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CLASSFICATION

International: Coral reefs mainly fall within two mgjor biogeographic regions: thetropical Indo
Padfic realms and thetropicd Atlantic. Almost all of the latter are found within the Tropical
Northwestern Atlantic ecological province of Spalding € al. (2007, sometimes referred to as the Wider
Caribbean, and occur within all nine of its ecoregions (Burke and Maidens 2004). The only other coral
regfs intheTropical Atlantic realm are found off the coast of Brazil, and although these have
corsiderable biogeographic affinities to the wider Caribbean region they are also marked by lower
diversity, distinct faunal communities and somewhat diffeent resf morphology (Ledo et al. 2003).
IUCN Habitats Clasgfication Scheme (Version 3.0): 9. Marine Neritic / 9.8 Coral Reef

ECOSYSTEM DESCRIPTION

Characteristic native biota

Coral reefs are physical structures that have been built up, and continue to grow over decadal time-
scales, asaresult of theaccumulation of calcium carbonate laid down by hermatypic corals and other
organisms (Spalding 2007). The Caribbean coral refs are primarily fringing reef and bank barrier
regfs (Fiure 1) separated from island and mainland shordlines by red flats, shallow wate's or dightly
deeper lagoans (Alevizon 2010). There areonly a very small number of oceanic reef and atolls
surrounded by ve'y deep water. Most of these red's lack an algal ridgeonthe seaward crest, unlike
many reefs of the Indo-Pacific region. Instead windward crests are or were, dominated by Acropora
palmata, alarge branching coral (Bruckna & Bruckner 2006; Alevizon 2010), or in its absence,
octocorals, sponges and algae (Dudgeon & al. 2010).

e Google earth

—
- i o

irS. 1. Fringing coral reef off the east coast of The Bahamas (Google Earth).

Caribbean redfs include about 65 - 75 species of hermatypic (reefbuilding) coral (mostly Scleractinia).
Many of these are endemic to the region due to the long isolation of theWest Atlantic from the east

Pacific Ocean since the formation of the Panamanian isthmus. Widespread hermatypic genera include
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Acropora, Montastrea Porites Agaricia Diploria, Colpophylia, Meandrina, Mycetophyllia, Dendrogyra
as well as the non-Scleradinian fire corals Millepora pp. Many of these corals have distinct growth
forms 1 notably branching, massive, shegt-like and leafy forms. Others show remarkable variation even
within the same species (Goreau 1959; Spalding 2004; Alevizon 2010; CARMABI 2012; CARMABI
Foundation 2012).

Different coral species are associated with different water condtions (Goreau & Goreau 1973. For
example, Acropora palmata is primarily onthered crest and forered at 0-5 m depth, while A.
cavicornis occurs at depths of 5-15 m on exposed reds, as well as shallower areas at 1-10 m depth on
more proteded regfs , where it may co-occur with Montastraea anrularis (Bruckner & Bruckner 2006).
Caribbean coral regfs are also distinguished by an abundance of octocorals (eg. Eunicea, Gorgonia,

Plexaura, Muricea spp.) and sponges that grow from the hard coral base and contribute to the diversity
and structural complexity of thereef. Other prominent invertebrate groups include crustacea, mollusca
and holothuria, including Diadema antillarum, a key algal herbivore.

Figure S17. 2. Caribbean coral red with (a) staghorn coral, Diploria strigosa, (b) Elkhorn coral
Acropora palmata, (c) Pillar coral Dendrogyra cylindrus, and (d) soft corals (Photos: Mark Spalding).

Approximatdy 500 - 700 spedes of fish are associated with Caribbean coral reds (Figure 2). These
include grunts (Haemulidae), snappea's (Lutjanidad groupers (Serranidae), angelfish (Pomacanthidae),
butterflyfish (Chagtodontidae), damsdfish (Pomacentridae), jawfish (Opistognanthus spp.), parrotfish
(Scaridae), wrasses (Labridae) and surgeonfish (Acanthuridae). About 80% and coral and fish spedes
ocaur within the Bahamas portion of the ecosystem distribution. The Caribbean Monk Seal (Monachus
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tropicalis) was an apex predator of fish in Caribbean reef systems urtil its extinction in the mid-late
twentieth century dueto overexploitation (Le Boef e al. 1985; Jackson & al. 2001). Marine turtles,
notably green and hawksbill are still found, but have probably lost their role as keystone species dueto
overexploitation (Jackson & al, 1997; McClenachan, 2006).

2 ‘t‘l 2 e 3 e
Figure S17. 3. Characterlstlc fish of Caribbean coral reefs (a) Red H|nd (b) Banded Butterflyflsh (©
Queen Parrotfish, and (d) Stoplight parrotfish; and (€) sea urhin Diadema sp. (Phatos: Mark Spalding).
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Abiotic environment

Caribbean coral resfs occur in warm, shallow (rardy >60 m depth), clear, rdatively nutrient-poor, open
coastal wate's, where sea temperatures vary between 17-34°C and salinity is 30-38 ppt. By contrast
turbid coastal waters, estuaries, deltas and degy oceans are not suitable for coral red development, and
thae areno redfs, for example in the vicinity of the Mississippi ddta.

Distribution

The Tropical Northwestern Atlantic province (Spalding & al. 2007) stretches between latitudes of about
10i 30° N and longtudes of about 60i 95° W, including the Caribbean Sea, Gulf of Mexico, Florida
Keys, The Bahamas, Cuba, Antilles and Venezuelan coast, with an outlier at Beemuda (Figure 4). The
latest glabal resf map estimates some 26,000 kn of reef in the Caribbean, or about 10% of the global
total (Burke & al 2011).
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Flgure S17. 4. Distribution of Caribbean coral ree‘s (excludlng reefs off the southeast coast of Costa
Rica and Panama). Source Global distribution of coral reds, United Nations Environment Program -
World Conservation Monitoring Centre (Andréfouét et al. 2006)

[ http://www.ar cgis.comy home/webmap/viewer . html?useExisting=1].

Key processeand interactions

Most red corals are colonial organisms, with individual coral polyps forming a communal skeleton.
Most species form endosymbiotic rdationships with dinoflagellates (Symbiodinium spp.), which
assimilate solar energy and nutrients, providing more than 95% of the metabolic requirements of the
coral host Scleradinian corals develop their skeletons by extrading dissolved carbonate ions from
seawater and depositing it as aragonite crystals. The obligate endosymbiosis and calcification processes
that underpin thesurvival, growth and reproduction of individual corals, are highly dependent on
environmental conditions including ambient tempeaature, tubidity, pH and cabonate concentration of
seawater (Hoegh-Guldberg 199; Hoegh-Guldbea g et al. 2007).

Individual coral polyps reproduce asexually to enable colony growth. While asexual reproduction is
important for growth and regeneration of individual colonies, establishment of new colonies rdies on
sexual reproduction, which occurs by simultaneous spawning (release of gametes) over oneto several
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nights per year around a full moon. The fertilised zygotes settle on a range of hard substrates including
red (coralline) algae and other corals, and once established, undergo asexual reproduction. Colonies of
different species co-occurring within ared community have different charaderistic growth forms,
creating a complex spatial architecture (rugaosity) that provides shelter and breeding sites for ahigh
diversity of fish and a wide range of marine invertebrates including sponges, crustacen, pdychaete
worms, holothurians, €c. (Alvarez-Filip e al. 2009).

Many Caribbean coral reds are impacted by irregular disturbance from storms and outbreaks of disease
or predators, which interrupt more prolonged periodsof reef building (e g. Woodley ¢ al. 1981;
Aronson & Predit 2001). Therecovery of redfs after these events often involves a transitory phase of
algal dominance which, under other conditions is kept in check by herbivores, natably parrotfish and
theurchin Diadema antillarum. The algal phase may be prolonged or established more pemanertly by
local and regioral factors that increase growth of algae relative to that of coral. These include
eutrophication dueto increased rundf from developed coastal catchments and reduced herbivory dueto
overfishing or herbivore diseases (Fabricius 2005, Hughes, 1994; Hughes et al 2007). Diseases have
also had a tremendous impact on certain Caribbean corals, including two of the mgjor reefbuilding
corals (Acropora palmata and A. cervicornis) and while susceptibility to disease does appear to be
heightened by other stressors, the widespread prevalence of disease, even in areas where other
perturbations are minimal suggests that this is an independent impact which is also affecting whole
eoosystem persistence in the region (Sutherland e al. 2011; Weil and Rogers 2011).

In addition to the abovefadors, red-scale dynamics are influenced by interactions with global climate
through three main processes (Figure 5). Firstly, rising temperatures, or more specifically increased
duration and intensity of high-temperature anomalies, increase thefrequency of coral dieback events.
These 'bleaching' events are caused by disintegration of obligatory endasymbiosis between corals and
dinoflagellates (Hoegh-Guldberg 1999; van Oppen and Lough200) and a bleaching response is
typically triggered when temperatures exceed summer maxima by 1-2°C for 3-4 weeks. Consequently,
for analysis of bleaching events, thermal anomalies are defined by a 1°C devated temperature
threshdd. Under mild or shart periods of theemal stress, corals may survive and recver their symbiont
but typically show reduced calcification, growth and fecundity for an extended period. They may also
be more susceptible to disease (Bruno & al. 2007). Bleaching and mortality become progressively more
severe as thermal anomalies intensify and lengthen (Hoegh-Guldberg 1999, although there is some
evidence that past exposure to thermal anomalies may confer partial resilience to subsequent events
(Donner & Potere 2007; Ateweberhan & McClanahan 2010; Guest e al. 2012. Secondly, as
atmospheric concentrations of CO; increase approximatey 25% is taken up by the ocean and reacts
with wate to reduce pH. As ocean addification progresses, the seawater concentration of carborate
ions is reduced as they react with free hydrogen ions, and this in turn reduces aragonite formation,
cdcification and growth rates of coral and coralline algae (Hoegh-Guldberg et al. 2007). A third
paential mechanism affecting the dynamics of Caribbean coral redfs is through changes in frequencies
of storms (Woodley & al. 1981; /Robbins & al. 2011), as this influences the balance between rates of
redf depletion and building, as well as turbidity of coastal waters.

Overall, some of theaboveprocesses affed the frequency and severity of coral mortality events on
regfs, while others affect rates of growth and recruitment, and hence rates of regf regeneration and
remlonisation. Several of these processes may interact at arange of scales to mediate reef persistence
and rates of expansion or decline (Wilson & al. 2006). For example, thereis evidence that warm sea
temperature anomalies can drive disease outbreaks whee coral cover is high (Bruno € al. 2007). A
cause-effect process modd proposed by Hoegh-Guldberg & al. (2007) shows the mechanisms of reef
dynamics in rdation to warming, acidification and some of theregional and local-scale processes
discussed above (Figure 5).
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Fig. 3. Ecological feedback processes on a coral reef showing pathways of first factor has a negative (decreasing) influence on the box indicated. Green
disturbance caused by climate change. Impact points associated with ocean  arrows denote positive (increasing) relationships. Over time, the levels of
acidification (e.g., reduced reef rugosity, coralline algae) are indicated by the  factors in hexagonal boxes will increase, whereas those in rectangular boxes
blue arrows, and impact points from global warming (e.g., bleached and  will decline. Boxes with dashed lines are amenable to local management
dead corals) by the red arrows. Boxes joined by red arrows denote that the intervention.

Figure S17. 5. Cause-effect process mode for coral reef with a focus on warming and acidification
(from Hoegh-Guldberg et al. 2007). Othe important processes include sedimerntation, eutrophication
and overfishing (seetext).
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Threatening processes

The principal threats to Caribbean coral reds include diseases, pdlution, bleaching, ocean
acidification, increased storm frequencies and overfishing. These factors have compoundng effeds on
redf dynamics, for example; as pallution reduces theability of reefs to recover from disease epidemics
or storm damage or as severe storns increase sedimentation and turbidity from runoff.

Caribbean coral regfs are vulnerable to sedimentation and eutrophicaion of coastal waters from
onshore agricultural, urban and industrial land uses (Rogers 1990; Boyer & Jones 2002; Fabricius
200B). Many are fringing reds and hence exposed to rundf from coastlines, of which same have very
high human population densities (e.g. Florida, Haiti). By 201043 million lived within 30 km of a coral
reef (Burke et al. 2011). Consequently, 25% of Caribbean coral reefs are currently threatened by coastal
development, including sewage discharge, urban runoff, construction and tourist development. Overuse
assciated with heavy tourist activity within the Caribbean region also poses threats from physical
damage incidental to reaeational baating, fishing, diving and snorkeling, in addition to degradation of
water quality.

Diseases of coral and algal herbivores have had a mgjor impad on Caribbean coral reefs in recent
decades, with an outbreak of White Band Disease associated with a precipitous decline in aburdance of
Acropora palmata in the 1980s, and few reefs showing evidence of subsequent recovery (Aronson &
Precht 2001). A subsequent outbreak of Yelow Band Disease substartially reduced theaburdance of
Montastraea spp. from the mid 1990s, especially across the southern Caribbean (Gil-Agudelo € al.
2004; Brucknea & Bruckne 2006). Diseases may also threaten coral redfs indirectly. 1n 1983and 1984,
for example, there was Caribbean-wide die-off of thesea urchin Diadema antil larum. Prior to this date,
overharvesting of many herbivorous fish had left this oneurchin species as the only remaining
significant algal grazer on many reefs (Lessios 1983). A substantial increase in algal abundance
followed. While the algal response was nat sustained in all areas, the urchin populations have not
recovered (Schutte ¢ al. 2010).
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Extensive bleaching events occurred in Caribbean coral reds following sea temperature anomalies in
1998 (Aronson & al. 2000) and in late 2005 (Donner et al. 2007; Wilkinson & Souter 2008, especially
in the southern portion of the ecosystem distribution. Other large bleaching events were recorded in
1987,1990and 1995 (McWilliams et al. 2006). The frequency and severity of bleaching events is
projected to increase under climate change (Hoegh-Guldberg et al. 2007).

Periodic hurricanes cause substantial physical damage to Caribbean coral reds (eg. Stoddart 1963;
Woodley et al. 1981). There is some evidence that the frequency of hurricanes may have increased
since 1995 (Robbins & al. 2011). Although this is consistent with climate changeprojections for rising
sea surface temperatures, thetrend was primarily dueto an increase in the numbe of weak, short-
duration storms (Landsea € al. 2010)and it is difficult to disentangle climate-related trends from multi-
decade variability (Knutson et al. 2008; Bender e al. 2010). Although trends in hurricane frequency
and intensity are uncertain, reductions in inter-storm recovery time, if they occur, may compound the
impacts of othe threats (Hoegh-Guldberg et al. 2007).

Ocean acidification has been shown empirically to reduce calcification rates of corals and coralline
algae (Langdon & al. 2003), although the precise geochemical mechanism is uncertain (Kleypas &
Yates 2009. The effects may be expressed as reduced rates of coral growth (linear extension) or
reduced density of coral skeletons (Cooper & al. 2008. In the Caribbean region, aragonite saturation,
which is rdated to cdcification rates, is projected to decline from 4.0 - 4.2 under pre-industrial CO,
levels (280pm) to 3.0 - 3.2 under elevated CO- levels of 550 ppm (Hoegh-Guldbeg e al. 2007).

Trophic cascades initiated by overfishing are likely responsible for some of the observed changes in
Caribbean redf fish assemblages (Dustan 1999; Padda & al. 2009. Overexploitation of herbivorous
fish also increases the competitive advantage of algae over coral. Historic declines in large herbivorous
fish in the Caribbean lead to dgpendence on urchins for control of algal dominance, and may have been
preaursors of changes in coral and algal communities when disease caused collapse of urchin
populations (Jackson et al. 2001). Burke & al (2011) estimated that almog 70% of Caribbean coral
regfs are currently threatened by overfishing. Extinction of the Caribbean M onk seal and loss of its
trophic function is also thought to have had a dramatic effect on reef fish assemblages (M cClenachan
and Cooper 2008).

Ecosysem coll apse

For criteria A and B, ecosystem collapse was assumed to occur when the mapped distribution of Caribbean
coral reds declined to zero. As coral isthe main structural dement of thereef, we identified coral cove as a
suitable variable for assessing disruption to biotic processes andinteractions under criterion D. We assumed
that collapse will occur when live coral cover declines to 0-5% throughout the ecosystem

ASSESSMENT
Summary
Criterion A B C D E overall
subcriterion 1 DD LC NE EN(VU-CR) DD EN(EN-CR)
subcriterion 2 DD LC NE DD
subcriterion 3 DD LC NE EN
Criterion A

Current decline:

One widdly cited statistic suggests that some 20% of coral reds have been lost to human impacts in
recait years (Wilkinson 2004), however there are no robugt statistics to justify this estimate One of the
greatest challenges to measuring declines in terms of spatial extent arises from the definition of the
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eoosystem I most authors agree that reefs are large physical structures with a living venee including an
important component of live coral cover, but that reds are long-lived, slow-growing and subject to
natural fluctuations. By definition, then, theloss of a coral red is not clearly measurable, and this is
exacebated by most mapping efforts (eg. Andréfouét et al. 2006) which tend to focus on the physica
structures which are built by corals, but which remain robust following coral death.

Improvements in remote sensing technology are increasing the possbility of measuring fineresolution
changes in reef habitat, and Palandro et al (2008) provide a useful, field-tested, example of change in
theFlorida Keys. In a number of test locations they showed that coral dominated substrate declined
from19%in 1984 to 7.6% in 2002, areduction of 61% (3.4%/year) over 18 years. Such changes arein
many ways more relevant to Criterion A than the more commonly measured coral cove (see below),
but most definitions would include the other habitat classes they measured (bare sand, seagrass and
non-Sdeactinian hardbottom) as part of the reef ecosystem and hence that these data reflect a shift of
dominance rather than loss of reef. The authars also caution against generalising their results to other
regions, which so far ladk similar analyses (Palandro et al. 2008.

The status of the ecosystem is therdore Data Deficient under criterion A1l. While these data are
unsuitable to support overall estimates of change in distribution of the ecosystem, changes in coral
cove arerdevant to biotic interadions within reefs and are assssed under criterion C below.

Future dedine: No projections are currently available for future reef distribution. Consequently, the
status of the ecosystem is Data Ddicient under criterion A3.

Historical dedine: Estimates of changes in reef distribution exist only for localised areas (eg. Duedin
1901), and given their limited temporal resolution it is difficult to distinguish declines from natural
fluctuations in red distribution. The status of the ecosystem is therefore Data Deficient unde criterion
A3.

Criterion B

Spatial data from the Millenium coral reef mapping project (Andréfoué & al. 2006) were used to assess
thedistribution of Caribbean coral reefs unde criterion B. The total mapped area of coral in the

Caribbean is estimated to be 21,000to 26,000 kn? (Andréfoué ¢ al. 2006; Burke et al. 2011).

Extent of ocaurrence A minimum convex polygon enclosing mapped coral reefs of the Caribbean
region has an area of at least 7.37 million km?. Even with theoutlying reefs of Bermuda excluded, the
estimated extent of occurrence greatly exceeds thethresholds for threatened status (c. 6 million kmz).
The status of the ecosystem unde criterion Bl is therefore Least Concern.

Area of occurrence: Caribbean coral resfs occupy approximately 10,000 10 x 10 km grid cells,
including more than 2,000 that corntain morethan 1 kn? of reef. Once again, then, the status of the
eoosystem is Least Concern under criteria B2 because the estimated area of occurrence greatly
excedls the thresholds for threatened status.

Number of locations: There are likely to be many thousands of individual reefs and locdly interacting
redf systems across the Caribbean. Based onrecatt past declines, these reefs are threatened by a suite
of threats operating over arange of scales from local to global. Local impads such as overfishing and
pollution occur independently on individual or small-scale groups of regfs. By cortrast disease
outbreaks and bleaching events are widdly occurring, and it is difficult to define or determine how
independent such events may be acrass the region. Although these processes have generated strong
region-wide declines in coral cover, thereis substantial variation between diff erent reefs with some
maintaining stable coral cover or undergoing only minor declines ovea the same peaiod that other
undergo large dedines (Schutte e al. 2010)and this is almost certainly linked to the interaction of local
modifiers. It is thus impossble to determine any exact numbe of independent locations at which reefs







