHGs (NMFS 2012). However, the Kyoto Protocol 
has not been effective at controlling global GHG emissions, because many of the top GHG emitters 
did not sign the protocol, and some who did were unable to ratify the protocol or implement it as 
intended. As a result, atmospheric CO2 concentrations increased from approximately 360 ppm to 
390 ppm during the time the protocol was in effect from 1997 to 2012 
(https://www.esrl.noaa.gov/gmd/ccgg/trends/, accessed August 2022), due to the steady increase 
in GHG emissions during that time (IPCC 2013, IEA 2018). The Copenhagen Accord represented 

https://www.esrl.noaa.gov/gmd/ccgg/trends/
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some progress but was only intended as a non-binding interim step until a more permanent binding 
agreement could be completed, which was accomplished with the Paris Agreement.  

Each of the 195 signatories of the Paris Agreement is required to develop “Nationally Determined 
Contributions” (NDCs) under the agreement that specify national GHG reduction targets and how 
they will be met. All 195 signatory countries submitted NDCs to the UNFCCC by 2021 
(https://www4.unfccc.int/sites/ndcstaging/Pages/Home.aspx, accessed August 2022). Although 
nearly all countries in the world signed the Paris Agreement in 2016, and all 195 signatory 
countries have submitted their NDCs, these NDCs have not yet led to GHG emissions management 
policies adequate to meet the Paris Agreement: UNEP’s annual Emissions Gap Reports monitor the 
implementation of the Paris Agreement, and as shown in Figure 4 in Section 2.1 above, current GHG 
emissions management policies (as of December 2021) are likely to result in global warming of 2.6-
3.4°C above pre-industrial by 2100 (UNEP 2021a). 

Since 2018, most of the world’s countries have committed to net zero GHG emissions goals by mid-
century (mostly 2050, but ranging from 2030 to 2060), including the United States. As of December 
2021, 136 countries had net zero goals, representing the majority of global GHG emissions. UNEP’s 
model projects that if all net zero targets were to be met by mid-century, global warming is likely to 
be limited to 2.0–2.7°C above pre-industrial by 2100 (UNEP 2021a), as shown in Figure 4 in Section 
2.1 above. 

Even if implementation of the Paris Agreement successfully limits global warming to 1.5°C above 
pre-industrial by 2100 as intended (i.e., <0.5°C of additional warming above current levels), this 
would result in substantial degradation of the world’s coral reefs above what has occurred so far 
(Hughes et al. 2017b, Lough et al. 2018). That is, severe impacts are anticipated from only an 
additional <0.5°C of warming above current levels because coral reefs are already on a downward 
trajectory, and the additional warming would make things worse (IPCC 2018, 2022). In conclusion, 
while meeting the objective of the Paris Agreement would obviously be a great improvement over 
the trajectory from current policies, much more than that is necessary for recovery of the 15 listed 
coral species. 

Local Threats Management. Existing regulatory mechanisms that address the major local threats to 
reef-building corals (i.e., fishing, LBSP, disease, coral predators, collection and trade) consist 
primarily of national and local fisheries, coastal, and watershed management laws and regulations 
in the 68 countries where Indo-Pacific reef-building corals occur, but also include some 
international conventions. Regulatory mechanisms align well with some threats (e.g., fishing, 
collection and trade) but not others (e.g., disease and predators). The relevant regulatory 
mechanisms generally consist of five categories: General coral protection, coral collection control, 
fishing controls, pollution controls, and managed areas, as summarized below. These regulatory 
mechanisms do not address climate change threats, but they typically were not intended to do so 
(NMFS 2012, 2014).  

General coral protection regulatory mechanisms include overarching environmental laws that may 
protect corals from damage, harm, and destruction, and specific coral reef management laws. In 
some instances, these general coral protection regulatory mechanisms are limited in scope because 
they apply only to certain areas or only regulate coral reef damage and do not prohibit it 
completely. Of the 68 countries, 18 (26%) have general coral protection laws. In addition, some 
international regulatory mechanisms help protect corals and coral reefs, such as the Convention on 
Biological Diversity (signed in 1992 to promote conservation of biological diversity), and the 
Ramsar Convention (signed in 1971 to conserve wetlands and nearshore habitats). These diverse 
national and international regulatory mechanisms are intended to protect coral reefs in various 
ways, such as by requiring compensation for destruction and damage of coral reefs (e.g., ship 

https://www4.unfccc.int/sites/ndcstaging/Pages/Home.aspx
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groundings), prohibiting or regulating development near coral reefs, and other means. Some of 
these regulatory mechanisms indirectly reduce the threat of LBSP by reducing the amount of 
development near coral reefs, thereby reducing runoff of sediment and nutrients. However, in many 
countries and locales, the laws are not well enforced (NMFS 2012, 2014). 

Coral collection and trade regulatory mechanisms include specific laws that prohibit the collection, 
harvest, and mining of corals. In some instances, these coral collection regulatory mechanisms are 
limited in scope because they apply only to certain areas, or are regulated but not prohibited. Of the 
68 countries, 32 (47%) have laws prohibiting the collection of live corals from coral reefs. In 
addition, at least one international regulatory mechanism helps reduce the collection of live corals 
(CITES), which prohibits or restricts trade of species listed in any of its three categories. Nearly all 
reef-building corals are listed in CITES Appendix II, which requires regulation and tracking of 
international trade to avoid utilization incompatible with their survival (see Collection and Trade 
section above). However, CITES vastly undercounts international trade of many corals (likely 
including many listed species) because it does not require identification to species, among other 
reasons (CBD 2021). These national and international regulatory mechanisms address the threat of 
collection and trade, but in many countries and locales, the laws are not well enforced (NMFS 2012, 
2014).  

Fishing regulations that pertain to reefs include regulations that prohibit explosives, poisons and 
chemicals, electrocution, spearfishing, specific mesh sizes of nets, or other fishing gear. Fisheries 
management regimes regulate reef fishing in many parts of the collective ranges of these coral 
species, albeit at varying levels of success. Of the 68 countries, 53 (68%) have laws that regulate 
coral reef fisheries. Although these laws are very diverse, they all prohibit destructive fishing 
practices, especially the use of dynamite or otherwise deconstructing the reef, while many also 
prohibit the use of poisons. Many of the 53 countries entirely prohibit spearfishing while scuba 
diving at night when reef fish are much more vulnerable. Some of the 53 countries prohibit or 
regulate fishing nets and traps on coral reefs. These national regulatory mechanisms address the 
threat of fishing, but in many countries and locales, the laws are not well enforced. We were unable 
to identify any international regulatory mechanism that address coral reef fisheries (NMFS 2012, 
2014). 

Pollution control regulations include oil pollution laws, marine pollution laws, ship-based pollution 
laws, and coastal land use and development laws. Of the 68 countries, 23 (34%) have laws that 
regulate pollution of coral reef waters. In addition, some international regulatory mechanisms are 
intended to protect coral reefs from pollution, such as the International Convention for the 
Prevention of Pollution from Ships (MARPOL, signed in 1973) and the Ramsar Convention. These 
national and international regulatory mechanisms address both marine-based and LBSP by 
reducing the amount of toxins, sediment, nutrients, and other pollutants entering coral reef waters, 
thereby directly addressing the threat of LBSP. These laws also indirectly address the threats of 
disease and predators, which are exacerbated by toxins, sediment, nutrients, and other pollutants. 
They are generally less effective than those regulating fisheries or collection and trade, because 
sources of pollution are usually spread out over large watershed and coastal areas, thus much more 
difficult to regulate. In addition, in many countries and locales, the laws are not well enforced 
(NMFS 2012, 2014). In some jurisdictions (e.g., Hawaii and Palau in 2020), laws have been passed 
to prohibit the use of sunscreens containing oxybenzone and other harmful chemicals. 

Managed area regulatory mechanisms include the capacity to create national parks and reserves, 
sanctuaries, and marine protected areas (NMFS 2012, 2014). As of 2011, coral reef marine 
protected areas (MPAs) included approximately 25% of Indo-Pacific coral reefs (Burke et al. 2011), 
thereby reducing some threats through regulation or banning of fishing, coastal development, and 
other activities contributing to local threats. Since then, many new MPAs have been established that 
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either greatly restrict or entirely ban fishing and coastal development around Indo-Pacific coral 
reefs, including large MPAs in Palau, the Cook Islands, New Caledonia, the Seychelles, Indonesia, 
and elsewhere (Lewis et al. 2017, MPA News 2018, Williams et al. 2019, Campbell et al. 2020, 
Commonwealth Blue Charter 2021), as shown in the Atlas of Marine Protection 
https://old.mpatlas.org/map/mpas/, accessed August 2022). While increasing the proportion of 
Indo-Pacific coral reefs within MPAs is a positive step, inclusion in MPAs does not guarantee that 
coral reefs are protected from local threats: Only about 15% of MPAs with Indo-Pacific coral reefs 
were rated as “effective” at protecting the coral reefs within them from local threats in 2010 (Burke 
et al. 2011), and MPAs are generally not very effective at protecting coral reefs from climate change 
threats (Bruno et al. 2019). 

Regulatory Mechanisms Conclusion. The 2014 final listing rule concluded that global regulatory 
mechanisms for GHG emissions management were ineffective at reducing global climate change-
related impacts to Indo-Pacific reef-building coral species at that time, and therefore inadequate for 
mitigating climate-related threats to the 15 listed species (79 FR 53851). Since then, the 2015 Paris 
Agreement was signed by 195 countries, representing a major potential advance in GHG emissions 
management because its successful implementation would limit GMST to 1.5°C above pre-
industrial, as explained in the Global Climate Change section above, and in IPCC’s 1.5°C Report 
(IPCC 2018). However, optimism about the successful implementation of the Paris Agreement is 
dampened by several facts: (1) despite past international agreements for GHG emissions 
management (e.g., 1997 Kyoto Protocol, 2009 Copenhagen Accord), global GHG emissions and 
atmospheric CO2 levels have both risen to historically high levels and continue to rise; (2) the U.S.’s 
(the world’s second largest GHG emitter) withdrawal in 2020 and rejoining in 2021 demonstrated 
how politics can interfere with implementation; and (3) recent analyses show that many of the G20 
nations are falling short of the commitments they made in the Paris Agreement (UNEP 2018, 2019, 
2020, 2021a). Finally, even successful implementation of the Paris Agreement would result in a 
worsening of the current conditions, as explained in the Ocean Warming section above. Thus, we 
conclude that while current global regulatory mechanisms for management of GHG emissions (i.e., 
the Paris Agreements and subsequent national policies) have recently substantially improved, they 
are still grossly inadequate for the conservation of Indo-Pacific reef-building corals including the 15 
listed species. Furthermore, while many nations and sub-national jurisdictions recognize the need 
to manage GHGs and some nations have made great progress, history suggests that collective GHG 
regulatory mechanisms globally will be inadequate to control any of the threats in the foreseeable 
future. 

The 2014 final listing rule concluded that regulatory mechanisms across the Indo-Pacific were 
inadequate for controlling local threats to Indo-Pacific reef-building coral species including the 15 
listed species at that time (79 FR 53851). Since then, many new MPAs have been established that 
either greatly restrict or entirely ban fishing and coastal development around Indo-Pacific coral 
reefs, including MPAs that encompass entire archipelagos, although inclusion in MPAs does not 
guarantee that coral reefs are protected from local threats. However, overall there has been little 
change since 2014 in regulatory mechanisms for local threats. Thus, we conclude that while there 
has been some progress with regulatory mechanisms for local threats (i.e., establishment of MPAs), 
they are still inadequate for the conservation of Indo-Pacific reef-building corals including the 15 
listed species. Furthermore, while many nations and sub-national jurisdictions recognize the need 
to manage local threats and some nations have made great progress, historical information 
suggests that regulatory mechanisms for local threats will continue to be inadequate to control any 
of the threats in the foreseeable future. 

The 2014 final listing rule (79 FR 53851) did not provide a relative rating of the importance of the 
inadequacy of existing regulatory mechanisms to the extinction risk of the world’s reef-building 
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corals, although the Management Report (NMFS 2012) and the final rule both emphasized its 
central importance. Adequate regulatory mechanisms are required to control each threat, whether 
directly or indirectly (e.g., adequate GHG management would directly control ocean warming and 
indirectly control disease), and thus we rate the relative importance of the inadequacy of existing 
regulatory mechanisms to the extinction risk of the world’s reef-building corals as “High”. 

 
The general threats evaluation in the 2014 final listing rule (79 FR 53851) was for the world’s reef-
building corals based on the best available information available at that time, whereas this one is 
limited to Indo-Pacific reef-building corals based on currently available information. As noted in the 
introduction to the threats evaluation, this led to some changes in the definitions of two of the 
threats (fishing and LBSP), as well as changes to the relative importance ratings of five of the 
threats to the extinction risk of Indo-Pacific reef-building corals: ocean warming was changed from 
High to Very High, ocean acidification was changed from Medium-High to High, Predation and 
Collection and Trade were both changed from Low to Low-Medium, and sea-level rise was changed 
from Low-Medium to Low. The rationales for these changes to the threat definitions and 
importance ratings are provided in the threats sub-sections, and the relative importance ratings for 
the threats are shown in Table 3 below.  

In conclusion, the best available current information indicates that ocean warming, ocean 
acidification, disease, and predation have all worsened since the 15 corals were listed in 2014, 
especially the most important threat to Indo-Pacific reef-building corals, ocean warming and 
warming-induced bleaching. All threats are projected to worsen in the foreseeable future under 
SSP2-4.5 or SSP3-7.0, with ocean warming and ocean acidification projected to greatly worsen, 
while disease, fishing, LBSP, predation, and collection and trade projected to substantially worsen 
(Table 3).  

Although the Paris Agreement represents progress in global GHG management, ocean warming and 
ocean acidification would likely continue to worsen throughout the 21st century even if the 
agreement is successfully implemented, including achieving net zero targets. That is, additional 
regulatory mechanisms for GHG management are necessary to control these threats to reef-building 
corals adequately. Likewise, while progress has been made in many countries on controlling local 
threats, all are expected to continue to worsen unless additional regulatory mechanisms and 
conservation efforts are put into place (Table 3).  
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Table 3. Summary of general threats evaluation for Indo-Pacific reef-building corals. For each threat, 
importance to the extinction risk of the species, observed trend since 2014, and projected trend in the 
foreseeable future are provided. 

Threat (listing factor) Importance 
Rating 

Observed Trend in Effects of 
Threat Since 2014 

Projected Trend in Effects of 
Threat Under SSP2-4.5 and SSP3-

7.0 by 2100 

Ocean Warming (Factor 
E) 

Very High Effects have substantially worsened, 
mainly due to the series of mass 
coral bleaching events across the 
Indo-Pacific in 2014-17, the most 
severe and widespread on record. 

Effects are projected to greatly 
worsen under either scenario, even 

assuming broad coral adaptation 
capacity. 

Ocean Acidification 
(Factor E) 

High Effects have worsened, as shown by 
decreased coral and crustose 

coralline algae calcification rates and 
increased reef erosion rates. 

Effects are projected to greatly 
worsen under either scenario, 

especially in terms of interactions 
with other threats. 

Disease (Factor C) High Effects have worsened, especially 
because the 2014-17 bleaching 

events increased stressors on corals 
that lead to disease. 

Effects are projected to substantially 
worsen under either scenario, as 

stressors leading to disease increase. 

Fishing (Factor A) Medium Direct and indirect effects have 
continued, likely intensifying in 

some locations while lessening in 
others due to various factors. 

Effects are projected to substantially 
worsen under either scenario, as 

population pressure and 
interactions with other threats rise. 

LBSP (Factors A and E) Low-Medium Effects have continued, likely 
intensifying in some locations while 

lessening in others due to various 
factors. 

Effects are projected to substantially 
worsen under either scenario, as 

population pressure and 
interactions with other threats rise. 

Predation (Factor C) Low-Medium Effects have worsened, mainly 
because the 2014-17 bleaching 

events resulted in more favorable 
conditions for predators such as 

COTS. 

Effects are projected to substantially 
worsen under either scenario, as 
other threats lead to increasingly 

favorable conditions for predators. 

Collection and Trade 
(Factor B) 

Low-Medium Effects have continued, but 
information is inadequate to 

determine overall trends.  

Effects are projected to substantially 
worsen under either scenario, from 
simultaneous increases in demand 
and interactions with other threats. 

Sea-level Rise (Factor 
E) 

Low No detectable trends. Minimal effects over the next few 
decades but projected to eventually 

worsen under either scenario 

Inadequacy of Existing 
Regulatory Mechanisms 
(Factor D) 

High Some progress especially for GHG 
management but generally 
inadequate for all threats. 

Additional progress projected but 
still likely to be inadequate for all 

threats. 
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4. Species Reports 
The following 15 species reports are based on the SRR (Brainard et al. 2011), the 2014 final listing 
rule (79 FR 53851), pre-2014 information that was not included in either document, and new 
information that has become available since 2014. For each species, the information is organized in 
terms of background, distribution, abundance, threats, and the conclusion. The Background section 
provides important contextual information for the species, including taxonomy, morphology, 
habitat and life history. The Distribution section summarizes the species’ geographic and depth 
distributions which together provide its overall distribution, and explains the relevance of overall 
distribution to the status of the species. The Abundance section describes the species’ relative 
abundance, absolute abundance, and abundance trends, and explains the relevance of abundance to 
the status of the species. The Threats section describes the impacts of each threat on the species, 
summarized in a table. The Conclusion summarizes the new information that has become available 
since 2014, and provides our determination of the current status of the species based on the 
information presented in the species report. 

 
4.1.1. Biology 

Taxonomy. The species was originally described as Madrepora globiceps (Dana 1846), then 
assigned to the genus Acropora (Verrill 1902). The similar species Madrepora humilis was also 
described by Dana (1846), and assigned to the genus Acropora (Verrill 1902). Wells (1954) 
included 17 nominal species in his synonymy of A. humilis, separated into three “formae” or growth 
forms (α, β, γ). Forma β included A. humilis, A. globiceps, and eight other nominal species (Wells 
1954), which was supported by Veron and Wallace (1984). That is, Wells (1954) and Veron and 
Wallace (1984) lumped A. globiceps under A. humilis. This is reflected in the primary coral 
taxonomic literature of that time, which included A. humilis but not A. globiceps (e.g., Scheer and 
Pillai 1974, Wallace 1978, Randall and Myers 1983, Nemenzo 1986, Veron 1986). However, as 
explained in Wallace’s worldwide revision of the genus Acropora (Wallace 1999), A. globiceps is the 
correct name for a suite of specimens with distinctive characters, which was supported by Wallace 
et al.’s (2012) additional revision of the genus Acropora. The name A. globiceps is used in the Corals 
of the World books (Veron 2000) and website (http://www.coralsoftheworld.org/, accessed August 
2022), has been widely used in recent years (e.g., Brainard et al. 2011, Adjeroud et al. 2015, 
DeVantier and Turak 2017), and is accepted by the World Register of Marine Species (WoRMS, 
Hoeksma and Cairns 2021).  
Morphology. Colonies of A. globiceps are typically about 25 cm in diameter or less, but can reach 
approximately 1 meter (m) in diameter. Colonies are round, with finger-like branches growing 
upward. Branches are uniform in size and shape, roughly finger length, diameter, and shape, with 
almost no side branches. The branch tips are rounded, the axial corallites (i.e., the corallite on the 
end of each branch) are small and short, and the radial corallites (i.e., corallites on the sides of 
branches) are uniform and fairly small, and often some are in rows. Branches are usually close 
together and can have a narrow, uniform crack between them, though not always. The length of 
branches, how close they are together, and the degree of branch tapering varies some between 
colonies, but usually not within colonies. Colony color is typically cream to brown, and sometimes 
fluorescent green in some locations (Fig. 5). Acropora globiceps is similar to some other Acropora 
species such as A. humilis, but has distinctive characteristics and can be reliably identified in the 
field, as noted above and in more detail in Fenner and Burdick (2016) and Fenner (2020a). 

http://www.coralsoftheworld.org/
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Figure 5. Acropora globiceps, showing colony and branch morphology. Upper right photo is from Rota, Commonwealth of 
the Northern Mariana Islands, and the others are from Tutuila, American Samoa (photos copyright, Doug Fenner). 

Habitat. Acropora globiceps is typically found on shallow forereefs, but may also occur in backreef 
areas such as the outer margins of reef flats, and within pools and lagoons where wave energy is 
high (NMFS 2022b). The Coral Traits Database (https://coraltraits.org/, accessed August 2022) 
lists A. globicep’s water clarity preference as “clear”, and wave exposure preference as “exposed”.  

Life History. Little information is available on the life history of A. globiceps. Generally, Acropora 
species have rapid skeletal growth and low tolerance to stress, and all are hermaphroditic (same 
colony produces eggs and sperm) broadcast spawners (Brainard et al. 2011). Darling et al. (2012) 
performed a biological trait-based analysis to categorize 143 of the world’s reef-building coral 
species into 4 life history strategies: generalist, weedy, competitive, and stress-tolerant. All 37 of 
the Acropora species in the study (which did not include A. globiceps) were classified as 
“competitive species”, based on broadcast spawning, rapid skeletal growth, and branching colony 
morphology. These life history characteristics allow Acropora species to recruit quickly to available 
substrate and successfully compete for space, but also make them susceptible to disturbance, thus 
they typically are only dominant in ideal conditions (Darling et al. 2012). In French Polynesia, A. 
globiceps populations are frequently disturbed by warming-induced bleaching, storms, and other 
threats, resulting in high levels of mortality, rapid turnover, and high proportions of small colonies 
(Adjeroud et al. 2015, Kayal et al. 2015). 

4.1.2. Distribution 
Geographic Distribution. As explained in Section 1.1, this document uses Spalding et al.’s (2007) 
Marine Ecoregions of the World (MEOWs) and provinces to portray the geographic distributions of 
the 15 listed coral species. The combined distributions of the 15 listed corals occur in a total of 76 

https://coraltraits.org/
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MEOWs within 26 provinces, as shown in Figures 2 and 3 in section 1. Acropora globiceps has a 
relatively broad distribution (the most broadly distributed of the 15 species reviewed in this 
document), occurring in 39 (Fig. 6) of those 76 MEOWs, based on information in NMFS (2022c). The 
distribution of the species within U.S. waters is summarized below. The current information 
indicates that A. globiceps occurs in four more MEOWs than we were aware of at the time of listing 
in 2014, including the Chagos, Hawaii, Johnston Atoll, and Phoenix/Tokelau/Northern Cook Islands 
MEOWs (NMFS 2022c). Occurrence in both the central Indian Ocean (Chagos) and northeastern 
Pacific Ocean (Hawaii) indicates that the species’ geographic distribution is considerably larger 
than previously known. 

 
Figure 6. Geographic distribution of A. globiceps. 

Depth Distribution. Acropora globiceps has a relatively moderate depth distribution ranging from 0 
– 20 m, although it is typically more abundant at <8 m depth (NMFS 2022b, Coral Traits Database 
https://coraltraits.org/, accessed August 2022). Thus, current information indicates that A. 
globiceps has more than a twice as large depth range (0–20 m) than we were aware of at the time of 
listing in 2014 (<8 m). 

U.S. Distribution. Acropora globiceps is the most widely-distributed ESA-listed coral species within 
U.S. waters. It occurs on Guam (a single island), the Commonwealth of the Northern Mariana Islands 
(CNMI, an archipelago of 15 islands), American Samoa (an archipelago of 7 islands), the Pacific 
Remote Island Areas (PRIA, an administrative grouping of 7 islands, atolls, and reefs widely 
distributed across the central Pacific), and the Northwestern Hawaiian Islands, as described in 
more detail in NMFS (2022b). Guam and CNMI are within the Mariana Islands MEOW, American 
Samoa is within the Samoa MEOW, PRIA is distributed across several MEOWs, and the 
Northwestern Hawaiian Islands are within the Hawaii MEOW (Spalding et al. 2007). 

On Guam, A. globiceps is widely distributed on the reef slopes around the island. In CNMI, the 
species is also widely distributed around the larger islands, including Rota, Tinian, Saipan, and 
Pagan, and also occurs on Aguijan, Farallon de Medinilla, Alamagan, the Maug Islands, and Uracas 
(NMFS 2022b). In American Samoa, A. globiceps is widely distributed on the reef slopes around 
Tutuila. The species also occurs on most of the smaller islands, including Ofu, Olosega, Ta'u, and 
Rose Atoll. In PRIA, A. globiceps occurs on Palmyra, Johnston and Wake Atolls. In Hawaii, A. 
globiceps occurs on French Frigate Shoals in the Northwestern Hawaiian Islands (NMFS 2022b). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of A. globiceps in 2014. A 

https://coraltraits.org/
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narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that A. globiceps was listed 
was because the information available at that time indicated a narrow depth distribution of 0–8 m 
(79 FR 53851). Since both the geographic and depth distributions of A. globiceps are greater than 
we were aware of at the time of listing in 2014, its distribution has a greater capacity to moderate 
extinction risk. 

4.1.3. Abundance 
Relative Abundance. Relative abundance refers to how common A. globiceps is compared to other 
reef-building coral species. DeVantier and Turak (2017) published a large study on the abundances 
of over 600 species of Indo-Pacific reef-building corals at a total of 3,075 sites in 31 Veron 
ecoregions (Veron et al. 2015, 2016) spanning much of the Indo-Pacific from the Red Sea to Fiji, 
based on survey data collected from 1994 to 2016. Surveys were generally conducted between the 
surface and approximately 40 m of depth, although some extended to 40–50 m. For each species, 
occurrence (percentage of sites in which that species was present) and mean abundance (sum of 
individual site abundance scores divided by the number of sites in which that species was present) 
were used to quantify overall abundance on a scale of 0–500, then the following categories were 
used to characterize relative abundance: <0.1 = Very Rare; 0.1–<1.0 = Rare; 1.0–<10.0 = 
Uncommon; 10.0–<50.0 = Common; 50–<100 = Very Common; 100–500 = Near Ubiquitous 
(DeVantier and Turak 2017). 

Acropora globiceps was recorded in 13 of the 31 ecoregions. Within those 13 ecoregions, it had a 
mean overall abundance of 17.63 (Common), ranging from 1.21 (Uncommon) in the Lesser Sunda 
Islands and Savu Sea Ecoregion to 100.00 (Near Ubiquitous) in the Yap Islands, Micronesia 
Ecoregion. The mean overall abundance of A. globiceps for all 31 ecoregions was 6.08 (Uncommon, 
DeVantier and Turak 2017, Table S2), however some of the 18 ecoregions where it was not 
recorded may be outside its range. The Coral Traits Database (https://coraltraits.org/, accessed 
August 2022) lists A. globiceps’s global relative abundance as “common,” but does not cite 
DeVantier and Turak (2017). In French Polynesia (outside the area surveyed by DeVantier and 
Turak 2017), A. globiceps is one of the most common reef coral species (Adjeroud et al. 2015, 
Burkepile et al. 2020). Within its range, the relative abundance of A. globiceps may vary locally from 
very rare to near ubiquitous. However, based on the above information, the rangewide relative 
abundance of A. globiceps is uncommon to common. 

Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exists throughout its range. Acropora globiceps has been estimated to have an 
absolute abundance of at least tens of millions of colonies (79 FR 53851). Dietzel et al. (2021) 
estimated its absolute abundance at 654 million colonies. Muir et al. (2022) argued that the data 
were unsuitable to provide such quantitative estimates, and Dietzel et al.’s (2022) reply agreed that 
better data are needed. Swanson (2019) estimated the absolute abundance of A. globiceps in the 
Mariana Islands alone at 3 million adult colonies, an archipelago of only 15 small islands. Some 
individual MEOWs within A. globiceps’s range, such as the Eastern Philippines, Lesser Sunda, and 
Solomon Archipelago MEOWs, encompass over 500 islands each, and the species’ range of 39 
MEOWs includes at least 10,000 islands (Spalding et al. 2007, Veron et al. 2016). Based on the 
updated information, A. globiceps’ absolute abundance is likely to be at least hundreds of millions of 
colonies. Thus, current information indicates that A. globiceps has a higher absolute abundance (at 
least hundreds of millions) than we were aware of at the time of listing in 2014 (at least tens of 
millions). 

https://coraltraits.org/
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Abundance Trends. When A. globiceps was listed in 2014, it was thought to have a decreasing 
abundance trend across its range over at least the past several decades, based on overall declines in 
coral cover and the susceptibility of A. globiceps to the worst threats. At that time, we were not 
aware of any time-series abundance trend data for this species (79 FR 53851). Since then, we 
learned of the National Park of American Samoa’s (NPSA) coral species monitoring surveys 
conducted annually at 15 fixed and 15 temporary transects at 10–20 m depth from 2007 to 2019 on 
the north shore of Tutuila. On the fixed transects, A. globiceps cover ranged from zero to 
approximately 0.20% cover annually, with an increasing trend. On the temporary transects, it 
ranged from zero to approximately 0.40% cover annually, with no apparent trend (NPSA 2020). 
The monitoring program is designed to monitor coral cover trends on the spatial scale of NPSA’s 
Tutuila Unit (i.e., reef scale), and may or may not reflect abundance trends on larger spatial scales, 
such as island, archipelago or MEOW scales. 

As described above in the general Threats Evaluation and below for threats to A. globiceps, the most 
important threats (i.e., ocean warming, ocean acidification) have worsened since 2014, and 
substantial impacts to Acropora species including A. globiceps have been documented. Based on the 
continued worsening in the most important threats, it is likely that A. globiceps is decreasing in 
overall abundance (i.e., abundance across all the ecoregions that make up its range). 

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of A. globiceps in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance. In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the absolute abundance of A. globiceps is greater than we were aware of in at 
the time of listing in 2014, its abundance may have a greater capacity to moderate extinction risk.  

4.1.4. Threats 
This section provides an updated threats evaluation for A. globiceps, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future.  

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals have substantially worsened. In response to the 2014–2017 
series of warming-induced bleaching events, Acropora corals were generally the most impacted 
coral taxa in different locations around the Indo-Pacific (e.g., Hoogenboom et al. 2017, Frade et al 
2018, Hughes et al. 2018a,b, Raymundo et al. 2019, Thinesh et al. 2019, Dietzel et al. 2020, Gilmour 
et al. 2022). Section 3.2.1 also describes how ocean warming is projected to greatly worsen in the 
foreseeable future (i.e., between now and 2100). 

With regard to impacts of this threat on A. globiceps, on Guam in the Mariana Islands, a series of 
warming-induced bleaching events resulted in a sharp reduction in the mean Acropora cover on the 
forereefs, and mortality of A. globiceps colonies from bleaching was higher than overall coral 
mortality from bleaching (Raymundo et al. 2019). On Kiritimati (Christmas) Atoll in the Line Islands 
of Kiribati, virtually all A. globiceps colonies in the lagoon were killed by the 2016 warming-induced 
bleaching event (Bowden-Kerby et al. 2021). On Moorea in French Polynesia, the largest, most 
fecund coral colonies of Acropora species including A. globiceps had disproportionately high 
mortality in response to a warming event in 2019 (Speare et al. 2022). In conclusion, the current 
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information indicates that A. globiceps continues to be highly susceptible to ocean warming, that 
this threat has substantially worsened since listing in 2014, and that it will greatly worsen in the 
foreseeable future (Table 4).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Acropora species are 
susceptible to reduced calcification and skeletal growth from ocean acidification (Brainard et al. 
2011, 79 FR 53851, Smith et al. 2020, Evenson et al. 2021, Hill and Hoogenboom 2022). Section 
3.2.2 also describes how ocean acidification is projected to greatly worsen in the foreseeable future. 
In conclusion, the current information indicates that A. globiceps continues to be susceptible to 
ocean acidification, that this threat has worsened since listing in 2014, and that it will greatly 
worsen in the foreseeable future (Table 4).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Acropora 
species are susceptible to most of the diseases that infect coral, and are more commonly affected by 
acute and lethal diseases than other corals (Brainard et al. 2011, 79 FR 53851, Hobbs et al. 2015, 
Aeby et al. 2020, Howells et al. 2020). Section 3.2.3 also describes how disease is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. globiceps continues to be susceptible to disease, that this threat has worsened since listing in 
2014, and that it will substantially worsen in the foreseeable future (Table 4).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching, fast-growing corals such as most Acropora 
species are susceptible to direct (i.e., damage by fishing gear because of their morphology) and 
indirect (i.e., increased competition for space with algae) effects of fishing (Brainard et al. 2011, 79 
FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. globiceps continues to be 
susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 4).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Acropora species are relatively susceptible to sediment and nutrients compared 
to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Carlson et al. 2019, Tuttle and 
Donahue 2022). Section 3.2.5 also describes how LBSP is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. globiceps continues to be 
susceptible to LBSP, that this threat has continued since listing in 2014, and that it will substantially 
worsen in the foreseeable future (Table 4).  

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Acropora species are relatively 
susceptible to predation compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 
53851, Keesing et al. 2019, Tkachenko and Huang 2022). Section 3.2.6 also describes how 
predation is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that A. globiceps continues to be susceptible to predation, that this threat has 
worsened since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
4).  

Collection and Trade: Although collection and trade did not contribute to the listing of A. globiceps 
(79 FR 53851), the following information indicates that this threat is likely to be impacting the 
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status of the species. As noted in Section 3.2.7 above, Acropora species are relatively susceptible to 
collection and trade compared to other reef-building coral taxa. According to the CITES database 
cited in Section 3.2.7, between 1985 and 2017, over 17 million Acropora units were globally 
imported and exported. These units were not identified to species, thus likely included an 
undeterminable number of unidentified A. globiceps. In addition, the database also records that 
between 2009 and 2017, a total of about 200 A. globiceps units were globally imported and 
exported (NMFS 2022a). Because of the growing popularity of “thick branching” Acropora species 
including A. globiceps in the marine aquarium trade (Adams 2015, 2019) as well as the ongoing and 
projected growth in the industry, collection and trade may increasingly impact the status of A. 
globiceps. Section 3.2.7 also describes how collection and trade is projected to substantially worsen 
in the foreseeable future. In conclusion, the current information indicates that A. globiceps is 
susceptible to collection and trade, that this threat has continued since listing in 2014, and that it 
will substantially worsen in the foreseeable future (Table 4).  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Acropora species. In conclusion, as in the final rule, the 
current information indicates that A. globiceps is not susceptible to sea-level rise, that there have 
been no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in 
the foreseeable future (Table 4).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to A. globiceps, and 
that improvement is unlikely in the foreseeable future (Table 4).  

Threats Conclusion for A. globiceps: Since A. globiceps was listed in 2014, many of the threats to the 
species have worsened. Especially concerning is that the most important threat to the species, 
ocean warming, has substantially worsened. In addition, all threats are projected to worsen in the 
foreseeable future, with the possible exception of regulatory mechanisms, which may continue to 
improve but also are likely to remain inadequate for controlling any of the threats (Table 4).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to A. globiceps (79 FR 53851). Instead, the final rule 
concluded that A. globiceps is highly susceptible to ocean warming and susceptible to ocean 
acidification, disease, fishing, LBSP, and predation, while regulatory mechanisms were inadequate 
for controlling any threat (79 FR 53851). However, as summarized above, we now have more 
genus-specific and species-specific information available on the importance of each threat to 
Acropora species and A. globiceps, respectively. Based on the general importance ratings of the 
threats to Indo-Pacific reef-building corals (Table 3) and the genus-specific and species-specific 
information above, we conclude that the relative importance ratings of each threat to Indo-Pacific 
corals apply to A. globiceps. In addition, the observed threat trends since 2014 and projected threat 
trends in the foreseeable future are provided (Table 4). 
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Table 4. Summary of threats evaluation for A. globiceps. For each threat, relative importance to the extinction 
risk of the species, observed trend since 2014, and projected trend in the foreseeable future are provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

 

4.1.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Acropora globiceps was listed as threatened in 2014 because of its narrow 
depth distribution, high susceptibility to ocean warming, susceptibilities to ocean acidification, 
disease, fishing, LBSP, and predation, inadequate regulatory mechanisms, declining baseline 
conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that A. globiceps has: (1) a broader geographic distribution (39 
MEOWs instead of 35), (2) a broader depth distribution (0–20 m instead of 0–8 m), although it is 
typically more abundant at <8 m depth; and (3) higher absolute abundance (at least hundreds of 
millions of colonies instead of at least tens of millions of colonies). That is, A. globiceps is more 
broadly distributed and more abundant than we believed in 2014, and thus may have a higher 
capacity to moderate the effects of the threats, as explained in the Relevance of 
Distribution/Abundance to Status sections above.  

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. The extensive bleaching and mortality of A. globiceps in response to 
ocean warming events in 2016 and 2019 confirm its high susceptibility to this threat. All threats are 
projected to substantially worsen under current global GHG regulatory mechanisms, which would 
result in global warming of 2.6–3.4°C above the pre-industrial baseline by 2100 (see Fig. 4 in 
Section 3.1 above). Even if the goal of the Paris Agreement is achieved (i.e., limiting global warming 
to 1.5°C above pre-industrial by 2100), the threats would become much worse than they are 
currently (Dixon et al. 2022), likely preventing the recovery of A. globiceps. Current regulatory 
mechanisms are grossly inadequate, especially GHG management. 
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In conclusion, the above information shows that A. globiceps is more broadly distributed and more 
abundant than we believed in 2014, but that the threats have worsened and that collection and 
trade is also an important threat to the species. Especially concerning is that the most important 
threat to the species, ocean warming, has substantially worsened since the species was listed in 
2014. The other important threats to the species, including ocean acidification, disease, fishing, 
LBSP, predation, and collection and trade have also either worsened or continued since 2014. While 
there has been some progress with regulatory mechanisms, primarily because of the 2016 Paris 
Agreement, regulatory mechanisms for both global and local threats are still inadequate. However, 
the species’ distribution is broader and its abundance is greater than we were aware of at the time 
of listing in 2014, both of which are key factors for moderating threats.  

 
4.2.1. Biology 

Taxonomy. Acropora jacquelineae was described by Wallace (1994), with additional taxonomic 
details provided in more recent publications (Wallace 1999, Wallace et al. 2012). It is included in 
the Corals of the World books (Veron 2000) and website (http://www.coralsoftheworld.org/, 
accessed August 2022), and is accepted by WoRMS (Hoeksma and Cairns 2021).  

Morphology. Colonies are flat-topped and up to one meter across although usually much smaller, 
with long, very thin tubular corallites projecting upwards at various angles from branchlets (Fig. 7). 
There are very few radial corallites in all but the edge of the colony (Wallace 1994, Wallace et al. 
2012, Fenner 2020a). Colonies are uniform grey-brown or pinkish in color (Veron 2000, 2016). 
This species is virtually indistinguishable underwater from A. speciosa. The principle difference 
between these two can only be seen in skeleton under the microscope, whereby A. jacquelineae has 
rows of tiny spines on the outer surface of the corallites, while A. speciosa has a dense, evenly-
spaced arrangement of spines that are not in rows (Fenner and Burdick 2016, Fenner 2020a). The 
diameters of the tubular corallites are virtually identical in the two species (Wallace 1999). 

 
Figure 7. Acropora jacquelineae, showing colony and branch morphology. Photos from Tutuila, American Samoa (photos 
copyright, Doug Fenner). 

Habitat. Acropora jacquelineae occurs on walls and ledges deeper than 10 m (Wallace and 
Wolstenholme 1998). It is usually more common at 30–50 m depth than <30 m, and is thus 
considered an upper mesophotic species (Turak and DeVantier 2019). The Coral Traits Database 
(https://coraltraits.org/, accessed August 2022) lists A. jacquelineae’s water clarity preference as 
“clear,” and wave exposure preference as “protected.”  

http://www.coralsoftheworld.org/
https://coraltraits.org/
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Life History. Little information is available on the life history of A. jacquelineae. Generally, Acropora 
species have rapid skeletal growth and low tolerance to stress, and all are hermaphroditic 
broadcast spawners (Brainard et al. 2011). As noted in the A. globiceps life history section above, all 
37 Acropora species (which did not include A. jacquelineae) in Darling et al.’s (2012) global coral life 
history study were classified as “competitive species,” based on broadcast spawning, rapid skeletal 
growth, and branching colony morphology. These life history characteristics allow Acropora species 
to recruit quickly to available substrate and successfully compete for space, but also make them 
susceptible to disturbance, thus they typically are only dominant in ideal conditions (Darling et al. 
2012). Whether A. jacquelineae’s reproductive life history differs from that of shallow Acropora 
species, as has been found for the mesophotic species A. tenella (see Section 3.8 below), is 
unknown. 

4.2.2. Distribution 
Geographic Distribution. Acropora jacquelineae has a relatively limited geographic distribution 
occurring in 15 MEOWs (Fig. 8) and does not occur in U.S. waters, based on information in NMFS 
(2022c). Its distribution is limited mainly to the Coral Triangle region in the western equatorial 
Pacific Ocean, which is projected to have the most rapid and severe impacts from climate change 
and localized human impacts for coral reefs over the 21st century. The current information 
indicates that A. jacquelineae occurs in two more MEOWs than we were aware of at the time of 
listing in 2014, both of which are outside the Coral Triangle in the western Pacific (Micronesia, New 
Caledonia; NMFS 2022c). Occurrence  throughout the Coral Triangle and in multiple archipelagos in 
the western Pacific indicates that the species’ geographic distribution is considerably larger than 
previously known.  

 
Figure 8. Geographic distribution of A. jacquelineae. 

Depth Distribution. Acropora jacquelineae is found on walls and ledges from approximately 10 m 
(Wallace and Wolstenholme 1998) to 50 m of depth (Turak and DeVantier 2019). Thus, current 
information indicates that A. jacquelineae has a larger depth range (10–50 m) than we were aware 
of at the time of listing in 2014 (10–35 m). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of A. jacquelineae in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
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likely to be exposed to any single disturbance. For example, one reason that A. jacquelineae was 
listed was because the information available at that time indicated a narrow geographic 
distribution limited to the Coral Triangle (79 FR 53851). Since both the geographic and depth 
distributions of A. jacquelineae are greater than we were aware of at the time of listing in 2014, its 
distribution has a greater capacity to moderate extinction risk. 

4.2.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Acropora jacquelineae was recorded in 8 of the 31 ecoregions. 
Within those 8 ecoregions, it had a mean overall abundance of 8.97 (Uncommon), ranging from 0.40 
(Rare) in the Lesser Sunda Islands and Savu Sea Ecoregion to 25.76 (Common) in the Cenderawasih 
Bay, Papua Ecoregion. The mean overall abundance of A. jacquelineae for all 31 ecoregions was 2.28 
(Uncommon, DeVantier and Turak 2017, Table S2), however some of the 23 ecoregions where it 
was not recorded may be outside its range. The Coral Traits Database (https://coraltraits.org/, 
accessed August 2022) lists A. jacquelineae’s global relative abundance as “uncommon,” but does 
not cite DeVantier and Turak (2017). Within its range, the relative abundance of A. jacquelineae 
may vary locally from very rare to at least common. However, based on the above information, the 
rangewide relative abundance of A. jacquelineae is uncommon.  

Absolute Abundance. Based on information from Richards et al. (2008, 2019), A. jacquelineae had a 
population estimate of 31,599,000 colonies, and an effective population size of 3,476,000 colonies 
(79 FR 53851). However, A. jacquelineae’s distribution is larger than assumed by Richards et al. 
(2008, 2019). Based on the updated information, A. jacquelineae’s absolute abundance is likely to be 
at least tens of millions of colonies, which similar to what was known in 2014. 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
A. jacquelineae, the most important threats (i.e., ocean warming, ocean acidification) have worsened 
since 2014, and substantial impacts to Acropora species have occurred, although no species-specific 
data are available for A. jacquelineae. Based on the continued worsening in the most important 
threats, it is likely that A. jacquelineae is decreasing in overall abundance (i.e., abundance across all 
the ecoregions that make up its range). 

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of A. jacquelineae in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance.  In contast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). 

4.2.4. Threats 
This section provides an updated threats evaluation for A. jacquelineae, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals have substantially worsened. In response to the 2014–2017 
series of warming-induced bleaching events, Acropora corals were generally the most impacted 
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coral taxa in different locations around the Indo-Pacific (e.g., Hoogenboom et al. 2017, Frade et al 
2018, Hughes et al. 2018a,b, Raymundo et al. 2019, Thinesh et al. 2019, Dietzel et al. 2020, Gilmour 
et al. 2022). Section 3.2.1 also describes how ocean warming is projected to greatly worsen in the 
foreseeable future (i.e., between now and 2100). In conclusion, the current information indicates 
that A. jacquelineae continues to be highly susceptible to ocean warming, that this threat has 
substantially worsened since listing in 2014, and that it will greatly worsen in the foreseeable 
future (Table 5). 

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Acropora species are 
susceptible to reduced calcification and skeletal growth from ocean acidification (Brainard et al. 
2011, 79 FR 53851, Smith et al. 2020, Evenson et al. 2021, Hill and Hoogenboom 2022). Section 
3.2.2 also describes how ocean acidification is projected to greatly worsen in the foreseeable future. 
In conclusion, the current information indicates that A. jacquelineae continues to be susceptible to 
ocean acidification, that this threat has worsened since listing in 2014, and that it will greatly 
worsen in the foreseeable future (Table 5). 

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Acropora 
species are susceptible to most of the diseases that infect coral, and are more commonly affected by 
acute and lethal diseases than other corals (Brainard et al. 2011, 79 FR 53851, Hobbs et al. 2015, 
Aeby et al. 2020, Howells et al. 2020). Section 3.2.3 also describes how disease is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. jacquelineae continues to be susceptible to disease, that this threat has worsened since listing in 
2014, and that it will substantially worsen in the foreseeable future (Table 5). 

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching, fast-growing corals such as most Acropora 
species are susceptible to direct (i.e., damage by fishing gear because of their morphology) and 
indirect (i.e., increased competition for space with algae) effects of fishing (Brainard et al. 2011, 79 
FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. jacquelineae continues to 
be susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 5).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Acropora species are relatively susceptible to sediment and nutrients compared 
to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Carlson et al. 2019, Tuttle and 
Donahue 2022). Section 3.2.5 also describes how LBSP is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. jacquelineae continues to 
be susceptible to LBSP, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 5). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Acropora species are relatively 
susceptible to predation compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 
53851, Keesing et al. 2019, Tkachenko and Huang 2022). Section 3.2.6 also describes how 
predation is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that A. jacquelineae continues to be susceptible to predation, that this threat 
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has worsened since listing in 2014, and that it will substantially worsen in the foreseeable future 
(Table 5).  

Collection and Trade: Although collection and trade did not contributed to the listing of A. globiceps 
(79 FR 53851), the following information indicates that this threat is likely impacting the status of 
the species. As noted in Section 3.2.7 above, since listing in 2014, the effects of collection and trade 
on Indo-Pacific corals have continued. Generally, Acropora species are relatively susceptible to 
collection and trade compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851). 
According to the CITES database cited in Section 3.2.7, between 1985 and 2017, over 17 million 
Acropora units were globally imported and exported. These units were not identified to species, 
thus likely included an undeterminable number of unidentified A. jacquelineae. In addition, the 
database also records that between 2009 and 2017, hundreds to thousands of A. jacquelineae units 
were globally imported and exported annually (NMFS 2022a). Because of the popularity of A. 
jacquelineae in the marine aquarium trade (Adams 2016) as well as the ongoing and projected 
growth in the industry, collection and trade may increasingly impact the status of A. jacquelineae. 
Section 3.2.7 also describes how collection and trade is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. jacquelineae is 
susceptible to collection and trade, that this threat has continued since listing in 2014, and that it 
will substantially worsen in the foreseeable future (Table 5). 

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Acropora species. In conclusion, as in the final rule, the 
current information indicates that A. jacquelineae is not susceptible to sea-level rise, that there have 
been no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in 
the foreseeable future (Table 5). 

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats, although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to A. jacquelineae, and 
that improvement is unlikely in the foreseeable future (Table 5).  

Threats Conclusion for A. jacquelineae: Since A. jacquelineae was listed in 2014, many of the threats 
to the species have worsened. Especially concerning is that the most important threat to the 
species, ocean warming, has substantially worsened. In addition, all threats are projected to worsen 
in the foreseeable future, with the possible exception of regulatory mechanisms, which may 
continue to improve but also are likely to remain inadequate for controlling any of the threats 
(Table 5).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to A. jacquelineae (79 FR 53851). Instead, the final rule 
concluded that A. jacquelineae is highly susceptible to ocean warming and susceptible to ocean 
acidification, disease, fishing, LBSP, and predation, while regulatory mechanisms were inadequate 
for controlling any threat (79 FR 53851). However, as summarized above, we now have more 
genus-specific and species-specific information available on the importance of each threat to 
Acropora species and A. jacquelineae, respectively. Based on the general importance ratings of the 
threats to Indo-Pacific reef-building corals (Table 3) and the genus-specific and species-specific 
information above, we conclude that the relative importance ratings of each threat to Indo-Pacific 
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corals apply to A. jacquelineae. In addition, the observed threat trends since 2014 and projected 
threat trends in the foreseeable future are provided (Table 5). 

Table 5. Summary of threats evaluation for A. jacquelineae. For each threat, relative importance to the 
extinction risk of the species, observed trend since 2014, and projected trend in the foreseeable future are 
provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

 

4.2.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Acropora jacquelineae was listed as threatened in 2014 because of its limited 
geographic distribution restricted to the Coral Triangle and western Pacific, low abundance, high 
susceptibility to ocean warming, susceptibilities to ocean acidification, disease, fishing, LBSP, 
predation, inadequate regulatory mechanisms, declining baseline conditions, and projected 
worsening of threats (79 FR 53851).  

Since 2014, we have learned that A. jacquelineae has: (1) a broader geographic distribution (15 
MEOWs instead of 13); and (2) a broader depth distribution (10–50 m instead of 10–35 m). That is, 
A. jacquelineae is more broadly distributed than we believed in 2014, and thus may have a higher 
capacity to moderate the effects of the threats, as explained in the Relevance of Distribution to 
Status section above.  

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
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recovery of A. jacquelineae. Current regulatory mechanisms are grossly inadequate, especially GHG 
management. 

In conclusion, the above information shows that A. jacquelineae is more broadly distributed than we 
believed in 2014, but that the threats have worsened and that collection and trade is also an 
important threat to the species. Especially concerning is that the most important threat to the 
species, ocean warming, has substantially worsened since the species was listed in 2014. The other 
important threats to the species, including ocean acidification, disease, fishing, LBSP, predation, and 
collection and trade have also either worsened or continued since 2014. While there has been some 
progress with regulatory mechanisms, primarily because of the 2016 Paris Agreement, regulatory 
mechanisms for both global and local threats are still inadequate. However, the species’ distribution 
is broader than we were aware of at the time of listing in 2014, which is a key factor for moderating 
threats. 

 
4.3.1. Biology 

Taxonomy. Acropora lokani was described by Wallace (1994), with additional taxonomic details 
provided in more recent publications (Wallace 1999, Wallace et al. 2012). It is included in the 
Corals of the World books (Veron 2000) and website (http://www.coralsoftheworld.org/, accessed 
August 2022), and is accepted by WoRMS (Hoeksma and Cairns 2021).  

Morphology. Colonies are flat-topped and usually of moderate size. Larger branches spread 
horizontally and have short, upward growing small branchlets. Long tubular corallites extend 
upwards at various angles from the branchlets (Fig. 9). The species is similar to A. caroliniana, 
except that the axial corallites of A. caroliniana radiate in a Christmas tree-like formation, tapering 
along their length. Colonies are cream, brown, or blue in color (Veron 2000, 2016). 

 
Figure 9. Acropora lokani, showing colony and branch morphology. Colony photo from Fiji (Emre Turak), branch photo 
from the Philippines (Charlie Veron; Veron et al. 2016). 

Habitat. Acropora lokani occurs in sheltered lagoonal patch reefs (Wallace 1994) and a range of 
other reef habitats (Veron et al. 2016, Chalias 2019a,b). The Coral Traits Database 
(https://coraltraits.org/, accessed August 2022) lists A. lokani’s water clarity preference as “clear,” 
and wave exposure preference as “broad.” 

Life History. Little information is available on the life history of A. lokani. Generally, Acropora 
species have rapid skeletal growth and low tolerance to stress, and all are hermaphroditic 

http://www.coralsoftheworld.org/
https://coraltraits.org/
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broadcast spawners (Brainard et al. 2011). As noted in the A. globiceps life history section above, all 
37 Acropora species (which did not include A. lokani) in Darling et al.’s (2012) global coral life 
history study were classified as “competitive species,” based on broadcast spawning, rapid skeletal 
growth, and branching colony morphology. These life history characteristics allow Acropora species 
to recruit quickly to available substrate and successfully compete for space, but also make them 
susceptible to disturbance, thus they typically are only dominant in ideal conditions (Darling et al. 
2012).  

4.3.2. Distribution 
Geographic Distribution. Acropora lokani has a relatively limited distribution, occurring in 14 
MEOWs (Fig. 10) and does not occur in U.S. waters, based on information in NMFS (2022c). Its 
distribution is largely restricted to the Coral Triangle and the western equatorial Pacific Ocean, 
which is projected to have the most rapid and severe impacts from climate change and localized 
human impacts for coral reefs over the 21st century. The current information indicates that A. 
lokani occurs in one more Veron ecoregion (Sunda Shelf between Malaysia and Borneo) than we 
were aware of 2014 (i.e., 21 Veron ecoregions instead of 20). However, because Veron ecoregions 
are smaller than MEOWs (see Section 2.2), the species still occurs in the same number of MEOWs as 
we were aware of in 2014 (i.e., 14 MEOWs, NMFS 2022c).  

 
Figure 10. Geographic distribution of A. lokani. 

Depth Distribution. The shallowest that A. lokani has been reported from varies from 8 m 
(Carpenter et al. 2008) to 12–15 m (Chalias 2019a,b), and the deepest from 40 m (Muir and Pichon 
2019) to >50 m (Chalias 2019a), giving a depth distribution of approximately 8 – 50 m. Thus, 
current information indicates that A. lokani has a larger depth range (8–50 m) than we were aware 
of at the time of listing in 2014 (8–25 m). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of A. lokani in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that A. lokani was listed was 
because the information available at that time indicated a small geographic distribution (79 FR 
53851). Since both the geographic and depth distributions of A. lokani are greater than we were 
aware of at the time of listing in 2014, its distribution has a greater capacity to moderate extinction 
risk. 
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4.3.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Acropora lokani was recorded in 14 of the 31 ecoregions. Within 
those 14 ecoregions, it had a mean overall abundance of 9.17 (Uncommon), ranging from 0.17 
(Rare) in the Great Barrier Reef North-central Ecoregion to 28.26 (Common) in the Fiji Ecoregion. 
The mean overall abundance of A. lokani for all 31 ecoregions was 3.87 (Uncommon, DeVantier and 
Turak 2017, Table S2), however some of the 17 ecoregions where it was not recorded may be 
outside its range. The Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists A. 
lokani’s global relative abundance as “uncommon,” but does not cite DeVantier and Turak (2017). 
Within its range, the relative abundance of A. lokani may vary locally from very rare to at least 
common. However, based on the above information, the rangewide relative abundance of A. lokani 
is uncommon. 

Absolute Abundance. Based on information from Richards et al. (2008, 2019), A. lokani had a 
population estimate of 18,960,000 colonies, and an effective population size of 2,086,000 colonies 
(79 FR 53851). However, A. lokani’s distribution is larger than assumed by Richards et al. (2008, 
2019). Based on the updated information, A. lokani’s absolute abundance is likely to be at least tens 
of millions of colonies, which similar to what was known in 2014. 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
A. lokani, the most important threats (i.e., ocean warming, ocean acidification) have worsened since 
2014, and substantial impacts to Acropora species have occurred, although no species-specific data 
are available for A. lokani. Based on the continued worsening of the most important threats, it is 
likely that A. lokani is decreasing in overall abundance (i.e., abundance across all the ecoregions that 
make up its range).   

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of A. lokani in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance.  In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). 

4.3.4. Threats 
This section provides an updated threats evaluation for A. lokani, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals have substantially worsened. In response to the 2014–2017 
series of warming-induced bleaching events, Acropora corals were generally the most impacted 
coral taxa in different locations around the Indo-Pacific (e.g., Hoogenboom et al. 2017, Frade et al 
2018, Hughes et al. 2018a,b, Raymundo et al. 2019, Thinesh et al. 2019, Dietzel et al. 2020, Gilmour 
et al. 2022). Section 3.2.1 also describes how ocean warming is projected to greatly worsen in the 
foreseeable future (i.e., between now and 2100). In conclusion, the current information indicates 

https://coraltraits.org/
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that A. lokani continues to be highly susceptible to ocean warming, that this threat has substantially 
worsened since listing in 2014, and that it will greatly worsen in the foreseeable future (Table 6).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Acropora species are 
susceptible to reduced calcification and skeletal growth from ocean acidification (Brainard et al. 
2011, 79 FR 53851, Smith et al. 2020, Evenson et al. 2021, Hill and Hoogenboom 2022). Section 
3.2.2 also describes how ocean acidification is projected to greatly worsen in the foreseeable future. 
In conclusion, the current information indicates that A. lokani continues to be susceptible to ocean 
acidification, that this threat has worsened since listing in 2014, and that it will greatly worsen in 
the foreseeable future (Table 6).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014 – 2017 bleaching events. Generally, Acropora 
species are susceptible to most of the diseases that infect coral, and are more commonly affected by 
acute and lethal diseases than other corals (Brainard et al. 2011, 79 FR 53851, Hobbs et al. 2015, 
Aeby et al. 2020, Howells et al. 2020). Section 3.2.3 also describes how disease is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. lokani continues to be susceptible to disease, that this threat has worsened since listing in 2014, 
and that it will substantially worsen in the foreseeable future (Table 6).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching, fast-growing corals such as most Acropora 
species are susceptible to direct (i.e., damage by fishing gear because of their morphology) and 
indirect (i.e., increased competition for space with algae) effects of fishing (Brainard et al. 2011, 79 
FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. lokani continues to be 
susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 6). 

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Acropora species are relatively susceptible to sediment and nutrients compared 
to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Carlson et al. 2019, Tuttle and 
Donahue 2022). Section 3.2.5 also describes how LBSP is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. lokani continues to be 
susceptible to LBSP, that this threat has continued since listing in 2014, and that it will substantially 
worsen in the foreseeable future (Table 6). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014 – 2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Acropora species are relatively 
susceptible to predation compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 
53851, Keesing et al. 2019, Tkachenko and Huang 2022). Section 3.2.6 also describes how 
predation is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that A. lokani continues to be susceptible to predation, that this threat has 
worsened since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
6).  

Collection and Trade: Although collection and trade did not contribute to the listing of A. lokani (79 
FR 53851), the following information indicates that this threat is likely impacting the status of the 
species. As noted in Section 3.2.7 above, since listing in 2014, the effects of collection and trade on 
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Indo-Pacific corals have continued. Generally, Acropora species are relatively susceptible to 
collection and trade compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851). 
According to the CITES database cited in Section 3.2.7, between 1985 and 2017, over 17 million 
Acropora units were globally imported and exported. These units were not identified to species, 
thus likely included an undeterminable number of unidentified A. lokani. In addition, the database 
also records that between 2003 and 2017, dozens to hundreds of A. lokani units were globally 
imported and exported annually (NMFS 2022a). Because of the popularity of A. lokani in the marine 
aquarium trade (Chalias 2019a,b) as well as the ongoing and projected growth in the industry, 
collection and trade may increasingly impact the status of A. lokani. Section 3.2.7 also describes how 
collection and trade is projected to substantially worsen in the foreseeable future. In conclusion, the 
current information indicates that A. lokani is susceptible to collection and trade, that this threat 
has continued since listing in 2014, and that it will substantially worsen in the foreseeable future 
(Table 6).  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Acropora species. In conclusion, as in the final rule, the 
current information indicates that A. lokani is not susceptible to sea-level rise, that there have been 
no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in the 
foreseeable future (Table 6). 

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to A. lokani, and that 
improvement is unlikely in the foreseeable future (Table 6).  

Threats Conclusion for A. lokani: Since A. lokani was listed in 2014, many of the threats to the 
species have worsened. Especially concerning is that the most important threat to the species, 
ocean warming, has substantially worsened. In addition, all threats are projected to worsen in the 
foreseeable future, with the possible exception of regulatory mechanisms, which may continue to 
improve but also are likely to remain inadequate for controlling any of the threats (Table 6).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to A. lokani (79 FR 53851). Instead, the final rule concluded 
that A. lokani is highly susceptible to ocean warming and susceptible to ocean acidification, disease, 
fishing, LBSP, and predation, while regulatory mechanisms were inadequate for controlling any 
threat (79 FR 53851). However, as summarized above, we now have more genus-specific and 
species-specific information available on the importance of each threat to Acropora species and A. 
lokani, respectively. Based on the general importance ratings of the threats to Indo-Pacific reef-
building corals (Table 3) and the genus-specific and species-specific information above, we 
conclude that the relative importance ratings of each threat to Indo-Pacific corals apply to A. lokani. 
In addition, the observed threat trends since 2014 and projected threat trends in the foreseeable 
future are provided (Table 6). 
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Table 6. Summary of threats evaluation for A. lokani. For each threat, relative importance to the extinction 
risk of the species, observed trend since 2014, and projected trend in the foreseeable future are provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

 

4.3.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Acropora lokani was listed as threatened in 2014 because of its limited 
geographic distribution largely restricted to the Coral Triangle region and parts of the western 
equatorial Pacific Ocean, low abundance, high susceptibility to ocean warming, susceptibilities to 
ocean acidification, fishing, LBSP, disease, and predation, inadequate regulatory mechanisms, 
declining baseline conditions, and projected worsening of threats (79 FR 53851). 

Since 2014, we have learned that A. lokani has a larger geographic distribution (21 instead of 20 
Veron ecoregions) and broader depth distribution (8–50 m instead of 8–25 m) than we believed in 
2014. That is, A. lokani is more broadly distributed than we believed in 2014, and thus may have a 
higher capacity to moderate the effects of the threats, as explained in the Relevance of Distribution 
to Status section above.  

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of A. lokani. Current regulatory mechanisms are grossly inadequate, especially GHG 
management.  

In conclusion, the above information shows that A. lokani is more broadly distributed than we 
believed in 2014, but that the threats have worsened and that collection and trade is also an 
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important threat to the species. Especially concerning is that the most important threat to the 
species, ocean warming, has substantially worsened since the species was listed in 2014. The other 
important threats to the species, including ocean acidification, disease, fishing, LBSP, predation, and 
collection and trade have also either worsened or continued since 2014. While there has been some 
progress with regulatory mechanisms, primarily because of the 2016 Paris Agreement, regulatory 
mechanisms for both global and local threats are still inadequate. However, the species’ distribution 
is broader than we were aware of at the time of listing in 2014, which is a key factor for moderating 
threats. 

 
4.4.1. Biology 

Taxonomy. This species was originally described as Madrepora pharaonis (Milne Edwards 1860), 
then assigned to the genus Acropora (Verrill 1902). Additional taxonomic details are provided in 
Wallace (1999) and Wallace et al. (2012). It is included in the Corals of the World books (Veron 
2000) and website (http://www.coralsoftheworld.org/, accessed August 2022), and is accepted by 
WoRMS (Hoeksma and Cairns 2021).  

Morphology. Colonies are large horizontal tables or irregular clusters of horizontal or upright 
interlinked contorted branches up to two meters in diameter (Wallace 1999). Branches are pointed 
and have short branchlets that link main branches. Colonies are grey-brown in color, usually with 
pale branch tips (Fig. 11, Veron et al. 2016).  

 
Figure 11. Acropora pharaonis, showing colony (Red Sea, Charlie Veron) and branch (Madagascar, Charlie Veron) 
morphology (Veron et al. 2016). 

Habitat. Acropora pharaonis occurs in sheltered habitats such as lagoons and deep reef slopes 
(Veron et al. 2016). The Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists 
A. pharaonis’s water clarity preference as “clear,” and wave exposure preference as “protected.”   

Life History. Little information is available on the life history of A. pharaonis. Generally, Acropora 
species have rapid skeletal growth and low tolerance to stress, and all are hermaphroditic 
broadcast spawners (Brainard et al. 2011). As noted in the A. globiceps life history section above, all 
37 Acropora species (which did not include A. pharaonis) in Darling et al.’s (2012) global coral life 
history study were classified as “competitive species,” based on broadcast spawning, rapid skeletal 
growth, and branching colony morphology. These life history characteristics allow Acropora species 
to recruit quickly to available substrate and successfully compete for space, but also make them 
susceptible to disturbance, thus they typically are only dominant in ideal conditions (Darling et al. 
2012). 

http://www.coralsoftheworld.org/
https://coraltraits.org/


 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  55 

4.4.2. Distribution 
Geographic Distribution. Acropora pharaonis has a relatively limited distribution, occurring in 19 
MEOWs (Fig. 12) and does not occur in U.S. waters, based on information in NMFS (2022c). Its 
distribution includes the Red Sea and Arabian Gulf, but relatively few islands, and includes areas 
projected to have the most rapid and severe impacts from climate change and localized human 
impacts for coral reefs over the 21st  century (i.e., the Red Sea and the Arabian Gulf). The current 
information indicates that A. pharaonis occurs in one more Veron ecoregion (Gulf of Oman) than we 
were aware of 2014 (i.e., 20 Veron ecoregions instead of 19). However, because Veron ecoregions 
are smaller than MEOWs (see Section 2.2), the species still occurs in the same number of MEOWs as 
we were aware of in 2014 (i.e., 19 MEOWs, NMFS 2022c). 

 
Figure 12. Geographic distribution of A. pharaonis.  

Depth Distribution. Acropora pharaonis has been reported from 2 m (Coral Traits Database 
https://coraltraits.org/, accessed August 2022) to 44 m of depth (Kahng et al. 2019). Thus, current 
information indicates that A. pharaonis has a broader depth range (2–44 m) than we were aware of 
at the time of listing in 2014 (5–25 m). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of A. pharaonis in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that A. pharaonis was listed 
was because of its limited geographic distribution (79 FR 53851). Since both the geographic and 
depth distributions of A. pharaonis are greater than we were aware of at the time of listing in 2014, 
its distribution has a greater capacity to moderate extinction risk.  

4.4.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Acropora pharaonis was recorded in 3 of the 31 ecoregions. Within 
those 3 ecoregions, it had a mean overall abundance of 64.52 (Very Common), ranging from 23.26 

https://coraltraits.org/


 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  56 

(Common) in the Red Sea South Ecoregion to 124.14 (Near Ubiquitous) in the Red Sea North-
central Ecoregion. The mean overall abundance of A. pharaonis for all 31 ecoregions was 6.37 
(Uncommon, DeVantier and Turak 2017, Table S2), however most of the 28 ecoregions where it 
was not recorded appear to be outside its range. The Coral Traits Database 
(https://coraltraits.org/, accessed August 2022) lists A. pharaonis’s global relative abundance as 
“uncommon,” but does not cite DeVantier and Turak (2017). Within its range, the relative 
abundance of A. pharaonis may vary locally from very rare to near ubiquitous. However, based on 
the above information, the rangewide relative abundance of A. pharaonis is common. Thus, current 
information indicates that A. pharaonis has a higher relative abundance (common) than we were 
aware of at the time of listing in 2014 (uncommon). 

Absolute Abundance. Based on A. pharaonis’s distribution and relative abundance, NMFS (2014) 
estimated the absolute abundance of A. pharaonis to be at least millions of colonies. However, since 
then we have learned that the species has a broader geographic distribution, a broader depth 
distribution, and a higher relative abundance. Based on the updated information, A. pharaonis’s 
absolute abundance is likely to be at least tens of millions of colonies. Thus, current information 
indicates that A. pharaonis has a higher absolute abundance (at least tens of millions) than we were 
aware of at the time of listing in 2014 (at least millions). 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
A. pharaonis, the most important threats (i.e., ocean warming, ocean acidification) have worsened 
since 2014, and substantial impacts to Acropora species have occurred, although no species-specific 
data are available for A. pharaonis. Based on the continued worsening of the most important 
threats, it is likely that A. pharaonis is decreasing in overall abundance (i.e., abundance across all 
the ecoregions that make up its range). 

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of A. pharaonis in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance.  In contast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the relative and absolute abundances of A. pharaonis are both greater than we 
were aware of in at the time of listing in 2014, its abundance may have a greater capacity to 
moderate extinction risk. 

4.4.4. Threats 
This section provides an updated threats evaluation for A. pharaonis, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals have substantially worsened. In response to the 2014–2017 
series of warming-induced bleaching events, Acropora corals were generally the most impacted 
coral taxa in different locations around the Indo-Pacific (e.g., Hoogenboom et al. 2017, Frade et al 
2018, Hughes et al. 2018a,b, Raymundo et al. 2019, Thinesh et al. 2019, Dietzel et al. 2020, Gilmour 
et al. 2022). Section 3.2.1 also describes how ocean warming is projected to greatly worsen in the 
foreseeable future (i.e., between now and 2100). In conclusion, the current information indicates 
that A. pharaonis continues to be highly susceptible to ocean warming, that this threat has 

https://coraltraits.org/
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substantially worsened since listing in 2014, and that it will greatly worsen in the foreseeable 
future (Table 7).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, ocean acidification 
results in decreased growth and calcification rates in Acropora species, which are typically absent 
from coral communities existing in naturally low pH waters (Brainard et al. 2011, 79 FR 53851, 
Smith et al. 2020, Evenson et al. 2021, Hill and Hoogenboom 2022). Section 3.2.2 also describes 
how ocean acidification is projected to greatly worsen in the foreseeable future. In conclusion, the 
current information indicates that A. pharaonis continues to be susceptible to ocean acidification, 
that this threat has worsened since listing in 2014, and that it will greatly worsen in the foreseeable 
future (Table 7).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Acropora species are 
susceptible to most of the diseases that infect coral, and are more commonly affected by acute and 
lethal diseases (“white diseases” or tissue loss) than other corals. The reduction of coral 
populations by disease leads to negative synergisms, as it reduces Acropora reproductive output 
and can lead to recruitment failure, making population recovery very difficult (Brainard et al. 2011, 
79 FR 53851, Hobbs et al. 2015, Aeby et al. 2020, Howells et al. 2020). Section 3.2.3 also describes 
how disease is projected to substantially worsen in the foreseeable future. In conclusion, the 
current information indicates that A. pharaonis continues to be susceptible to disease, that this 
threat has worsened since listing in 2014, and that it will substantially worsen in the foreseeable 
future (Table 7).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Branching, fast-growing corals such as most Acropora species may 
be more susceptible than other corals to damage by fishing gear because of their morphology, and 
to the trophic effects of fishing because of increased competition for space (Brainard et al. 2011, 79 
FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. pharaonis continues to 
be susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 7).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Acropora species are relatively susceptible to sediment and nutrients, compared 
to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Carlson et al. 2019, Tuttle and 
Donahue 2022). Section 3.2.5 also describes how LBSP is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. pharaonis continues to 
be susceptible to LBSP, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 7). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Acropora species are highly susceptible to most 
predators that prey on coral, including COTS, a variety of snails including Drupella, butterflyfish, 
and fireworms. When Acropora populations are greatly reduced by other threats such as warming-
induced bleaching or disease, predation can lead to collapse or lack of recovery (Brainard et al. 
2011, 79 FR 53851, Keesing et al. 2019, Tkachenko and Huang 2022). Section 3.2.6 also describes 
how predation is projected to substantially worsen in the foreseeable future. In conclusion, the 
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current information indicates that A. pharaonis continues to be susceptible to predation, that this 
threat has worsened since listing in 2014, and that it will substantially worsen in the foreseeable 
future (Table 7).   

Collection and Trade: Although collection and trade did not contribute to the listing of A. pharaonis 
(79 FR 53851), the following information indicates that this threat is likely impacting the status of 
the species. As noted in Section 3.2.7 above, since listing in 2014, the effects of collection and trade 
on Indo-Pacific corals have continued. According to the CITES database, between 1985 and 2017, 
over 17 million Acropora units were globally imported and exported. These units were not 
identified to species, thus likely included an undeterminable number of unidentified A. pharaonis. In 
addition, the database also records that between 2009 and 2011, 50 to 500 A. pharaonis units were 
globally imported and exported annually (NMFS 2022a). Because of the growing popularity of 
“thick branching” Acropora species such as A. pharaonis in the marine aquarium trade as well as the 
ongoing and projected growth in the industry, collection and trade may increasingly impact the 
status of A. pharaonis. Section 3.2.7 also describes how collection and trade is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. pharaonis is susceptible to collection and trade, that this threat has continued since listing in 
2014, and that it will substantially worsen in the foreseeable future (Table 7).  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Acropora species. In conclusion, as in the final rule, the 
current information indicates that A. pharaonis is not susceptible to sea-level rise, that there have 
been no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in 
the foreseeable future (Table 7).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to A. pharaonis, and 
that improvement is unlikely in the foreseeable future (Table 7).  

Threats Conclusion for A. pharaonis: Since A. pharaonis was listed in 2014, many of the threats to 
the species have worsened. Especially concerning is that the most important threat to the species, 
ocean warming, has substantially worsened. In addition, all threats are projected to worsen in the 
foreseeable future, with the possible exception of regulatory mechanisms, which may continue to 
improve but also are likely to remain inadequate for controlling any of the threats (Table 7).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to A. pharaonis (79 FR 53851). Instead, the final rule 
concluded that A. pharaonis is highly susceptible to ocean warming and susceptible to ocean 
acidification, disease, fishing, LBSP, and predation, while regulatory mechanisms were inadequate 
for controlling any threat (79 FR 53851). However, as summarized above, we now have more 
genus-specific and species-specific information available on the importance of each threat to 
Acropora species and A. pharaonis, respectively. Based on the general importance ratings of the 
threats to Indo-Pacific reef-building corals (Table 3) and the genus-specific and species-specific 
information above, we conclude that the relative importance ratings of each threat to Indo-Pacific 
corals apply to A. pharaonis. In addition, the observed threat trends since 2014 and projected threat 
trends in the foreseeable future are provided (Table 7). 
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Table 7. Summary of threats evaluation for A. pharaonis. For each threat, relative importance to the 
extinction risk of the species, observed trend since 2014, and projected trend in the foreseeable future are 
provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

   

4.4.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Acropora pharaonis was listed as threatened in 2014 because of it limited 
geographic distribution restricted largely to the Red Sea and Arabian Gulf, high susceptibility to 
ocean warming, susceptibilities to ocean acidification, fishing, LBSP, disease, and predation, 
inadequate regulatory mechanisms, declining baseline conditions, and projected worsening of 
threats (79 FR 53851).  

Since 2014, we have learned that A. pharaonis has: (1) a broader geographic distribution (20 
instead of 19 Veron ecoregions); (2) a broader depth distribution (2–44 m instead of 5–25 m); (3) a 
higher relative abundance (common instead of uncommon); and (4) a higher absolute abundance 
(at least tens of millions of colonies instead of at least millions of colonies). That is, A. pharaonis is 
more broadly distributed and more abundant than we believed in 2014, and thus may have a higher 
capacity to moderate the effects of the threats, as explained in the Relevance of 
Distribution/Abundance to Status sections above. 

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of A. pharaonis. Current regulatory mechanisms are grossly inadequate, especially GHG 
management. 
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In conclusion, the above information shows that A. pharaonis is more broadly distributed and more 
abundant than we believed in 2014, but that the threats have worsened and that collection and 
trade is also an important threat to the species. Especially concerning is that the most important 
threat to the species, ocean warming, has substantially worsened since the species was listed in 
2014. The other important threats to the species, including ocean acidification, disease, fishing, 
LBSP, predation, and collection and trade have also either worsened or continued since 2014. While 
there has been some progress with regulatory mechanisms, primarily because of the 2016 Paris 
Agreement, regulatory mechanisms for both global and local threats are still inadequate. However, 
the species’ distribution is broader and its abundance is greater than we were aware of at the time 
of listing in 2014, both of which are key factors for moderating threats. 

 
4.5.1. Biology 

Taxonomy. This species was originally described as Madrepora retusa (Dana 1846), then assigned 
to the genus Acropora (Verrill 1902). The species name was little used since the original description 
until Wallace’s (1999) Acropora revision, and subsequent inclusion in the Corals of the World books 
(Veron 2000) and website (http://www.coralsoftheworld.org/, accessed August 2022). Additional 
taxonomic details are provided in Wallace et al. (2012), and the species is accepted by WoRMS 
(Hoeksma and Cairns 2021).  

Morphology. Colonies of A. retusa are flat plates with short, thick finger-like branches. Branches 
look spiky because radial corallites are variable in length, giving the species rougher-looking 
branches than other digitate Acropora species. Colonies are typically brown or green in color (Fig. 
13). Corallites are tubular and thick walled. Similar Acropora species and key differences are 
described in Fenner and Burdick (2016) and Fenner (2020a). 

 
Figure 13. Acropora retusa, showing colony and branch morphology. Photos from Tutuila, American Samoa (photos 
copyright, Doug Fenner). 

Habitat. Acropora retusa occurs primarily on shallow forereefs and other shallow, high-energy 
environments (Veron et al. 2016). The Coral Traits Database (https://coraltraits.org/, accessed 
August 2022) lists A. retusa’s water clarity preference as “clear,” and wave exposure preference as 
“exposed.”  

Life History. Little information is available on the life history of A. retusa. Generally, Acropora 
species have rapid skeletal growth and low tolerance to stress, and all are hermaphroditic 
broadcast spawners (Brainard et al. 2011). As noted in the A. globiceps life history section above, all 
37 Acropora species (which did not include A. retusa) in Darling et al.’s (2012) global coral life 

http://www.coralsoftheworld.org/
https://coraltraits.org/
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history study were classified as “competitive species,” based on broadcast spawning, rapid skeletal 
growth, and branching colony morphology. These life history characteristics allow Acropora species 
to recruit quickly to available substrate and successfully compete for space, but also make them 
susceptible to disturbance, thus they typically are only dominant in ideal conditions (Darling et al. 
2012). 

4.5.2. Distribution 
Geographic Distribution. Acropora retusa has a relatively broad geographic distribution (the third-
most broadly distributed of the 15 species reviewed in this document after A. globiceps and M. 
australiensis), occurring in 35 MEOWs (Fig. 14), based on information in NMFS (2022c). The current 
information indicates that A. retusa occurs in 35 MEOWs, the same number that we were aware of 
at the time of listing in 2014, but with two changes: We no longer consider A. retusa to occur in the 
Mariana Islands MEOW because the existing records appear to be of a different or undescribed 
species, and we now have records of A. retusa from the Chagos MEOW (NMFS 2022c). The 
distribution of the species within U.S. waters is described below. 

 
Figure 14. Geographic distribution of A. retusa.  

Depth Distribution. Acropora retusa has a relatively broad depth range of 0–29 m. It has been 
recorded from 0 to 19.5 m of depth in American Samoa (NMFS 2022b), and at 29 m elsewhere in 
the Pacific (Coral Traits Database, https://coraltraits.org/, accessed August 2022). Thus, current 
information indicates that A. retusa has a much greater depth range (0–29 m) than we were aware 
of at the time of listing in 2014 (0-5 m). 

U.S. Distribution. Acropora retusa occurs on Tutuila, Ofu, Olosega, and Rose Atoll in American 
Samoa, and on Wake Atoll in PRIA, as described in more detail in NMFS (2022b). American Samoa is 
within the Samoa MEOW, and Wake Atoll is within the Marshall Islands MEOW (Spalding et al. 
2007). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of A. retusa in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that A. retusa was listed was 
because the information available at that time indicated a narrow depth distribution of 0–5 m (79 
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FR 53851). Since the depth distribution of A. retusa is much greater (0–28.5 m) than we were aware 
of at the time of listing in 2014, its distribution has a greater capacity to moderate extinction risk.  

4.5.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Acropora retusa was recorded in 5 of the 31 ecoregions. Within 
those 5 ecoregions, it had a mean overall abundance of 3.86 (Uncommon), ranging from 1.03 
(Uncommon) in the Vietnam South Ecoregion to 9.68 (Uncommon) in the Socotra Archipelago 
Ecoregion. The mean overall abundance of A. retusa for all 31 ecoregions was 0.55 (Rare, DeVantier 
and Turak 2017, Table S2), and most of the 26 ecoregions where it was not recorded appear to be 
within its range. In French Polynesia (outside the area surveyed by DeVantier and Turak 2017), A. 
retusa is one of the most common reef coral species (Lantz et al. 2017), making up one-third of all 
adult Acropora colonies in some locations (Lenihan et al. 2011). In addition, in South Africa (also 
outside the area surveyed by DeVantier and Turak 2017), A. retusa is common (Veron et al. 2016). 
The Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists A. retusa’s global 
relative abundance as “uncommon,” but does not cite DeVantier and Turak (2017), Lantz et al. 
(2017), or Veron et al. (2016). Within its range, the relative abundance of A. retusa may vary locally 
from very rare to at least common. However, based on the above information, the rangewide 
relative abundance of A. retusa is rare to uncommon. 

Absolute Abundance. Based on A. retusa’s distribution and relative abundance, NMFS (2014) 
estimated the absolute abundance of A. retusa to be at least millions of colonies. Dietzel et al. (2021) 
estimated its absolute abundance at 540 million colonies. Muir et al. (2022) argued that the data 
were unsuitable to provide such quantitative estimates, and Dietzel et al.’s (2022) reply agreed that 
better data are needed. Based on the updated information, A. retusa’s absolute abundance is likely 
to be at least hundreds of millions of colonies. Thus, current information indicates that A. retusa has 
a higher absolute abundance (at least hundreds of millions) than we were aware of at the time of 
listing in 2014 (at least millions). 

Abundance Trends. When A. retusa was listed in 2014, it was thought to have a decreasing 
abundance trend across its range over at least the past several decades, based on overall declines in 
coral cover and the susceptibility of A. retusa to the worst threats. At that time, we were not aware 
of any time-series abundance trend data for this species (79 FR 53851). Since then, we learned of 
the National Park of American Samoa’s (NPSA) coral species monitoring surveys conducted 
annually at 15 fixed and 15 temporary transects at 10–20 m depth from 2007 to 2019 on the north 
shore of Tutuila. On both the fixed and temporary transects, A. retusa cover ranged from zero to 
approximately 0.15% cover annually, with no apparent trend (NPSA 2020). The monitoring 
program is designed to monitor coral cover trends on the spatial scale of NPSA’s Tutuila Unit (i.e., 
reef scale), and may or may not reflect abundance trends on larger spatial scales, such as island, 
archipelago or MEOW scales. 

As described above in the general Threats Evaluation and below for threats to A. retusa, the most 
important threats (i.e., ocean warming, ocean acidification) have worsened since 2014, and 
substantial impacts to Acropora species including A. retusa have been documented. Based on the 
continued worsening in the most important threats, it is likely that A. retusa is decreasing in overall 
abundance (i.e., abundance across all the ecoregions that make up its range). 

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of A. retusa in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 

https://coraltraits.org/


 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  63 

disturbance. In contrast,  a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the absolute abundance of A. retusa is greater than we were aware of in at the 
time of listing in 2014, its abundance may have a greater capacity to moderate extinction risk.   

4.5.4. Threats 
This section provides an updated threats evaluation for A. retusa, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to the 
2014–2017 series of warming-induced bleaching events, Acropora corals were generally the most 
impacted coral taxa in different locations around the Indo-Pacific (e.g., Hoogenboom et al. 2017, 
Frade et al 2018, Hughes et al. 2018a,b, Raymundo et al. 2019, Thinesh et al. 2019, Dietzel et al. 
2020, Gilmour et al. 2022). Section 3.2.1 also describes how ocean warming is projected to greatly 
worsen in the foreseeable future (i.e., between now and 2100). 

With regard to impacts of this threat on A. retusa, on Kiritimati (Christmas) Atoll in the Line Islands 
of Kiribati, most A. retusa colonies in the lagoon were killed by the 2016 warming-induced 
bleaching event (Bowden-Kerby et al. 2021). On Moorea in French Polynesia, the largest, most 
fecund coral colonies of Acropora species including A. retusa had disproportionately high mortality 
in response to a warming event in 2019 (Speare et al. 2022). In conclusion, the current information 
indicates that A. retusa continues to be highly susceptible to ocean warming, that this threat has 
substantially worsened since listing in 2014, and that it will greatly worsen in the foreseeable 
future (Table 8).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Acropora species are 
susceptible to reduced calcification and skeletal growth from ocean acidification (Brainard et al. 
2011, 79 FR 53851, Smith et al. 2020, Evenson et al. 2021, Hill and Hoogenboom 2022). Section 
3.2.2 also describes how ocean acidification is projected to greatly worsen in the foreseeable future. 
In conclusion, the current information indicates that A. retusa continues to be susceptible to ocean 
acidification, that this threat has worsened since listing in 2014, and that it will greatly worsen in 
the foreseeable future (Table 8). 

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Acropora 
species are susceptible to most of the diseases that infect coral, and are more commonly affected by 
acute and lethal diseases than other corals (Brainard et al. 2011, 79 FR 53851, Hobbs et al. 2015, 
Aeby et al. 2020, Howells et al. 2020). Section 3.2.3 also describes how disease is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. retusa continues to be susceptible to disease, that this threat has worsened since listing in 2014, 
and that it will substantially worsen in the foreseeable future (Table 8).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching, fast-growing corals such as most Acropora 
species are susceptible to direct (i.e., damage by fishing gear because of their morphology) and 
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indirect (i.e., increased competition for space with algae) effects of fishing (Brainard et al. 2011, 79 
FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. retusa continues to be 
susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 8). 

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Acropora species are relatively susceptible to sediment and nutrients compared 
to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Carlson et al. 2019, Tuttle and 
Donahue 2022). Section 3.2.5 also describes how LBSP is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. retusa continues to be 
susceptible to LBSP, that this threat has continued since listing in 2014, and that it will substantially 
worsen in the foreseeable future (Table 8). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators. Generally, Acropora species are relatively susceptible to 
predation compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Keesing et 
al. 2019, Tkachenko and Huang 2022). Section 3.2.6 also describes how predation is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. retusa continues to be susceptible to predation, that this threat has worsened since listing in 
2014, and that it will substantially worsen in the foreseeable future (Table 8). 

Collection and Trade: Although collection and trade did not contribute to the listing of A. retusa (79 
FR 53851), the following information indicates that this threat is likely impacting the status of the 
species. As noted in Section 3.2.7 above, since listing in 2014, the effects of collection and trade on 
Indo-Pacific corals have continued. According to the CITES database cited in Section 3.2.7, between 
1985 and 2017, over 17 million Acropora units were globally imported and exported. These units 
were not identified to species, thus likely included an undeterminable number of unidentified A. 
retusa. In addition, the database also records that several thousand A. retusa units were globally 
imported and exported in 1992 (NMFS 2022a). Because of the ongoing and projected growth in the 
industry, collection and trade may increasingly impact the status of A. retusa. Section 3.2.7 also 
describes how collection and trade is projected to substantially worsen in the foreseeable future. In 
conclusion, the current information indicates that A. retusa is susceptible to collection and trade, 
that this threat has continued since listing in 2014, and that it will substantially worsen in the 
foreseeable future (Table 8). 

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Acropora species. In conclusion, as in the final rule, the 
current information indicates that A. retusa is not susceptible to sea-level rise, that there have been 
no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in the 
foreseeable future (Table 8). 

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 



 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  65 

that existing regulatory mechanisms remain inadequate to control any threat to A. retusa, and that 
improvement is unlikely in the foreseeable future (Table 8).  

Threats Conclusion for A. retusa: Since A. retusa was listed in 2014, many of the threats to the 
species have worsened. Especially concerning is that the most important threat to the species, 
ocean warming, has substantially worsened. In addition, all threats are projected to worsen in the 
foreseeable future, with the possible exception of regulatory mechanisms, which may continue to 
improve but also are likely to remain inadequate for controlling any of the threats (Table 8).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to A. retusa (79 FR 53851). Instead, the final rule concluded 
that A. retusa is highly susceptible to ocean warming and susceptible to ocean acidification, disease, 
fishing, LBSP, and predation, while regulatory mechanisms were inadequate for controlling any 
threat (79 FR 53851). However, as summarized above, we now have more genus-specific and 
species-specific information available on the importance of each threat to Acropora species and A. 
retusa, respectively. Based on the general importance ratings of the threats to Indo-Pacific reef-
building corals (Table 3) and the genus-specific and species-specific information above, we 
conclude that the relative importance ratings of each threat to Indo-Pacific corals apply to A. retusa. 
In addition, the observed threat trends since 2014 and projected threat trends in the foreseeable 
future are provided (Table 8). 

Table 8. Summary of threats evaluation for A. retusa. For each threat, relative importance to the extinction 
risk of the species, observed trend since 2014, and projected trend in the foreseeable future are provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

   

4.5.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Acropora retusa was listed as threatened in 2014 because of its limited depth 
distribution, low abundance, high susceptibility to ocean warming, susceptibilities to ocean 
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acidification, fishing, LBSP, disease, and predation, inadequate regulatory mechanisms, declining 
baseline conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that A. retusa has: (1) a much broader depth distribution (0–29 m 
instead of 0–5 m); and (2) higher absolute abundance (at least hundreds of millions of colonies 
instead of at least millions of colonies) than we believed in 2014. That is, A. retusa is more broadly 
distributed and more abundant than we believed in 2014, and thus may have a higher capacity to 
moderate the effects of the threats, as explained in the Relevance of Distribution/Abundance to 
Status sections above.   

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of A. retusa. Current regulatory mechanisms are grossly inadequate, especially GHG 
management.  

In conclusion, the above information shows that A. retusa is more broadly distributed and more 
abundant than we believed in 2014, but that the threats have worsened and that collection and 
trade is also an important threat to the species. Especially concerning is that the most important 
threat to the species, ocean warming, has substantially worsened since the species was listed in 
2014. The other important threats to the species, including ocean acidification, disease, fishing, 
LBSP, predation, and collection and trade have also either worsened or continued since 2014. While 
there has been some progress with regulatory mechanisms, primarily because of the 2016 Paris 
Agreement, regulatory mechanisms for both global and local threats are still inadequate. However, 
the species’ depth distribution is broader and its abundance is greater than we were aware of at the 
time of listing in 2014, both of which are key factors for moderating threats. 

 
4.6.1. Biology 

Taxonomy. This species was originally described as Madrepora rudis (Rehberg 1892), then assigned 
to the genus Acropora (Verrill 1902). Additional taxonomic details are provided in Wallace (1999) 
and Wallace et al. (2012). It is included in the Corals of the World books (Veron 2000) and website 
(http://www.coralsoftheworld.org/, accessed August 2022), and is accepted by WoRMS (Hoeksma 
and Cairns 2021).  

Morphology. Acropora rudis colonies are up to a meter in diameter and have thick, tapering, 
cylindrical branches that mostly radiate from a central attachment. Axial corallites are dome-
shaped with small openings. Radial corallites occur only on the upper surfaces of branches, while 
lower surfaces are smooth (Fig. 15). All corallites are projecting and tubular, with very thick walls 
and small opening in the center (Wallace 1999, Veron et al. 2016).  

http://www.coralsoftheworld.org/
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Figure 15. Acropora rudis, showing colony and branch morphology (Sri Lanka, Charlie Veron, Veron et al. 2016). 

Habitat. Acropora rudis occurs on shallow to deep forereefs (Veron et al. 2016). The Coral Traits 
Database (https://coraltraits.org/, accessed August 2022) lists A. rudis’s water clarity preference as 
“clear”, and wave exposure preference as “broad”.  

Life History. Little information is available on the life history of A. rudis. Generally, Acropora species 
have rapid skeletal growth and low tolerance to stress, and all are hermaphroditic broadcast 
spawners (Brainard et al. 2011). As noted in the A. globiceps life history section above, all 37 
Acropora species (which did not include A. rudis) in Darling et al.’s (2012) global coral life history 
study were classified as “competitive species”, based on broadcast spawning, rapid skeletal growth, 
and branching colony morphology. These life history characteristics allow Acropora species to 
recruit quickly to available substrate and successfully compete for space, but also make them 
susceptible to disturbance, thus they typically are only dominant in ideal conditions (Darling et al. 
2012).  

4.6.2. Distribution 
Geographic Distribution. Acropora rudis has a relatively restricted geographic distribution, 
occurring in only nine MEOWs (Fig. 16) and does not occur in U.S. waters, based on information in 
NMFS (2022c). The current information indicates that A. rudis occurs in nine MEOWs, the same 
number that we were aware of at the time of listing in 2014 (NMFS 2022c). Its distribution includes 
the Maldives but is restricted largely to the northeastern Indian Ocean, which is an area projected 
to experience severe climate change and localized impacts within the foreseeable future. 

https://coraltraits.org/


 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  68 

 
Figure 16. Geographic distribution of A. rudis.  

Depth Distribution. Acropora rudis occurs on forereefs between 3 (Coral Traits Database 
https://coraltraits.org/, accessed August 2022) and 30 m (Turak and DeVantier 2019). Thus, 
current information indicates that A. rudis has a broader depth range (3–30 m) than we were aware 
of at the time of listing in 2014 (3–15 m). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of A. rudis in 2014. A narrow 
geographic or depth distribution exacerbates a species’ extinction risk because larger proportions 
of the population are likely to be exposed to any single disturbance. In contrast,  a broad overall 
distribution moderates a species’ extinction risk because the population is distributed across a 
range of geographic areas and depths, and thus lower proportions of the populations are likely to 
be exposed to any single disturbance. For example, one reason that A. rudis was listed was because 
the information available at that time indicated a narrow depth distribution of 3–15 m (79 FR 
53851). Since the depth distribution of A. rudis is greater than we were aware of in at the time of 
listing in 2014, its distribution has a greater capacity to moderate extinction risk.  

4.6.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Acropora rudis was recorded in only the Andaman Sea Ecoregion, 
where it had an overall abundance of 9.26 (Uncommon). The mean overall abundance of A. rudis for 
all 31 ecoregions was 0.16 (Rare, DeVantier and Turak 2017, Table S2), however most of the 30 
ecoregions where it was not recorded appear to be outside its range. The Coral Traits Database 
(https://coraltraits.org/, accessed August 2022) lists A. rudis’s global relative abundance as 
“uncommon”, but does not cite DeVantier and Turak (2017). Based on the above information, the 
rangewide relative abundance of A. rudis is uncommon. Thus, current information indicates that A. 
rudis has a higher relative abundance (uncommon) than we were aware of at the time of listing in 
2014 (rare). 

Absolute Abundance. Based on A. rudis’s distribution and relative abundance, NMFS (2014) 
estimated the absolute abundance of A. rudis to be at least millions of colonies. The new information 

https://coraltraits.org/
https://coraltraits.org/
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on its depth distribution and relative abundance are inadequate to revise the estimate of absolute 
abundance.  

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
A. rudis, the most important threats (i.e., ocean warming, ocean acidification) have worsened since 
2014, and substantial impacts to Acropora species have occurred, although no species-specific data 
are available for A. rudis. Based on the continued worsening in the most important threats, it is 
likely that A. rudis is decreasing in overall abundance (i.e., abundance across all the ecoregions that 
make up its range).   

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of A. rudis in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance. In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the relative abundance of A. rudis is greater than we were aware of in at the 
time of listing in 2014, its abundance may have a greater capacity to moderate extinction risk. 

4.6.4. Threats 
This section provides an updated threats evaluation for A. rudis, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to the 
2014–2017 series of warming-induced bleaching events, Acropora corals were generally the most 
impacted coral taxa in different locations around the Indo-Pacific (e.g., Hoogenboom et al. 2017, 
Frade et al 2018, Hughes et al. 2018a,b, Raymundo et al. 2019, Thinesh et al. 2019, Dietzel et al. 
2020, Gilmour et al. 2022). Section 3.2.1 also describes how ocean warming is projected to greatly 
worsen in the foreseeable future (i.e., between now and 2100). In conclusion, the current 
information indicates that A. rudis continues to be highly susceptible to ocean warming, that this 
threat has substantially worsened since listing in 2014, and that it will greatly worsen in the 
foreseeable future (Table 9).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, ocean acidification 
results in decreased growth and calcification rates in Acropora species, which are typically absent 
from coral communities existing in naturally low pH waters (Brainard et al. 2011, 79 FR 53851, 
Smith et al. 2020, Evenson et al. 2021, Hill and Hoogenboom 2022). Section 3.2.2 also describes 
how ocean acidification is projected to greatly worsen in the foreseeable future. In conclusion, the 
current information indicates that A. rudis continues to be susceptible to ocean acidification, that 
this threat has worsened since listing in 2014, and that it will greatly worsen in the foreseeable 
future (Table 9).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Acropora 
species are susceptible to most of the diseases that infect coral, and are more commonly affected by 
acute and lethal diseases than other corals (Brainard et al. 2011, 79 FR 53851, Hobbs et al. 2015, 
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Aeby et al. 2020, Howells et al. 2020). Section 3.2.3 also describes how disease is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. rudis continues to be susceptible to disease, that this threat has worsened since listing in 2014, 
and that it will substantially worsen in the foreseeable future (Table 9).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching, fast-growing corals such as most Acropora 
species are susceptible to direct (i.e., damage by fishing gear because of their morphology) and 
indirect (i.e., increased competition for space with algae) effects of fishing (Brainard et al. 2011, 79 
FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. rudis continues to be 
susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 9).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Acropora species are relatively susceptible to sediment and nutrients compared 
to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Carlson et al. 2019, Tuttle and 
Donahue 2022). Section 3.2.5 also describes how LBSP is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. rudis continues to be 
susceptible to LBSP, that this threat has continued since listing in 2014, and that it will substantially 
worsen in the foreseeable future (Table 9). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Acropora species are relatively 
susceptible to predation compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 
53851, Keesing et al. 2019, Tkachenko and Huang 2022). Section 3.2.6 also describes how 
predation is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that A. retusa continues to be susceptible to predation, that this threat has 
worsened since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
9).  

Collection and Trade: Although collection and trade did not contribute to the listing of A. retusa (79 
FR 53851), the following information indicates that this threat is likely  impacting the status of the 
species. As noted in Section 3.2.7 above, since listing in 2014, the effects of collection and trade on 
Indo-Pacific corals have continued. According to the CITES database cited in Section 3.2.7, between 
1985 and 2017, over 17 million Acropora units were globally imported and exported. These units 
were not identified to species, thus may have included an undeterminable number of unidentified A. 
rudis. In addition, the database also records that in 2014, 26 A. rudis units were globally imported 
and exported (NMFS 2022a). Because of the ongoing and projected growth in the industry, 
collection and trade may increasingly impact the status of A. rudis. Section 3.2.7 also describes how 
collection and trade is projected to substantially worsen in the foreseeable future. In conclusion, the 
current information indicates that A. rudis is susceptible to collection and trade, that this threat has 
continued since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
9). 

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Acropora species. In conclusion, as in the final rule, the 
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current information indicates that A. rudis is not susceptible to sea-level rise, that there have been 
no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in the 
foreseeable future (Table 9). 

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to A. rudis, and that 
improvement is unlikely in the foreseeable future (Table 9).  

Threats Conclusion for A. rudis: Since A. rudis was listed in 2014, many of the threats to the species 
have worsened. Especially concerning is that the most important threat to the species, ocean 
warming, has substantially worsened. In addition, all threats are projected to worsen in the 
foreseeable future, with the possible exception of regulatory mechanisms, which may continue to 
improve but also are likely to remain inadequate for controlling any of the threats (Table 9).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to A. rudis (79 FR 53851). Instead, the final rule concluded 
that A. rudis is highly susceptible to ocean warming and susceptible to ocean acidification, disease, 
fishing, LBSP, and predation, while regulatory mechanisms were inadequate for controlling any 
threat (79 FR 53851). However, as summarized above, we now have more genus-specific and 
species-specific information available on the importance of each threat to Acropora species and A. 
rudis, respectively. Based on the general importance ratings of the threats to Indo-Pacific reef-
building corals (Table 3) and the genus-specific and species-specific information above, we 
conclude that the relative importance ratings of each threat to Indo-Pacific corals apply to A. rudis. 
In addition, the observed threat trends since 2014 and projected threat trends in the foreseeable 
future are provided (Table 9). 
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Table 9. Summary of threats evaluation for A. rudis. For each threat, relative importance to the extinction risk 
of the species, observed trend since 2014, and projected trend in the foreseeable future are provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

   

4.6.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Acropora rudis was listed as threatened in 2014 because of its limited 
geographic distribution, low abundance, high susceptibility to ocean warming, susceptibilities to 
ocean acidification, fishing, LBSP, disease, and predation, inadequate regulatory mechanisms, 
declining baseline conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that A. rudis has: (1) a broader depth distribution (3–30 m instead of 
3–15 m); and (2) a higher relative abundance (uncommon instead of rare) than we believed in 
2014. That is, A. rudis is more broadly distributed and more abundant than we believed in 2014, 
and thus may have a higher capacity to moderate the effects of the threats, as explained in the 
Relevance of Distribution/Abundance to Status sections above.  

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of A. rudis. Current regulatory mechanisms are grossly inadequate, especially GHG 
management.  

In conclusion, the above information shows that A. rudis is more broadly distributed and more 
abundant than we believed in 2014, but that the threats have worsened and that collection and 
trade is also an important threat to the species. Especially concerning is that the most important 



 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  73 

threat to the species, ocean warming, has substantially worsened since the species was listed in 
2014. The other important threats to the species, including ocean acidification,disease, fishing, 
LBSP, predation, and collection and trade have also either worsened or continued since 2014. While 
there has been some progress with regulatory mechanisms, primarily because of the 2016 Paris 
Agreement, regulatory mechanisms for both global and local threats are still inadequate. However, 
the species’ distribution is broader and its abundance is greater than we were aware of at the time 
of listing in 2014, both of which are key factors for moderating threats. 

 
4.7.1. Biology 

Taxonomy. This species was originally described as Madrepora speciosa (Quelch 1886), then 
assigned to the genus Acropora (Verrill 1902). Similar to A. globiceps and A. humilis (see Section 
3.1.1 above), A. speciosa was not distinguished from A. granulosa for many decades, which have 
similar appearances and habitats. The species were combined by Wallace (1978), but separated by 
Wallace and Wolstenholme (1998). Additional taxonomic details are provided in Wallace (1999) 
and Wallace et al. (2012). It is included in the Corals of the World books (Veron 2000) and website 
(http://www.coralsoftheworld.org/, accessed August 2022), and is accepted by WoRMS (Hoeksma 
and Cairns 2021). 

Morphology. Acropora speciosa forms flat-topped colonies with small branches that have long 
smooth tips. Colonies are usually uniform grey-brown or pinkish in color (Fig. 17), up to 50 cm in 
diameter (Wallace 1999). As noted in Section 3.2.1. above, A. speciosa is very difficult to distinguish 
from A. jacquelineae in the water, but can be distinguished under the microscope based on skeletal 
characteristics (Fenner and Burdick 2016, Fenner 2020a).  

 
Figure 17. Acropora speciosa, showing colony and branch morphology. Photos from Tutuila, American Samoa (photos 
copyright, Doug Fenner). 

Habitat. Acropora speciosa occurs on walls and steep slopes, usually deeper than 15 m but 
occasionally shallower where shaded conditions exist (Wallace and Wolstenholme 1998). The 
species is most often found at 30–60 m depth, and is rare at <30 m (Turak and DeVantier 2019), 
prompting Montgomery et al. (2021) to classify it as an “occasional deep specialist”. The Coral 
Traits Database (https://coraltraits.org/, accessed August 2022) lists A. speciosa’s water clarity 
preference as “clear,” and wave exposure preference as “protected.”  

http://www.coralsoftheworld.org/
https://coraltraits.org/
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In the final rule, the available information at that time indicated that A. speciosa was mainly limited 
to specialized habitat described as “lower reef slopes and walls, especially those characterized by 
clear water and high Acropora diversity on steep slopes.” 79 FR 53851. However, mesophotic 
surveys conducted since then in American Samoa found colonies of the species on various types of 
rocky substrates, mostly isolated limestone mounds (Montgomery et al. 2019). 

Life History. Little information is available on the life history of A. speciosa. Generally, Acropora 
species have rapid skeletal growth and low tolerance to stress, and all are hermaphroditic 
broadcast spawners (Brainard et al. 2011). As noted in the A. globiceps life history section above, all 
37 Acropora species (which did not include A. speciosa) in Darling et al.’s (2012) global coral life 
history study were classified as “competitive species,” based on broadcast spawning, rapid skeletal 
growth, and branching colony morphology. These life history characteristics allow Acropora species 
to recruit quickly to available substrate and successfully compete for space, but also make them 
susceptible to disturbance, thus they typically are only dominant in ideal conditions (Darling et al. 
2012).  

4.7.2. Distribution 
Geographic Distribution. Acropora speciosa has a relatively broad distribution, occurring in 33 
MEOWs (Fig. 18), based on information in NMFS (2022c). The current information indicates that A. 
speciosa occurs in three more MEOWs (Chagos, Phoenix/Tokelau/Northern Cook Islands, and 
Southern Cook/Austral Islands) than we were aware of at the time of listing in 2014 (NMFS 2022c). 
The distribution of the species within U.S. waters is summarized below. 

 
Figure 18. Geographic distribution of A. speciosa.  

Depth Distribution. Acropora speciosa occurs from 12 m of depth (Coral Traits Database, 
https://coraltraits.org/, accessed August 2022) to 65 m of depth (Muir and Pichon 2019). Thus, 
current information indicates that A. speciosa has a broader depth range (12–65 m) than we were 
aware of at the time of listing in 2014 (12-40 m). 

U.S. Distribution. Acropora speciosa occurs on Tutuila in American Samoa but has not been recorded 
elsewhere within U.S. waters (2022b). American Samoa is within the Samoa MEOW (Spalding et al. 
2007). 

https://coraltraits.org/
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Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of A. speciosa in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. In addition, distribution at mesophotic depths (>30 
m) may moderate the impacts of threats against threats that are more severe in shallower reef 
environments such as warming (79 FR 53851). Since the depth distributions of A. speciosa is 
greater than we were aware of at the time of listing in 2014, its distribution has a greater capacity 
to moderate extinction risk. 

4.7.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Acropora speciosa was recorded in 17 of the 31 ecoregions. Within 
those 17 ecoregions, it had a mean overall abundance of 24.46 (Common), ranging from 0.34 (Rare) 
in the GBR North-central Ecoregion to 97.09 (Very Common) in the Sunda Shelf Ecoregion. The 
mean overall abundance of A. speciosa for all 31 ecoregions was 13.66 (Common, DeVantier and 
Turak 2017, Table S2), however some of the 14 ecoregions where it was not recorded may be 
outside its range. Another consideration is that A. speciosa may be relatively abundant at 
mesophotic depths. For example, mesophotic surveys in the Coral Triangle found that A. speciosa 
was one of the five most common Acropora species at 30–50 m (Turak and DeVantier 2019). The 
Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists A. speciosa’s global 
relative abundance as “uncommon”, but does not cite DeVantier and Turak (2017) or Turak and 
DeVantier (2019). Within its range, the relative abundance of A. speciosa may vary locally from very 
rare to at least very common. However, based on the above information, the rangewide relative 
abundance of A. speciosa is common. Thus, current information indicates that A. speciosa has a 
higher relative abundance (common) than we were aware of at the time of listing in 2014 (rare to 
uncommon). 

Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exist throughout its range. Based on information from Richards et al. (2008, 2019), A. 
speciosa had a population estimate of 10,942,000 colonies, and an effective population size of 
1,204,000 colonies (79 FR 53851). However, A. speciosa’s distribution is larger than assumed by 
Richards et al. (2008, 2019). Dietzel et al. (2021) estimated its absolute abundance at 19.2 million 
colonies. Muir et al. (2022) argued that the data were unsuitable to provide such quantitative 
estimates, and Dietzel et al.’s (2022) reply agreed that better data are needed. Based on the updated 
information, A. speciosa’s absolute abundance is likely to be at least tens of millions of colonies. 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
A. speciosa, the most important threats (i.e., ocean warming, ocean acidification) have worsened 
since 2014, and substantial impacts to Acropora species have occurred, although no species-specific 
data are available for A. speciosa. Based on the continued worsening in the most important threats, 
it is likely that A. speciosa is decreasing in overall abundance (i.e., abundance across all the 
ecoregions that make up its range).    

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of A. speciosa in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 

https://coraltraits.org/
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disturbance.  In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the relative abundance of A. speciosa is greater than we were aware of in at 
the time of listing in 2014, its abundance may have a greater capacity to moderate extinction risk. 

4.7.4. Threats 
This section provides an updated threats evaluation for A. speciosa, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to the 
2014–2017 series of warming-induced bleaching events, Acropora corals were generally the most 
impacted coral taxa in different locations around the Indo-Pacific (e.g., Hoogenboom et al. 2017, 
Frade et al 2018, Hughes et al. 2018a,b, Raymundo et al. 2019, Thinesh et al. 2019, Dietzel et al. 
2020, Gilmour et al. 2022). Section 3.2.1 also describes how ocean warming is projected to greatly 
worsen in the foreseeable future (i.e., between now and 2100). 

A model based on species’ responses to the 2016 bleaching event found that A. speciosa is at 
relatively low extinction risk from warming-induced bleaching because of its broad and deep depth 
distribution. Although Acropora species with more limited distributions are at greater extinction 
risk, the continued worsening of ocean warming also represents the key threat to the continued 
existence of A. speciosa. However, its distribution may provide a network of refuges in the future 
that will allow it to persist longer than species with more restricted distributions (Muir et al. 2017). 
In conclusion, the current information indicates that A. speciosa continues to be highly susceptible 
to ocean warming, that this threat has substantially worsened since listing in 2014, that it will 
greatly worsen in the foreseeable future (Table 10).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Acropora species are 
susceptible to reduced calcification and skeletal growth from ocean acidification (Brainard et al. 
2011, 79 FR 53851, Smith et al. 2020, Evenson et al. 2021, Hill and Hoogenboom 2022). Section 
3.2.2 also describes how ocean acidification is projected to greatly worsen in the foreseeable future. 
In conclusion, the current information indicates that A. speciosa continues to be susceptible to 
ocean acidification, that this threat has worsened since listing in 2014, and that it will greatly 
worsen in the foreseeable future (Table 10).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Acropora 
species are susceptible to most of the diseases that infect coral, and are more commonly affected by 
acute and lethal diseases than other corals (Brainard et al. 2011, 79 FR 53851, Hobbs et al. 2015, 
Aeby et al. 2020, Howells et al. 2020). Section 3.2.3 also describes how disease is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. speciosa continues to be susceptible to disease, that this threat has worsened since listing in 
2014, and that it will substantially worsen in the foreseeable future (Table 10).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching, fast-growing corals such as most Acropora 
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species are susceptible to direct (i.e., damage by fishing gear because of their morphology) and 
indirect (i.e., increased competition for space with algae) effects of fishing (Brainard et al. 2011, 79 
FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. speciosa continues to be 
susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 10).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Acropora species are relatively susceptible to sediment and nutrients, compared 
to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851). Section 3.2.5 also describes 
how LBSP is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that A. speciosa continues to be susceptible to LBSP, that this threat has 
continued since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
10). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Acropora species are relatively 
susceptible to predation compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 
53851, Keesing et al. 2019, Tkachenko and Huang 2022). Section 3.2.6 also describes how 
predation is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that A. speciosa continues to be susceptible to predation, that this threat has 
worsened since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
10).  

Collection and Trade: Although collection and trade did not contribute to the listing of A. speciosa 
(79 FR 53851), the following information indicates that this threat is likely impacting the status of 
the species. As noted in Section 3.2.7 above, since listing in 2014, the effects of collection and trade 
on Indo-Pacific corals have continued. According to the CITES database cited in Section 3.2.7, 
between 1985 and 2017, over 17 million Acropora units were globally imported and exported. 
These units were not identified to species, thus likely included an undeterminable number of 
unidentified A. speciosa. In addition, the database also records that between 2003 and 2017, dozens 
to hundreds of A. speciosa units were globally imported and exported annually (NMFS 2022a). 
Because of the popularity of A. speciosa in the marine aquarium trade (Adams 2018, Chalias 2019c), 
as well as the ongoing and projected growth in the industry, collection and trade may increasingly 
impact the status of A. speciosa. Section 3.2.7 also describes how collection and trade is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. speciosa is susceptible to collection and trade, that this threat has continued since listing in 2014, 
and that it will substantially worsen in the foreseeable future (Table 10). 

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Acropora species. In conclusion, as in the final rule, the 
current information indicates that A. speciosa is not susceptible to sea-level rise, that there have 
been no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in 
the foreseeable future (Table 10).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
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unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to A. speciosa, and 
that improvement is unlikely in the foreseeable future (Table 10).  

Threats Conclusion for A. speciosa: Since A. speciosa was listed in 2014, many of the threats to the 
species have worsened. Especially concerning is that the most important threat to the species, 
ocean warming, has substantially worsened. In addition, all threats are projected to worsen in the 
foreseeable future, with the possible exception of regulatory mechanisms, which may continue to 
improve but also are likely to remain inadequate for controlling any of the threats (Table 10).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to A. speciosa (79 FR 53851). Instead, the final rule 
concluded that A. speciosa is highly susceptible to ocean warming and susceptible to ocean 
acidification, disease, fishing, LBSP, and predation, while regulatory mechanisms were inadequate 
for controlling any threat (79 FR 53851). However, as summarized above, we now have more 
genus-specific and species-specific information available on the importance of each threat to 
Acropora species and A. speciosa, respectively. Based on the general importance ratings of the 
threats to Indo-Pacific reef-building corals (Table 3) and the genus-specific and species-specific 
information above, we conclude that the relative importance ratings of each threat to Indo-Pacific 
corals apply to A. speciosa. In addition, the observed threat trends since 2014 and projected threat 
trends in the foreseeable future are provided (Table 10). 

Table 10. Summary of threats evaluation for A. speciosa. For each threat, relative importance to the extinction 
risk of the species, observed trend since 2014, and projected trend in the foreseeable future are provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

   

4.7.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
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projections of threats. Acropora speciosa was listed as threatened in 2014 because of its specialized 
habitat, low abundance, high susceptibility to ocean warming, susceptibilities to ocean acidification, 
fishing, LBSP, disease, and predation, inadequate regulatory mechanisms, declining baseline 
conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that A. speciosa has: (1) less specialized habitat (occurs on a variety of 
hard substrates not just walls and steeps slopes with certain characteristics); (2) a broader depth 
distribution (12–65 m instead of 12–40 m); and (3) a higher relative abundance (common instead 
of rare to uncommon) than we believed in 2014. That is, A. speciosa has less specialized habitat and 
is more broadly distributed and more abundant than we believed in 2014, and thus may have a 
higher capacity to moderate the effects of the threats, as explained in the Relevance of 
Distribution/Abundance to Status sections above.  

Since 2014, the effects of ocean warming have substantially worsened, and the effects most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of A. speciosa. Current regulatory mechanisms are grossly inadequate, especially GHG 
management. 

In conclusion, the above information shows that A. speciosa is more broadly distributed and more 
abundant than we believed in 2014, but that the threats have worsened and that collection and 
trade is also an important threat to the species. Especially concerning is that the most important 
threat to the species, ocean warming, has substantially worsened since the species was listed in 
2014. The other important threats to the species, including ocean acidification,disease, fishing, 
LBSP, predation, and collection and trade have also either worsened or continued since 2014. While 
there has been some progress with regulatory mechanisms, primarily because of the 2016 Paris 
Agreement, regulatory mechanisms for both global and local threats are still inadequate. However, 
the species’ distribution is broader and its abundance is greater than we were aware of at the time 
of listing in 2014, both of which are key factors for moderating threats. 

 
4.8.1. Biology 

Taxonomy. This species was originally described as Madrepora tenella (Brook 1892), then assigned 
to the genus Acropora (Verrill 1902). Additional taxonomic details are provided in Wallace (1999) 
and Wallace et al. (2012). It is included in the Corals of the World books (Veron 2000) and website 
(http://www.coralsoftheworld.org/, accessed August 2022), and is accepted by WoRMS (Hoeksma 
and Cairns 2021).  

Morphology. Acropora tenella colonies are horizontal plates consisting of flattened branches. The 
branches usually diverge fan-wise in a regular pattern, but may form irregular tangles. Colonies are 
cream with white or blue branch ends (Fig. 19, Veron et al. 2016). 

http://www.coralsoftheworld.org/
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Figure 19. Acropora tenella, showing colony and branch morphology. Both photos taken on the GBR (Emre Turak; Veron 
et al. 2016). 

Habitat. Acropora tenella is a mesophotic species and is most common at >40 m of depth (Turak and 
DeVantier 2019). In a detailed study of A. tenella, Muir et al. (2019) found that the species inhabits 
an extraordinary range of depths and habitats (e.g., exposed lower reef slopes, sheltered bays, and 
lagoons), including a reported depth of 110 m on an atoll lower reef slope in the Coral Sea, deeper 
than any other Acropora species. Elsewhere in the Pacific, other studies have found that A. tenella is 
common over rubble and sand in the upper mesophotic (Denis et al. 2019, Sinniger et al. 2019). The 
Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists A. tenella’s water clarity 
preference as “clear”, and wave exposure preference as “protected”. 

Life History. Some information is available on the life history of A. tenella. Reproductive studies of A. 
tenella show that broadcast spawning occurs seasonally similar to shallow Acropora species, but 
that A. tenella has longer gametogenic cycles (i.e., the formation and maturation of gametes) and 
lower fecundity than shallow Acropora species (Prasetia et al. 2016, 2017). Asexual reproduction 
via branch fragmentation is common in this species, as shown by extensive patches of unattached 
branches (Sinniger et al. 2019). Skeletal growth rate is estimated at 5–10 mm annually (Turak and 
DeVantier 2019). Generally, Acropora species have rapid skeletal growth and low tolerance to 
stress, and all are hermaphroditic broadcast spawners (Brainard et al. 2011). As noted in the A. 
globiceps life history section above, all 37 Acropora species (which did not include A. tenella) in 
Darling et al.’s (2012) global coral life history study were classified as “competitive species,” based 
on broadcast spawning, rapid skeletal growth, and branching colony morphology. These life history 
characteristics allow Acropora species to recruit quickly to available substrate and successfully 
compete for space, but also make them susceptible to disturbance, thus they typically are only 
dominant in ideal conditions (Darling et al. 2012). 

4.8.2. Distribution 
Geographic Distribution. Acropora tenella has a relatively limited geographic distribution, occurring 
in 23 MEOWs (Fig. 20) and does not occur in U.S. waters, based on information in NMFS (2022c). Its 
distribution is largely restricted to the Coral Triangle and parts of the western equatorial Pacific 
Ocean, which is projected to have the most rapid and severe impacts from climate change and 
localized human impacts for coral reefs over the 21st century. The current information indicates 
that A. tenella occurs in five more MEOWs than we were aware of at the time of listing in 2014, 
including the Solomon Islands, Coral Sea, New Caledonia, East China Sea and South Kuroshio 
MEOWs (NMFS 2022c). These new records extend long distances both northwards and 
southeastwards, indicating that the species’ geographic distribution is considerably larger than 
previously known. 

https://coraltraits.org/
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Figure 20. Geographic distribution of A. tenella.  

Depth Distribution. The species inhabits an extraordinary range of depths, but most commonly 
occurs at >40 m (Turak and Devantier 2019, Muir et al. 2019). However, it sometimes occurs much 
shallower, and has been reported at 6 m (Irian Jaya, Muir et al. 2019), 13 m (Pohnpei, Muir and 
Wallace 2016), 15 m (Bismark Sea; Turak and Devantier 2019), 18 m (Rowley et al. 2019), and 22 
m (Palau, Pat Colin, personal communication 2020). Mesophotic surveys found A. tenella at 25 to 
110 m (Muir et al. 2019). Thus, current information indicates that A. tenella has a far broader depth 
range (6–110 m), including both much shallower and much deeper than we were aware of at the 
time of listing in 2014 (40–70 m). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of A. tenella in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast,  a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that A. tenella was listed 
was because the information available at that time indicated a geographic distribution restricted 
mainly to the Coral Triangle (79 FR 53851). Since both the geographic and depth distributions of A. 
tenella are greater than we were aware of at the time of listing in 2014, its distribution has a greater 
capacity to moderate extinction risk. 

4.8.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Acropora tenella was recorded in 9 of the 31 ecoregions. Within 
those 9 ecoregions, it had a mean overall abundance of 2.70 (Uncommon), ranging from 0.95 (Rare) 
in the Raja Ampat, Papua Ecoregion to 6.25 (Uncommon) in the GBR Far North and Torres Strait 
Ecoregion. The mean overall abundance of A. tenella for all 31 ecoregions was 0.72 (Rare, DeVantier 
and Turak 2017, Table S2), however some of the 22 ecoregions where it was not recorded may be 
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outside its range. Another consideration is that A. tenella occurs primarily in the upper mesophotic 
zone (30–50 m), and the surveys were conducted mostly at <40 m (DeVantier and Turak 2017). The 
Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists A. tenella’s global 
relative abundance as “uncommon,” but does not cite DeVantier and Turak (2017).  

More recent information from mesophotic surveys (>30 m) report that A. tenella is common at 
some locations and depths. In surveys of the upper mesophotic zone in southern Japan, A. tenella 
was the fourth-most abundant species, forming extensive, dense patches of unattached branches 
over rubble and sand (Sinniger et al. 2019). Other studies also indicate that A. tenella is common in 
the upper mesophotic zone in southern Japan (Prasetia et al. 2016, Sinniger et al. 2012). Likewise, 
A. tenella is reported as one of the most common upper mesophotic corals over rubble and sand in 
Taiwan (Denis et al. 2019). In Palau, A. tenella is reported as the most common Acropora species 
below 30 m (Colin and Lindfield 2019). In Kimbe Bay, Papua New Guinea, the upper mesophotic 
coral community features extensive coverage of A. tenella (Longenecker et al. 2019, Turak and 
DeVantier 2019). In the upper mesophotic zone in the Coral Sea, A. tenella forms extensive 
monospecific stands comparable in size to those of staghorn corals in shallow-reef habitats (Muir et 
al. 2015, Bridge et al. 2019, Pinheiro et al. 2019). A mesophotic coral survey at 25–110 m depth in 
the Coral Sea found A. tenella at 5 of the 28 sites, where it formed large colonies with distinctive, 
long branches (Muir et al. 2019). Within its range, the relative abundance of A. tenella may vary 
locally from very rare to at least common at mesophotic depths. However, based on the above 
information, the rangewide relative abundance of A. tenella is uncommon to common. Thus, current 
information indicates that A. tenella has a higher relative abundance (uncommon to common) than 
we were aware of at the time of listing in 2014 (rare). 

Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exist throughout its range. Based on information from Richards et al. (2008, 2019), A. 
tenella had a population estimate of 5,207,000 colonies, and an effective population size of 573,000 
colonies (79 FR 53851). However, since then we have learned that the species has a broader 
geographic distribution, a much broader depth distribution, and higher relative abundance. Based 
on the updated information, A. tenella’s absolute abundance is likely to be at least tens of millions of 
colonies. Thus, current information indicates that A. tenella has a higher absolute abundance (at 
least tens of millions) than we were aware of at the time of listing in 2014 (approximately 5.2 
million). 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
A. tenella, the most important threats (i.e., ocean warming, ocean acidification) have worsened since 
2014, and substantial impacts to Acropora species have occurred, although no species-specific data 
are available for A. tenella. Based on the continued worsening in the most important threats, it is 
likely that A. tenella is decreasing in overall abundance (i.e., abundance across all the ecoregions 
that make up its range). 

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of A. tenella in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance. In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the relative abundance and absolute abundance of A. tenella are both greater 
than we were aware of in at the time of listing in 2014, its abundance may have a greater capacity 
to moderate extinction risk. 

https://coraltraits.org/
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4.8.4. Threats 
This section provides an updated threats evaluation for A. tenella, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to the 
2014–2017 series of warming-induced bleaching events, Acropora corals were generally the most 
impacted coral taxa in different locations around the Indo-Pacific (e.g., Hoogenboom et al. 2017, 
Frade et al 2018, Hughes et al. 2018a,b, Raymundo et al. 2019, Thinesh et al. 2019, Dietzel et al. 
2020, Gilmour et al. 2022). Section 3.2.1 also describes how ocean warming is projected to greatly 
worsen in the foreseeable future (i.e., between now and 2100). In conclusion, the current 
information indicates that A. tenella continues to be highly susceptible to ocean warming, that this 
threat has substantially worsened since listing in 2014, and that it will greatly worsen in the 
foreseeable future (Table 11).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Acropora species are 
susceptible to reduced calcification and skeletal growth from ocean acidification (Brainard et al. 
2011, 79 FR 53851, Smith et al. 2020, Evenson et al. 2021, Hill and Hoogenboom 2022). Section 
3.2.2 also describes how ocean acidification is projected to greatly worsen in the foreseeable future. 
In conclusion, the current information indicates that A. tenella continues to be susceptible to ocean 
acidification, that this threat has worsened since listing in 2014, and that it will greatly worsen in 
the foreseeable future (Table 11).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Acropora 
species are susceptible to most of the diseases that infect coral, and are more commonly affected by 
acute and lethal diseases than other corals (Brainard et al. 2011, 79 FR 53851, Hobbs et al. 2015, 
Aeby et al. 2020, Howells et al. 2020). Section 3.2.3 also describes how disease is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. tenella continues to be susceptible to disease, that this threat has worsened since listing in 2014, 
and that it will substantially worsen in the foreseeable future (Table 11).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching, fast-growing corals such as most Acropora 
species are susceptible to direct (i.e., damage by fishing gear because of their morphology) and 
indirect (i.e., increased competition for space with algae) effects of fishing (Brainard et al. 2011, 79 
FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in the 
foreseeable future. In conclusion, the current information indicates that A. tenella continues to be 
susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 11).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Acropora species are relatively susceptible to sediment and nutrients compared 
to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Carlson et al. 2019, Tuttle and 
Donahue 2022). Section 3.2.5 also describes how LBSP is projected to substantially worsen in the 
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foreseeable future. In conclusion, the current information indicates that A. tenella continues to be 
susceptible to LBSP, that this threat has continued since listing in 2014, and that it will substantially 
worsen in the foreseeable future (Table 11). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Acropora species are relatively 
susceptible to predation compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 
53851, Keesing et al. 2019, Tkachenko and Huang 2022). Section 3.2.6 also describes how 
predation is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that A. tenella continues to be susceptible to predation, that this threat has 
worsened since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
11).  

Collection and Trade: Although collection and trade did not contribute to the listing of A. tenella (79 
FR 53851), the following information indicates that this threat is likely impacting the status of the 
species. As noted in Section 3.2.7 above, since listing in 2014, the effects of collection and trade on 
Indo-Pacific corals have continued. According to the CITES database cited in Section 3.2.7, between 
1985 and 2017, over 17 million Acropora units were globally imported and exported. These units 
were not identified to species, thus likely included an undeterminable number of unidentified A. 
tenella. In addition, the database also records that between 2011 and 2017, dozens of A. tenella 
units were globally imported and exported most years (NMFS 2022a). Because of the popularity of 
A. tenella in the marine aquarium trade (Adams 2014) as well as the ongoing and projected growth 
in the industry, collection and trade may increasingly impact the status of A. tenella. Section 3.2.7 
also describes how collection and trade is projected to substantially worsen in the foreseeable 
future. In conclusion, the current information indicates that A. tenella is susceptible to collection 
and trade, that this threat has continued since listing in 2014, and that it will substantially worsen 
in the foreseeable future (Table 11).  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Acropora species. In conclusion, as in the final rule, the 
current information indicates that A. tenella is not susceptible to sea-level rise, that there have been 
no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in the 
foreseeable future (Table 11).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to A. tenella, and that 
improvement is unlikely in the foreseeable future (Table 11).  

Threats Conclusion for A. tenella: Since A. tenella was listed in 2014, many of the threats to the 
species have worsened. Especially concerning is that the most important threat to the species, 
ocean warming, has substantially worsened. In addition, all threats are projected to worsen in the 
foreseeable future, with the possible exception of regulatory mechanisms, which may continue to 
improve but also are likely to remain inadequate for controlling any of the threats (Table 11).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to A. tenella (79 FR 53851). Instead, the final rule concluded 
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that A. tenella is highly susceptible to ocean warming and susceptible to ocean acidification, disease, 
fishing, LBSP, and predation, while regulatory mechanisms were inadequate for controlling any 
threat (79 FR 53851). However, as summarized above, we now have more genus-specific and 
species-specific information available on the importance of each threat to Acropora species and A. 
tenella, respectively. Based on the general importance ratings of the threats to Indo-Pacific reef-
building corals (Table 3) and the genus-specific and species-specific information above, we 
conclude that the relative importance ratings of each threat to Indo-Pacific corals apply to A. tenella. 
In addition, the observed threat trends since 2014 and projected threat trends in the foreseeable 
future are provided (Table 11). 

Table 11. Summary of threats evaluation for A. tenella. For each threat, relative importance to the extinction 
risk of the species, observed trend since 2014, and projected trend in the foreseeable future are provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

  

4.8.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Acropora tenella was listed as threatened in 2014 because of its limited 
geographic distribution, low abundance, high susceptibility to ocean warming, susceptibilities to 
ocean acidification, fishing, LBSP, disease, and predation, inadequate regulatory mechanisms, 
declining baseline conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that A. tenella has: (1) a broader geographic distribution (23 MEOWs 
instead of 18); (2) a much broader depth range (6–110 m instead of 40–70 m); (3) higher relative 
abundance (uncommon to common instead of rare); and (4) higher absolute abundance (at least 
tens of millions of colonies instead of approximately 5.2 million colonies) than we believed in 2014. 
That is, A. tenella is more broadly distributed and more abundant than we believed in 2014, and 
thus may have a higher capacity to moderate the effects of the threats, as explained in the 
Relevance of Distribution/Abundance to Status sections above.  
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Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of A. tenella. Current regulatory mechanisms are grossly inadequate, especially GHG 
management. 

In conclusion, the above information shows that A. tenella is more broadly distributed and more 
abundant than we believed in 2014, but that the threats have worsened and that collection and 
trade is also an important threat to the species. Especially concerning is that the most important 
threat to the species, ocean warming, has substantially worsened since the species was listed in 
2014. The other important threats to the species, including ocean acidification,disease, fishing, 
LBSP, predation, and collection and trade have also either worsened or continued since 2014. While 
there has been some progress with regulatory mechanisms, primarily because of the 2016 Paris 
Agreement, regulatory mechanisms for both global and local threats are still inadequate. However, 
the species’ distribution is broader and its abundance is greater than we were aware of at the time 
of listing in 2014, both of which are key factors for moderating threats. 

 
4.9.1. Biology 

Taxonomy. This species was described by Rehberg (1892). It is included in the Corals of the World 
books (Veron 2000) and website (http://www.coralsoftheworld.org/, accessed August 2022), and 
is accepted by WoRMS (Hoeksma and Cairns 2021).  

Morphology. Colonies of A. spinosa have thin, upward growing cylindrical branches.  Branches are 
delicate and usually form thickets by fragmentation. Branch tips are relatively sharp and smooth 
because they do not have a corallite at the end of the branch, a characteristic of the genus 
Anacropora. Branches have many spines along their sides, which may taper and may be variable in 
size. Colonies are pale brown in color, occasionally with white tips (Fig. 21, Veron 2000, Veron et al. 
2016). 

 
Figure 21. Anacropora spinosa, showing colony and branch morphology. Colony photo is from Palau, and branch photo is 
from New Caledonia (photos copyright, Doug Fenner). 

http://www.coralsoftheworld.org/
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Habitat. The Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists A. spinosa’s 
water clarity preference as “clear,” and wave exposure preference as “broad.” However, it also 
occurs in turbid water, and is found on sand and mud as well as hard substrates (Doug Fenner, 
personal communication 2020).  

Life History. Little information is available on the life history of A. speciosa. Generally, Anacropora 
species have rapid skeletal growth and low tolerance to thermal stress, and all are hermaphroditic 
broadcast spawners (Brainard et al. 2011). Asexual reproduction via branch fragmentation is 
common in this species, commonly producing small to large thickets (Doug Fenner, personal 
communication 2020). Many Anacropora species are adapted to turbidity and sediment by having 
widely-spaced thin branches that allow sediment to fall through the colonies, which grow upwards 
at rates sufficient to avoid burial. Excavation of bases of such colonies can reveal a deep network of 
sediment-buried branches (Turak and DeVantier 2019).  

4.9.2. Distribution 
Geographic Distribution. Anacropora spinosa has a relatively limited distribution, occurring in 17 
MEOWs (Fig. 22), and does not occur in U.S. waters based on information in NMFS (2022c). Its 
distribution is largely restricted to the Coral Triangle region, which is projected to have the most 
rapid and severe impacts from climate change and localized human impacts for coral reefs over the 
21st century. The current information indicates that A. spinosa occurs in one more MEOW (New 
Caledonia) than we were aware of at the time of listing in 2014 (NMFS 2022c), considerably 
extending the geographic distribution of the species to the southeast. 

 
Figure 22. Geographic distribution of A. spinosa.  

Depth Distribution. Acropora spinosa occurs at 5-15 m of depth (Coral Traits Database 
https://coraltraits.org/, accessed August 2022), the same depth distribution as reported in the 
2014 final listing rule.  

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of A. spinosa in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 

https://coraltraits.org/
https://coraltraits.org/
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proportions of the population are likely to be exposed to any single disturbance.In contrast, a broad 
overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that A. spinosa was listed 
was because of its narrow depth distribution of 5–15 m (79 FR 53851). 

4.9.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Anacropora spinosa was recorded in 9 of the 31 ecoregions. Within 
those 9 ecoregions, it had a mean overall abundance of 8.97 (Uncommon), ranging from 2.50 
(Uncommon) in the Celebes Sea Ecoregion to 18.18 (Common) in the Cenderawasih Bay, Papua 
Ecoregion. The mean overall abundance of A. spinosa for all 31 ecoregions was 2.63 (Uncommon, 
DeVantier and Turak 2017, Table S2), however some of the 22 ecoregions where it was not 
recorded may be outside its range. The Coral Traits Database (https://coraltraits.org/, accessed 
August 2022) lists A. spinosa’s global relative abundance as “uncommon”, but does not cite 
DeVantier and Turak (2017). Within its range, the relative abundance of A. spinosa may vary locally 
from very rare to at least common. However, based on the above information, the rangewide 
relative abundance of A. spinosa is uncommon. 

Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exist throughout its range. Based on A. spinosa’s distribution and relative abundance, 
NMFS (2014) estimated the absolute abundance of A. spinosa be at least millions of colonies. Based 
on current information, no changes to that estimate are warranted. 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
A. spinosa, the most important threat (i.e., ocean warming) has worsened since 2014, and 
substantial impacts to Anacropora species have occurred, although no species-specific data are 
available for A. spinosa. Based on the continued worsening in the most important threats, it is likely 
that A. spinosa is decreasing in overall abundance (i.e., abundance across all the ecoregions that 
make up its range).   

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of A. spinosa in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance. In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). 

4.9.4. Threats 
This section provides an updated threats evaluation for A. spinosa, focusing on the threats that 
contributed to its listing (79 FR 53851), which included ocean warming, ocean acidification, 
disease, fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, 
current information indicates that collection and trade is also impacting the status of the species. A 
threats summary table is provided, including relative importance ratings for the threats, effects of 
threats since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to warming 
events in 2016 and 2020, Anacropora corals were among the most susceptible to bleaching of all 
corals (Muir et al. 2017, Nolan et al. 2021). Section 3.2.1 also describes how ocean warming is 

https://coraltraits.org/
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projected to greatly worsen in the foreseeable future (i.e., between now and 2100). In conclusion, 
the current information indicates that A. spinosa continues to be susceptible to ocean warming, that 
this threat has substantially worsened since listing in 2014, and that it will greatly worsen in the 
foreseeable future (Table 12).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. While new information since the 
2014 listing indicates that some Anacropora corals occur in naturally low pH environments 
(Barkley et al. 2015, van Woesik and Cacciapaglia 2018, Maggioni et al. 2021), whether that means 
A. spinosa generally has low susceptibility to ocean acidification is unknown.  Section 3.2.2 also 
describes how ocean acidification is projected to greatly worsen in the foreseeable future. In 
conclusion, while the current information indicates potentially lower susceptibility of A. spinosa to 
ocean acidification, there is no species-specific information. Thus we still conclude that the species 
is susceptible to this threat. Furthermore, ocean acidification has worsened since listing in 2014, 
and it is likely to greatly worsen in the foreseeable future (Table 12). 

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. The little information 
available on disease in Anacropora species indicates some susceptibility (79 FR 53851). Section 
3.2.3 also describes how disease is projected to substantially worsen in the foreseeable future. In 
conclusion, the current information indicates that A. spinosa continues to be susceptible to disease, 
that this threat has worsened since listing in 2014, and that it will substantially worsen in the 
foreseeable future (Table 12).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching corals such as most Anacropora species may 
be more susceptible than other corals to damage by fishing gear because of their morphology 
(Brainard et al. 2011, 79 FR 53851). Section 3.2.4 also describes how fishing is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
A. spinosa continues to be susceptible to fishing, that this threat has continued since listing in 2014, 
and that it will substantially worsen in the foreseeable future (Table 12).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. While new information since the 2014 listing indicates that some Anacropora corals are 
adapted to turbidity and sediment (Turak and DeVantier 2019), whether that means A. spinosa 
generally has low susceptibility to LBSP is unknown. In conclusion, while the current information 
indicates potentially lower susceptibility of A. spinosa to LBSP, there is no species-specific 
information. Thus we still conclude that the species is susceptible to this threat. Furthermore, LBSP 
has worsened since listing in 2014, and it is likely to substantially worsen in the foreseeable future 
(Table 12). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. The little information available on predation of 
Anacropora species indicates some susceptibility (79 FR 53851). Section 3.2.6 also describes how 
predation is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that A. spinosa continues to be susceptible to predation, that this threat has 
worsened since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
12).  
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Collection and Trade: Although collection and trade did not contribute to the listing of A. spinosa 
(79 FR 53851), the following information indicates that this threat is likely impacting the status of 
the species. As noted in Section 3.2.7 above, since listing in 2014, the effects of collection and trade 
on Indo-Pacific corals have continued. According to the CITES database cited in Section 3.2.7, 
between 2011 and 2016, several hundred Anacropora units were globally imported and exported. 
These units were not identified to species, thus likely included an undeterminable number of 
unidentified A. spinosa. In addition, the database also records that 10 A. spinosa units were globally 
imported and exported in 2009 (NMFS 2022a). Because of the growing popularity of Anacropora 
coral in the marine aquarium trade (Adams 2022) as well as the ongoing and projected growth in 
the industry, collection and trade may increasingly impact the status of A. spinosa. Section 3.2.7 also 
describes how collection and trade is projected to substantially worsen in the foreseeable future. In 
conclusion, the current information indicates that A. spinosa is susceptible to collection and trade, 
that this threat has continued since listing in 2014, and that it will substantially worsen in the 
foreseeable future (Table 12).  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Anacropora species. In conclusion, as in the final rule, the 
current information indicates that A. spinosa is not susceptible to sea-level rise, that there have 
been no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in 
the foreseeable future (Table 12).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to A. spinosa, and that 
improvement is unlikely in the foreseeable future (Table 12).  

Threats Conclusion for A. spinosa: Since A. spinosa was listed in 2014, many of the threats to the 
species have worsened. All threats are projected to worsen in the foreseeable future, with the 
possible exception of regulatory mechanisms, which may continue to improve but also are likely to 
remain inadequate for controlling any of the threats (Table 12).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to A. spinosa (79 FR 53851). Instead, the final rule 
concluded that A. spinosa is susceptible to ocean warming, ocean acidification, disease, fishing, 
LBSP, and predation, while regulatory mechanisms were inadequate for controlling any threat (79 
FR 53851). However, as summarized above, we now have more genus-specific and species-specific 
information available on the importance of each threat to Anacropora species and A. spinosa, 
respectively. Based on the general importance ratings of the threats to Indo-Pacific reef-building 
corals (Table 3) and the genus-specific and species-specific information above, we conclude that the 
relative importance ratings of each threat to Indo-Pacific corals apply to A. spinosa. In addition, the 
observed threat trends since 2014 and projected threat trends in the foreseeable future are 
provided (Table 12). 
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Table 12. Summary of threats evaluation for A. spinosa. For each threat, relative importance to the extinction 
risk of the species, observed trend since 2014, and projected trend in the foreseeable future are provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

  

4.9.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Anacropora spinosa was listed as threatened in 2014 because of its limited 
geographic distribution largely restricted to the Coral Triangle region, susceptibilities to ocean 
warming, ocean acidification, fishing, LBSP, disease, and predation, inadequate regulatory 
mechanisms, declining baseline conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that A. spinosa has a broader geographic distribution (17 MEOWs 
instead of 16) than reported in the 2014 final listing rule. While its geographic distribution is only 
one MEOW greater, the addition of that MEOW (New Caledonia) means that its geographic 
distribution extends much farther to the southeast and includes over 100 more islands and 
extensive coral reefs than previously believed. That is, A. spinosa is more broadly distributed than 
we believed in 2014, and thus may have a higher capacity to moderate the effects of the threats, as 
explained in the Relevance of Distribution to Status section above.   

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of A. spinosa. Current regulatory mechanisms are grossly inadequate, especially GHG 
management. 
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In conclusion, the above information shows that A. spinosa is more broadly distributed than we 
believed in 2014, but that the threats have worsened and that collection and trade is also an 
important threat to the species. Especially concerning is that the most important threat to the 
species, ocean warming, has substantially worsened since the species was listed in 2014. The other 
important threats to the species, including ocean acidification,disease, fishing, LBSP, predation, and 
collection and trade have also either worsened or continued since 2014. While there has been some 
progress with regulatory mechanisms, primarily because of the 2016 Paris Agreement, regulatory 
mechanisms for both global and local threats are still inadequate. However, the species’ distribution 
is broader than we were aware of at the time of listing in 2014, which is a key factor for moderating 
threats. 

 
4.10.1. Biology 

Taxonomy. This species was listed as Euphyllia paradivisa in 2014 (79 FR 53851). Since then, Luzon 
et al. (2017) elevated Fimbriaphyllia from a subgenus to replace the Euphyllia genus, based on 
genetics results, thus changing Euphyllia paradivisa to Fimbriaphyllia paradivisa, which is accepted 
by WoRMS (Hoeksma and Cairns 2021). We now use the WoRMS-accepted name of Fimbriaphyllia 
paradivisa. Historically, Veron and Pichon (1980) divided the genus Euphyllia into two subgenera, 
Euphyllia and Fimbriaphyllia, based on skeletal characteristics. Veron (1990) described the species 
as Euphyllia paradivisa but that name is no longer accepted by WoRMS (Hoeksma and Cairns 2021). 

Morphology. Colonies of F. paradivisa consist of branching, separate corallites. Like all 
Fimbriaphyllia species, F. paradivisa has large polyps with tentacles that can be extended 10–20 cm 
(Eyal et al. 2016). Polyps have branching tentacles, an important characteristic for distinguishing it 
from other Fimbriaphyllia species. Color is typically pale greenish-grey with lighter tentacle tips 
(Fig. 23, Fenner and Burdick 2016, Veron et al. 2016, Fenner 2020a). 

 
Figure 23. Fimbriaphyllia paradivisa, showing corallite skeleton, and a colony with tentacles extended. Both photos are of 
Philippines’ corals (Charlie Veron; Veron et al. 2016). 

Habitat. Fimbriaphyllia paradivisa occurs mainly in low light environments protected from wave 
action across a wide depth range, such as shallow turbid bays (Fujii et al. 2020) and mesophotic 
depths (Eyal et al. 2016). It is also sometimes found on shallow reefs in clear water (Turak and 
DeVantier 2019). Colonies of F. paradivisa have been reported from a variety of substrates, 
including mud (Fenner 2020a, Fujii et al. 2020), sand and rubble (Fenner 2001, Loya et al. 2016, 
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Sinniger and Harii 2018), and rock (Toonen and Montgomery 2018, Montgomery et al. 2019, NMFS 
2022b).  

Life History. Generally, Fimbriaphyllia species are slow-growing and stress-tolerant (Morgan et al. 
2016, Zweifler et al. 2021). Fimbriaphyllia paradivisa is a broadcast spawner, whereby both male 
and female gametes are released into the water column and fertilization takes place externally. 
Colonies are gonochoric, in that separate colonies produce eggs and sperm (Luzon et al. 2017). Like 
other Fimbriaphyllia species, F. paradivisa has large polyps with tentacles that can be extended 10–
20 cm, enhancing its capacity for feeding on plankton. In 2016, a large mesophotic population of F. 
paradivisa was reported from the northern Red Sea, leading to extensive field and laboratory work 
(e.g., Eyal et al. 2016, Ben-Zvi et al. 2019, Eyal et al. 2019, Tamir et al. 2019, Ben-Zvi et al. 2020, 
Meron et al. 2020, Rinsky et al. 2022). These studies provide new information on the life history of 
this population of F. paradivisa, including that it is highly competitive for space (Eyal et al. 2016), 
has high physiological plasticity as shown by its ability to survive for extended periods of time with 
no zooxanthellae and other characteristics (Eyal et al. 2016, Rinsky et al. 2022), displays dramatic 
color polymorphism as a result of its intense fluorescence (Ben-Zvi et al. 2019), has high 
photoacclimation capacity (Eyal et al. 2019, Ben-Zvi et al. 2020), and does not occur shallower than 
40 m or deeper than 80 m, but is the dominant coral species at 40–70 m (Tamir et al. 2019).  

4.10.2. Distribution 
Geographic Distribution. Fimbriaphyllia paradivisa occurs in 24 MEOWs (Fig. 24) including within 
U.S. waters, based on information in NMFS (2022c).  The current information indicates that F. 
paradivisa occurs in nine more MEOWs than we were aware of at the time of listing in 2014 (NMFS 
2022c), including the Red Sea, Gulf of Aden, Southern China, East China Sea, South Kuroshio, Central 
Kuroshio, Solomon Islands, New Caledonia, and Vanuatu MEOWs. That is, the geographic 
distribution of the species extends much farther westward (Red Sea), northward (Japan) and 
southward (New Caledonia) than we were aware at the time of listing. Furthermore, as noted by 
Fujii et al. (2020), F. paradivisa’s distribution remains poorly documented because of the lack of 
surveys of low light habitats, including shallow turbid areas and mesophotic depths, and thus its 
geographic distribution is likely still underestimated. 

 
Figure 24. Geographic distribution of F. paradivisa. 
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Depth Distribution. Its confirmed depth distribution is 5–75 m (Turak et al. 2008, Muir and Pichon 
2019). It has also been recorded from 6 m in Timor-Leste (Turak and DeVantier 2012), 25 m in 
American Samoa (NMFS 2020b), 30 m in Malaysia (Waheed and Hoeksema 2014), 49 m in 
American Samoa (Toonen and Montgomery 2018), 45–53 m in the northern Red Sea (Eyal et al. 
2016), and 55 m in Japan (Sinnigar and Harii 2018). Thus, current information indicates that F. 
paradivisa has a much broader depth range (5–75 m) than we were aware of at the time of listing in 
2014 (5–20 m). 

U.S. Distribution. Within U.S. waters, F. paradivisa occurs on Tutuila in American Samoa (NMFS 
2022b). American Samoa is within the Samoa MEOW (Spalding et al. 2007). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of F. paradivisa in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast,  a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that F. paradivisa was listed 
was because the information available at that time indicated a limited geographic distribution 
mainly in the Coral Triangle (79 FR 53851). Since both the geographic and depth distributions of F. 
paradivisa are greater than we were aware of at the time of listing in 2014, its distribution has a 
greater capacity to moderate extinction risk. 

4.10.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Fimbriaphyllia paradivisa was recorded in 4 of the 31 ecoregions. 
Within those 4 ecoregions, it had a mean overall abundance of 2.24 (Uncommon), ranging from 1.08 
(Uncommon) in the Socotra Archipelago to 3.75 (Uncommon) in the Celebes Sea Ecoregion. The 
mean overall abundance of F. paradivisa for all 31 ecoregions was 0.42 (Rare, DeVantier and Turak 
2017, Table S2), however some of the 27 ecoregions where it was not recorded may be outside its 
range. In addition, F. paradivisa is a near ubiquitous reef coral species in the upper mesophotic zone 
in the northern Red Sea (Eyal et al. 2016, Tamir et al. 2019), but it was not recorded at any of 
DeVantier and Turak’s (2017) Red Sea sites, presumably because their surveys were too shallow 
(usually <40 m). In contrast to the Red Sea, upper mesophotic surveys in the Coral Triangle and 
adjacent areas only recorded F. paradivisa at one of 287 sites (Turak and DeVantier 2019). Within 
its range, the relative abundance of F. paradivisa may vary locally from very rare to near ubiquitous. 
However, based on the above information, the rangewide relative abundance of F. paradivisa is 
uncommon. Thus, current information indicates that F. paradivisa has a higher relative abundance 
(uncommon) than we were aware of at the time of listing in 2014 (rare). 

Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exist throughout its range. Based on F. paradivisa’s distribution and relative 
abundance, NMFS (2014) estimated the absolute abundance of F. paradivisa to be at least tens of 
millions of colonies. However, that estimate was based on assumptions that F. paradivisa’s 
distribution was much smaller, and its abundance lower, than shown by the recent information 
cited above. Based on the methodology used in NMFS (2014) and the current distribution and 
abundance information, F. paradivisa’s absolute abundance is estimated to be at least hundreds of 
millions of colonies. Thus, current information indicates that F. paradivisa has a higher absolute 
abundance (at least hundreds of millions) than we were aware of at the time of listing in 2014 (at 
least tens of millions). 
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Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
F. paradivisa, most threats have worsened since 2014. However, no genus or species-specific data 
are available for abundance trends of Fimbriaphyllia or F. paradivisa before or since 2014, including 
responses to the worsening threats.  

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of F. paradivisa in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance. In contrast,  a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the relative and absolute abundances of F. paradivisa are both greater than we 
were aware of in at the time of listing in 2014, its abundance may have a greater capacity to 
moderate extinction risk. 

4.10.4. Threats 
This section provides an updated threats evaluation for F. paradivisa, focusing on the threats that 
contributed to its listing (79 FR 53851), which included ocean warming, ocean acidification, 
disease, fishing, LBSP, predation, collection and trade, and inadequacy of existing regulatory 
mechanisms. A threats summary table is provided, including relative importance ratings for the 
threats, effects of threats since listing in 2014, and projected effects of threats in the foreseeable 
future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. Fimbriaphyllia corals 
have been heavily bleached by past warming events (79 FR 53851), and Pratchett et al. (2020) 
found that F. glabrescens had moderate bleaching susceptibility to elevated seawater temperature. 
In a laboratory study of F. paradivisa collected from the mesophotic zone in the Red Sea, colonies 
survived for extended periods of time with no zooxanthellae, providing evidence of the species’ 
potential to survive disturbances such as warming-induced bleaching (Eyal et al. 2016). However, 
whether that means F. paradivisa has lower susceptibility to ocean warming is unknown. Section 
3.2.1 also describes how ocean warming is projected to greatly worsen in the foreseeable future 
(i.e., between now and 2100).  

In conclusion, while the current information indicates potentially lower susceptibility of F. 
paradivisa to ocean warming, the information is sparse and inconclusive. Thus, we still conclude 
that the species is susceptible to this threat. Furthermore, ocean warming has substantially 
worsened since listing in 2014, and it is likely to greatly worsen in the foreseeable future (Table 
13). 

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Fimbriaphyllia corals 
are thought to have some susceptibility to ocean acidification (79 FR 53851). While new 
information since the 2014 listing indicates that some Fimbriaphyllia corals occur in naturally low 
pH environments (Barkley et al. 2015, van Woesik and Cacciapaglia 2018, Maggioni et al. 2021), 
whether that means F. paradivisa generally has low susceptibility to ocean acidification is unknown.  
Section 3.2.2 also describes how ocean acidification is projected to greatly worsen in the 
foreseeable future. In conclusion, while the current information indicates potentially lower 
susceptibility of F. paradivisa to ocean acidification, there is no species-specific information. Thus, 
we still conclude that the species is susceptible to this threat. Furthermore, ocean acidification has 
worsened since listing in 2014, and it is likely to greatly worsen in the foreseeable future (Table 
13). 
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Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014 – 2017 bleaching events. Generally, 
Fimbriaphyllia corals were thought to have some susceptibility to disease (79 FR 53851). Section 
3.2.3 also describes how disease is projected to substantially worsen in the foreseeable future. In 
conclusion, the current information indicates that F. paradivisa continues to be susceptible to 
disease, that this threat has worsened since listing in 2014, and that it will substantially worsen in 
the foreseeable future (Table 13).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Branching corals such as most Fimbriaphyllia species may be more 
susceptible than other corals to damage by fishing gear because of their morphology (Brainard et al. 
2011, 79 FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in 
the foreseeable future. In conclusion, the current information indicates that F. paradivisa continues 
to be susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 4).   

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Fimbriaphyllia corals were thought to have some susceptibility to LBSP (79 FR 
53851). However, as noted above in the Biology section, new information since the 2014 listing 
indicates that F. paradivisa commonly occurs in turbid, high-sediment environments (Fenner 
2020a, Fujii et al. 2020, Sinniger and Harii 2018). Therefore, the current information indicates that 
F. paradivisa is less susceptible to the effects of LBSP than we were aware of at the time of listing in 
2014. Section 3.2.5 also describes how LBSP is projected to substantially worsen in the foreseeable 
future. In conclusion, while the current information indicates lower susceptibility of F. paradivisa to 
LBSP than we were aware of at the time of listing in 2014. Thus we conclude that LBSP has lower 
relative importance to the extinction risk of F. paradivisa (i.e., Low instead of Low-Medium) than for 
the other 14 listed species. However, LBSP is likely to substantially worsen in the foreseeable future 
(Table 13). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014 – 2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Fimbriaphyllia corals were thought to 
have some susceptibility to predation (79 FR 53851). Section 3.2.6 also describes how predation is 
projected to substantially worsen in the foreseeable future. In conclusion, the current information 
indicates that F. paradivisa continues to be susceptible to predation, that this threat has worsened 
since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 13).  

Collection and Trade: As noted in Section 3.2.7 above, since listing in 2014, the effects of collection 
and trade on Indo-Pacific corals have continued. Corals knowns as Euphyllia are some of the most 
popular in the marine aquarium industry, including what is known in the industry as “Euphyllia 
paradivisa” (i.e., F. paradivisa, Blake 2022). According to the CITES database cited in Section 3.2.7, 
since 1990 hundreds of thousands of Euphyllia units were globally imported and exported annually. 
These units were not identified to species, thus likely included an undeterminable number of 
unidentified F. paradivisa. In addition, the database also records that between about 3,000 and 
21,000 “Euphyllia paradivisa” (i.e., F. paradivisa) units were globally imported and exported 
annually from 1990 to 2017 (NMFS 2022a). Because of the popularity of Euphyllia corals in the 
marine aquarium trade (Blake 2022) as well as the ongoing and projected growth in the industry, 
collection and trade may increasingly impact the status of F. paradivisa. Section 3.2.7 also describes 
how collection and trade is projected to substantially worsen in the foreseeable future. In 
conclusion, the current information indicates that F. paradivisa continues to be susceptible to 
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collection and trade, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 13).  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals. In conclusion, as in the final rule, the current information 
indicates that F. paradivisa is not susceptible to sea-level rise, that there have been no detectable 
trends in the effects of this threat since listing in 2014, but that it will worsen in the foreseeable 
future (Table 13).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to F. paradivisa, and 
that improvement is unlikely in the foreseeable future (Table 13).  

Threats Conclusion for F. paradivisa: Since F. paradivisa was listed in 2014, many of the threats to 
the species have worsened. All threats are projected to worsen in the foreseeable future, with the 
possible exception of regulatory mechanisms, which may continue to improve but also are likely to 
remain inadequate for controlling any of the threats (Table 13).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to F. paradivisa (79 FR 53851). Instead, the final rule 
concluded that F. paradivisa is susceptible to ocean warming, ocean acidification, disease, fishing, 
LBSP, predation, and collection and trade, while regulatory mechanisms were inadequate for 
controlling any threat (79 FR 53851). However, as summarized above, we now have more genus-
specific and species-specific information available on the importance of each threat to 
Fimbriaphyllia species and F. paradivisa, respectively. Based on the general importance ratings of 
the threats to Indo-Pacific reef-building corals (Table 3) and the genus-specific and species-specific 
information above, we conclude that the relative importance ratings of each threat to Indo-Pacific 
corals apply to F. paradivisa with the exception of LBSP (rated as Low instead of Low-Medium, as 
explained in the LBSP paragraph above). In addition, the observed threat trends since 2014 and 
projected threat trends in the foreseeable future are provided (Table 13). 
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Table 13. Summary of threats evaluation for F. paradivisa. For each threat, relative importance to the 
extinction risk of the species, observed trend since 2014, and projected trend in the foreseeable future are 
provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

 

4.10.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Fimbriaphyllia paradivisa was listed as threatened in 2014 (as Euphyllia 
paradivisa) because of its limited geographic distribution largely restricted to the Coral Triangle, 
low abundance, susceptibilities to ocean warming, ocean acidification, fishing, LBSP, disease, 
predation, and collection and trade, inadequate regulatory mechanisms, declining baseline 
conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that F. paradivisa has: (1) a much broader geographic distribution (24 
MEOWs instead of 15); (2) a much broader depth range (5–75 m instead of 5–20 m); (3) higher 
overall relative abundance (uncommon instead of rare); and (4) higher absolute abundance (at 
least hundreds of millions of colonies instead of at least tens of millions) than we believed in 2014. 
That is, F. paradivisa is more broadly distributed and more abundant than we believed in 2014, and 
thus may have a higher capacity to moderate the effects of the threats, as explained in the 
Relevance of Distribution/Abundance to Status sections above. 

Since 2014, the effects of most threats have worsened. All threats are projected to substantially 
worsen under current global GHG regulatory mechanisms, which would result in global warming of 
2.6–3.4°C above the pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the 
goal of the Paris Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial 
by 2100), the threats would become much worse than they are currently (Dixon et al. 2022), 
potentially preventing the recovery of F. paradivisa. Current regulatory mechanisms are grossly 
inadequate, especially GHG management. 
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In conclusion, the above information shows that F. paradivisa is much more broadly distributed and 
more abundant than we believed in 2014, but that the threats have worsened. Especially 
concerning is that the most important threat to the species, ocean warming, has substantially 
worsened since the species was listed in 2014. The other important threats to the species, including 
ocean acidification, disease, fishing, predation, and collection and trade have also either worsened 
or continued since 2014. While there has been some progress with regulatory mechanisms, 
primarily because of the 2016 Paris Agreement, regulatory mechanisms for both global and local 
threats are still inadequate. However, the species’ distribution is much broader and its abundance is 
greater than we were aware of at the time of listing in 2014, both of which are key factors for 
moderating threats. 

 
4.11.1. Biology 

Taxonomy. This species was originally described as Madrepora crateriformis (Gardiner 1898). 
Studer (1879) named Isopora as a subgenus to Madrepora, but did not include M. crateriformis in 
Isopora. Verrill (1902) assigned all Madrepora species including M. crateriformis to the genus 
Acropora (Verrill 1902). It was included as Acropora (Isopora) crateriformis in Wallace and 
Wolstenholme (1998) and Wallace (1999), and as A. crateriformis in Veron (2000). Isopora 
remained a subgenus of Acropora until Wallace et al. (2007) presented clear evidence that Isopora 
is a separate, valid genus. Since that time, Isopora has been treated as a genus, including I. 
crateriformis (Wallace et al. 2012, Veron et al. 2016), which is accepted by WoRMS (Hoeksma and 
Cairns 2021). 

Morphology. Isopora crateriformis forms flattened, solid, encrusting plates, usually with ripples on 
the surface. Most colonies are tan, but a few have tiny green spots, which are the retracted polyps 
(Fig. 25). Colonies are usually up to about 40 cm diameter but can be over 1 m diameter. Corallites 
are 1-2 mm in diameter, rounded projecting tubes, larger on the ridges and smaller between. When 
a colony occurs on a slope, the lower edge is often lifted as a plate (Fenner and Burdick 2016, Veron 
2000). This species is similar to some other Isopora species, but I. crateriformis has distinctive 
characteristics that can usually be reliably identified in the field. However, it is not distinguishable 
from juvenile, unbranched I. cuneata, as described in Fenner and Burdick (2016). 

 
Figure 25. Isopora crateriformis, showing colony morphology. Photos are from Tutuila, American Samoa (photos 
copyright, Doug Fenner). 
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Habitat. Isopora crateriformis is typically found on shallow forereefs, but may also occur in backreef 
areas with strong wave action such as the outer margins of reef flats (NMFS 2022b). The Coral 
Traits Database (https://coraltraits.org/, accessed August 2022) lists I. crateriformis’s water clarity 
preference as “clear,” and wave exposure preference as “exposed.” 

Life History. The life history of I. crateriformis has not been studied; however, it is most likely a 
hermaphroditic brooder based on studies of other Isopora species. Brooders release sperm but 
fertilization and larval development are internal. In contrast, Acropora species are broadcast 
spawners, one of the key differences that led to elevation of Isopora from an Acropora subgenus to 
genus (Wallace et al. 2007). Isopora species’ brooding life histories allow them to locally dominate 
coral communities at Lord Howe Island, Australia (Harriott 1992). The same may be true of I. 
crateriformis on Tutuila, American Samoa, where the species is locally dominant on some upper 
reef slopes (Fenner 2020a,b). A study of skeletal growth in I. palifera on the central GBR showed 
annual linear extension rates of approximately 2.1 cm (Razak et al. 2017).  

4.11.2. Distribution 
Geographic Distribution. Isopora crateriformis has a relatively limited geographic distribution, 
occurring in 27 MEOWs (Fig. 26), based on information in NMFS (2022c). The majority of its 
distribution is restricted to the Coral Triangle and western equatorial Pacific, which is projected to 
have the most rapid and severe impacts from climate change and localized human impacts for coral 
reefs over the 21st century. The distribution of the species within U.S. waters is summarized below.  
The current information indicates that I. crateriformis occurs in one more MEOW (Bonaparte Coast 
of northern Australia) and thus has a slightly larger geographic distribution than we were aware of 
at the time of listing in 2014 (NMFS 2022c). 

 
Figure 26. Geographic distribution of I. crateriformis. 

Depth Distribution. On Tutuila, American Samoa, the species is most common at 0–12 m of depth 
(Fenner 2020a), but has been recorded to 20 m (NMFS 2022b). The Coral Traits Database 
(https://coraltraits.org/, accessed August 2022) lists I. crateriformis’s maximum recorded depth as 
25 m. Thus, current information indicates that I. crateriformis has approximately twice as large a 
depth range (0–25 m) than we were aware of at the time of listing in 2014 (0–12 m). 

https://coraltraits.org/
https://coraltraits.org/


 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  101 

U.S. Distribution. Isopora crateriformis occurs on Tutuila, Ofu, Olosega and Ta'u in American Samoa 
but has not been recorded elsewhere within U.S. waters (NMFS 2022b). American Samoa is within 
the Samoa MEOW (Spalding et al. 2007). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of I. crateriformis in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that I. crateriformis was 
listed was because the information available at that time indicated a narrow depth distribution of 
0–12 m (79 FR 53851). Since both the geographic and depth distributions of I. crateriformis are 
greater than we were aware of at the time of listing in 2014, its distribution has a greater capacity 
to moderate extinction risk. 

4.11.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Isopora crateriformis was recorded in 5 of the 31 ecoregions. 
Within those 5 ecoregions, it had a mean overall abundance of 2.98 (Uncommon), ranging from 1.34 
(Uncommon) in the Sulu Sea Ecoregion to 6.52 (Uncommon) in the Fiji Ecoregion. The mean overall 
abundance of I. crateriformis for all 31 ecoregions was 0.46 (Rare, DeVantier and Turak 2017, Table 
S2), however some of the 26 ecoregions where it was not recorded may be outside its range. The 
Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists I. crateriformis’s global 
relative abundance as “common,” but does not cite DeVantier and Turak (2017). Wallace (1999) 
and the Corals of the World website (http://www.coralsoftheworld.org/, accessed August 2022) 
note that I. crateriformis is common in parts of Indonesia, while Harriott (1992) and Fenner 
(2020a,b) note that the species is locally dominant on Lord Howe Island, Australia, and Tutuila, 
American Samoa, respectively. Within its range, the relative abundance of I. crateriformis may vary 
locally from very rare to near ubiquitous. However, based on the above information, the rangewide 
relative abundance of I. crateriformis is uncommon to common. Thus, current information indicates 
that I. crateriformis has a higher relative abundance (uncommon to common) than we were aware 
of at the time of listing in 2014 (rare). 

Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exist throughout its range. Based on I. crateriformis’s distribution and relative 
abundance, NMFS (2014) estimated the absolute abundance of I. crateriformis to be at least millions 
of colonies. Dietzel et al. (2021) estimated its absolute abundance at 69.6 million colonies. Muir et 
al. (2022) argued that the data were unsuitable to provide such quantitative estimates, and Dietzel 
et al.’s (2022) reply agreed that better data are needed. Based on the updated information, I. 
crateriformis’s absolute abundance is likely to be at least tens of millions of colonies. Thus, current 
information indicates that I. crateriformis has a higher absolute abundance (at least tens of millions) 
than we were aware of at the time of listing in 2014 (at least millions). 

Abundance Trends. When I. crateriformis was listed in 2014, it was thought to have a decreasing 
abundance trend across its range over at least the past several decades, based on overall declines in 
coral cover and the susceptibility of I. crateriformis to the worst threats. At that time, we were not 
aware of any time-series abundance trend data for this species (79 FR 53851). Since then, we 
learned of coral species survey results from Fagatele Bay in the National Marine Sanctuary of 
American Samoa on the southern tip of Tutuila, where surveys of the same 6 fixed transects from 3–

https://coraltraits.org/
http://www.coralsoftheworld.org/
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12 m depth were periodically conducted. The total numbers of I. crateriformis colonies were 44 in 
1995, 13 in 2002, and 50 in 2018 (Chuck Birkeland, personal communication, April 2021). The 
monitoring program is designed to monitor coral trends on the spatial scale of Fagatele Bay (i.e., 
reef scale), and may or may not reflect abundance trends on larger spatial scales, such as island, 
archipelago or MEOW scales. 

As described above in the general Threats Evaluation and below for threats to I. crateriformis, the 
most important threats (i.e., ocean warming, ocean acidification) have worsened since 2014, and 
substantial impacts to Isopora species including I. crateriformis have been documented. Based on 
the continued worsening in the most important threats, it is likely that I. crateriformis is decreasing 
in overall abundance (i.e., abundance across all the ecoregions that make up its range).   

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of I. crateriformis in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance. In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since both the relative abundance and absolute abundance of I. crateriformis are 
greater than we were aware of in at the time of listing in 2014, its abundance may have a greater 
capacity to moderate extinction risk. 

4.11.4. Threats 
This section provides an updated threats evaluation for I. crateriformis, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to the 
2014–2017 series of warming-induced bleaching events, Isopora corals were generally among the 
most impacted coral taxa in different locations around the Indo-Pacific (e.g., Frade et al 2018, 
Hughes et al 2018a, Gilmour et al. 2022). In a study of the changes in the GBR’s coral communities, 
which is within I. crateriformis’s range, between 1995/96 and 2016/17, Dietzel et al. (2020) found 
that Isopora species declined by 38.5% on the reef crest and 52.5% on the reef slope (6–7 m depth). 
A study of the changes in response to multiple warming-induced coral bleachings in the Chagos 
Islands between 1979 and 1998 found that while total coral cover was reduced by approximately 
50%, cover of I. palifera was reduced by approximately 90% (Sheppard et al. 2020). Section 3.2.1 
also describes how ocean warming is projected to greatly worsen in the foreseeable future (i.e., 
between now and 2100). 

With regard to impacts of this threat on I. crateriformis, a model based on species’ responses to the 
2016 bleaching event found that I. crateriformis is at high extinction risk from warming-induced 
bleaching because of its shallow depth distribution (Muir et al. 2017). In conclusion, the current 
information indicates that I. crateriformis continues to be highly susceptible to ocean warming, that 
this threat has substantially worsened since listing in 2014, and that it will greatly worsen in the 
foreseeable future (Table 14).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Isopora corals are 
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thought to have some susceptibility to ocean acidification (79 FR 53851), and laboratory 
experiments have found that I. palifera bleaches in response to ocean acidification levels that are 
projected in the foreseeable future (Iguchi et al. 2014, Yang et al. 2020). Section 3.2.2 also describes 
how ocean acidification is projected to greatly worsen in the foreseeable future. In conclusion, the 
current information indicates that I. crateriformis continues to be susceptible to ocean acidification, 
that this threat has worsened since listing in 2014, and that it will greatly worsen in the foreseeable 
future (Table 14).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Isopora 
corals are thought to have some susceptibility to disease (79 FR 53851). Section 3.2.3 also 
describes how disease is projected to substantially worsen in the foreseeable future. In conclusion, 
the current information indicates that I. crateriformis continues to be susceptible to disease, that 
this threat has worsened since listing in 2014, and that it will substantially worsen in the 
foreseeable future (Table 14).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, Isopora corals are thought to have some susceptibility to 
fishing (79 FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen 
in the foreseeable future. In conclusion, the current information indicates that I. crateriformis 
continues to be susceptible to fishing, that this threat has continued since listing in 2014, and that it 
will substantially worsen in the foreseeable future (Table 14).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Isopora species are relatively susceptible to sediment and nutrients, compared to 
other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851). Section 3.2.5 also describes how 
LBSP is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that I. crateriformis continues to be susceptible to LBSP, that this threat has 
continued since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
14). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Isopora corals are thought to have some 
susceptibility to predation (79 FR 53851). Section 3.2.6 also describes how predation is projected 
to substantially worsen in the foreseeable future. In conclusion, the current information indicates 
that I. crateriformis continues to be susceptible to predation, that this threat has worsened since 
listing in 2014, and that it will substantially worsen in the foreseeable future (Table 14).  

Collection and Trade: Although collection and trade did not contribute to the listing of I. 
crateriformis (79 FR 53851), the following information indicates that this threat is likely  impacting 
the status of the species. As noted in Section 3.2.7 above, since listing in 2014, the effects of 
collection and trade on Indo-Pacific corals have continued. According to the CITES database cited in 
Section 3.2.7, between 1989 and 2017, between a few hundred and over 10,000 Isopora units were 
globally imported and exported annually. These units were not identified to species, thus may have 
included an undeterminable number of unidentified I. crateriformis. In addition, the database also 
records that in 2010 and 2011, a few dozen I. crateriformis units were globally imported and 
exported annually (NMFS 2022a). Because of the ongoing and projected growth in the industry, 
collection and trade may increasingly impact the status of I. crateriformis. Section 3.2.7 also 
describes how collection and trade is projected to substantially worsen in the foreseeable future. In 
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conclusion, the current information indicates that I. crateriformis is susceptible to collection and 
trade, that this threat has continued since listing in 2014, and that it will substantially worsen in the 
foreseeable future (Table 14).  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Isopora species. In conclusion, as in the final rule, the 
current information indicates that I. crateriformis is not susceptible to sea-level rise, that there have 
been no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in 
the foreseeable future (Table 14).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to I. crateriformis, and 
that improvement is unlikely in the foreseeable future (Table 14).  

Threats Conclusion for I. crateriformis: Since I. crateriformis was listed in 2014, many of the threats 
to the species have worsened. All threats are projected to worsen in the foreseeable future, with the 
possible exception of regulatory mechanisms, which may continue to improve but also are likely to 
remain inadequate for controlling any of the threats (Table 14).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to I. crateriformis (79 FR 53851). Instead, the final rule 
concluded that I. crateriformis is highly susceptible to ocean warming, and susceptible to ocean 
acidification, disease, fishing, LBSP, and predation, while regulatory mechanisms were inadequate 
for controlling any threat (79 FR 53851). However, as summarized above, we now have more 
genus-specific and species-specific information available on the importance of each threat to 
Isopora species and I. crateriformis, respectively. Based on the general importance ratings of the 
threats to Indo-Pacific reef-building corals (Table 3) and the genus-specific and species-specific 
information above, we conclude that the relative importance ratings of each threat to Indo-Pacific 
corals apply to I. crateriformis. In addition, the observed threat trends since 2014 and projected 
threat trends in the foreseeable future are provided (Table 14). 
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Table 14. Summary of threats evaluation for I. crateriformis. For each threat, relative importance to the 
extinction risk of the species, observed trend since 2014, and projected trend in the foreseeable future are 
provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

 

4.11.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Isopora crateriformis was listed as threatened in 2014 because of its limited 
geographic distribution largely restricted to the Coral Triangle and western equatorial Pacific, low 
abundance, high susceptibility to ocean warming, susceptibilities to ocean acidification, fishing, 
LBSP, disease, and predation, inadequate regulatory mechanisms, declining baseline conditions, 
and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that I. crateriformis has: (1) a broader geographic distribution (27 
MEOWs instead of 26); (2) a broader depth range (0–25 m instead of 0–12 m); (3) higher relative 
abundance (uncommon to common instead of rare); and (4) higher absolute abundance (at least 
tens of millions of colonies instead of at least millions of colonies). That is, I. crateriformis is more 
broadly distributed and more abundant than we believed in 2014, and thus may have a higher 
capacity to moderate the effects of the threats, as explained in the Relevance of 
Distribution/Abundance to Status sections above.  

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of I. crateriformis. Current regulatory mechanisms are grossly inadequate, especially GHG 
management. 
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In conclusion, the above information shows that I. crateriformis is more broadly distributed and 
more abundant than we believed in 2014, but that the threats have worsened and that collection 
and trade is also an important threat to the species. Especially concerning is that the most 
important threat to the species, ocean warming, has substantially worsened since the species was 
listed in 2014. The other important threats to the species, including ocean acidification, disease, 
fishing, LBSP, predation, and collection and trade have also either worsened or continued since 
2014. While there has been some progress with regulatory mechanisms, primarily because of the 
2016 Paris Agreement, regulatory mechanisms for both global and local threats are still inadequate. 
However, the species’ distribution is broader and its abundance is greater than we were aware of at 
the time of listing in 2014, both of which are key factors for moderating threats. 

 
4.12.1. Biology 

Taxonomy. Montipora australiensis was described by Bernard (1897), and is included in Veron and 
Wallace’s (1984) review of Acroporidae (Montipora, Anacropora, Acropora, and Astreopora species) 
in eastern Australia. It is included in the Corals of the World books (Veron 2000) and website 
(http://www.coralsoftheworld.org/, accessed August 2022), and is accepted by WoRMS (Hoeksma 
and Cairns 2021).  

Morphology. Colonies form thick plates and irregular columns, and are pale brown in color. The 
corallites are joined by a network of fine ridges (Fig. 27, Veron et al. 2016). 

 
Figure 27. Montipora australiensis, showing colony and corallite morphology. Colony photo from the GBR (Charlie Veron), 
corallite drawing by Geoff Kelly (Veron et al. 2016). 

Habitat. Montipora australiensis is found predominantly on upper reef slopes, lower reef crests, and 
reef flats, and it likely also occurs on mid-slopes and possibly other habitats (Brainard et al. 2011, 
79 FR 53851). The Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists M. 
australiensis’s water clarity preference as “clear,” and wave exposure preference as “exposed.”  

Life History. Little information is available on the life history of M. australiensis. Like Acropora 
species, Montipora species are hermaphroditic broadcast spawners, whereby both male and female 
gametes into the water column and fertilization takes place externally. Larvae settle on suitable 
substrates such as rock or dead coral and grow into colonies (Brainard et al. 2011, 79 FR 53851).  

http://www.coralsoftheworld.org/
https://coraltraits.org/
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4.12.2. Distribution 
Geographic Distribution. Montipora australiensis has a relatively broad distribution (the second-
most broadly distributed of the 15 species reviewed in this document after A. globiceps), occuring in 
36 MEOWs (Fig. 28) but not in U.S. waters, based on information in NMFS (2022c). Its distribution 
is restricted largely to parts of the Coral Triangle and the western Indian Ocean. Despite the large 
number of islands and environments that are included in the species' range, it is mostly limited to 
an area projected to have the most rapid and severe impacts from climate change and localized 
human impacts for coral reefs over the 21st century. 

 
Figure 28. Geographic distribution of M. australiensis. 

Depth Distribution. Montipora australiensis occurs at depths of approximately 2–30 m (79 FR 
53851, Coral Traits Database https://coraltraits.org/, accessed August 2022).  

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of M. australiensis in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance (79 FR 53851). 

4.12.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Montipora australiensis was recorded in 4 of the 31 ecoregions. 
Within those 4 ecoregions, it had a mean overall abundance of 4.68 (Uncommon), ranging from 0.67 
(Rare) in the Sulu Sea Ecoregion to 9.71 (Uncommon) in the Sunda Shelf Ecoregion. The mean 
overall abundance of M. australiensis for all 31 ecoregions was 0.59 (Rare, DeVantier and Turak 
2017, Table S2), and most of the 27 ecoregions where it was not recorded appear to be within its 
range. The Coral Traits Database (https://coraltraits.org/, accessed August 2022) lists M. 
australiensis’s abundance estimate on the GBR as “rare,” but does not cite DeVantier and Turak 

https://coraltraits.org/
https://coraltraits.org/
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(2017). Within its range, the relative abundance of M. australiensis may vary locally from very rare 
to at least uncommon. However, based on the above information, the rangewide relative abundance 
of M. australiensis is rare to uncommon. Thus, current information indicates that M. australiensis 
has a higher relative abundance (rare to uncommon) than we were aware of at the time of listing in 
2014 (rare). 

Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exist throughout its range. Based on M. australiensis’s distribution and relative 
abundance, NMFS (2014) estimated the absolute abundance of M. australiensis to be at least 
millions of colonies. Dietzel et al. (2021) estimated its absolute abundance at 30.5 million colonies. 
Muir et al. (2022) argued that the data were unsuitable to provide such quantitative estimates, and 
Dietzel et al.’s (2022) reply agreed that better data are needed. Based on the updated information 
M. australiensis’s absolute abundance is likely to be at least tens of millions of colonies. Thus, 
current information indicates that M. australiensis has a higher absolute abundance (at least tens of 
millions) than we were aware of at the time of listing in 2014 (at least millions). 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
M. australiensis, the most important threats (i.e., ocean warming, ocean acidification) have 
worsened since 2014, and substantial impacts to Montipora species have occurred, although no 
species-specific data are available for M. australiensis. Based on the continued worsening in the 
most important threats, it is likely that M. australiensis is decreasing in overall abundance (i.e., 
abundance across all the ecoregions that make up its range).  

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of M. australiensis in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance.  In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the relative abundance and absolute abundance of M. australiensis are both 
greater than we were aware of  at the time of listing in 2014, its abundance may have a greater 
capacity to moderate extinction risk. 

4.12.4. Threats 
This section provides an updated threats evaluation for M. australiensis, focusing on the threats that 
contributed to its listing (79 FR 53851), including ocean warming, ocean acidification, disease, 
fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. In addition, current 
information indicates that collection and trade is also impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to the 
2014–2017 series of warming-induced bleaching events, Montipora corals were generally among 
the most impacted coral taxa in different locations around the Indo-Pacific (e.g., Frade et al 2018, 
Fox et al. 2019, McClanahan et al. 2020, Gilmour et al. 2022). In a study of the changes in the GBR’s 
coral communities, which is within M. australiensis’s range, between 1995/96 and 2016/17, Dietzel 
et al. (2020) found that Montipora species declined by 72.1% on the reef crest and 35.3% on the 
reef slope (6–7 m depth). Section 3.2.1 also describes how ocean warming is projected to greatly 
worsen in the foreseeable future (i.e., between now and 2100). In conclusion, the current 
information indicates that M. australiensis continues to be highly susceptible to ocean warming, that 



 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  109 

this threat has substantially worsened since listing in 2014, and that it will greatly worsen in the 
foreseeable future (Table 15).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Montipora species are 
susceptible to reduced calcification and skeletal growth from ocean acidification (Brainard et al. 
2011, 79 FR 53851, Evenson et al. 2021). Section 3.2.2 also describes how ocean acidification is 
projected to greatly worsen in the foreseeable future. In conclusion, the current information 
indicates that M. australiensis continues to be susceptible to ocean acidification, that this threat has 
worsened since listing in 2014, and that it will greatly worsen in the foreseeable future (Table 15).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Montipora 
species are susceptible to most of the diseases that infect coral, and are commonly affected by acute 
and lethal diseases (Brainard et al. 2011, 79 FR 53851, Aeby et al. 2016, Das et al. 2022). Section 
3.2.3 also describes how disease is projected to substantially worsen in the foreseeable future. In 
conclusion, the current information indicates that M. australiensis continues to be susceptible to 
disease, that this threat has worsened since listing in 2014, and that it will substantially worsen in 
the foreseeable future (Table 15).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, columnar corals such as M. australiensis may be more 
susceptible than other corals to damage by fishing gear because of their morphology (Brainard et al. 
2011, 79 FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in 
the foreseeable future. In conclusion, the current information indicates that M. australiensis 
continues to be susceptible to fishing, that this threat has continued since listing in 2014, and that it 
will substantially worsen in the foreseeable future (Table 15).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Montipora species are moderately susceptible to sediment and nutrients, 
compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Carlson at al. 2019). 
Section 3.2.5 also describes how LBSP is projected to substantially worsen in the foreseeable future. 
In conclusion, the current information indicates that M. australiensis continues to be susceptible to 
LBSP, that this threat has continued since listing in 2014, and that it will substantially worsen in the 
foreseeable future (Table 15). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Montipora species are susceptible to 
predation (Brainard et al. 2011, 79 FR 53851, Tkachenko and Huang 2022). Section 3.2.6 also 
describes how predation is projected to substantially worsen in the foreseeable future. In 
conclusion, the current information indicates that M. australiensis continues to be susceptible to 
predation, that this threat has worsened since listing in 2014, and that it will substantially worsen 
in the foreseeable future (Table 15).  

Collection and Trade: Although collection and trade did not contribute to the listing of M. 
australiensis (79 FR 53851), the following information indicates that this threat is likely impacting 
the status of the species. As noted in Section 3.2.7 above, since listing in 2014, the effects of 
collection and trade on Indo-Pacific corals have continued. According to the CITES database cited in 
Section 3.2.7, since 2006, over 100,000 Montipora units were globally imported and exported 
annually. These units were not identified to species, thus may have included an undeterminable 
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number of unidentified M. australiensis. In addition, the database also records that in 2015 and 
2017, a few dozen M. australiensis units were globally imported and exported annually (NMFS 
2022a). Because of the ongoing and projected growth in the industry, collection and trade may 
increasingly impact the status of M. australiensis. Section 3.2.7 also describes how collection and 
trade is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that M. australiensis is susceptible to collection and trade, that this threat has 
continued since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
15).  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by rapidly-growing corals like Montipora species. In conclusion, as in the final rule, the 
current information indicates that M. australiensis is not susceptible to sea-level rise, that there 
have been no detectable trends in the effects of this threat since listing in 2014, but that it will 
worsen in the foreseeable future (Table 15).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to M. australiensis, 
and that improvement is unlikely in the foreseeable future (Table 15).  

Threats Conclusion for M. australiensis: Since M. australiensis was listed in 2014, many of the 
threats to the species have worsened. All threats are projected to worsen in the foreseeable future, 
with the possible exception of regulatory mechanisms, which may continue to improve but also are 
likely to remain inadequate for controlling any of the threats (Table 15).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to M. australiensis (79 FR 53851). Instead, the final rule 
concluded that M. australiensis is highly susceptible to ocean warming, and susceptible to ocean 
acidification, disease, fishing, LBSP, and predation, while regulatory mechanisms were inadequate 
for controlling any threat (79 FR 53851). However, as summarized above, we now have more 
genus-specific and species-specific information available on the importance of each threat to 
Montipora species and M. australiensis, respectively. Based on the general importance ratings of the 
threats to Indo-Pacific reef-building corals (Table 3) and the genus-specific and species-specific 
information above, we conclude that the relative importance ratings of each threat to Indo-Pacific 
corals apply to M. australiensis. In addition, the observed threat trends since 2014 and projected 
threat trends in the foreseeable future are provided (Table 15). 
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Table 15. Summary of threats evaluation for M. australiensis. For each threat, relative importance to the 
extinction risk of the species, observed trend since 2014, and projected trend in the foreseeable future are 
provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

 

4.12.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Montipora australiensis was listed as threatened in 2014 because of its 
geographic distribution restricted to parts of the Coral Triangle and western Indian Ocean, low 
abundance, high susceptibility to ocean warming, susceptibilities to ocean acidification, fishing, 
LBSP, disease, and predation, inadequate regulatory mechanisms, declining baseline conditions, 
and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that M. australiensis has: (1) higher relative abundance (rare to 
uncommon instead of rare); and (2) higher absolute abundance (at least tens of millions of colonies 
instead of at least millions of colonies). That is, M. australiensis is more abundant than we believed 
in 2014, and thus may have a higher capacity to moderate the effects of the threats, as explained in 
the Relevance of Abundance to Status section above.  

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of M. australiensis. Current regulatory mechanisms are grossly inadequate, especially GHG 
management.  

In conclusion, the above information shows that M. australiensis is more abundant than we believed 
in 2014, but that the threats have worsened and that collection and trade is also an important 
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threat to the species. Especially concerning is that the most important threat to the species, ocean 
warming, has substantially worsened since the species was listed in 2014. The other important 
threats to the species, including ocean acidification, disease, fishing, LBSP, predation, and collection 
and trade have also either worsened or continued since 2014. While there has been some progress 
with regulatory mechanisms, primarily because of the 2016 Paris Agreement, regulatory 
mechanisms for both global and local threats are still inadequate. However, the species’ abundance 
is higher than we were aware of at the time of listing in 2014, which is a key factor for moderating 
threats. 

 
4.13.1. Biology 

Taxonomy. Pavona diffluens was described by Lamarck (1816). It is included in the Corals of the 
World books (Veron 2000) and website (http://www.coralsoftheworld.org/, accessed August 
2022), and is accepted by WoRMS (Hoeksma and Cairns 2021). Colonies similar to P. diffluens from 
the Pacific are considered a separate, undescribed species (Veron and Pichon 1980, Veron 2014). 
This species was listed in 2014 based on the assumption that its range is limited to the Indian 
Ocean (79 FR 53851).  

Morphology. Colonies are lumpy with deep corallite centers, and are tan in color (Fig. 29, Veron et 
al. 2016, Fenner 2020a). 

 
Figure 29. Pavona diffluens, showing colony and branch morphology. Both photos from the Red Sea (Charlie Veron; Veron 
et al. 2016). 

Habitat. Pavona diffluens occurs in at least upper reef slopes, mid-slopes, lower reef crests, reef fats, 
and lagoons (79 FR 53851). The Coral Traits Database (https://coraltraits.org/, accessed August 
2022) lists P. diffluens’s water clarity preference as “clear”, and wave exposure preference as 
“broad”.   

Life History. Little is known of the life history of P. diffluens, although other Pavona species are 
gonochoric broadcast spawners. Broadcast spawners release both male and female gametes into 
the water column and fertilization takes place externally. Larvae settle on suitable substrates such 
as rock or dead coral and grow into colonies (79 FR 53851).  

4.13.2. Distribution 
Geographic Distribution. Pavona diffluens has a limited geographic distribution, occurring in only 
nine MEOWs (Fig. 30), and does not occur in U.S. waters based on information in NMFS (2022c). 
Colonies similar to P. diffluens from the Pacific are considered a separate, undescribed species (79 
FR 53851, Veron 2014) and the species does not occur in U.S. waters. Its distribution is restricted to 

http://www.coralsoftheworld.org/
https://coraltraits.org/
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parts of the western Indian Ocean along coastal East Africa, the Red Sea, the Gulf of Oman, and the 
Chagos Islands, where localized human impacts are high for coral reefs over the 21st century. In 
addition, parts of the Red Sea are projected to experience severe impacts from climate change more 
rapidly than other parts of the Indo-Pacific region. The current information indicates that P. 
diffluens occurs in one more MEOW than we were aware of at the time of listing in 2014, the Chagos 
Islands (NMFS 2022c). 

 
Figure 30. Geographic distribution of P. diffluens. 

Depth Distribution. Pavona diffluens occurs at depths of approximately 5–20 m (79 FR 53851, Coral 
Traits Database https://coraltraits.org/, accessed August 2022).  

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of P. diffluens in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that P. diffluens was listed 
was because of its restricted geographic distribution (79 FR 53851). Since the geographic 
distribution of P. diffluens is greater than we were aware of at the time of listing in 2014, its 
distribution has a greater capacity to moderate extinction risk. 

4.13.3. Abundance 
Relative Abundance: DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Pavona diffluens was recorded in 4 of the 31 ecoregions. Within 
those 4 ecoregions, it had a mean overall abundance of 4.88 (Uncommon), ranging from 1.08 
(Uncommon) in the Socotra Archipelago Ecoregion to 11.03 (Common) in the Red Sea North-
central Ecoregion. The mean overall abundance of P. diffluens for all 31 ecoregions was 0.65 (Rare, 

https://coraltraits.org/
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DeVantier and Turak 2017, Table S2), however most of the 27 ecoregions where it was not 
recorded appear to be outside its range. The Coral Traits Database (https://coraltraits.org/, 
accessed August 2022) lists P. diffluen’s global abundance estimate as “uncommon,” but does not 
cite DeVantier and Turak (2017). Within its range, the relative abundance of P. diffluens may vary 
locally from very rare to at least common. However, based on the above information, the rangewide 
relative abundance of P. diffluens is uncommon. 

Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exist throughout its range. Based on P. diffluen’s distribution and relative abundance, 
NMFS (2014) estimated the absolute abundance of P. diffluens to be at least millions of colonies. 
Based on current information, no changes to that estimate are warranted. 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
P. diffluens, the most important threats (i.e., ocean warming, ocean acidification) have worsened 
since 2014, and substantial impacts to Pavona species have occurred, although no species-specific 
data are available for P. diffluens. Based on the continued worsening in the most important threats, 
it is likely that P. diffluens is decreasing in overall abundance (i.e., abundance across all the 
ecoregions that make up its range). 

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of P. diffluens in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance. In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). 

4.13.4. Threats 
This section provides an updated threats evaluation for P. diffluens, focusing on the threats that 
contributed to its listing (79 FR 53851), which included ocean warming, ocean acidification, 
disease, fishing, LBSP, predation, and inadequacy of existing regulatory mechanisms. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to the 
2014–2017 series of warming-induced bleaching events, Pavona corals were among the most 
impacted coral taxa in some locations (e.g., Vo et al. 2020) but the least impacted in others 
(McClanahan et al. 2020). Section 3.2.1 also describes how ocean warming is projected to greatly 
worsen in the foreseeable future (i.e., between now and 2100). In conclusion, the current 
information indicates that P. diffluens continues to be susceptible to ocean warming, that this threat 
has substantially worsened since listing in 2014, and that it will greatly worsen in the foreseeable 
future (Table 16).   

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. In other Pavona species, 
laboratory studies have shown impacts of low pH on calcification (Brainard et al. 2011, 79 FR 
53851, Godefroid et al. 2021), and a field study showed that Pavona species had high bioerosion 
rates in the eastern Pacific (Cosain-Díaz et al. 2021). Section 3.2.2 also describes how ocean 
acidification is projected to greatly worsen in the foreseeable future. In conclusion, the current 
information indicates that P. diffluens continues to be susceptible to ocean acidification, that this 

https://coraltraits.org/
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threat has worsened since listing in 2014, and that it will greatly worsen in the foreseeable future 
(Table 16).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Pavona 
corals are thought to have some susceptibility to disease (79 FR 53851). Section 3.2.3 also 
describes how disease is projected to substantially worsen in the foreseeable future. In conclusion, 
the current information indicates that P. diffluens continues to be susceptible to disease, that this 
threat has worsened since listing in 2014, and that it will substantially worsen in the foreseeable 
future (Table 16).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors (Brainard et al. 2011, 79 FR 53851). Generally, Pavona corals are 
thought to have some susceptibility to fishing (79 FR 53851). Section 3.2.4 also describes how 
fishing is projected to substantially worsen in the foreseeable future. In conclusion, the current 
information indicates that P. diffluens continues to be susceptible to fishing, that this threat has 
continued since listing in 2014, and that it will substantially worsen in the foreseeable future (Table 
16).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Pavona species are thought to have some susceptibility to sediment and 
nutrients (Brainard et al. 2011, 79 FR 53851). Section 3.2.5 also describes how LBSP is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
P. diffluens continues to be susceptible to LBSP, that this threat has continued since listing in 2014, 
and that it will substantially worsen in the foreseeable future (Table 16). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. Generally, Pavona corals are thought to have some 
susceptibility to predation (79 FR 53851). Section 3.2.6 also describes how predation is projected 
to substantially worsen in the foreseeable future. In conclusion, the current information indicates 
that P. diffluens continues to be susceptible to predation, that this threat has worsened since listing 
in 2014, and that it will substantially worsen in the foreseeable future (Table 16).  

Collection and Trade: As noted in Section 3.2.7 above, since listing in 2014, the effects of collection 
and trade on Indo-Pacific corals have continued. According to the CITES database cited in Section 
3.2.7, since 1986, tens of thousands of Pavona units were globally imported and exported annually. 
These units were not identified to species, thus may have included an undeterminable number of 
unidentified P. diffluens. However, the database had no records of P. diffluens (NMFS 2022a) and 
there is no other information to indicate that P. diffluens is particularly targeted for collection and 
trade. While Section 3.2.7  describes how collection and trade is projected to substantially worsen 
in the foreseeable future (Table 16),  the current information does not indicate that collection and 
trade is a threat to P. diffluens. Thus, we conclude that collection and trade has lower relative 
importance to the extinction risk of P. diffluens (i.e., Low instead of Low-Medium) than for most of 
the other listed species.  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by corals. In conclusion, as in the final rule, the current information indicates that P. 



 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  116 

diffluens is not susceptible to sea-level rise, that there have been no detectable trends in the effects 
of this threat since listing in 2014, but that it will worsen in the foreseeable future (Table 16).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to P. diffluens, and 
that improvement is unlikely in the foreseeable future (Table 16).  

Threats Conclusion for P. diffuens: Since P. diffluens was listed in 2014, many of the threats to the 
species have worsened. All threats are projected to worsen in the foreseeable future, with the 
possible exception of regulatory mechanisms, which may continue to improve but also are likely to 
remain inadequate for controlling any of the threats (Table 16).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to P. diffluens (79 FR 53851). Instead, the final rule 
concluded that P. diffluens is susceptible to ocean warming, ocean acidification, disease, fishing, 
LBSP, and predation, while regulatory mechanisms were inadequate for controlling any threat (79 
FR 53851). However, as summarized above, we now have more genus-specific and species-specific 
information available on the importance of each threat to Pavona species and P. diffluens, 
respectively. Based on the general importance ratings of the threats to Indo-Pacific reef-building 
corals (Table 3) and the genus-specific and species-specific information above, we conclude that the 
relative importance ratings of each threat to Indo-Pacific corals apply to P. diffluens, with the 
exception of collection and trade (now rated as Low instead of Low-Medium). In addition, the 
observed threat trends since 2014 and projected threat trends in the foreseeable future are 
provided (Table 16). 
Table 16. Summary of threats evaluation for P. diffluens. For each threat, relative importance to the extinction 
risk of the species, observed trend since 2014, and projected trend in the foreseeable future are provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 
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4.13.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Pavona diffluens was listed as threatened in 2014 because of its restricted 
geographic distribution, low abundance, susceptibilities to ocean warming, ocean acidification, 
fishing, LBSP, disease, and predation, inadequate regulatory mechanisms, declining baseline 
conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that P. diffluens has a broader geographic distribution (nine MEOWs 
instead of eight) than indicated in the final listing rule (79 FR 53851). While its geographic 
distribution is only one MEOW greater, the addition of that MEOW (Chagos Islands) means that its 
geographic distribution is not limited to east Africa and the Red Sea but rather extends into the 
central Indian Ocean. That is, P. diffluens is more broadly distributed than we believed in 2014, and 
thus may have a higher capacity to moderate the effects of the threats, as explained in the 
Relevance of Distribution to Status section above.  

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of P. diffluens. Current regulatory mechanisms are grossly inadequate, especially GHG 
management.  

In conclusion, the above information shows that P. diffluens is more broadly distributed than we 
believed in 2014, but that the threats have worsened. Especially concerning is that the most 
important threat to the species, ocean warming, has substantially worsened since the species was 
listed in 2014. The other important threats to the species, including ocean acidification, disease, 
fishing, LBSP, and predation have also either worsened or continued since 2014. While there has 
been some progress with regulatory mechanisms, primarily because of the 2016 Paris Agreement, 
regulatory mechanisms for both global and local threats are still inadequate. However, the species’ 
distribution is broader than we were aware of at the time of listing in 2014, which is a key factor for 
moderating threats. 

 
4.14.1. Biology 

Taxonomy. Porites napopora was one the new species described in the Corals of the World books 
(Veron 2000), with additional details provided in Veron (2002). It is included in the Corals of the 
World website (http://www.coralsoftheworld.org/, accessed August 2022), and is accepted by 
WoRMS (Hoeksma and Cairns 2021).  

Morphology. Colonies form thin plates with cylindrical, tapering branches going in various 
directions.  Corallites are recessed deeply between ridges. Colonies are brown with white corallite 
centers, making colonies look spotted (Fig. 31, Veron et al. 2016).  

http://www.coralsoftheworld.org/
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Figure 31. Porites napopora, showing colony and branch morphology. Both photos from Indonesia (Charlie Veron, Veron 
et al., 2016). 

Habitat. Porites napopora occurs in shallow reef habitats either protected from wave action or 
exposed to moderate wave surge (Veron 2002). The Coral Traits Database (https://coraltraits.org/, 
accessed August 2022) lists P. napopora’s water clarity preference as “clear,” and wave exposure 
preference as “broad.”  

Life History. The life history of P. napopora has not been studied. Generalizations cannot be made 
based on other Indo-Pacific Porites species because of their high diversity of general life histories 
(e.g., the 7 Indo-Pacific Porites species in Darling et al. 2012 are competitive, weedy, or stress-
tolerant) and reproductive life histories (e.g., the 14 Indo-Pacific Porites species in Baird et al. 2009 
are gonochoric broadcast spawners or gonochoric brooders) within the genus. Furthermore, 
susceptibilities to threats often differ between branching Porites species such as P. napopora and 
massive Porites species (Brainard et al. 2011, 79 FR 53851). 

4.14.2. Distribution 
Geographic Distribution. Porites napopora has a relatively limited geographic distribution, 
occurring in 19 MEOWs (Fig. 32), and does not occur in U.S. waters based on information in NMFS 
(2022c). Its distribution is limited to parts of the Coral Triangle and the western equatorial Pacific 
Ocean. Despite the large number of islands and environments that are included in the species' 
range, it is mostly limited to an area projected to have the most rapid and severe impacts from 
climate change and localized human impacts for coral reefs over the 21st century. 

https://coraltraits.org/
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Figure 32. Geographic distribution of P. napopora. 

Depth Distribution. Porites napopora has a relatively moderate depth range, occurring at depths of 
3–17 m (Coral Traits Database https://coraltraits.org/, accessed August 2022, Scaps et al. 2007). 
Thus, current information indicates that P. napopora has a slightly greater depth range (3– 17 m) 
than we were aware of at the time of listing in 2014 (3–15 m). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of P. napopora in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast, a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance. For example, one reason that P. napopora was listed 
was because of its narrow depth distribution of 3–15 m (79 FR 53851). 

4.14.3. Abundance 
Relative Abundance. DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Porites napopora was recorded in 9 of the 31 ecoregions. Within 
those 9 ecoregions, it had a mean overall abundance of 19.32 (Common), ranging from 2.50 
(Uncommon) in the Celebes Sea Ecoregion to 71.21 (Very Common) in the Cenderawasih Bay, 
Papua Ecoregion. The mean overall abundance of P. napopora for all 31 ecoregions was 5.46 
(Uncommon, DeVantier and Turak 2017, Table S2), however some of the 22 ecoregions where it 
was not recorded may be outside its range. The Coral Traits Database (https://coraltraits.org/, 
accessed August 2022) lists P. napopora’s global abundance estimate as “uncommon,” but does not 
cite DeVantier and Turak (2017). Within its range, the relative abundance of P. napopora may vary 
locally from very rare to at least very common. However, based on the above information, the 
rangewide relative abundance of P. napopora is uncommon to common. Thus, current information 
indicates that A. globiceps has a higher relative abundance (uncommon to common) than we were 
aware of at the time of listing in 2014 (rare to uncommon). 

https://coraltraits.org/
https://coraltraits.org/
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Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exist throughout its range. Based on P. napopora’s distribution and relative 
abundance, NMFS (2014) estimated the absolute abundance of P. napopora to be at least millions of 
colonies. Based on current information, no changes to that estimate are warranted. 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to 
P. napopora, the most important threat (i.e., ocean warming) has worsened since 2014, and 
substantial impacts to Porites species have occurred, although no species-specific data are available 
for P. napopora. Based on the continued worsening in the most important threats, it is likely that P. 
napopora is decreasing in overall abundance (i.e., abundance across all the ecoregions that make up 
its range).   

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of P. napopora in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance. In contrast,  a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the relative abundance of P. napopora is greater than we were aware of in at 
the time of listing in 2014, its abundance may have a greater capacity to moderate extinction risk. 

4.14.4. Threats 
This section provides an updated threats evaluation for P. napopora, focusing on the threats that 
contributed to its listing (79 FR 53851), which included ocean warming, disease, fishing, LBSP, and 
inadequacy of existing regulatory mechanisms. In addition, current information indicates that 
ocean acidification and predation are likely to be impacting the status of the species. A threats 
summary table is provided, including relative importance ratings for the threats, effects of threats 
since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to the 
2014–2017 series of warming-induced bleaching events, Porites corals were among the most 
impacted coral taxa in some locations around the Indo-Pacific (e.g., Fox et al. 2019, Vargas-Angel et 
al. 2019, Vo et al. 2020), especially branching Porites species (McClanahan et al. 2020, Gilmour et al. 
2022). Section 3.2.1 also describes how ocean warming is projected to greatly worsen in the 
foreseeable future (i.e., between now and 2100). In conclusion, the current information indicates 
that P. napopora continues to be susceptible to ocean warming, that this threat has substantially 
worsened since listing in 2014, and that it will greatly worsen in the foreseeable future (Table 17).  

Ocean Acidification: As noted in Section 3.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. In studies of coral community 
composition in naturally low pH environments, Porites corals have been some of the most abundant 
taxa (Barkley et al. 2015, Camp et al. 2019). However, recent studies demonstrate negative impacts 
of ocean acidification on Porites skeletal growth (Mollica et al. 2018, Guo et al. 2020, Kang et al. 
2021) and recruitment (Smith et al. 2020). Section 3.2.2 also describes how ocean acidification is 
projected to greatly worsen in the foreseeable future. In conclusion, although ocean acidification 
did not contribute to the listing of P. napopora (79 FR 53851), the current information indicates 
that the species is likely to be susceptible to ocean acidification, that this threat has worsened since 
listing in 2014, and that it will greatly worsen in the foreseeable future (Table 17).  
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Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, Porites 
species are susceptible to most of the diseases that infect coral, and are commonly affected by acute 
and lethal diseases (Brainard et al. 2014, 79 FR 53851, Aeby et al. 2016, Howells et al. 2020). 
Section 3.2.3 also describes how disease is projected to substantially worsen in the foreseeable 
future. In conclusion, the current information indicates that P. napopora continues to be susceptible 
to disease, that this threat has worsened since listing in 2014, and that it will substantially worsen 
in the foreseeable future (Table 17).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching corals such as P. napopora may be more 
susceptible than other corals to damage by fishing gear because of their morphology (Brainard et al. 
2011, 79 FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in 
the foreseeable future. In conclusion, the current information indicates that P. napopora continues 
to be susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 17).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Porites species have some susceptibility to turbidity and sediment (Brainard et 
al. 2011, 79 FR 53851, Carlson et al. 2019). Section 3.2.5 also describes how LBSP is projected to 
substantially worsen in the foreseeable future. In conclusion, the current information indicates that 
P. napopora continues to be susceptible to LBSP, that this threat has continued since listing in 2014, 
and that it will substantially worsen in the foreseeable future (Table 17). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. While the information available for the final listing 
indicated that Porites species generally have lower susceptibility to predation (Brainard et al. 2011, 
79 FR 53851), recent studies show that Porites species can have higher susceptibility to predation 
especially when affected by warming-induced bleaching (Keesing et al. 2019, Tkachenko and Huang 
2022). Section 3.2.6 also describes how predation is projected to substantially worsen in the 
foreseeable future. In conclusion, although predation did not contribute to the listing of P. napopora 
(79 FR 53851), the current information indicates that the species is likely to be susceptible to 
predation, that this threat has worsened since listing in 2014, and that it will greatly worsen in the 
foreseeable future (Table 17). 

Collection and Trade: As noted in Section 3.2.7 above, since listing in 2014, the effects of collection 
and trade on Indo-Pacific corals have continued. According to the CITES database, since 2001, 
between 100,000 and over 300,000 Porites units were globally imported and exported annually. 
These units were not identified to species, thus may have included an undeterminable number of 
unidentified P. napopora. However, the database had no records of P. napopora (NMFS 2023a) and 
there is no other information to indicate that P. diffluens is particularly targeted for collection and 
trade. While Section 3.2.7  describes how collection and trade is projected to substantially worsen 
in the foreseeable future (Table 17), the current information does not indicate that collection and 
trade is a threat to P. napopora. Thus, we conclude that collection and trade has lower relative 
importance to the extinction risk of P. napopora (i.e., Low instead of Low-Medium) than for most of 
the other listed species.  

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
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earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by corals. In conclusion, as in the final rule, the current information indicates that P. 
napopora is not susceptible to sea-level rise, that there have been no detectable trends in the effects 
of this threat since listing in 2014, but that it will worsen in the foreseeable future (Table 17).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to P. napopora, and 
that improvement is unlikely in the foreseeable future (Table 17).  

Threats Conclusion for P. napopora: Since P. napopora was listed in 2014, many of the threats to the 
species have worsened. All threats are projected to worsen in the foreseeable future, with the 
possible exception of regulatory mechanisms, which may continue to improve but also are likely to 
remain inadequate for controlling any of the threats (Table 17).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to P. napopora (79 FR 53851). Instead, the final rule 
concluded that P. napopora is susceptible to ocean warming, disease, fishing, and LBSP, while 
regulatory mechanisms were inadequate for controlling any threat (79 FR 53851). However, as 
summarized above, we now have more genus-specific and species-specific information available on 
the importance of each of the threats to Porites species and P. napopora, respectively, which 
indicate that ocean acidification and predation are also likely to be impacting the status of the 
species. Based on the general importance ratings of the threats to Indo-Pacific reef-building corals 
(Table 3) and the genus-specific and species-specific information above, we conclude that the 
relative importance ratings of each threat to Indo-Pacific corals apply to P. napopora, with the 
exception of collection and trade (now rated as Low instead of Low-Medium). In addition, the 
observed threat trends since 2014 and projected threat trends in the foreseeable future are 
provided (Table 17). 
  



 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service  123 

Table 17. Summary of threats evaluation for P. napopora. For each threat, relative importance to the 
extinction risk of the species, observed trend since 2014, and projected trend in the foreseeable future are 
provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

 

4.14.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Porites napopora was listed as threatened in 2014 because of its limited 
geographic distribution restricted largely to parts of the Coral Triangle and the western equatorial 
Pacific Ocean, susceptibilities to ocean warming, disease, fishing, and LBSP, inadequate regulatory 
mechanisms, declining baseline conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that P. napopora has: (1) a broader depth distribution (3–17 m instead 
of 3–15 m); and (2) higher relative abundance (uncommon to common instead of rare to 
uncommon). That is, P. napopora is more broadly distributed and more abundant than we believed 
in 2014, and thus may have a higher capacity to moderate the effects of the threats, as explained in 
the Relevance of Distribution/Abundance to Status sections above.  

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. In addition, we have learned that P. napopora is also susceptible to 
ocean acidification and predation. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of P. napopora. Current regulatory mechanisms are grossly inadequate, especially GHG 
management. 

In conclusion, the above information shows that P. napopora is more broadly distributed and more 
abundant than we believed in 2014, but that the threats have worsened and that ocean acidification 
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and predation are also an important threat to the species. Especially concerning is that the most 
important threat to the species, ocean warming, has substantially worsened since the species was 
listed in 2014. The other important threats to the species, including ocean acidification, disease, 
fishing, LBSP, and predation have also either worsened or continued since 2014. While there has 
been some progress with regulatory mechanisms, primarily because of the 2016 Paris Agreement, 
regulatory mechanisms for both global and local threats are still inadequate. However, the species’ 
distribution is broader and its abundance is greater than we were aware of at the time of listing in 
2014, both of which are key factors for moderating threats. 

 
4.15.1. Biology 

Taxonomy. Seriatopora aculeata was described by Quelch (1886). It is included in the Corals of the 
World books (Veron 2000) and website (http://www.coralsoftheworld.org/, accessed August 
2022), and is accepted by WoRMS (Hoeksma and Cairns 2021).  

Morphology. Colonies are made up of pencil-diameter branches, which are usually short and always 
taper sharply at the end to a relatively sharp tip. The corallites on the sides of the branches, and 
irregularly spaced. Tentacles are commonly extended during the daytime. Colonies are yellow, pink 
or tan in color (Fig. 33, Fenner and Burdick 2016, Fenner 2020a, Veron et al. 2016). 

 
Figure 33. Seriatopora aculeata, showing colony (Emre Turak, Palau; Veron et al. 2016) and branch (Doug Fenner, Samoa) 
morphology. 

Habitat. Seriatopora aculeata occurs in a broad range of habitats on the reef slope and back-reef, 
including but not limited to upper reef slopes, mid-slope terraces, lower reef slopes, reef flats, and 
lagoons (79 FR 53851). The Coral Traits Database (https://coraltraits.org/, accessed August 2022) 
lists S. aculeata’s water clarity preference as “clear,” and wave exposure preference as “broad.”  

Life History. Little is known of the life history of S. aculeata, other Seriatopora species are 
hermaphroditic brooders. Larvae settle on suitable substrates such as rock or dead coral and grow 
into colonies (79 FR 53851). 

4.15.2. Distribution 
Geographic Distribution. Seriatopora aculeata has a relatively limited geographic distribution, 
occurring in 26 MEOWs (Fig. 34), based on information in NMFS (2022c).  Its distribution is largely 

http://www.coralsoftheworld.org/
https://coraltraits.org/
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restricted to parts of the Coral Triangle region and the western equatorial Pacific Ocean. Despite the 
large number of islands and environments that are included in the species' range, it is mostly 
limited to an area projected to have the most rapid and severe impacts from climate change and 
localized human impacts for coral reefs over the 21st century. The current information indicates 
that S. aculeata occurs in four more MEOWs than we were aware of at the time of listing in 2014 
(NMFS 2022c). These include MEOWs on the western (Chagos Islands) and eastern (Gilbert/Ellis 
Islands, Fiji, Tonga and Samoa) of its range, considerably expanding the geographic distribution of 
the species beyond what was known at the time of listing in 2014. Since we no longer consider the 
Mariana Islands MEOW to be within the range of the species (see U.S. Distribution below), but there 
are five new MEOWs, the total change since 2014 is an increase of four MEOWs. 

 
Figure 34. Geographic distribution of S. aculeata. 

Depth Distribution. Seriatopora aculeata has a relatively broad depth distribution, occurring at 
depths of approximately 3–40 m (79 FR 53851, Coral Traits Database https://coraltraits.org/, 
accessed August 2022). 

U.S. Distribution. Seriatopora aculeata was recorded in the Mariana Islands MEOW a handful of 
times between 1980 and 2010. However, despite a large number of expert surveys since then, it has 
not been recorded. Thus, the existing records do not support a conclusion that the Mariana Islands 
MEOW is within the current geographic distribution of the species (NMFS 2022c). 

Relevance of Distribution to Status. Geographic and depth distributions were the key spatial factors 
considered in determining the status of coral species and in the listing of S. aculeata in 2014. A 
narrow geographic or depth distribution exacerbates a species’ extinction risk because larger 
proportions of the population are likely to be exposed to any single disturbance. In contrast,  a 
broad overall distribution moderates a species’ extinction risk because the population is distributed 
across a range of geographic areas and depths, and thus lower proportions of the populations are 
likely to be exposed to any single disturbance (79 FR 53851). Since the geographic distribution of S. 

https://coraltraits.org/
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aculeata is greater than we were aware of at the time of listing in 2014, its distribution has a 
greater capacity to moderate extinction risk. 

4.15.3. Abundance 
Relative Abundance. DeVantier and Turak (2017) characterized abundances of over 600 Indo-
Pacific reef-building coral species in 31 Veron ecoregions from the Red Sea to Fiji, as further 
described in Section 4.1.3 above. Seriatopora aculeata was recorded in 17 of the 31 ecoregions. 
Within those 17 ecoregions, it had a mean overall abundance of 37.72 (Common), ranging from 1.94 
(Uncommon) in the Sunda Shelf Ecoregion to 125.00 (Near Ubiquitous) in the Philippines North 
Ecoregion. The mean overall abundance of S. aculeata for all 31 ecoregions was 16.98 (Common, 
DeVantier and Turak 2017, Table S2), however some of the 14 ecoregions where it was not 
recorded may be outside its range. The Coral Traits Database (https://coraltraits.org/, accessed 
August 2022) lists S. aculeata’s global abundance estimate as “uncommon,” but does not cite 
DeVantier and Turak (2017). Within its range, the relative abundance of S. aculeata may vary 
locally from very rare to at near ubiquitous. However, based on the above information, the 
rangewide relative abundance of S. aculeata is common. Thus, current information indicates that S. 
aculeata has a higher relative abundance (common) than we were aware of at the time of listing in 
2014 (uncommon). 

Absolute Abundance. Absolute abundance is an estimate of the total number of colonies of a species 
that currently exist throughout its range. Based on S. aculeata’s distribution and relative 
abundance, NMFS (2014) estimated the absolute abundance of S. aculeata to be at least millions of 
colonies. However, since then we have learned that the species has a broader geographic 
distribution and a higher relative abundance. Based on the updated information, S. aculeata’s 
absolute abundance is likely to be at least tens of millions of colonies. Thus, current information 
indicates that S. aculeata has a higher absolute abundance (at least tens of millions) than we were 
aware of at the time of listing in 2014 (at least millions). 

Abundance Trends. As described above in the general Threats Evaluation and below for threats to S. 
aculeata, the most important threats (i.e., ocean warming, ocean acidification) have worsened since 
2014, and substantial impacts to Seriatopora species have occurred, although no species-specific 
data are available for S. aculeata. Based on the continued worsening in the most important threats, 
it is likely that S. aculeata is decreasing in overall abundance (i.e., abundance across all the 
ecoregions that make up its range).   

Relevance of Abundance to Status. Abundance is the key demographic factor considered in 
determining the status of coral species and in the listing of S. aculeata in 2014. A low relative or 
absolute abundance, especially in combination with declining abundance, exacerbates a species’ 
extinction risk because larger proportions of the population are likely to be exposed to any single 
disturbance. In contrast, a higher relative or absolute abundance moderates a species’ extinction 
risk because lower proportions of the population are likely to be exposed to any single disturbance 
(79 FR 53851). Since the relative abundance and absolute abundance of S. aculeata are both greater 
than we were aware of in at the time of listing in 2014, its abundance may have a greater capacity 
to moderate extinction risk. 

4.15.4. Threats 
This section provides an updated threats evaluation for S. aculeata, focusing on the threats that 
contributed to its listing (79 FR 53851), which included ocean warming, ocean acidification, 
disease, fishing, LBSP, collection and trade, and inadequacy of existing regulatory mechanisms. In 
addition, current information indicates that predation is also impacting the status of the species. A 

https://coraltraits.org/
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threats summary table is provided, including relative importance ratings for the threats, effects of 
threats since listing in 2014, and projected effects of threats in the foreseeable future. 

Ocean Warming: As noted in Section 3.2.1 above, since listing in 2014, the effects of ocean warming 
on Indo-Pacific reef-building corals in general have substantially worsened. In response to the 
2014–2017 series of warming-induced bleaching events, Seriatopora corals were among the most 
impacted coral taxa in different locations around the Indo-Pacific (e.g., Dalton et al. 2020, Frade et 
al 2018, Hughes et al. 2018a, Quimpo et al. 2020). Section 3.2.1 also describes how ocean warming 
is projected to greatly worsen in the foreseeable future (i.e., between now and 2100). In conclusion, 
the current information indicates that S. aculeata continues to be highly susceptible to ocean 
warming, that this threat has substantially worsened since listing in 2014, and that it will greatly 
worsen in the foreseeable future (Table 18).  

Ocean Acidification: As noted in Section 2.2.2 above, since listing in 2014, the effects of ocean 
acidification on Indo-Pacific reef-building corals have worsened. Generally, Seriatopora species are 
susceptible to reduced calcification and skeletal growth from ocean acidification (Brainard et al. 
2011, 79 FR 53851, Marcelino et al. 2017). Section 3.2.2 also describes how ocean acidification is 
projected to greatly worsen in the foreseeable future. In conclusion, the current information 
indicates that S. aculeata continues to be susceptible to ocean acidification, that this threat has 
worsened since listing in 2014, and that it will greatly worsen in the foreseeable future (Table 18).  

Disease: As noted in Section 3.2.3 above, since listing in 2014, the effects of disease on Indo-Pacific 
corals have increased, mainly in response to the 2014–2017 bleaching events. Generally, 
Seriatopora species are susceptible to most of the diseases that infect coral, and are commonly 
affected by acute and lethal diseases (Brainard et al. 2011, 79 FR 53851, Ponti et al. 2016). Section 
3.2.3 also describes how disease is projected to substantially worsen in the foreseeable future. In 
conclusion, the current information indicates that S. aculeata continues to be susceptible to disease, 
that this threat has worsened since listing in 2014, and that it will substantially worsen in the 
foreseeable future (Table 18).  

Fishing: As noted in Section 3.2.4 above, since listing in 2014, the direct and indirect effects of 
fishing on Indo-Pacific corals have continued, likely intensifying in some locations while lessening 
in others due to various factors. Generally, branching corals such as S. aculeata may be more 
susceptible than other corals to damage by fishing gear because of their morphology (Brainard et al. 
2011, 79 FR 53851). Section 3.2.4 also describes how fishing is projected to substantially worsen in 
the foreseeable future. In conclusion, the current information indicates that S. aculeata continues to 
be susceptible to fishing, that this threat has continued since listing in 2014, and that it will 
substantially worsen in the foreseeable future (Table 18).  

LBSP: As noted in Section 3.2.5 above, since listing in 2014, the effects of LBSP on Indo-Pacific 
corals have continued, likely intensifying in some locations while lessening in others due to various 
factors. Generally, Seriatopora species are relatively susceptible to sediment and nutrients 
compared to other reef-building coral taxa (Brainard et al. 2011, 79 FR 53851, Carlson at al. 2019). 
Section 3.2.5 also describes how LBSP is projected to substantially worsen in the foreseeable future. 
In conclusion, the current information indicates that S. aculeata continues to be susceptible to LBSP, 
that this threat has continued since listing in 2014, and that it will substantially worsen in the 
foreseeable future (Table 18). 

Predation: As noted in Section 3.2.6 above, since listing in 2014, the effects of predation on Indo-
Pacific corals have increased, mainly because the 2014–2017 bleaching events resulted in more 
favorable conditions for predators such as COTS. While the information available for the final listing 
indicated lower susceptibility of Seriatopora species to predation (Brainard et al. 2011, 79 FR 
53851), recent studies show that Seriatopora species can have higher susceptibility to predation by 
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COTS (Keesing 2021, Wilmes et al. 2020). Section 3.2.6 also describes how predation is projected to 
substantially worsen in the foreseeable future. In conclusion, although predation did not contribute 
to the listing of S. aculeata (79 FR 53851), the current information indicates that the species is 
likely susceptible to predation, that this threat has worsened since listing in 2014, and that it will 
greatly worsen in the foreseeable future (Table 18). 

Collection and Trade: As noted in Section 3.2.7 above, since listing in 2014, the effects of collection 
and trade on Indo-Pacific corals have continued. According to the CITES database cited in Section 
3.2.7, between 1985 and 2017, tens of thousands to hundreds of thousands of Seriatopora units 
were globally imported and exported annually. These units were not identified to species, thus may 
have included an undeterminable number of unidentified S. aculeata. The database recorded 5–10  
S. aculeata units were globally imported and exported in 2008 and 2016, and none in any of the 
other years (NMFS 2022a). Because of the ongoing and projected growth in the industry, collection 
and trade may increasingly impact the status of S. aculeata. Section 3.2.7 also describes how 
collection and trade is projected to substantially worsen in the foreseeable future. In conclusion, the 
current information indicates that S. aculeata continues to be susceptible to collection and trade, 
that this threat has continued since listing in 2014, and that it will substantially worsen in the 
foreseeable future (Table 18). 

Sea-level Rise: As noted in Section 3.2.8 above, since listing in 2014, sea-level rise has likely been 
too gradual to result in measurable effects on Indo-Pacific reef-building corals. In those cases where 
earthquakes have resulted in substrate uplift resembling sea-level rise, these substrates have been 
colonized by fast-growing corals such as Seriatopora species. In conclusion, as in the final rule, the 
current information indicates that S. aculeata is not susceptible to sea-level rise, that there have 
been no detectable trends in the effects of this threat since listing in 2014, but that it will worsen in 
the foreseeable future (Table 18).  

Regulatory Mechanisms: As noted in Section 3.2.9 above, since listing in 2014, some progress has 
been made with GHG management as well as controlling local threats although existing regulatory 
mechanisms are still inadequate to control any of the threats. Section 3.2.9 also describes how it is 
unlikely that regulatory mechanisms will be improved to the point where they are adequate to 
control any of the threats in the foreseeable future. In conclusion, the current information indicates 
that existing regulatory mechanisms remain inadequate to control any threat to S. aculeata, and 
that improvement is unlikely in the foreseeable future (Table 18).  

Threats Conclusion for S. aculeata: Since S. aculeata was listed in 2014, many of the threats to the 
species have worsened. All threats are projected to worsen in the foreseeable future, with the 
possible exception of regulatory mechanisms, which may continue to improve but also are likely to 
remain inadequate for controlling any of the threats (Table 18).  

Although the final rule rated the relative importance of threats to the world’s reef-building corals 
(Table 2), it did not apply those ratings to S. aculeata (79 FR 53851). Instead, the final rule 
concluded that S. aculeata is susceptible to ocean warming, disease, fishing, LBSP, and collection 
and trade while regulatory mechanisms were inadequate for controlling any threat (79 FR 53851). 
However, as summarized above, we now have more genus-specific and species-specific information 
available on the importance of each of the threats to Seriatopora species and S. aculeata, 
respectively, which indicate that predation is also likely to be impacting the status of the species. 
Based on the general importance ratings of the threats to Indo-Pacific reef-building corals (Table 3) 
and the genus-specific and species-specific information above, we conclude that the relative 
importance ratings of each threat to Indo-Pacific corals apply to S. aculeata. In addition, the 
observed threat trends since 2014 and projected threat trends in the foreseeable future are 
provided (Table 18). 
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Table 18. Summary of threats evaluation for S. aculeata. For each threat, relative importance to the extinction 
risk of the species, observed trend since 2014, and projected trend in the foreseeable future are provided. 

Threat (listing factor) Importance Observed Trend in 
Effects Since 2014 

Projected Trend in 
Effects to 2100 

Ocean Warming (Factor E) Very High Substantially worsened Greatly worsen  

Ocean Acidification (Factor E) High Worsened Greatly worsen 

Disease (Factor C) High Worsened Substantially worsen 

Fishing (Factor A) Medium Continued Substantially worsen 

LBSP (Factors A and E) Low-Medium Continued Substantially worsen 

Predation (Factor C) Low-Medium Worsened Substantially worsen 

Collection and Trade (Factor B) Low-Medium Continued Substantially worsen 

Sea-level Rise (Factor E) Low No detectable trends Worsen 

Inadequacy of Existing Regulatory 
Mechanisms (Factor D) 

High Some improvement but 
still inadequate 

Improvement but likely 
still inadequate 

 

4.15.5. Conclusion 
As explained in the 2014 final listing rule (79 FR 53851), a species’ vulnerability to extinction 
results from the combination of its spatial (i.e., distribution) and demographic (i.e., abundance) 
characteristics, threat susceptibilities, and consideration of the baseline environment and future 
projections of threats. Seriatopora aculeata was listed as threatened in 2014 because of its limited 
geographic distribution largely restricted to parts of Coral Triangle region and western equatorial 
Pacific Ocean, high susceptibility to ocean warming, susceptibilities to ocean acidification, fishing, 
LBSP, disease, and collection and trade, inadequate regulatory mechanisms, declining baseline 
conditions, and projected worsening of threats (79 FR 53851).  

Since 2014, we have learned that S. aculeata has a: (1) broader geographic distribution (26 MEOWs 
instead of 22); (2) higher relative abundance (common instead of uncommon); and (3) higher 
absolute abundance (at least tens of millions of colonies instead of at least millions of colonies) than 
we believed in 2014. That is, S. aculeata is more broadly distributed and more abundant than we 
believed in 2014, and thus may have a higher capacity to moderate the effects of the threats, as 
explained in the Relevance of Distribution/Abundance to Status sections above.   

Since 2014, the effects of ocean warming have substantially worsened, and the effects of most other 
threats have worsened as well. All threats are projected to substantially worsen under current 
global GHG regulatory mechanisms, which would result in global warming of 2.6–3.4°C above the 
pre-industrial baseline by 2100 (see Fig. 4 in Section 3.1 above). Even if the goal of the Paris 
Agreement is achieved (i.e., limiting global warming to 1.5°C above pre-industrial by 2100), the 
threats would become much worse than they are currently (Dixon et al. 2022), likely preventing the 
recovery of S. aculeata. Current regulatory mechanisms are grossly inadequate, especially GHG 
management. 
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In conclusion, the above information shows that S. aculeata is more broadly distributed and more 
abundant than we believed in 2014, but that the threats have worsened and that predation is also 
an important threat to the species. Especially concerning is that the most important threat to the 
species, ocean warming, has substantially worsened since the species was listed in 2014. The other 
important threats to the species, including ocean acidification, disease, fishing, LBSP, predation, and 
collection and trade have also either worsened or continued since 2014. While there has been some 
progress with regulatory mechanisms, primarily because of the 2016 Paris Agreement, regulatory 
mechanisms for both global and local threats are still inadequate. However, the species’ distribution 
is broader and its abundance is greater than we were aware of at the time of listing in 2014, both of 
which are key factors for moderating threats. 
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