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ABSTRACT

Scientists have advocated for local interventions, such as creating marine protected areas and implementing fishery restri
ctions, as ways to mitigate local stressors to limit the effects of climate change on reef-building corals. However, in a literat
ure review, we find little empirical support for the notion of managed resilience. We outline some reasons for why marine
protected areas and the protection of herbivorous fish (especially parrotfish) have had little effect on coral resilience. One
key explanation is that the impacts of local stressors (e.g., pollution and fishing) are often swamped by the much greater e
ffect of ocean warming on corals. Another is the sheer complexity (including numerous context dependencies) of the five ¢
ascading links assumed by the managed-resilience hypothesis. If reefs cannot be saved by local actions alone, then it is ti
me to face reef degradation head-on, by directly addressing anthropogenic climate change—the root cause of global coral

decline.
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Coral reefs provide numerous ecosystem services, including food (Burke et al. 2011) and economic benefits through fishe

ries and tourism, to hundreds of millions of people (Figure 1) (Spalding et al. 2017). The mean economic value of reefs w

ith any tourism is $482,428 per square kilometer annually, and remarkably, the most valuable reefs generate more than $7

million per square kilometer annually (Spalding et al. 2017). Reefs also protect coastal communities from large waves gen

erated by storms or tsunamis (Ferrario et al. 2014, Harris et al. 2018). However, these services and the continued existen

ce of countless species that inhabit reefs depend on stable populations of reef-building corals, many of which have been d

eclining globally.

Ecosystem services provided by reefs and some of the geological and ecological features that support these benefits to people.
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Over the last 30-40 years, the average cover of living coral on tropical reefs has declined by approximately 50-75% in nearl

y all regions of the world (Bruno & Selig 2007, Bruno et al. 2009, De'ath et al. 2012, Gardner et al. 2003, Hughes et al. 2

018b, Jackson et al. 2014, Schutte et al. 2010). When coral cover declines, so does habitat complexity (Alvarez-Filip et a
L. 2009, 2011) and the diversity of reef inhabitants, including fishes and invertebrates (Idjadi & Edmunds 2006, Jones et a

L. 2004, Pratchett et al. 2008). Coral loss also leads to reduced fisheries production, tourism value, and coastal buffering (

Moberg & Folke 1999). Moreover, the ability of reefs to continue to protect coastal communities from storms as the sea lev

el rises depends on vertical reef accretion (Beetham et al. 2017, Perry et al. 2018), and reefs can accrete only when the ¢

Some putative localized factors causing coral population declines include increased water column turbidity, sedimentatio
n, eutrophication and other forms of pollution, direct disturbances associated with fishing (e.g., the use of destructive gea
r), and the loss of fishes (including both predators and herbivores, especially parrotfishes). Disease epidemics, which can o

ccur on large scales (Aronson & Precht 2001a, Willis et al. 2002), can also cause coral loss, as can earthquakes and tsuna
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mis (Aronson et al. 2012), but the primary global factor of concern is ocean warming (Hughes et al. 2017a,b, 2018a,b). Re

lated factors—including acidification, deoxygenation, and increased storm intensity—may become increasingly problemat

icin the future (e.g., Altieri et al. 2017, Veron 2011, Webster et al. 2005).

Coral-reef scientists have strongly advocated for marine protected areas (MPAs) and fishery restrictions in general as tools
to better manage coral-reef fisheries, reduce or eliminate other localized human disturbances, and increase or maintain bi
odiversity. MPAs and overall attenuations of local stressor intensity are also widely believed to indirectly confer resilience t
o reef ecosystems in general and coral populations in particular (i.e., the managed-resilience hypothesis) (Bellwood et al.
pecifically, controlling local stressors is thought to improve coral resistance to and recovery from disturbances such as stor
ms, disease outbreaks, and mass bleaching caused by ocean warming. Increased resilience is believed to be conferred to c

orals via a range of physiological mechanisms, through stronger immunity and better health (Lamb et al. 2016), and ecolo

gical processes, e.g., by increasing grazing by herbivorous fish and thereby lowering competition with space-monopolizing
macroalgae (Mumby & Steneck 2008). This idea is appealing because it implies that both local and global threats to reef e

cosystems can be tackled with a single management action that can be taken by local governments.

MPAs and resilience management are the primary reef-conservation strategies for local, national, and international agenci
es and numerous nongovernmental organizations around the world. For example, the key policy recommendation of the r

ecently released Coral Bleaching Recovery Plan for the US state of Hawaii (Soc. Sci. Res. Inst. 2017) was the establishmen

t of no-take MPAs and herbivore fishery management areas. A growing number of tropical nations have banned the harves
t or sale of herbivorous fishes [e.g., Belize (Cox et al. 2013)], based on the idea that enhancing grazing will reduce macroal
gae and restore coral populations. The managed-resilience hypothesis has remarkably broad acceptance among scientist
s. A survey of 82 international coral-bleaching experts found that 94% believed that no-take MPAs were somewhat or very
effective in promoting coral-reef recovery and resilience (Rosinski & Walsh 2016). Three-quarters of respondents thought
that parrotfish protection was effective at achieving these goals, while 0% and 1% (respectively) thought MPAs and parrotf
ish protection were ineffective (some respondents had no opinion). But does conserving herbivores through MPA establish
ment or fishing regulations really improve the resilience of coral populations and communities? If not, why not? And what

are the negative ecological and social consequences of these policies?

Here, we test the hypothesis that MPAs, and by extension parrotfish protection, increase the resilience of coral assemblage
s to large-scale disturbances. We compile and analyze studies that conducted empirical field tests of the managed-resilien
ce hypothesis by documenting changes in coral cover inside and outside of MPAs after major disturbances, including stor

ms, disease outbreaks, and acute periods of ocean warming. Our results indicate that MPAs have no general effect on coral
loss or postdisturbance recovery. We then explore possible explanations for the striking divergence between current thinki
ng and empirical evidence. We also assess evidence for global (abiotic) and local (mostly biotic) causes of coral loss and fo
r synergies between these drivers. Finally, we discuss some of the potential costs of implementing ineffective policies like

managed resilience, including increasing bioerosion, which can accelerate the loss of the reef framework.

2. IS MANAGED RESILIENCE EFFECTIVE?



@Managed-Resilience Theory

Resilience is the capacity of a system to resist (i.e., limit effects) and recover from a disturbance (Holling 1973, Nystrom et
al. 2000). In ecology, resilience is the degree of change (resistance) or rate of return to a similar predisturbance state (recov
ery) of a population or community. Multiple papers have developed and reviewed the application of resilience theory to co

ral-reef conservation (Bellwood et al. 2004, Hughes et al. 2010, Mumby & Steneck 2008, Nystrom et al. 2008, Roberts e

tal. 2017, West & Salm 2003). In practical terms, resistance is measured as a change in ecological state (e.g., coral cover) i
n an experiment or monitoring study before and immediately after a disturbance (the smaller the change, the higher the re

sistance), and recovery is measured as a rate or absolute time to return to the predisturbance state (the faster the rate, the

greater the recovery) (Figure 2 ).

Example of a long-term field study that measured the effect of disturbances on coral cover in unfished (protected) and fished sites. Abbreviations: ENSO, EIN

ifio-Southern Oscillation; 10D, Indian Ocean Dipole. Figure adapted from Darling et al. (2010).
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In the context of the protection of coral-reef ecosystems from ocean warming, numerous mechanisms and management a
ctions that could increase resilience have been proposed. However, by far the most frequently discussed and promoted pa

thway is the protection of herbivorous fishes (e.g., parrotfishes and rabbitfishes) to suppress algal cover (Burkepile & Hay

ompetition for space, chemical inhibition, disease transmission, and overgrowth of corals by macroalgae (Dixson et al. 20

14, Hughes et al. 2007, Nugues et al. 2004, Smith et al. 2006), thereby theoretically increasing the postdisturbance recov

ery rate of coral populations. The hypothesized interaction chain leading from management to coral community resilience
comprises five direct links ( Figure 3 ): the effects of (1) management on fishing; (2) fishing on the abundance and size of p

arrotfishes and other herbivores; (3) parrotfishes (and other herbivores) on algae (primarily macroalgae); (4) algae on coral
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recruitment, growth, and survival; and (5) coral recruitment on rates of postdisturbance recovery of adult coral population
s. Itis also widely assumed that local stressors, which are presumably reduced in MPAs, increase the physiological sensitivi
ty of corals to warming events and other acute disturbances (Shaver et al. 2017). Therefore, in theory, mitigating these loc

al-scale stressors should increase the resilience of coral colonies and populations.

The theoretical multistep interaction chain linking the management (protection) of parrotfishes [generally through targeted bans or fishery closures (marine
protected areas or marine reserves)] with coral population resilience via the reduction of macroalgae, enhancement of coral recruitment, and adult populati

on recovery following disturbances. The plus and minus symbols beneath the link arrows indicate the sign of the predicted interaction.
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2.2. JField Tests of Managed Resilience

Despite near-universal buy-in from coral-reef scientists, nongovernmental organizations, and governmental agencies, ther
eisvirtually no evidence in support of the managed-resilience hypothesis for coral reefs. We found 18 studies (not includin
g prior synthetic studies and meta-analyses) that measured coral resistance to and/or recovery from large-scale disturbanc
es in 66 MPAs and 89 unprotected control sites (Table 1 ). The study outcomes have been remarkably consistent: They fou
nd no significant effect of protection on total coral cover loss [11 out of 11 studies ( Table 1 )] or on the rate of postdisturba
nce coral cover gain (15 out of 16 studies). Critically, no study found that local protection benefited functionally important
coral species (e.g., acroporids and massive, framework-building species), which provide a disproportionate amount of arc

hitectural complexity and carbonate accretion via their high growth rates (Alvarez-Filip et al. 2013, Kuffner & Toth 2016,

Perry et al. 2015). The mean decline in absolute coral cover averaged across studies immediately after a disturbance tend

ed to be greater, not smaller, inside MPAs [12.3% + 5.5% (mean * 1 SE)] than it was on unmanaged reefs (4.5% * 2.0%; paire

d t-test, t=-1.987, d.f. =10, p=0.08) ( Figure 4 ). There was no difference in coral recovery rates between control and man

aged sites (paired t-test, t=-0.814,d.f. = 14, p=0.43) ( Figure 4).

Table 1

Characteristics and outcomes of 18 tests of the managed-resilience concept
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We considered only direct empirical field tests that measured change in absolute coral cover within at least one protected area [marine protected areas (MPAs) and fully protec
ted or no-take marine reserves] and one control area. We searched for articles using the terms “coral reef + resilience OR recovery OR resistance” via Web of Science. The test
s measured resistance to (as change in coral cover before versus immediately after a disturbance) and/or recovery from (as rate of coral cover change over time after a distur
bance) disturbances. The MPAs come from 15 countries (and two regions of the United States—the Florida Keys and the US Virgin Islands) and a wide range of reef types and b
iogeographic realms. The average study duration was 10 years. One study (Bood 2006) was an unpublished MS thesis.

3B, bleaching or warming event; C, cyclone or hurricane; D, disease; S, sediment.

Results of a meta-analysis of published studies measuring the effectiveness of local protection [i.e., marine protected areas (MPAs)] in reducing the effects of
large-scale disturbances on (a) the loss in absolute coral cover, based on predisturbance coral cover minus postdisturbance cover (i.e., resistance), and (b) th
e postdisturbance increase in absolute coral cover (i.e., recovery rate). Table 1 lists and describes the component studies. From each study, we recorded the

mean disturbance impacts (coral cover per year) and recovery rates (percentage change in coral cover per year). We extracted values presented in a figure (as

opposed to in a table or in the text) using the ImageJ tool developed by the National Institutes of Health. All analyses were performed in R.

ok E 1 U U E
T a . _ b .
£
L 4 e
oy =
& ol E %
2 a
-] - _ @ O
3 g
g = —_—r—
g 30 . £ 4l ; 4
= = ' ——
B fr q 1
2 o 1 a &
o S o Ll 5, o h
10 5 B = S
p— [ (=}
E—— = g
ok e <4 ofp ——o-ao—1 ——

Fishad araa MPA Fished area PR,


https://www.annualreviews.org/docserver/fulltext/marine/11/1/ma110307.f4.gif

Click to view
(/docserver/fulltext/marine/11/1/mal110307.f4.gif) Download as PowerPoint (/docserver/fulltext/marine/11/1/m

a110307.f4.ppt?mimeType=application/vnd.ms-powerpoint)

All 18 studies measured the effectiveness of well-enforced no-take reserves for coral protection. For example, one year bef
ore the establishment of three no-take areas in the Florida Keys, the average coral cover in the no-take areas was greater t
han that in control sites, but 14 years later, the cover of coral and macroalgae did not differ between the protected and con
trol sites (Toth et al. 2014). Nearly all of the coral loss, especially in the reserves, was due to partial or whole-colony morta
lity of ecologically important boulder corals in the genus Orbicella. Coral recruitment rates were higher in the no-take rese
rves than in the fished sites, but the recruits were dominated by weedy taxa, and postsettlement survival appeared to be |

ow (van Woesik et al. 2014). Significant coral loss occurred even though a previous study found that abundances of herbi

vorous fish (adult scarids, acanthurids, and pomacentrids) were higher in the no-take reserves (Kramer & Heck 2007). Sur
prisingly, large numbers of herbivores did not translate to higher grazing rates in the no-take reserves, as has been observe

d elsewhere (Mumby et al. 2006). Likewise, Harris et al. (2014) found that two isolated and well-enforced marine reserve

sin the Seychelles had no effect on coral loss or recovery in response to mass bleaching. Here, too, benthic communities i
n the reserves shifted from coral to macroalgal dominance despite the absence of fishing and the high densities of herbivo

rous fishes.

In one case (out of 18 studies), the authors interpreted their results as supporting the managed-resilience hypothesis for ¢

oral reefs. Mumby & Harborne (2010) reported that coral cover recovered from mass bleaching and hurricane impacts slig

htly faster inside the Exuma Cays Land and Sea Park in the Bahamas than it did outside the reserve. However, the measure
d increase in absolute coral cover in the reserve was very small (1.3% across four stations over 2.5 years), and the total cor
al cover was still only 9% [~7% below the Caribbean average, and ~30-40% below the healthiest reefs in the region (Jack

son et al. 2014)]. This recovery rate is substantially below the global average recovery rate of ~4% annually on unprotecte

d reefs (as reported by Graham et al. 2011) and the average rate of 1.5% annually across all 155 sites (including protected
and unmanaged reefs) analyzed in this review. Moreover, the two species for which cover increased significantly (Porites a
streoides and Agaricia agaricites) are weedy, brooding corals that have been replacing the formerly dominant taxa across t

he western Atlantic for several decades (Green et al. 2008) at a significant cost to ecosystem function (Alvarez-Filip et al.

2013). In the Caribbean, these are the only species that appear to be facilitated by the top-down control of macroalgae. It
has been assumed that eventually the coral taxa upon which conservation efforts are focused (i.e., mainly Orbicellaand Ac
ropora spp. in the Caribbean) will benefit from herbivore and seaweed management, but this assumption is unfounded if
other factors (changing environmental conditions, reduced larval production caused by Allee effects, etc.) cause limited se
ttlement and recruitment of these framework-building species. In many of the tests of the managed-resilience hypothesis (

Table 1), postdisturbance recruitment was low despite intense grazing, abundant bare space, and little macroalgae (Harri

setal. 2014, Russ et al. 2015, Toth et al. 2014, van Woesik et al. 2014), perhaps because other factors limited coral settl
ement or because benthic grazing increased postsettlement mortality (i.e., link 4 in Figure 3 is weak and/or context depen

dent).
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For more than a million years, Caribbean reefs were dominated by branching acroporid corals (Acropora cervicornisand A
cropora palmata), massive boulder corals in the genus Orbicella, and to a lesser extent massive brain corals (Kuffner & Tot

h 2016, Pandolfi & Jackson 2006). In the last several decades, the abundance of these foundation species has declined dr

amatically throughout the region, primarily due to coral disease and bleaching (Aronson & Precht 2006, Bruckner & Bruc

kner 2006, Weil et al. 2009), both of which are linked to ocean warming (Bruno et al. 2007, Harvell et al. 2009, Randall

& van Woesik 2015). Due to their large size, complex colony architecture, and rapid growth, these corals played a critical r

ole in habitat provision and reef accretion (Alvarez-Filip et al. 2009, Kennedy et al. 2013) and thus in the primary ecosyst

em services people derive from reefs ( Figure 1 ). These species have been replaced by smaller, slower-growing corals that

generally do not fill the vacated functional roles. Although these weedy corals may provide a living veneer that helps to shi
eld reefs from erosion, their capacity for reef accretion and the long-term production of reef frameworks is limited (Kuffne
r & Toth 2016, Perry et al. 2015). Similar compositional shifts are being observed in other regions, such as the replaceme
nt of plating and branching acroporids with encrusting or slow-growing massive corals in the genus Poritesin the western

Pacific and eastern Indian Oceans (Graham et al. 2006, Wilson et al. 2012). The strong link between species growth morp

hology and functional role suggests that coral-reef conservationists may need to narrow their criteria for classifying mana
gement actions as successful, as existing strategies may not result in ecologically significant increases in the species that fi

[l functional roles important to people and ecosystems ( Figure 1 ).

2.3. Jsynthetic Tests of Managed Resilience

atabases to test the managed-resilience hypothesis for coral reefs ( Table 2 ). Selig & Bruno (2010) found that, on average,
coral loss was reduced in MPAs compared with unprotected sites; however, a follow-up study indicated that MPAs did not
measurably reduce the effects of ocean warming (measured as the frequency of thermal stress anomalies) on coral cover |
oss (Selig et al. 2012)—i.e., MPAs did not increase coral resistance to high temperatures ( Figure 5a). This result is support
ed by recently observed patterns of bleaching intensity across Australia's Great Barrier Reef, where bleaching was not lesse
ned inside MPAs (Hughes et al. 2017b). Carassou et al. (2013) also found that coral losses immediately after climatic dist
urbances were similar in MPAs and fished sites ( Figure 5¢). Moreover, both Graham et al. (2011) and Carassou et al. (20
13) found that the recovery rate of total coral cover from acute disturbances was not higher inside MPAs ( Figure 5b,d). Co
mbined, these studies include an enormous range of reef types, geographic locations, MPA designs, coral species diversity,
and disturbance characteristics. This meta-analytic approach complements the more localized studies ( Table 1) perform
ed by scientists familiar with specific MPAs and regions. The fact that the results of both approaches are clear and concord

antincreases confidence in the conclusion that MPAs do not measurably improve either aspect of coral resilience.

Table 2

Synthetic tests of the managed-resilience hypothesis for coral reefs

Toggle display: Table2 FH~

Open Table 2 fullscreen .” (/content/table/10.1146/annurev-marine-010318-095300.t2?fmt=ahah&fullscreen=tr

ue&lang=en)



https://www.annualreviews.org/content/table/10.1146/annurev-marine-010318-095300.t2?fmt=ahah&fullscreen=true&lang=en

=

v Wi

-] |

- W LN

| T | v

- W]

-l W

— LN ] TR AN



| hm| W whm| V] ] W] 4| V] mm] L] | T3 T



A 1A A ey = Ay Lo

A e I =

ey o 1o Iny -

Abbreviation: MPA, marine protected area.

Results of published synthetic studies of the effect of local protection via the implementation of marine protected areas (MPAs) on the resilience of coral ass
emblages. (a) Effect of thermal stress anomalies on the change in absolute coral cover on reefs in MPAs and fished areas. Positive values indicate an increase
and negative values a decline in absolute coral cover. (b) Effect of management status on the recovery of coral communities from large-scale disturbances

(measured as annual mean rate of change in absolute coral cover after disturbance), based on a meta-analysis of 22 studies (n=number of sites, error bars =

95% bootstrapped confidence interval). (¢) Loss in absolute coral cover based on predisturbance coral cover minus postdisturbance cover (i.e., resistance) (t



=1.18,d.f. =23.8, p=0.25). (d) Recovery rate of coral cover after a disturbance (= 0.40, d.f. =23.5, p=0.70). Panel ais based on Selig et al. (2012); panel bis
based on Graham et al. (2011); and panels cand dare based on values in appendix S2 from Carassou et al. (2013), which were extracted from 27 publicati

ons, including 36 case studies.
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3. WHY DOESN'T MANAGED RESILIENCE WORK?

Although countless opinion pieces, small-scale mechanistic experiments, and modeling studies support the managed-resi
lience hypothesis for coral reefs, the vast majority of field tests do not. The fact that the empirical evidence for and opinion
s about managed resilience are diametrically opposed (Rosinski & Walsh 2016) is a critical issue for coral-reef manageme

nt. How did we get it so wrong? There are numerous non-mutually-exclusive explanations, which we explore below.

B.1. ]Marine Protected Areas Do Not Benefit Herbivores

First, it is possible that poor design, implementation, or enforcement of MPAs (Edgar et al. 2014) limits their effectiveness
in promoting the components underlying effective managed resilience. Therefore, MPAs might not measurably increase pa
rrotfish abundance and/or biomass (links 1 and 2 in Figure 3 ) because fishing occurs within protected boundaries or beca
use populations that could act as larval sources are being fished. This seems unlikely since many of the no-take reservesin
cluded in the various analyses have demonstrated effectiveness in protecting herbivore populations and high overall fish b
iomass but have not demonstrated an effect on coral resilience. For example, no-take marine reserves in the Florida Keys (
Kramer & Heck 2007, Toth et al. 2014) and the Philippines (Russ et al. 2015) had higher parrotfish biomass, yet there wa

s no difference in macroalgal cover or dynamics between no-take reserves and fished sites.

Ironically, the effective restoration of fish communities in some protected areas could undermine efforts to manage macro

algae if replenished carnivores consume or alter the grazing behavior of herbivores (Dill et al. 2003). The strength and ubi

quity of carnivore-herbivore-macroalgae trophic cascades on reefs are unknown, but there is growing evidence that shark


https://www.annualreviews.org/docserver/fulltext/marine/11/1/ma110307.f5.gif
https://www.annualreviews.org/docserver/fulltext/marine/11/1/ma110307.f5.ppt?mimeType=application/vnd.ms-powerpoint

s and other large predators can reduce grazing by either consuming herbivores or altering their foraging behavior (Houk &

Musburger 2013, Madin et al. 2010). If this is true, then management could reduce fishing (link 1 in Figure 3 ) but fail to in

crease herbivore biomass (link 2) or grazing (link 3).

B.2. JContext Dependency

The context dependency of the component links in Figure 3 could also explain the ineffectiveness of managed resilience. F
or example, grazing intensity appears to depend on both algal and fish composition and richness due to differences in mac
s also significantly affects their per capita effects, with larger parrotfishes often consuming more and different algae than s
maller congeners or conspecifics do (Bonaldo & Bellwood 2008, Lokrantz et al. 2008). Finally, the grazing rate of ectothe
rms is often positively related to temperature due to their strongly temperature-dependent metabolism (Bruno et al.

2015). Therefore, effectively protecting herbivores in general may not guarantee increased top-down control of algae.

Another important contingency is the rate and bulk amount of primary production. Coral mortality opens up new space fo

r algae, subsequently requiring higher grazing pressure to keep algal cover low (Williams et al. 2001, McClanahan et al. 2
002). Nutrient pollution and natural variability in nutrient flux also influence primary production and thus the grazing rate

required to control macroalgae. If most or all of the managed-resilience links ( Figure 3 ) are context dependent, which see

ms likely, then the probability that the context that enables all five is present for a meaningful amount of time (years to de

cades) at any given site is obviously very low.

There might be ecological contexts in which herbivorous fishes—or, more specifically, parrotfishes—do not play a major rol
e in grazing pressure. For example, the fish species that grazed down the lush macroalgae growing in fish exclosures on th

e Great Barrier Reef, once the cages were removed, were neither parrotfishes nor surgeonfishes, as had been expected, but
batfish (family Ephippidae) (Bellwood et al. 2006). Fishes are also sometimes not the main herbivores. In the Caribbean,
or instance, herbivorous urchins have at times been the dominant grazers on shallow-water reefs (Carpenter 1986), but th

eir role is less marked on deeper reefs (Morrison 1988). The increase in coral cover that coincided with the return of the ur

chin Diadema antillarum, which was decimated by disease in the early 1980s, to some Caribbean reefs with healthy parrotf
ish populations (Carpenter & Edmunds 2006, Edmunds & Carpenter 2001) suggests that Diadema provides a different gr

azing function than parrotfishes.

Finally, Harborne & Mumby (2018) argued that parrotfishes can increase coral resilience only in the absence of disturbanc
es like warming-induced disease outbreaks. Unfortunately, a regime of frequent bleaching and coral disease has become t
he new reality for nearly all coral reefs (Hughes et al. 2017a). In fact, the frequencies of high-ocean-temperature anomalie
s (Oliver et al. 2018) and mass coral-bleaching events (Hughes et al. 2018a) are increasing globally. The average return ti
me of severe bleaching is now only six years (Hughes et al. 2018a), while the time for full coral assemblage recovery is dec
ades to centuries. Thus, under the current context of increasingly frequent disturbances, resistance is clearly the more imp
ortant component of resilience for reef conservation and the maintenance of ecosystem services. Yet nearly all hypothesiz
ed mechanisms and interventions are based on improving recovery. Nearly all resilience models based on parrotfish conse
rvation assume plentiful coral settlement and infrequent (or no) disturbance during the recovery phase, and more realistic

models that include disturbance come to very different conclusions. For example, Kennedy et al. (2013) modeled reef acc




retion rates with and without local protection (MPAs) under different ocean warming scenarios, and under the business-as
-usual emissions scenario (Representative Concentration Pathway 8.5), parrotfish conservation delayed degradation by on

ly approximately 10 years.

[8.3. JMacroalgal Dominance Is Uncommon
If seaweed is not the dominant benthic space holder, then promoting herbivory will do little to increase coral settlement a

nd recruitment. Even across the Greater Caribbean, considered to be the hot spot of coral-to-macroalgal phase shifts (Jac

kson et al. 2014), the regional average macroalgal cover is below 20% (Bruno et al. 2009, Coté et al. 2013, Jackson et al.

ine, isolated reefs. Moreover, the baseline cover for macroalgae is far from clear, and thus it is also unclear how much (if at

all) the macroalgal cover has increased (Bruno et al. 2014). C6té et al. (2013) found that the extreme dominance of macr

oalgae across reefs in Jamaica—widely viewed as the poster child for phase shifts in the region—is actually a globally uniq
ue outcome of multiple causes of mass coral mortality. More often, corals are replaced by other invertebrates, such as spo
nges, soft corals, and corallimorphs (Aronson et al. 2002, Loh et al. 2015, Norstrom et al. 2009), or simply by bare substr

ate covered in turf or crustose coralline algae (Toth et al. 2014). Management designed to reduce macroalgae could just as

easily facilitate the establishment of these alternative space monopolizers, thereby maintaining or increasing the competit

ive landscape for settling corals.

[3.4. Jinteractions Between Stressors Are Antagonistic

The effective mitigation of local ecological stressors could, paradoxically, increase community sensitivity to large-scale dis
turbances (Coté & Darling 2010). It is generally assumed that multiple stressors have additive or synergistic effects at the i
ndividual or community level. However, Darling & C6té (2008) found that in multifactor experiments, antagonisms betwe
en stressors (where one factor reduces the effect of another) were as common as synergies. On coral reefs, fast-growing an
d competitively dominant taxa (e.g., acroporid corals) are often especially sensitive to multiple forms of disturbance (stor
ms, predators, disease, warming, etc.). This cosensitivity is likely an underlying mechanism of observed antagonisms amo

ng stressors on reefs (Darling & C6té 2008, Darling et al. 2010).

Cosensitivity and its corollary, cotolerance, could explain why the negative effect of large-scale disturbances (natural or an
thropogenic) on coral cover depends strongly on predisturbance cover. Sites with high initial coral cover have substantially

greater coral loss from bleaching, disease, storms, and probably other disturbances (Darling et al. 2010, Selig et al. 2012,

Zhang et al. 2014; but see Carassou et al. 2013). This is likely due to the relationship between total coral cover and coral s
pecies composition: High-cover reefs tend to be dominated by branching and plating acroporid corals and other competiti
vely dominant species that are highly sensitive to disturbance. From one perspective, such density dependence is obviousl
y good news for conservationists; it suggests that a negative feedback, such as an increase in the relative cover of more dis
turbance-tolerant species as cover declines, could limit loss at low levels of coral cover. On the other hand, it also suggests
(perversely) that effectively promoting coral recovery could increase community sensitivity to disturbance (Coté & Darling
2010, Darling et al. 2010). Likewise, even if the mitigation of local stressors increased the resilience of individual colonies

to acute warming events, it could still reduce community resilience by selecting for thermally sensitive taxa.

4. THE RELATIVE AND REALIZED EFFECTS OF LOCAL AND GLOBAL STRESSORS



Another possible explanation for the general failure of the managed resilience of coral assemblages is that the effects of lo
calized stressors are simply insignificant relative to the impact of global stressors like ocean warming. To test this hypothe

sis, we assessed evidence for global- versus local-scale drivers of coral loss. We consider experiments—whether in the labo
ratory or the field—to be invaluable tools in applied reef ecology. Experiments enable controlled tests of the effects of puta
tive biotic and abiotic factors on coral fitness and other response variables related to reef functioning. Experiments also all
ow tests of mechanistic explanations for observed effects. Finally, experimental studies are often needed to make a strong
inference about cause and effect from an observed relationship in a mensurative study. But experiments usually cannot te
st whether a given factor is affecting coral health or mortality—only whether it could do so. For example, Bruno et al. (200
3) found that experimental nutrient enrichment increased coral disease severity, but that result did not indicate that nutri

ent pollution was actually affecting coral-disease dynamics or how important it might be relative to other factors.

Descriptive survey data, usually replicated across space and time [i.e., through a monitoring study, ideally with a BACI (bef
ore-after, control-impact) design], are generally needed to assess whether the effects of a putative factor are realized and
detectable (over the background noise inherent in most ecological systems) in the real world. For example, if fishing and p
arrotfish abundance are important drivers of coral loss, reefs with the greatest parrotfish biomass should have reduced (or
no) coral loss and/or higher coral cover (assuming that other factors, such as the disturbance regime, do not covary with p
arrotfish biomass). The absence of such a pattern would indicate that either (a) the effect size of fishing or fish biomass wa
s small relative to that of other factors or (b) fishing and parrotfishes were important, but their effect depends on another f
actor, such as coral cover or primary production. We based our assessments of whether a given factor was affecting coral |
oss at regional to global scales on descriptive survey data that enabled tests of these predicted associations. Although spa
tiotemporal relationships alone do not prove the importance of a putative cause, they are a critical component of impact a
ssessment. Strong evidence in support of a given factor's role in coral decline would include four components: (a) a theory
or biological explanation of how the factor could cause coral mortality or population declines, (b) experimental evidence o
f such an effect in a controlled setting, (c) evidence that the factor had increased in prevalence or magnitude over time, an
d (d) evidence that the presence or magnitude of the factor was spatiotemporally related to concordant changes in coral c
over in the predicted manner (e.g., coral cover decreased most rapidly where and when the magnitude of the factor was gr

eatest).

Evidence That Ocean Warming Causes Coral Loss

The experimental and observational evidence that anomalously high temperatures (often only 0.5-2°C beyond typical su
mmer highs) are stressful (and lethal beyond species-specific thresholds) to reef-building corals (and essentially all ectoth
erms) is unequivocal. The mechanisms through which thermal stress is harmful to corals were reviewed by Baker et al. (2
008). Countless laboratory experiments have documented the strong effect of temperature on coral survival, calcification,

and even reproductive output, as well as the underlying mechanisms of bleaching (reviewed in Baker et al. 2008, Brown

1997).

Satellite records and direct temperature measurements indicate that nearshore seawater temperatures increased significa

ntly during the period of global coral loss that appears to have begun in the 1970s (Gardner et al. 2003). Based on an anal

ysis of satellite-derived sea-surface temperature data, Chollett et al. (2012) estimated that the regional average warmingr



ate across the Greater Caribbean region from 1985 to 2009 was 0.27°C per decade, with some regions, such as the southwe

stern Caribbean, warming faster, at more than 0.4°C per decade ( Figure 6 ). This rate is generally concordant with other es

timates for the Caribbean (Glenn et al. 2015, Jury 2011) and for coral-reef regions in general (Lough et al. 2018) but nearl

y four times greater than the observed rate of global ocean-surface warming since 1960 [0.07°C per decade (Burrows et al.
2011)] (Figure 7). An important finding of these and many similar studies of trends in tropical sea-surface temperature is
that recent warming (excluding warming during the beginning of the twentieth century) began roughly five decades ago a

nd that the average temperature of many reefs has already increased by approximately 1°C.

Recent warming of the Greater Caribbean region. (a) Trends in monthly mean sea-surface temperature (SST) from La Parguera, Puerto Rico, based on in situ
measurements. Asterisks indicate years of severe coral bleaching. (b) Decadal trends in average SST based on NOAA Pathfinder v5.0 satellite SST data (1985-

2009). Panel a adapted from Winter et al. (1998); panel b adapted from Chollett et al. (2012).
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Temporal relationships between ocean warming and coral cover decline. The blue and pink bars show the average annual temperature anomalies for land a
nd sea from a 1961-1990 baseline [based on the Hadley Centre Climatic Research Unit Temperature 4 (HadCRUT4) data set], and the black line shows the av
erage annual coral-reef sea-surface temperature [from the Hadley Centre Global Sea Ice and Sea Surface Temperature 1 (HadISST1) data set]. The orange lin
e shows the temporal trend in absolute mean Caribbean coral cover (based on a regional meta-analysis). Figure adapted from Gardner et al. (2003) and Lo

ugh et al. (2018).
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Hundreds of field studies have documented the strong positive association between anomalously high ocean temperature

s and coral bleaching and subsequent mortality (Baker et al. 2008; Brown 1997; Eakin et al. 2010; Hughes et al. 2017b,

2018b). One widely used metric of accumulated thermal stress is degree heating weeks (Eakin et al. 2010), which takes in
to account the magnitude and duration of anomalously high temperatures during a 12-week period at a given site. Degree
heating week values of 6-8 generally cause mass coral bleaching and mortality, although the precise impact depends on ¢

oral composition and cover (Hughes et al. 2018a, Selig et al. 2012). A strong general association (global, across decades)

also exists between ocean temperature anomalies and coral loss (Selig et al. 2012). Coral mortality during these extreme
events is due primarily to bleaching but also to disease outbreaks, which large-scale epidemiological studies have linked t

o temperature extremes and warming (Bruno et al. 2007, Harvell et al. 2009, Randall & van Woesik 2015). The final smo

king gun is the long-term association between coral loss and the gradual warming of reefs ( Figure 7 )—a key pattern predi
cted by the hypothesis that ocean warming is a primary driver of the decline of coral populations and overall coral cover. |
n summary, for ocean warming, all four evidentiary components are present: a biological explanation, experimental evide

nce, evidence for an increase in frequency and magnitude, and the predicted spatiotemporal associations ( Table 3 ).

Table 3
Summary of the evidence supporting the putative effect of four drivers of adult coral mortality and/or coral population

dynamics, leading to observed declines in coral cover

Toggle display: Table3 fB~v
Open Table 3 fullscreen .” (/content/table/10.1146/annurev-marine-010318-095300.t3?fmt=ahah&fullscreen=tr

ue&lang=en)
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2Evidence of an effect on coral recruitment but not on adult mortality, changes in coral cover, absolute coral cover, etc.

4.2. JEvidence That Localized Stressors Cause Coral Loss

Numerous reviews and meta-analyses of evidence have linked various putative local anthropogenic drivers with coral mor
tality, including sedimentation (Fabricius 2005) and nutrient pollution (Szmant 2002). Here, we summarize the evidence

available to test the hypotheses that the two most well-studied local issues that are putatively affecting coral reefs—fishin
g and nutrient pollution—are important drivers of regional- to global-scale coral loss. We also assess evidence for the role

of macroalgae in coral declines (a proximate driver, rather than an ultimate driver like fishing), which is a potential outcom
e of nutrient pollution and the reduction of herbivore populations via fishing. We focus on these local factors and not othe
rs because they are widely believed to interact synergistically with ocean warming, an assumption that underlies the man

aged-resilience paradigm.

Fishing and herbivore biomass.

Fishing is thought to cause coral mortality directly through the use of destructive fishing practices (e.g., Fox & Caldwell 20

06) and indirectly by reducing the biomass and/or density of herbivorous fishes. As described above, decreases in the abu
ndance of herbivorous fishes, primarily parrotfishes, are thought to reduce grazing pressure on macroalgae, and a large nu

mber of experiments (generally based on exclusion cages) have demonstrated the strong top-down effects of parrotfish gr



azing on macroalgal cover, biomass, and composition (Burkepile & Hay 2009, Burkepile et al. 2009, Lewis 1997, Miller e

t al. 1999, Steneck et al. 2014). The suppression of macroalgae facilitates benthic communities dominated by crustose co

ralline algae and filamentous turfs (Steneck 1988; Hay 1991, 1997), thereby promoting the settlement, growth, and surviv

d by some large-scale mensurative studies that reported negative associations between the cover of macroalgae and the b
iomass of herbivorous fishes (Mora 2008, Newman et al. 2006, Williams & Polunin 2001) but not by others. For example,
Suchley et al. (2016) observed a gradual increase in macroalgae across the Mesoamerican Barrier Reef while parrotfish bi

omass was also increasing, a result they attributed to an increase in nutrient pollution. Similarly, Russ et al. (2015) argued

that macroalgal cover at six sites monitored over 30 years appeared to be driven by coral loss and external disturbances rat

her than by fishing or herbivory.

There is clear evidence of widespread and striking declines in fish biomass on coral reefs, including general declines in par
rotfish biomass (Paddack et al. 2009, Valdivia et al. 2017, Williams et al. 2011). Yet there is no broad-scale evidence that
these changes have had any effect on coral mortality or declines in coral cover. Most studies that have tested for mechanist
ic links between coral and fish assemblages have focused on how coral mortality affects the composition and diversity of fi

shes via habitat loss (Jones et al. 2004, Pratchett et al. 2008, Wilson et al. 2006). Jackson et al. (2014) asked the invers

e question and found that spatial variation in parrotfish biomass across the Caribbean was unrelated to coral loss ( Figur

8).

Relationship between change in coral cover and parrotfish biomass. Each point represents a location average based on surveys performed between 1965 an

d 2012 of 1-17 reefs per location. This relationship was not statistically significant (p>0.05), and the line represents the smoothed curve fitted by loess. Data

are from table 2 of Jackson et al. (2014).
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Why are there no large-scale-pattern data to corroborate results from fish exclusion experiments? One explanation is that t
he studies just have not been done. Another is that some of the inferences from the experiments are invalid. The scale of t
hese experiments is usually small (<1.0 m? and often far smaller), and the results may simply not scale up to the seascape
and regional scales to which they have been widely applied. Moreover, the treatments in many of these experiments are u
nrepresentative of anything in nature. For example, the complete exclusion of fishes (i.e., via exclusion cages) is not repres
entative of fishing (which reduces fish biomass but does not literally eliminate all animals larger than a few centimeters) a
nd therefore may not predict the outcome of management actions. It is also possible that the effects of experiments on th
e links between fishes and algae (link 3 in Figure 3 ) and between algae and coral recruitment (link 4 in Figure 3 ) arereal b
ut small in magnitude relative to the effects of disturbances, environmental context, larval connectivity, or other factors th
atinfluence coral resistance and recovery. Strong effects at all five links are necessary for effective managed resilience. The
sheer complexity of the cascade underlying managed reef resilience may be its Achilles' heel and the most likely explanati

on for its general failure (Russ et al. 2015).

Nutrient pollution.

Excess nutrients (nitrogen and phosphorus) could harm corals directly or indirectly by facilitating the growth of benthic m

acroalgae. The hypothesized role of nutrients in structuring reef communities (interactively with herbivory) is outlined in s
everal conceptual models (e.g., Littler et al. 2006). Szmant (2002) thoroughly evaluated the potential role of nutrient poll

ution in coral loss and concluded,

Critical examination of both experimental laboratory and field studies of nutrient effects on corals and cor
al reefs, including the Elevated Nutrient on Coral Reefs Experiment (ENCORE) enrichment experiment con
ducted on the Great Barrier Reef, does not support the idea that the levels of nutrient enrichment docume
nted at anthropogenically-enriched sites can affect the physiology of corals in a harmful way, or for most
cases, be the sole or major cause of shifts in coral-algal abundance. Over-enrichment can be and has been
the cause of localized coral reef degradation, but the case for widespread effects is not substantiated. (p.

743)

The more recent science has not substantially changed this broad evaluation (e.g., Humanes et al. 2017), although there i
s a growing appreciation for the potential interactions between nutrient enrichment and other anthropogenic stressors of

corals (Gil et al. 2016a, Muthukrishnan & Fong 2014, Zaneveld et al. 2016). The general absence of multisite nutrient m

onitoring makes it almost impossible to assess whether and (if so) where nutrient concentrations on reefs are increasing. T
here are certainly well-documented, highly localized examples, but most available nutrient monitoring suggests that enric
hment on offshore reefs is rare (Szmant 2002). This data limitation also precludes testing whether nutrient pollution is rel
ated to macroalgal growth and cover or to coral cover or mortality at large scales and on reefs tens or hundreds of kilomet

ers from potential sources of nutrient pollution (see also Gil et al. 2016b).
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Macroalgae.

Increases in macroalgae could result from fishing, nutrient pollution, or even ocean warming via coral mortality. Although
macroalgae have been shown to overgrow adult corals only in a few extreme cases, numerous studies have found that ben
thic algae, including macroalgae and algal turfs, can reduce coral settlement and the survival and growth of juvenile corals

via shading and abrasion (reviewed in McCook et al. 2001), which might, in theory, affect coral population recovery (Sten

eck et al. 2014). Some macroalgae produce chemicals that can have negative effects on small corals (Dixson et al. 2014,
Rasher et al. 2011). It has also been suggested that macroalgae can increase the transmission or severity of coral disease

s, e.g., by harboring pathogens or facilitating them through the release of dissolved organic carbon (Smith et al. 2006), bu

t the evidence is mixed. For example, while Nugues et al. (2004) reported that contact with the calcifying alga Halimeda o
puntiatriggered disease in corals, Vu et al. (2009) found that several species of macroalgae, placed in close proximity to ju

venile and adult corals, had no effect on among-colony disease transmission rates or within-colony spread.

Countless studies have documented increases in benthic macroalgae at individual sites around the world, and several met
a-analyses have quantified regional increases (e.g., Coté et al. 2005, Jackson et al. 2014, and Schutte et al. 2010 for the
Caribbean region). The question is whether the observed increase in macroalgae is an important or widespread cause of ¢
oral loss. The increase in macroalgae across the Caribbean is often invoked as evidence that macroalgae caused the obser
ved decline in coral cover. However, macroalgal cover increased several years after the beginning of the regional coral die-
off caused by white band disease (Aronson & Precht 2006, Jackson et al. 2014, Schutte et al. 2010). A more parsimoniou
s explanation is that the increased cover of macroalgae was due to reduced competition with corals and, in shallow water,
the regional die-off of the important herbivorous urchin Diadema antillarum (Carpenter 1990). Reef ecologists have know
n for decades that macroalgal cover frequently increases rapidly after mass coral mortality events, presumably due to the r
eduction in competition for space (Aronson & Precht 2001b, Stoddart 1969). The common lag of months to years betwee
n coral mortality events and a subsequent increase in benthic algal cover strongly suggests that algae are responding to, ra

ther than the cause of, coral loss.

Numerous studies have reported that the large-scale spatiotemporal dynamics of coral and macroalgal cover appear to be
unrelated. In a regional-scale assessment of the patterns and causes of Caribbean reef degradation, Jackson et al. (2014)

found that macroalgal cover was unrelated to coral loss across the Caribbean ( Figure 9 ). Numerous other long-term moni

toring studies have documented this apparent decoupling of coral and macroalgal community dynamics (Aronson et al. 2

012, Colvard & Edmunds 2011, Edmunds 2013, Russ et al. 2015, Toth et al. 2014), suggesting that they are not mechani

stically linked and are likely responding to different drivers.

Figure 9
Relationships between (a) coral cover and macroalgal cover and (b) change in coral cover and change in macroalgal cover across the Caribbean region. Each

point represents a location average based on surveys performed between 1965 and 2012 of 1-17 reefs per location. This relationship was not statistically sig

nificant (p>0.05), and the line represents the smoothed curve fitted by loess. Data are from table 2 of Jackson et al. (2014).
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4.3. Jisolated Reefs as Indicators of Coral State in the Absence of Local Stressors
One way to test the relative and interactive effects of putative local and global drivers of coral decline is to compare coral |

oss across a gradient of human population density and presumably local disturbance (Knowlton & Jackson 2008). Most |

ocal impacts should be absent, or at least minimized, on reefs that are tens or hundreds of kilometers from any human set
tlement or activities (Sandin et al. 2008). For example, nutrient pollution on reefs should be associated with the coastal h

uman footprint through development, agriculture, and sewage—all of which stem from and increase with coastal human p
opulations. Although fishing is global and few reefs have near-intact fish communities, the intensity of fishing on reefs is st
ill strongly related to proximity to ports and people (Nadon et al. 2012, Stallings 2009). A decrease in coral cover with dec
reasing isolation from people and local human impacts would suggest that both local and global factors are important and
that, depending on the shape of the relationship, either (a) their effects are synergistic or (b) the effects of local factors are

greater.

In one of the first applications of this approach, Lirman & Fong (2007) found that live coral cover on 84 patch reefs in the F
lorida Keys was strongly negatively related to their distance from shore. That is, reefs closer to shore, where nutrient conce
ntrations were greatest, had substantially higher coral cover (inshore corals also grew faster and had lower partial mortalit
y rates). Sandin et al. (2008) found lower coral cover adjacent to islands with more people in a limited comparison of four

central Pacific islands. However, Bruno & Valdivia (2016), using survey data from 1,708 reefs around the world, found no

meaningful relationship between live coral cover and reef isolation from people. Macroalgal cover was also not related to
human population density. These findings suggest that either (¢) local stressors have only a small effect on these measure
s of reef health (in other words, they are swamped by the larger effect of warming) or (d) local and global factors have anta
gonistic effects. Either way, these results are not consistent with the hypothesis that the effects of local and global factors

are multiplicative—a critical assumption of the managed-resilience paradigm.

During the marine heat wave of 2016 [which coincided with a strong El Nifio event but was caused by anthropogenic ocean
warming, via the gradual increase of the baseline around which the natural El Niflo-Southern Oscillation phenomenon cyc
les (Hughes et al. 2018a)], countless reefs—at least those with enough remaining coral cover and thermally sensitive spec
ies—experienced mass bleaching and coral loss. Some of the hardest hit included the world's most isolated and well-prote

cted reefs, e.g., the northern Great Barrier Reef, the Chagos Archipelago, and even remote Jarvis Island (Brainard et al. 20
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18, Hughes et al. 2017b, Sheppard et al. 2017, Stuart-Smith et al. 2018). This has been a wake-up call, forcing scientists

to reevaluate assumptions about the inherent resilience of these reefs. In retrospect, the recent high coral cover on these r
eefs was more likely due to prolonged periods with little disturbance than an indication of their resistance to ocean warmi
ng. The near absence of local human impacts (due to extreme spatial isolation and effective management) did not prevent
striking ecosystem change in response to a heat wave, the magnitude of which is predicted to be commonplace within a fe

w decades.

4.4. JEvidence Summary

The warming of the near-surface portions of tropical seas has been unambiguously and mechanistically linked with coral |
o0ss. By contrast, evidence that local factors are an important cause of regional and global coral loss is mixed. For some fact
ors, there is strong experimental evidence pointing to a possible role, but the field-pattern data are limited or absent or su
ggest that the realized effect size is small or even undetectable. For example, Steneck et al. (2018) found that a mere 8% o
f the variance in coral recruitment could be explained by parrotfishes, and only 17% by local fisheries restrictions (based o
n an analysis of one-time surveys of reefs adjacent to 12 Caribbean islands). The authors argued that the realized effects of
management on fish communities were attenuated by the complexity of the linkages between fishing and coral populatio
ns. Even if measurable and statistically significant, such modest outcomes are not likely to meaningfully improve reef cond
ition and functioning in the face of climatic disturbances caused by greenhouse gas emissions, especially given the compo
sitional mismatch between the functionally important species being lost and those being facilitated by fisheries restriction

s and herbivory.

5. NEGATIVE CONSEQUENCES OF HERBIVORE PROTECTION
The coral-reef structures built over thousands of years provide the foundation for marine biodiversity, fisheries, and local e
conomies in tropical and subtropical regions around the world. Reefs also promote coastal protection by buffering nearby

shorelines from wave energy during storms (Ferrario et al. 2014). The persistence of these key ecosystem services depend

s on the ability of reefs to maintain a structurally complex surface and vertical accretion (Kennedy et al. 2013, Kuffner & T

oth 2016), particularly as sea-level rise accelerates in the future (Perry et al. 2018, Storlazzi et al. 2011). For many reefs a
round the world, however, the rapid decline in the cover of reef-building corals over the last several decades has begun to

tip the balance from reef accretion to reef erosion (Kennedy et al. 2013; Kuffner & Toth 2016; Perry et al. 2013, 2015). Wi

th significant declines in structural complexity (Alvarez-Filip et al. 2009) and reductions of reef elevation (Yates et al. 201
7) already occurring on many reefs, focusing management on promoting reef accretion and mitigating reef erosion may be

crucial to preventing the remaining reef structure from being lost (Kuffner & Toth 2016, Toth et al. 2018).

Paradoxically, the policies enacted to promote reef resilience by protecting herbivorous fishes may actually exacerbate the
problems of declining coral health and reef erosion. In addition to their role as grazers, many parrotfishes are active coralli
vores (Rotjan & Lewis 2008) and preferentially feed on some of the most important reef-building corals, i.e., the Orbicella

spp. complex in the Caribbean and Porites spp. in the Pacific (Bonaldo et al. 2011, Rotjan et al. 2006). Although their pref

erred prey have become less abundant in many locations, the intensity of corallivory on the weedy corals that remain may

actually increase as coral cover declines (Burkepile 2011). The chronic impacts of corallivory can also reduce the resilienc

e of coral colonies to acute disturbances like coral bleaching (Rotjan et al. 2006) and may provide a vector for coral diseas



e transmission (Rotjan & Lewis 2008, Williams & Miller 2005). Although corallivory was likely not a significant source of ¢

oral morbidity or mortality in the past when coral cover was high, the reduction in coral abundance has focused predation

on remaining colonies, making it a greater threat to the coral populations that remain (Rotjan & Lewis 2008).

A larger threat is the bioerosion of dead coral skeletons and the reef framework by scraping and excavating parrotfishes. Al
though some researchers have suggested that the role of parrotfishes as bioeroders is negligible relative to their putative b

enefits as grazers (Harborne & Mumby 2018, Mumby 2009), there is no quantitative evidence to support this claim. Indee

d, one of the most dominant parrotfishes in the Caribbean, the stoplight parrotfish Sparisoma viride, is also the most destr

uctive bioeroder (Harborne & Mumby 2018, Scoffin et al. 1980). Since the loss of the urchin Diadema antillarum through

out the western Atlantic in the mid-1980s (Lessios 2016), parrotfishes have become the dominant contributor to reef bioer

osion in this region (Perry et al. 2014). In a survey of the contemporary carbonate budget throughout the Caribbean, Perr

y et al. (2013) found that nearly half of the reefs included in the study were already eroding faster than they were accretin
g, even though the current rates of parrotfish bioerosion are likely relatively low compared with historic levels due to the r
egion-wide decline in herbivorous fish populations and the loss of Diadema antillarum (Perry et al. 2014). While reef-cons
ervation efforts have focused on fishery management as the solution to coral-reef degradation, the parrotfishes we have b
een protecting have been steadily destroying the reef structures that remain, and carbonate budget deficits on reefs are pr

edicted to worsen as reef communities shift to slower-calcifying taxa (Perry et al. 2014).

6. IF NOT MANAGED RESILIENCE, THEN WHAT?

The persistence of coral reefs and the valuable ecosystem services they provide ( Figure 1 ) may require a paradigm shiftin
management. It is clear that the evidence base supporting the effectiveness of managed resilience of coral reefs is poor. Th
e enthusiasm for a management focus on herbivores, and on parrotfishes in particular, is therefore not justified under mos
t conditions encountered on today's reefs. This is not to say that promoting the recovery of herbivore populations cannot
ever help. Models suggest that it can, in the long term, but only under a very restricted set of conditions (e.g., at relatively
high levels of coral cover and a low frequency of disturbances), which are increasingly rare on modern coral reefs (Hughes
et al. 2017a). More realistic simulation models of coral-reef dynamics affected by climate disturbances suggest that increa
sed grazing pressure resulting from parrotfish protection can only briefly delay the inevitable degradation of coral reefs th

at stems from coral loss and negative carbonate budgets (Edwards et al. 2011, Kennedy et al. 2013). The inconvenient tr

uth is that herbivorous fish management, on its own, is ineffective. It is clearly time to lay the parrotfish paradigm to rest.
Where proven to be important, local stressors obviously need to be addressed, but the devastating impacts of recent ther
mal stress events demonstrate that aggressive mitigation of greenhouse gas emissions is necessary to give coral reefs a ch

ance to persist long into the future.

SUMMARY POINTS

@The managed-resilience paradigm has virtually no empirical support. Marine protected areas (MPAs) do not measurably increase t
he resilience of coral communities to global stressors, although there are numerous other demonstrated benefits of MPAs, such as the

protection and restoration of biodiversity.



@Among other possible explanations, managed resilience for coral reefs may be ineffective because of the complexity of the five-ste
p cascade of ecological effects that underpin it, because the effects of localized stressors are swamped by ocean warming, because m
acroalgal dominance is in fact rare, and/or because interactions between local and global stressors are often antagonistic.

@It is plausible that MPAs and parrotfish protection could promote coral population resilience under some very narrow set of enviro
nmental conditions—high coral cover, low algal productivity, infrequent disturbance, sufficient coral settlement, etc. However, these c
onditions were not met in any of 18 field tests of the managed-resilience hypothesis across 66 MPAs, and they are increasingly uncom
mon on today's reefs.

he protection of herbivorous fishes, especially parrotfishes, which is a focus of managed resilience, is not ecologically benign. In |
arge numbers, some parrotfishes can consume corals, increase bioerosion, and reduce coral accretion rates.

[53The empirical evidence linking coral loss to ocean warming is strong. By contrast, the roles of putative drivers of coral mortality tha
tact on more local scales, such as fishing and nutrient enhancement (and the resulting increases in macroalgal abundance), are less ¢
ertain.

he many threats to coral populations must be tackled directly and independently. This is particularly true for ocean warming and
other aspects of anthropogenic climate change. Climate change has and will continue to be the most significant threat to the future of
coral reefs, suggesting that it must mitigated through direct and aggressive action to reduce carbon emissions to ensure the persisten

ce of reefs and the critical ecosystem services they provide.

DISCLOSURE STATEMENT

The authors are not aware of any affiliations, memberships, funding, or financial holdings that might be perceived as affec

ting the objectivity of this review.

ACKNOWLEDGMENTS

ACKNOWLEDGMENTS

We thank Logan Gin, Olivia Gorman, Rachel Snider, and Allison VanSant for assistance in evaluating the literature, and Rich
ard Aronson, Les Kaufman, Steven Miller, William Precht, and Abel Valdivia for countless discussions about the role of MPA
s in coral-reef conservation. J.F.B.s contribution to this review was funded in part by a grant from the US National Science
Foundation (OCE-1737071). I.M.C. is funded by the Natural Sciences and Engineering Research Council of Canada. LTT. is f
unded by the US Geological Survey's Coastal and Marine Geology Program and Climate and Land Use Research and Develo
pment Program and by the US National Science Foundation (OCE-1535007). Any use of trade, firm, or product names is for

descriptive purposes only and does not imply endorsement by the US Government.

LITERATURE CITED

Adam TC, Burkepile DE, Ruttenberg Bl, Paddack MJ 2015. Herbivory and the resilience of Caribbean coral reefs: knowledge gaps and im
plications for management. Mar. Ecol. Prog. Ser. 520:1-20 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Herbiv

ory+and+the+resiliencet+of+Caribbean+coraltreefs%3A+knowledge+gaps+and+implications+fortmanagement&author=TC+Ada

m&author=DE+Burkepile&author=Bl+Ruttenberg&author=MJ+Paddack&journal=Mar.+Ecol.+Prog.+Ser.&volume=520&pages=1-

20&publication year=2015&j)

Altieri AH, Harrison SB, Seemann J, Collin R, Diaz RJ, Knowlton N 2017. Tropical dead zones and mass mortalities on coral reefs. PNAS 1

14:3660-65 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Tropical+dead+zones+and+mass+mortalities+on+



http://scholar.google.com/scholar_lookup?title=Herbivory+and+the+resilience+of+Caribbean+coral+reefs%3A+knowledge+gaps+and+implications+for+management&author=TC+Adam&author=DE+Burkepile&author=BI+Ruttenberg&author=MJ+Paddack&journal=Mar.+Ecol.+Prog.+Ser.&volume=520&pages=1-20&publication_year=2015&
http://scholar.google.com/scholar_lookup?title=Tropical+dead+zones+and+mass+mortalities+on+coral+reefs&author=AH+Altieri&author=SB+Harrison&author=J+Seemann&author=R+Collin&author=RJ+Diaz&author=N+Knowlton&journal=PNAS&volume=114&pages=3660-65&publication_year=2017&

coral+reefs&author=AH+Altieri&author=SB+Harrison&author=J+Seemann&author=R+Collin&author=RJ+Diaz&author=N+Know

Alvarez-Filip L, Carricart-Ganivet JP, Horta-Puga G, Iglesias-Prieto R 2013. Shifts in coral-assemblage composition do not ensure persiste
nce of reef functionality. Sci. Rep. 3:3486 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Shifts+in+coral-assem

blage+composition+do+not+ensure+persistence+of+reef+functionality&author=L+Alvarez-Filip&author=JP+Carricart-Ganivet&

Alvarez-Filip L, Dulvy NK, Gill JA, C6té IM, Watkinson AR 2009. Flattening of Caribbean coral reefs: region-wide declines in architectural c
omplexity. Proc. R. Soc. B276:3019-25 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Flattening+of+Caribbea

Gill&author=IM+C%C3%B4t%C3%A9&author=AR+Watkinson&journal=Proc.+R.+Soc.+B&volume=276&pages=3019-25&publicati

on_year=2009&)

Alvarez-Filip L, Gill JA, Dulvy NK, Perry AL, Watkinson AR, COté IM 2011. Drivers of region-wide declines in architectural complexity on Ca

ribbean reefs. Coral Reefs 30:1051-60 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Drivers+of+region-wide+

declines+in+architectural+complexity+on+Caribbean+reefs&author=L+Alvarez-Filip&author=JA+Gill&author=NK+Dulvy&autho

r=AL+Perry&author=AR+Watkinson&author=IM+C%C3%B4t%C3%A9&journal=Coral+Reefs&volume=30&pages=1051-60&public

ation_year=2011&)

Aronson A, Precht WF, Toscano M, Koltes K 2002. The 1998 bleaching event and its aftermath on a coral reef in Belize. Mar. Biol. 141:435-

47 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=The+1998+bleaching+event+and+its+aftermath+on+a+cor

al+reef+in+Belize&author=A+Aronson&author=WF+Precht&author=M+Toscano&author=K+Koltes&journal=Mar.+Biol.&volume=

Aronson RB, Precht WF 2001.a White band diseases and the changing face of Caribbean coral reefs. Hydrobiologia 460:25-38 [Google Sc
holar] (http://scholar.google.com/scholar_lookup?title=White+band+diseases+and+the+changing+face+of+Caribbean+coral+re

Aronson RB, Precht WF 2001.b Evolutionary paleoecology of Caribbean coral reefs. Evolutionary Paleoecology: The Ecological Context o
f Macroevolutionary Change WD Allmon, DJ Bottjer 171-223 New York: Columbia Univ. Press [Google Scholar] (http://scholar.google.c

om/scholar_lookup?title=Evolutionary+paleoecology+of+Caribbean+coral+reefs&author=RB+Aronson&author=WF+Precht&jou

rnal=Evolutionary+Paleoecology%3A+The+Ecological+Context+of+Macroevolutionary+Change&pages=171-223&publication_ye

ar=2001&)

Aronson RB, Precht WF 2006. Conservation, precaution, and Caribbean reefs. Coral Reefs 25:441-50 [Google Scholar] (http://scholar.g

oogle.com/scholar_lookup?title=Conservation%2C+precaution%2C+and+Caribbean+reefs&author=RB+Aronson&author=WF+P

Aronson RB, Precht WF, MaclIntyre |G, Toth LT 2012. Catastrophe and the life span of coral reefs. Ecology 93:303-13 [Google Scholar] (ht

tp://scholar.google.com/scholar_lookup?title=Catastrophe+and+the+life+span+of+coral+reefs&author=RB+Aronson&author=W

F+Precht&author=IG+Macintyre&author=LT+Toth&journal=Ecology&volume=93&pages=303-13&publication_year=2012&)

Baker AC, Glynn PW, Riegl B 2008. Climate change and coral reef bleaching: an ecological assessment of long-term impacts, recovery tre

nds and future outlook. Estuar. Coast. Shelf Sci. 80:435-71 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Clima


http://scholar.google.com/scholar_lookup?title=Tropical+dead+zones+and+mass+mortalities+on+coral+reefs&author=AH+Altieri&author=SB+Harrison&author=J+Seemann&author=R+Collin&author=RJ+Diaz&author=N+Knowlton&journal=PNAS&volume=114&pages=3660-65&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Shifts+in+coral-assemblage+composition+do+not+ensure+persistence+of+reef+functionality&author=L+Alvarez-Filip&author=JP+Carricart-Ganivet&author=G+Horta-Puga&author=R+Iglesias-Prieto&journal=Sci.+Rep.&volume=3&pages=3486&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=Flattening+of+Caribbean+coral+reefs%3A+region-wide+declines+in+architectural+complexity&author=L+Alvarez-Filip&author=NK+Dulvy&author=JA+Gill&author=IM+C%C3%B4t%C3%A9&author=AR+Watkinson&journal=Proc.+R.+Soc.+B&volume=276&pages=3019-25&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Drivers+of+region-wide+declines+in+architectural+complexity+on+Caribbean+reefs&author=L+Alvarez-Filip&author=JA+Gill&author=NK+Dulvy&author=AL+Perry&author=AR+Watkinson&author=IM+C%C3%B4t%C3%A9&journal=Coral+Reefs&volume=30&pages=1051-60&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=The+1998+bleaching+event+and+its+aftermath+on+a+coral+reef+in+Belize&author=A+Aronson&author=WF+Precht&author=M+Toscano&author=K+Koltes&journal=Mar.+Biol.&volume=141&pages=435-47&publication_year=2002&
http://scholar.google.com/scholar_lookup?title=White+band+diseases+and+the+changing+face+of+Caribbean+coral+reefs&author=RB+Aronson&author=WF+Precht&journal=Hydrobiologia&volume=460&pages=25-38&publication_year=2001&
http://scholar.google.com/scholar_lookup?title=Evolutionary+paleoecology+of+Caribbean+coral+reefs&author=RB+Aronson&author=WF+Precht&journal=Evolutionary+Paleoecology%3A+The+Ecological+Context+of+Macroevolutionary+Change&pages=171-223&publication_year=2001&
http://scholar.google.com/scholar_lookup?title=Conservation%2C+precaution%2C+and+Caribbean+reefs&author=RB+Aronson&author=WF+Precht&journal=Coral+Reefs&volume=25&pages=441-50&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Catastrophe+and+the+life+span+of+coral+reefs&author=RB+Aronson&author=WF+Precht&author=IG+MacIntyre&author=LT+Toth&journal=Ecology&volume=93&pages=303-13&publication_year=2012&
http://scholar.google.com/scholar_lookup?title=Climate+change+and+coral+reef+bleaching%3A+an+ecological+assessment+of+long-term+impacts%2C+recovery+trends+and+future+outlook&author=AC+Baker&author=PW+Glynn&author=B+Riegl&journal=Estuar.+Coast.+Shelf+Sci.&volume=80&pages=435-71&publication_year=2008&

te+change+and+coral+reef+bleaching%3A+an+ecological+assessment+of+long-term+impacts%2C+recovery+trends+and+futur

71&publication year=2008&)

Beetham E, Kench PS, Popinet S 2017. Future reef growth can mitigate physical impacts of sea-level rise on atoll islands. Earth's Future

5:1002-14 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Future+reef+growth+can+mitigate+physical+impa

cts+of+sea-level+rise+on+atoll+islands&author=E+Beetham&author=PS+Kench&author=S+Popinet&journal=Earth%27s+Futur

e&volume=5&pages=1002-14&publication year=2017&)

Bégin C, Schelten CK, Nugues MM, Hawkins J, Roberts C, Coté IM 2016. Effects of protection and sediment stress on coral reefs in Saint L
ucia. PLOS ONE 11:e0146855 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Effects+of+protection+tand+sedim

ent+stress+on+coraltreefs+int+Saint+Lucia&author=C+B%C3%A9gin&author=CK+Schelten&author=MM+Nugues&author=J+Ha

ar=2016&)

Bellwood DR, Hughes TP, Folke C, Nystro M 2004. Confronting the coral reef crisis. Nature 429:827-33 [Google Scholar] (http://scholar.

google.com/scholar_lookup?title=Confronting+the+coral+reef+crisis&author=DR+Bellwood&author=TP+Hughes&author=C+Fol

ke&author=M+Nystro&journal=Nature&volume=429&pages=827-33&publication_year=2004&)

Bellwood DR, Hughes TP, Hoey AS 2006. Sleeping functional group drives coral-reef recovery. Curr. Biol. 16:2434-39 [Google Scholar]
(http://scholar.google.com/scholar_lookup?title=Sleeping+functional+group+drives+coral-reef+recovery&author=DR+Bellwoo

Bonaldo RM, Bellwood DR 2008. Size-dependent variation in the functional role of the parrotfish Scarus rivulatus on the Great Barrier R

eef, Australia. Mar. Ecol. Prog. Ser. 360:237-44 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Size-dependent+v

ariation+in+the+functional+role+of+the+parrotfish+Scarus+rivulatus+on+the+Great+Barrier+tReef%2C+Australia&author=RM+

Bonaldo&author=DR+Bellwood&journal=Mar.+Ecol.+Prog.+Ser.&volume=360&pages=237-44&publication_year=2008&)

Bonaldo RM, Krajewski JP, Bellwood DR 2011. Relative impact of parrotfish grazing scars on massive Porites corals at Lizard Island, Grea
t Barrier Reef. Mar. Ecol. Prog. Ser. 423:223-33 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Relative+impact+

of+parrotfish+grazing+scarston+massive+Porites+corals+at+Lizard+Island%2C+Great+Barrier+Reef&author=RM+Bonaldo&aut

hor=JP+Krajewski&author=DR+Bellwood&journal=Mar.+Ecol.+Prog.+Ser.&volume=423&pages=223-33&publication_year=2011

&)

Bood N 2006. Recovery and resilience of coral assemblages on managed and unmanaged reefs in Belize: a long-term study MS Thesis, U

niv. South Ala., Mobile [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Recovery+and+resilience+of+coralt+asse

Brainard RE, Oliver T, McPhaden MJ, Cohen A, Venegas R et al. 2018. Ecological impacts of the 2015/16 El Nifio in the Central Equatorial

Pacific. Bull. Am. Meteorol. Soc. 99:21-26 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Ecological+impacts+of

+the+2015%2F16+El+Ni%C3%B1lo+in+the+Central+Equatorial+Pacific&author=RE+Brainard&author=T+Oliver&author=MJ+McP

haden&author=A+Cohen&author=R+Venegas&journal=Bull.+Am.+Meteorol.+Soc.&volume=99&pages=21-26&publication_year=

2018&)


http://scholar.google.com/scholar_lookup?title=Climate+change+and+coral+reef+bleaching%3A+an+ecological+assessment+of+long-term+impacts%2C+recovery+trends+and+future+outlook&author=AC+Baker&author=PW+Glynn&author=B+Riegl&journal=Estuar.+Coast.+Shelf+Sci.&volume=80&pages=435-71&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Future+reef+growth+can+mitigate+physical+impacts+of+sea-level+rise+on+atoll+islands&author=E+Beetham&author=PS+Kench&author=S+Popinet&journal=Earth%27s+Future&volume=5&pages=1002-14&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Effects+of+protection+and+sediment+stress+on+coral+reefs+in+Saint+Lucia&author=C+B%C3%A9gin&author=CK+Schelten&author=MM+Nugues&author=J+Hawkins&author=C+Roberts&author=IM+C%C3%B4t%C3%A9&journal=PLOS+ONE&volume=11&pages=e0146855&publication_year=2016&
http://scholar.google.com/scholar_lookup?title=Confronting+the+coral+reef+crisis&author=DR+Bellwood&author=TP+Hughes&author=C+Folke&author=M+Nystro&journal=Nature&volume=429&pages=827-33&publication_year=2004&
http://scholar.google.com/scholar_lookup?title=Sleeping+functional+group+drives+coral-reef+recovery&author=DR+Bellwood&author=TP+Hughes&author=AS+Hoey&journal=Curr.+Biol.&volume=16&pages=2434-39&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Size-dependent+variation+in+the+functional+role+of+the+parrotfish+Scarus+rivulatus+on+the+Great+Barrier+Reef%2C+Australia&author=RM+Bonaldo&author=DR+Bellwood&journal=Mar.+Ecol.+Prog.+Ser.&volume=360&pages=237-44&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Relative+impact+of+parrotfish+grazing+scars+on+massive+Porites+corals+at+Lizard+Island%2C+Great+Barrier+Reef&author=RM+Bonaldo&author=JP+Krajewski&author=DR+Bellwood&journal=Mar.+Ecol.+Prog.+Ser.&volume=423&pages=223-33&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Recovery+and+resilience+of+coral+assemblages+on+managed+and+unmanaged+reefs+in+Belize%3A+a+long-term+study&author=N+Bood&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Ecological+impacts+of+the+2015%2F16+El+Ni%C3%B1o+in+the+Central+Equatorial+Pacific&author=RE+Brainard&author=T+Oliver&author=MJ+McPhaden&author=A+Cohen&author=R+Venegas&journal=Bull.+Am.+Meteorol.+Soc.&volume=99&pages=21-26&publication_year=2018&

Brown BE 1997. Coral bleaching: causes and consequences. Coral Reefs 16:Suppl. 15129-38 [Google Scholar] (http://scholar.google.c

om/scholar_lookup?title=Coral+bleaching%3A+causes+and+consequences&author=BE+Brown&journal=Coral+Reefs&volume=1

Bruckner A, Bruckner R 2006. Consequences of yellow band disease (YBD) on Montastraea annularis (species complex) populations on r
emote reefs off Mona Island, Puerto Rico. Dis. Aquat. Org. 69:67-73 [Google Scholar] (http://scholar.google.com/scholar_lookup?titl

e=Consequences+of+yellow+band+disease+%28YBD%29+on+Montastraea+annularis+%28species+complex%29+populations+o

n+remote+reefs+off+Mona+island%2C+Puerto+Rico&author=A+Bruckner&author=R+Bruckner&journal=Dis.+Aquat.+Org.&volu

me=69&pages=67-73&publication_year=2006&)

Bruno JF, Carr LA, O'Connor MI 2015. Marine metabolic ecology: exploring the role of temperature in the ocean through metabolic scali

ng. Ecology96:3126-40 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Marine+metabolictecology%3A+explo

ring+the+roletof+temperaturetintthetocean+through+metabolict+scaling&author=JF+Bruno&author=LA+Carr&author=MI+0%

27Connor&journal=Ecology&volume=96&pages=3126-40&publication _year=2015&)

Bruno JF, Petes LE, Harvell CD, Hettinger A 2003. Nutrient enrichment can increase the severity of coral diseases. Ecol. Lett. 6:1056-61

[Google Scholar] (http://scholar.google.com/scholar_lookup?title=Nutrient+enrichment+can+increase+the+severity+of+coral+

diseases&author=JF+Bruno&author=LE+Petes&author=CD+Harvell&author=A+Hettinger&journal=Ecol.+Lett.&volume=6&page

$=1056-61&publication year=2003&)

Bruno JF, Precht WF, Vroom PS, Aronson RB 2014. Coral reef baselines: How much macroalgae is natural. Mar. Pollut. Bull. 80:24-29 [Go

ogle Scholar] (http://scholar.google.com/scholar_lookup?title=Coral+reef+baselines%3A+How+much+macroalgae+is+natural&

author=JF+Bruno&author=WF+Precht&author=PS+Vroom&author=RB+Aronson&journal=Mar.+Pollut.+Bull.&volume=80&pages

=24-29&publication _year=2014&)

Bruno JF, Selig ER 2007. Regional decline of coral cover in the Indo-Pacific: timing, extent, and subregional comparisons. PLOS ONE 2:e

711 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Regional+decline+of+coral+cover+int+the+Indo-Pacific%3

Bruno JF, Selig ER, Casey KS, Page CA, Willis BL et al. 2007. Thermal stress and coral cover as drivers of coral disease outbreaks. PLOS Bi

ol5:e124 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Thermal+stress+and+coral+cover+as+drivers+of+co

raltdisease+outbreaks&author=JF+Bruno&author=ER+Selig&author=KS+Casey&author=CA+Page&author=BL+Willis&journal=P

LOS+Biol&volume=5&pages=e124&publication_year=2007&)

Bruno JF, Sweatman H, Precht WF, Selig ER, Schutte VGW 2009. Assessing evidence of phase shifts from coral to macroalgal dominance
on coral reefs. Ecology 90:1478-84 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Assessing+evidence+of+pha

se+shifts+from+coral+to+macroalgaltdominance+on+coral+reefs&author=JF+Bruno&author=H+Sweatman&author=WF+Precht

&author=ER+Selig&author=VGW+Schutte&journal=Ecology&volume=90&pages=1478-84&publication_year=2009&)

Bruno JF, Valdivia A 2016. Coral reef degradation is not correlated with local human population density. Sci. Rep. 6:29778 [Google Scho

lar] (http://scholar.google.com/scholar_lookup?title=Coral+reef+degradation+is+not+correlated+with+local+thuman+populatio



http://scholar.google.com/scholar_lookup?title=Coral+bleaching%3A+causes+and+consequences&author=BE+Brown&journal=Coral+Reefs&volume=16&pages=S129-38&publication_year=1997&
http://scholar.google.com/scholar_lookup?title=Consequences+of+yellow+band+disease+%28YBD%29+on+Montastraea+annularis+%28species+complex%29+populations+on+remote+reefs+off+Mona+Island%2C+Puerto+Rico&author=A+Bruckner&author=R+Bruckner&journal=Dis.+Aquat.+Org.&volume=69&pages=67-73&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Marine+metabolic+ecology%3A+exploring+the+role+of+temperature+in+the+ocean+through+metabolic+scaling&author=JF+Bruno&author=LA+Carr&author=MI+O%27Connor&journal=Ecology&volume=96&pages=3126-40&publication_year=2015&
http://scholar.google.com/scholar_lookup?title=Nutrient+enrichment+can+increase+the+severity+of+coral+diseases&author=JF+Bruno&author=LE+Petes&author=CD+Harvell&author=A+Hettinger&journal=Ecol.+Lett.&volume=6&pages=1056-61&publication_year=2003&
http://scholar.google.com/scholar_lookup?title=Coral+reef+baselines%3A+How+much+macroalgae+is+natural&author=JF+Bruno&author=WF+Precht&author=PS+Vroom&author=RB+Aronson&journal=Mar.+Pollut.+Bull.&volume=80&pages=24-29&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Regional+decline+of+coral+cover+in+the+Indo-Pacific%3A+timing%2C+extent%2C+and+subregional+comparisons&author=JF+Bruno&author=ER+Selig&journal=PLOS+ONE&volume=2&pages=e711&publication_year=2007&
http://scholar.google.com/scholar_lookup?title=Thermal+stress+and+coral+cover+as+drivers+of+coral+disease+outbreaks&author=JF+Bruno&author=ER+Selig&author=KS+Casey&author=CA+Page&author=BL+Willis&journal=PLOS+Biol&volume=5&pages=e124&publication_year=2007&
http://scholar.google.com/scholar_lookup?title=Assessing+evidence+of+phase+shifts+from+coral+to+macroalgal+dominance+on+coral+reefs&author=JF+Bruno&author=H+Sweatman&author=WF+Precht&author=ER+Selig&author=VGW+Schutte&journal=Ecology&volume=90&pages=1478-84&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Coral+reef+degradation+is+not+correlated+with+local+human+population+density&author=JF+Bruno&author=A+Valdivia&journal=Sci.+Rep.&volume=6&pages=29778&publication_year=2016&

Burke L, Reytar K, Spalding M, Perry A 2011. Reefs at risk revisited Rep., World Resour. Inst Washington, DC: [Google Scholar] (http://sc

holar.google.com/scholar_lookup?title=Reefs+at+risk+revisited&author=L+Burke&author=K+Reytar&author=M+Spalding&auth

Burkepile DE 2011. Context-dependent corallivory by parrotfishes in a Caribbean reef ecosystem. Coral Reefs 31:111-20 [Google Schola

r] (http://scholar.google.com/scholar_lookup?title=Context-dependent+corallivory+by+parrotfishes+in+a+Caribbean+reef+ecos

ystem&author=DE+Burkepile&journal=Coral+Reefs&volume=31&pages=111-20&publication_year=2011&)

Burkepile DE, Hay ME 2006. Herbivore versus nutrient control of marine primary producers: context-dependent effects. Ecology 87:3128

-39 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Herbivore+versus+nutrient+control+of+marine+primary

8-39&publication_year=2006&j)

Burkepile DE, Hay ME 2008. Herbivore species richness and feeding complementarity affect community structure and function on a cora

[ reef. PNAS 105:16201-6 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Herbivore+species+richness+and+fee

ding+complementarity+affect+community+structure+and+function+on+a+coral+reef&author=DE+Burkepile&author=ME+Hay&

journal=PNAS&volume=105&pages=16201-6&publication_year=2008&)

Burkepile DE, Hay ME 2009. Nutrient versus herbivore control of macroalgal community development and coral growth on a Caribbean
reef. Mar. Ecol. Prog. Ser. 389:71-84 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Nutrient+versus+herbivore

+controlt+of+macroalgal+community+development+and+coral+growth+on+a+Caribbean+treef&author=DE+Burkepile&author=

Burkepile DE, Hay ME 2010. Impact of herbivore identity on algal succession and coral growth on a Caribbean reef. PLOS ONE 5:e8963 [G

oogle Scholar] (http://scholar.google.com/scholar_lookup?title=Impact+of+herbivore+identity+on+algal+succession+and+coral

+growth+on+a+Caribbean+reef&author=DE+Burkepile&author=ME+Hay&journal=PLOS+ONE&volume=5&pages=e8963&publica

tion_year=2010&j)

Burkepile DE, Hay ME 2011. Feeding complementarity versus redundancy among herbivorous fishes on a Caribbean reef. Coral Reefs 30:

351-62 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Feeding+complementarity+versus+redundancy+amo

ng+herbivorous+fishes+on+a+Caribbean+reef&author=DE+Burkepile&author=ME+Hay&journal=Coral+Reefs&volume=30&page

s=351-62&publication _year=2011&)

Burkepile DE, Hay ME, Miami N 2009. Nutrient versus herbivore control of macroalgal community development and coral growthona C
aribbean reef. Mar. Ecol. Prog. Ser. 389:71-84 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Nutrient+versus+h
erbivore+control+of+macroalgaltcommunity+development+and+coral+growth+on+a+Caribbean+reef&author=DE+Burkepile&

author=ME+Hay&author=N+Miami&journal=Mar.+Ecol.+Prog.+Ser.&volume=389&pages=71-84&publication_year=2009&)

Burrows MT, Schoeman DS, Buckley LB, Moore P, Poloczanska ES et al. 2011. The pace of shifting climate in marine and terrestrial ecosy

stems. Science 334:652-55 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=The+pace+tof+shifting+climate+in+

marine+and+terrestrialt+ecosystems&author=MT+Burrows&author=DS+Schoeman&author=LB+Buckley&author=P+Moore&aut

hor=ES+Poloczanska&journal=Science&volume=334&pages=652-55&publication_year=2011&)

Carassou L, Léopold M, Guillemot N, Wantiez L, Kulbicki M 2013. Does herbivorous fish protection really improve coral reef resilience? A

case study from New Caledonia (South Pacific). PLOS ONE 8:€60564 [Google Scholar] (http://scholar.google.com/scholar lookup?tit


http://scholar.google.com/scholar_lookup?title=Reefs+at+risk+revisited&author=L+Burke&author=K+Reytar&author=M+Spalding&author=A+Perry&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Context-dependent+corallivory+by+parrotfishes+in+a+Caribbean+reef+ecosystem&author=DE+Burkepile&journal=Coral+Reefs&volume=31&pages=111-20&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Herbivore+versus+nutrient+control+of+marine+primary+producers%3A+context-dependent+effects&author=DE+Burkepile&author=ME+Hay&journal=Ecology&volume=87&pages=3128-39&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Herbivore+species+richness+and+feeding+complementarity+affect+community+structure+and+function+on+a+coral+reef&author=DE+Burkepile&author=ME+Hay&journal=PNAS&volume=105&pages=16201-6&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Nutrient+versus+herbivore+control+of+macroalgal+community+development+and+coral+growth+on+a+Caribbean+reef&author=DE+Burkepile&author=ME+Hay&journal=Mar.+Ecol.+Prog.+Ser.&volume=389&pages=71-84&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Impact+of+herbivore+identity+on+algal+succession+and+coral+growth+on+a+Caribbean+reef&author=DE+Burkepile&author=ME+Hay&journal=PLOS+ONE&volume=5&pages=e8963&publication_year=2010&
http://scholar.google.com/scholar_lookup?title=Feeding+complementarity+versus+redundancy+among+herbivorous+fishes+on+a+Caribbean+reef&author=DE+Burkepile&author=ME+Hay&journal=Coral+Reefs&volume=30&pages=351-62&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Nutrient+versus+herbivore+control+of+macroalgal+community+development+and+coral+growth+on+a+Caribbean+reef&author=DE+Burkepile&author=ME+Hay&author=N+Miami&journal=Mar.+Ecol.+Prog.+Ser.&volume=389&pages=71-84&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=The+pace+of+shifting+climate+in+marine+and+terrestrial+ecosystems&author=MT+Burrows&author=DS+Schoeman&author=LB+Buckley&author=P+Moore&author=ES+Poloczanska&journal=Science&volume=334&pages=652-55&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Does+herbivorous+fish+protection+really+improve+coral+reef+resilience%3F+A+case+study+from+New+Caledonia+%28South+Pacific%29&author=L+Carassou&author=M+L%C3%A9opold&author=N+Guillemot&author=L+Wantiez&author=M+Kulbicki&journal=PLOS+ONE&volume=8&pages=e60564&publication_year=2013&

le=Does+herbivorous+fish+protection+really+improve+coral+reef+resilience%3F+A+case+study+from+New+Caledonia+%28So

uth+Pacific%29&author=L+Carassou&author=M+L%C3%A90pold&author=N+Guillemot&author=L+Wantiez&author=M+Kulbicki

Carpenter RC 1986. Partitioning herbivory and its effects on coral-reef algal communities. Ecol. Monogr. 56:345-63 [Google Scholar] (ht

tp://scholar.google.com/scholar_lookup?title=Partitioning+herbivory+and+its+effects+on+coral-reef+algal+communities&auth

or=RC+Carpenter&journal=Ecol.+Monogr.&volume=56&pages=345-63&publication_year=1986&)

Carpenter RC 1990. Mass mortality of Diadema antillarum|. Long-term effects on sea urchin population-dynamics and coral reef algal ¢
ommunities. Mar. Biol. 104:67-77 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Mass+mortality+of+Diadema

+antillarum+l.+Long-term+effectston+sea+turchin+population-dynamics+and+coral+reef+algaltcommunities&author=RC+Carp

Carpenter RC, Edmunds PJ 2006. Local and regional scale recovery of Diadema promotes recruitment of scleractinian corals. Ecol. Lett.

9:271-80 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Local+and+regional+scalet+recovery+of+Diadema+p

romotes+recruitment+of+scleractinian+corals&author=RC+Carpenter&author=PJ+Edmunds&journal=Ecol.+Lett.&volume=9&pa

ges=271-80&publication_year=2006&)

Chollett I, Miiller-Karger FE, Heron SF, Skirving W, Mumby PJ 2012. Seasonal and spatial heterogeneity of recent sea surface temperatur

e trends in the Caribbean Sea and southeast Gulf of Mexico. Mar. Pollut. Bull. 64:956-65 [Google Scholar] (http://scholar.google.com/s

+and+southeast+Gulf+of+Mexico&author=I1+Chollett&author=FE+M%C3%BCller-Karger&author=SF+Heron&author=W+Skirving

&author=PJ+Mumby&journal=Mar.+Pollut.+Bull.&volume=64&pages=956-65&publication_year=2012&)

Coelho VR, Manfrino C 2007. Coral community decline at a remote Caribbean island: Marine no-take reserves are not enough. Aquat. Co

nserv. Mar. Freshw. Ecosyst. 17:666-85 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Coral+community+decli

netat+atremote+Caribbeantisland%3A+Marine+no-take+reserves+are+not+enough&author=VR+Coelho&author=C+Manfrino&j

Colvard NB, Edmunds PJ 2011. Decadal-scale changes in abundance of non-scleractinian invertebrates on a Caribbean coral reef. J. Exp.

Mar. Bio. Ecol. 397:153-60 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Decadal-scale+changes+in+abundan

ce+of+non-scleractinian+invertebrates+on+a+Caribbean+coral+reef&author=NB+Colvard&author=PJ+Edmunds&journal=J.+Ex

p.+Mar.+Bio.+Ecol.&volume=397&pages=153-60&publication _year=2011&)

CG6té IM, Darling ES 2010. Rethinking ecosystem resilience in the face of climate change. PLOS Biol 8:21000438 [Google Scholar] (http://
scholar.google.com/scholar_lookup?title=Rethinking+ecosystem+resilience+in+thet+facetof+climatet+change&author=IM+C%C

3%B4t%C3%A9&author=ES+Darling&journal=PLOS+Biol&volume=8&pages=e1000438&publication year=2010&)

Coté IM, Gill JA, Gardner TA, Watkinson AR 2005. Measuring coral reef decline through meta-analyses. Philos. Trans. R. Soc. Lond. B360:

385-95 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Measuring+coral+reef+declinet+through+meta-analys

es&author=IM+C%C3%B4t%C3%A9&author=JA+Gill&author=TA+Gardner&author=AR+Watkinson&journal=Philos.+Trans.+R.+S

oc.+Lond.+B&volume=360&pages=385-95&publication_year=2005&)

Coté IM, Precht WF, Aronson RB, Gardner TA 2013. Is Jamaica a good model for understanding Caribbean coral reef dynamics. Mar. Pollu

t. Bull. 76:28-31 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Is+Jamaica+a+good+model+for+understandi


http://scholar.google.com/scholar_lookup?title=Does+herbivorous+fish+protection+really+improve+coral+reef+resilience%3F+A+case+study+from+New+Caledonia+%28South+Pacific%29&author=L+Carassou&author=M+L%C3%A9opold&author=N+Guillemot&author=L+Wantiez&author=M+Kulbicki&journal=PLOS+ONE&volume=8&pages=e60564&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=Partitioning+herbivory+and+its+effects+on+coral-reef+algal+communities&author=RC+Carpenter&journal=Ecol.+Monogr.&volume=56&pages=345-63&publication_year=1986&
http://scholar.google.com/scholar_lookup?title=Mass+mortality+of+Diadema+antillarum+I.+Long-term+effects+on+sea+urchin+population-dynamics+and+coral+reef+algal+communities&author=RC+Carpenter&journal=Mar.+Biol.&volume=104&pages=67-77&publication_year=1990&
http://scholar.google.com/scholar_lookup?title=Local+and+regional+scale+recovery+of+Diadema+promotes+recruitment+of+scleractinian+corals&author=RC+Carpenter&author=PJ+Edmunds&journal=Ecol.+Lett.&volume=9&pages=271-80&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Seasonal+and+spatial+heterogeneity+of+recent+sea+surface+temperature+trends+in+the+Caribbean+Sea+and+southeast+Gulf+of+Mexico&author=I+Chollett&author=FE+M%C3%BCller-Karger&author=SF+Heron&author=W+Skirving&author=PJ+Mumby&journal=Mar.+Pollut.+Bull.&volume=64&pages=956-65&publication_year=2012&
http://scholar.google.com/scholar_lookup?title=Coral+community+decline+at+a+remote+Caribbean+island%3A+Marine+no-take+reserves+are+not+enough&author=VR+Coelho&author=C+Manfrino&journal=Aquat.+Conserv.+Mar.+Freshw.+Ecosyst.&volume=17&pages=666-85&publication_year=2007&
http://scholar.google.com/scholar_lookup?title=Decadal-scale+changes+in+abundance+of+non-scleractinian+invertebrates+on+a+Caribbean+coral+reef&author=NB+Colvard&author=PJ+Edmunds&journal=J.+Exp.+Mar.+Bio.+Ecol.&volume=397&pages=153-60&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Rethinking+ecosystem+resilience+in+the+face+of+climate+change&author=IM+C%C3%B4t%C3%A9&author=ES+Darling&journal=PLOS+Biol&volume=8&pages=e1000438&publication_year=2010&
http://scholar.google.com/scholar_lookup?title=Measuring+coral+reef+decline+through+meta-analyses&author=IM+C%C3%B4t%C3%A9&author=JA+Gill&author=TA+Gardner&author=AR+Watkinson&journal=Philos.+Trans.+R.+Soc.+Lond.+B&volume=360&pages=385-95&publication_year=2005&
http://scholar.google.com/scholar_lookup?title=Is+Jamaica+a+good+model+for+understanding+Caribbean+coral+reef+dynamics&author=IM+C%C3%B4t%C3%A9&author=WF+Precht&author=RB+Aronson&author=TA+Gardner&journal=Mar.+Pollut.+Bull.&volume=76&pages=28-31&publication_year=2013&

ng+Caribbean+coral+reef+dynamics&author=1M+C%C3%B4t%C3%A9&author=WF+Precht&author=RB+Aronson&author=TA+Ga

Cox CE, Jones CD, Wares JP, Castillo KD, Bruno JF 2013. Fish mislabeling in Belize: implications for coral reef conservation. Conserv. Let
t. 6:132-40 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Fish+mislabeling+in+Belize%3A+implications+for+

coral+reef+conservation&author=CE+Cox&author=CD+Jones&author=JP+Wares&author=KD+Castillo&author=JF+Bruno&journ

Darling ES, McClanahan TR, Coté IM 2010. Combined effects of two stressors on Kenyan coral reefs are additive or antagonistic, not syne

rgistic. Conserv. Lett. 3:122-30 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Combined+effects+of+two+stre

ssors+on+Kenyan+coral+reefs+are+additive+or+antagonistic%2C+not+synergistic&author=ES+Darling&author=TR+McClanaha

n&author=IM+C%C3%B4t%C3%A9&journal=Conserv.+Lett.&volume=3&pages=122-30&publication_year=2010&)

De'ath G, Fabricius KE, Sweatman H, Puotinen M 2012. The 27-year decline of coral cover on the Great Barrier Reef and its causes. PNAS

109:17995-99 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=The+27-year+decline+of+coral+cover+on+the+G

reat+Barrier+Reef+and+its+causes&author=G+De%27ath&author=KE+Fabricius&author=H+Sweatman&author=M+Puotinen&jo

Dill LM, Heithaus MR, Walters CJ 2003. Behaviorally mediated indirect interactions in marine communities and their conservation. Ecolo

gy 84:1151-57 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Behaviorally+mediated+indirect+interactions+i

n+marinet+communities+and+their+conservation&author=LM+Dill&author=MR+Heithaus&author=CJ+Walters&journal=Ecology

&volume=84&pages=1151-57&publication_year=2003&j)

Dixson DL, Abrego D, Hay ME 2014. Chemically mediated behavior of recruiting corals and fishes: a tipping point that may limit reef reco

very. Science 345:892-97 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Chemically+mediated+behavior+of+r

ecruitingtcorals+and+fishes%3A+a+tipping+point+that+may+limit+reef+recovery&author=DL+Dixson&author=D+Abrego&auth

Eakin CM, Morgan JA, Heron SF, Smith TB, Liu G et al. 2010. Caribbean corals in crisis: record thermal stress, bleaching, and mortality in

2005. PLOS ONE5:€13969 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Caribbean+corals+in+crisis%3A+rec

ord+thermal+stress%2C+bleaching%2C+and+mortality+in+2005&author=CM+Eakin&author=JA+Morgan&author=SF+Heron&a

Edgar GJ, Stuart-Smith RD, Willis TJ, Kininmonth S, Baker SC et al. 2014. Global conservation outcomes depend on marine protected are

as with five key features. Nature 506:216-20 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Global+conservatio

n+outcomes+depend+on+marine+protected+areas+with+five+key+features&author=GJ+Edgar&author=RD+Stuart-Smith&auth

or=TJ+Willis&author=S+Kininmonth&author=SC+Baker&journal=Nature&volume=506&pages=216-20&publication _year=20148&)

Edmunds PJ 2013. Decadal-scale changes in the community structure of coral reefs of St. John, US Virgin Islands. Mar. Ecol. Prog. Ser. 48

9:107-23 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Decadal-scale+changes+in+thet+community+structu


http://scholar.google.com/scholar_lookup?title=Is+Jamaica+a+good+model+for+understanding+Caribbean+coral+reef+dynamics&author=IM+C%C3%B4t%C3%A9&author=WF+Precht&author=RB+Aronson&author=TA+Gardner&journal=Mar.+Pollut.+Bull.&volume=76&pages=28-31&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=Fish+mislabeling+in+Belize%3A+implications+for+coral+reef+conservation&author=CE+Cox&author=CD+Jones&author=JP+Wares&author=KD+Castillo&author=JF+Bruno&journal=Conserv.+Lett.&volume=6&pages=132-40&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=Quantifying+the+evidence+for+ecological+synergies&author=ES+Darling&author=IM+C%C3%B4t%C3%A9&journal=Ecol.+Lett.&volume=11&pages=1278-86&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Combined+effects+of+two+stressors+on+Kenyan+coral+reefs+are+additive+or+antagonistic%2C+not+synergistic&author=ES+Darling&author=TR+McClanahan&author=IM+C%C3%B4t%C3%A9&journal=Conserv.+Lett.&volume=3&pages=122-30&publication_year=2010&
http://scholar.google.com/scholar_lookup?title=The+27-year+decline+of+coral+cover+on+the+Great+Barrier+Reef+and+its+causes&author=G+De%27ath&author=KE+Fabricius&author=H+Sweatman&author=M+Puotinen&journal=PNAS&volume=109&pages=17995-99&publication_year=2012&
http://scholar.google.com/scholar_lookup?title=Behaviorally+mediated+indirect+interactions+in+marine+communities+and+their+conservation&author=LM+Dill&author=MR+Heithaus&author=CJ+Walters&journal=Ecology&volume=84&pages=1151-57&publication_year=2003&
http://scholar.google.com/scholar_lookup?title=Chemically+mediated+behavior+of+recruiting+corals+and+fishes%3A+a+tipping+point+that+may+limit+reef+recovery&author=DL+Dixson&author=D+Abrego&author=ME+Hay&journal=Science&volume=345&pages=892-97&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Caribbean+corals+in+crisis%3A+record+thermal+stress%2C+bleaching%2C+and+mortality+in+2005&author=CM+Eakin&author=JA+Morgan&author=SF+Heron&author=TB+Smith&author=G+Liu&journal=PLOS+ONE&volume=5&pages=e13969&publication_year=2010&
http://scholar.google.com/scholar_lookup?title=Global+conservation+outcomes+depend+on+marine+protected+areas+with+five+key+features&author=GJ+Edgar&author=RD+Stuart-Smith&author=TJ+Willis&author=S+Kininmonth&author=SC+Baker&journal=Nature&volume=506&pages=216-20&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Decadal-scale+changes+in+the+community+structure+of+coral+reefs+of+St.+John%2C+US+Virgin+Islands&author=PJ+Edmunds&journal=Mar.+Ecol.+Prog.+Ser.&volume=489&pages=107-23&publication_year=2013&

re+of+coral+reefs+of+St.+John%2C+US+Virgin+islands&author=PJ+Edmunds&journal=Mar.+Ecol.+Prog.+Ser.&volume=489&pa

ges=107-23&publication_year=2013&)

Edmunds PJ, Carpenter RC 2001. Recovery of Diadema antillarum reduces macroalgal cover and increases abundance of juvenile corals
on a Caribbean reef. PNAS98:5067-71 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Recovery+of+Diadema+a

ntillarum+reduces+macroalgal+cover+and+increases+abundance+of+juvenile+corals+on+a+Caribbean+reef&author=PJ+Edmun

ds&author=RC+Carpenter&journal=PNAS&volume=98&pages=5067-71&publication year=2001&)

Edwards HJ, Elliott IA, Eakin CM, Irikawa A, Madin JS et al. 2011. How much time can herbivore protection buy for coral reefs under reali
stic regimes of hurricanes and coral bleaching?. Glob. Change Biol. 17:2033-48 [Google Scholar] (http://scholar.google.com/scholar |
ral+bleaching%3F&author=HJ+Edwards&author=IA+Elliott&author=CM+Eakin&author=A+Irikawa&author=JS+Madin&journal=

Glob.+Change+Biol.&volume=17&pages=2033-48&publication year=20118&)

Fabricius KE 2005. Effects of terrestrial runoff on the ecology of corals and coral reefs: review and synthesis. Mar. Pollut. Bull. 50:125-46

[Google Scholar] (http://scholar.google.com/scholar_lookup?title=Effects+of+terrestrial+runoff+on+the+ecology+of+corals+an

d+coral+reefs%3A+review+and+synthesis&author=KE+Fabricius&journal=Mar.+Pollut.+Bull.&volume=50&pages=125-46&public

ation_year=2005&)

Ferrario F, Beck MW, Storlazzi CD, Micheli F, Shepard CC, Airoldi L 2014. The effectiveness of coral reefs for coastal hazard risk reduction
and adaptation. Nat. Commun. 5:3794 [Google Scholar]_(http://scholar.google.com/scholar_lookup?title=The+effectiveness+of+co

ral+reefs+for+coastal+hazard+risk+reduction+and+adaptation&author=F+Ferrario&author=MW+Beck&author=CD+Storlazzi&au

thor=F+Micheli&author=CC+Shepard&author=L+Airoldi&journal=Nat.+Commun.&volume=5&pages=3794&publication_year=20

14&)

Fox HE, Caldwell RL 2006. Recovery from blast fishing on coral reefs: a tale of two scales. Ecol. Appl. 16:1631-35 [Google Scholar] (htt
p://scholar.google.com/scholar_lookup?title=Recovery+from+blast+fishing+on+coral+reefs%3A+a+taletof+two+scales&author

Gardner TA, Coté IM, Gill JA, Grant A, Watkinson AR 2003. Long-term region-wide declines in Caribbean corals. Science 301:958-60 [Goo

gle Scholar] (http://scholar.google.com/scholar_lookup?title=Long-term+region-wide+declines+in+Caribbean+corals&author=T

A+Gardner&author=IM+C%C3%B4t%C3%A9&author=JA+Gill&author=A+Grant&author=AR+Watkinson&journal=Science&volum

e=301&pages=958-60&publication year=20038&)

Gil MA, Goldenberg SU, Ly Thai Bach A, Mills SC, Claudet J 2016.a Interactive effects of three pervasive marine stressors in a post-disturb

ance coral reef. Coral Reefs 35:1281-93 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Interactiveteffects+of+t

Gil MA, Jiao J, Osenberg CW 2016.b Enrichment scale determines herbivore control of primary producers. Oecologia 180:833-40 [Googl

e Scholar] (http://scholar.google.com/scholar_lookup?title=Enrichment+scale+determines+herbivore+control+of+primary+pro

ducers&author=MA+Gil&author=J+Jiao&author=CW+0Osenberg&journal=0Oecologia&volume=180&pages=833-40&publication_y

ear=2016&)


http://scholar.google.com/scholar_lookup?title=Decadal-scale+changes+in+the+community+structure+of+coral+reefs+of+St.+John%2C+US+Virgin+Islands&author=PJ+Edmunds&journal=Mar.+Ecol.+Prog.+Ser.&volume=489&pages=107-23&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=Recovery+of+Diadema+antillarum+reduces+macroalgal+cover+and+increases+abundance+of+juvenile+corals+on+a+Caribbean+reef&author=PJ+Edmunds&author=RC+Carpenter&journal=PNAS&volume=98&pages=5067-71&publication_year=2001&
http://scholar.google.com/scholar_lookup?title=How+much+time+can+herbivore+protection+buy+for+coral+reefs+under+realistic+regimes+of+hurricanes+and+coral+bleaching%3F&author=HJ+Edwards&author=IA+Elliott&author=CM+Eakin&author=A+Irikawa&author=JS+Madin&journal=Glob.+Change+Biol.&volume=17&pages=2033-48&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Effects+of+terrestrial+runoff+on+the+ecology+of+corals+and+coral+reefs%3A+review+and+synthesis&author=KE+Fabricius&journal=Mar.+Pollut.+Bull.&volume=50&pages=125-46&publication_year=2005&
http://scholar.google.com/scholar_lookup?title=The+effectiveness+of+coral+reefs+for+coastal+hazard+risk+reduction+and+adaptation&author=F+Ferrario&author=MW+Beck&author=CD+Storlazzi&author=F+Micheli&author=CC+Shepard&author=L+Airoldi&journal=Nat.+Commun.&volume=5&pages=3794&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Recovery+from+blast+fishing+on+coral+reefs%3A+a+tale+of+two+scales&author=HE+Fox&author=RL+Caldwell&journal=Ecol.+Appl.&volume=16&pages=1631-35&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Long-term+region-wide+declines+in+Caribbean+corals&author=TA+Gardner&author=IM+C%C3%B4t%C3%A9&author=JA+Gill&author=A+Grant&author=AR+Watkinson&journal=Science&volume=301&pages=958-60&publication_year=2003&
http://scholar.google.com/scholar_lookup?title=Interactive+effects+of+three+pervasive+marine+stressors+in+a+post-disturbance+coral+reef&author=MA+Gil&author=SU+Goldenberg&author=A+Ly+Thai+Bach&author=SC+Mills&author=J+Claudet&journal=Coral+Reefs&volume=35&pages=1281-93&publication_year=2016&
http://scholar.google.com/scholar_lookup?title=Enrichment+scale+determines+herbivore+control+of+primary+producers&author=MA+Gil&author=J+Jiao&author=CW+Osenberg&journal=Oecologia&volume=180&pages=833-40&publication_year=2016&

Glenn E, Comarazamy D, Gonzalez JE, Smith T 2015. Detection of recent regional sea surface temperature warming in the Caribbean an

d surrounding region. Geophys. Res. Lett. 42:6785-92 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Detection+

ublication year=2015&j)

Graham NAJ, Jennings S, MacNeil MA, Mouillot D, Wilson SK 2015. Predicting climate-driven regime shifts versus rebound potential in co

ral reefs. Nature 518:94-97 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Predicting+climate-driven+regime+

shiftst+versus+rebound+potentialtintcoraltreefs&author=NAJ+Graham&author=S+Jennings&author=MA+MacNeil&author=D+

Graham NAJ, McClanahan TR, MacNeil MA, Wilson SK, Polunin NVC et al. 2008. Climate warming, marine protected areas and the ocean-
scale integrity of coral reef ecosystems. PLOS ONE 3:e3039 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Clima

te+warming%2C+marine+protected+areas+and+the+ocean-scale+tintegrity+of+coral+reef+ecosystems&author=NAJ+Graham&a

uthor=TR+McClanahan&author=MA+MacNeil&author=SK+Wilson&author=NVC+Polunin&journal=PLOS+ONE&volume=3&pages

=e3039&publication year=2008&)

Graham NAJ, Nash KL, Kool JT 2011. Coral reef recovery dynamics in a changing world. Coral Reefs 30:283-94 [Google Scholar] (http://

scholar.google.com/scholar_lookup?title=Coral+reef+recovery+dynamics+in+ta+changing+world&author=NAJ+Graham&author

Graham NAJ, Wilson SK, Jennings S, Polunin NVC, Bijoux JP, Robinson J 2006. Dynamic fragility of oceanic coral reef ecosystems. PNAS
103:8425-29 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Dynamic+fragility+of+oceanic+coral+reef+ecosys

tems&author=NAJ+Graham&author=SK+Wilson&author=S+Jennings&author=NVC+Polunin&author=JP+Bijoux&author=J+Robi

nson&journal=PNAS&volume=103&pages=8425-29&publication_year=2006&)

Green DH, Edmunds PJ, Carpenter RC 2008. Increasing relative abundance of Porites astreoides on Caribbean reefs mediated by an over
all decline in coral cover. Mar. Ecol. Prog. Ser. 359:1-10 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Increasin

gt+relativetabundance+of+Porites+astreoidest+on+Caribbean+reefstmediated+by+an+overall+declinetin+coralt+cover&author=

DH+Green&author=PJ+Edmunds&author=RC+Carpenter&journal=Mar.+Ecol.+Prog.+Ser.&volume=359&pages=1-10&publication

_year=2008&)

Halpern BS, Selkoe KA, White C, Albert S, Aswani S, Lauer M 2013. Marine protected areas and resilience to sedimentation in the Solomo

n Islands. Coral Reefs 32:61-69 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Marine+protected+areas+and+r

esilience+tot+sedimentation+int+the+Solomon+islands&author=BS+Halpern&author=KA+Selkoe&author=C+White&author=S+Al

Harborne AR, Mumby PJ 2018. FAQs about Caribbean parrotfish management and their role in reef resilience. Biology of Parrotfishes, AS

Hoey, RM Bonaldo 383-405 Boca Raton, FL: CRC [Google Scholar] (http://scholar.google.com/scholar_lookup?title=FAQs+about+Ca

ribbean+parrotfish+management+and+their+role+in+reef+resilience&author=AR+Harborne&author=PJ+Mumby&journal=Biolo

gy+of+Parrotfishes%2C&pages=383-405&publication_year=2018&)

Harris A, Wilson S, Graham N, Sheppard C 2014. Scleractinian coral communities of the inner Seychelles 10 years after the 1998 mortalit
y event. Aquat. Conserv. Mar. Freshw. Ecosyst. 24:667-79 [Google Scholar] (http://scholar.google.com/scholar _lookup?title=Sclerac

tinian+coral+tcommunities+of+the+inner+Seychelles+10+years+after+the+1998+mortality+event&author=A+Harris&author=S+


http://scholar.google.com/scholar_lookup?title=Detection+of+recent+regional+sea+surface+temperature+warming+in+the+Caribbean+and+surrounding+region&author=E+Glenn&author=D+Comarazamy&author=JE+Gonz%C3%A1lez&author=T+Smith&journal=Geophys.+Res.+Lett.&volume=42&pages=6785-92&publication_year=2015&
http://scholar.google.com/scholar_lookup?title=Predicting+climate-driven+regime+shifts+versus+rebound+potential+in+coral+reefs&author=NAJ+Graham&author=S+Jennings&author=MA+MacNeil&author=D+Mouillot&author=SK+Wilson&journal=Nature&volume=518&pages=94-97&publication_year=2015&
http://scholar.google.com/scholar_lookup?title=Climate+warming%2C+marine+protected+areas+and+the+ocean-scale+integrity+of+coral+reef+ecosystems&author=NAJ+Graham&author=TR+McClanahan&author=MA+MacNeil&author=SK+Wilson&author=NVC+Polunin&journal=PLOS+ONE&volume=3&pages=e3039&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Coral+reef+recovery+dynamics+in+a+changing+world&author=NAJ+Graham&author=KL+Nash&author=JT+Kool&journal=Coral+Reefs&volume=30&pages=283-94&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Dynamic+fragility+of+oceanic+coral+reef+ecosystems&author=NAJ+Graham&author=SK+Wilson&author=S+Jennings&author=NVC+Polunin&author=JP+Bijoux&author=J+Robinson&journal=PNAS&volume=103&pages=8425-29&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Increasing+relative+abundance+of+Porites+astreoides+on+Caribbean+reefs+mediated+by+an+overall+decline+in+coral+cover&author=DH+Green&author=PJ+Edmunds&author=RC+Carpenter&journal=Mar.+Ecol.+Prog.+Ser.&volume=359&pages=1-10&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Marine+protected+areas+and+resilience+to+sedimentation+in+the+Solomon+Islands&author=BS+Halpern&author=KA+Selkoe&author=C+White&author=S+Albert&author=S+Aswani&author=M+Lauer&journal=Coral+Reefs&volume=32&pages=61-69&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=FAQs+about+Caribbean+parrotfish+management+and+their+role+in+reef+resilience&author=AR+Harborne&author=PJ+Mumby&journal=Biology+of+Parrotfishes%2C&pages=383-405&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Scleractinian+coral+communities+of+the+inner+Seychelles+10+years+after+the+1998+mortality+event&author=A+Harris&author=S+Wilson&author=N+Graham&author=C+Sheppard&journal=Aquat.+Conserv.+Mar.+Freshw.+Ecosyst.&volume=24&pages=667-79&publication_year=2014&

Wilson&author=N+Graham&author=C+Sheppard&journal=Aquat.+Conserv.+Mar.+Freshw.+Ecosyst.&volume=24&pages=667-79

&publication_year=2014&)

Harris DL, Rovere A, Casella E, Power H, Canavesio R et al. 2018. Coral reef structural complexity provides important coastal protection f
rom waves under rising sea levels. Sci. Adv. 4:eaa04350 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Coral+re

ef+structural+complexity+provides+important+coastal+protection+from+waves+under+rising+sea+levels&author=DL+Harris&

author=A+Rovere&author=E+Casella&author=H+Power&author=R+Canavesio&journal=Sci.+Adv.&volume=4&pages=eaa04350&

publication_year=2018&)

Harvell D, Altizer S, Cattadori IM, Harrington L, Weil E 2009. Climate change and wildlife diseases: When does the host matter the most?.
Ecology 90:912-20 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Climate+change+and+wildlife+diseases%3
A+When+tdoes+thethost+matter+the+most%3F&author=D+Harvell&author=S+Altizer&author=IM+Cattadori&author=L+Harring

ton&author=E+Weil&journal=Ecology&volume=90&pages=912-20&publication year=2009&j)

Hay ME 1991. Fish-seaweed interactions on coral reefs: effects of herbivorous fishes and adaptations of their prey. The Ecology of Fishe

son Coral Reefs PF Sale 96-119 San Diego, CA: Academic [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Fish%E

2%80%93seaweed+interactions+on+coral+reefs%3A+effects+of+herbivorous+fishes+and+adaptations+of+their+prey&author=

ME+Hay&journal=The+Ecology+of+Fishes+on+Coral+Reefs&pages=96-119&publication_year=1991&)

Hay ME 1997. The ecology and evolution of seaweed-herbivore interactions on coral reefs. Coral Reefs 16:567-77 [Google Scholar] (htt

p://scholar.google.com/scholar_lookup?title=The+ecology+and+evolution+of+seaweed%E2%80%93herbivoretinteractions+on

Holling CS 1973. Resilience and stability of ecological systems. Annu. Rev. Ecol. Syst. 4:1-23 [Google Scholar] (http://scholar.google.c

om/scholar_lookup?title=Resilience+and+stability+of+ecological+systems&author=CS+Holling&journal=Annu.+Rev.+Ecol.+Sys

t.&volume=4&pages=1-23&publication_year=1973&)

Houk P, Musburger C 2013. Trophic interactions and ecological stability across coral reefs in the Marshall Islands. Mar. Ecol. Prog. Ser. 48
8:23-34 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Trophic+interactions+and+ecological+stability+acros

stcoraltreefs+in+the+Marshall+islands&author=P+Houk&author=C+Musburger&journal=Mar.+Ecol.+Prog.+Ser.&volume=488&p

Hughes TP, Anderson KD, Connolly SR, Heron SF, Kerry JT et al. 2018.a Spatial and temporal patterns of mass bleaching of corals in the

Anthropocene. Science 359:80-83 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Spatial+and+temporal+patte

rns+of+mass+bleaching+of+corals+in+the+Anthropocene&author=TP+Hughes&author=KD+Anderson&author=SR+Connolly&au

Hughes TP, Barnes ML, Bellwood DR, Cinner JE, Cumming GS et al. 2017.a Coral reefs in the Anthropocene. Nature 546:82-90 [Google S

cholar] (http://scholar.google.com/scholar_lookup?title=Coral+reefs+in+the+Anthropocene&author=TP+Hughes&author=ML+B

arnes&author=DR+Bellwood&author=JE+Cinner&author=GS+Cumming&journal=Nature&volume=546&pages=82-90&publicatio

n_year=2017&)

Hughes TP, Bellwood DR, Folke CS, McCook LJ, Pandolfi JM 2007. No-take areas, herbivory and coral reef resilience. Trends Ecol. Evol. 2
2:1-3 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=No-take+areas%2C+herbivory+and+coral+reef+resilien


http://scholar.google.com/scholar_lookup?title=Scleractinian+coral+communities+of+the+inner+Seychelles+10+years+after+the+1998+mortality+event&author=A+Harris&author=S+Wilson&author=N+Graham&author=C+Sheppard&journal=Aquat.+Conserv.+Mar.+Freshw.+Ecosyst.&volume=24&pages=667-79&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Coral+reef+structural+complexity+provides+important+coastal+protection+from+waves+under+rising+sea+levels&author=DL+Harris&author=A+Rovere&author=E+Casella&author=H+Power&author=R+Canavesio&journal=Sci.+Adv.&volume=4&pages=eaao4350&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Climate+change+and+wildlife+diseases%3A+When+does+the+host+matter+the+most%3F&author=D+Harvell&author=S+Altizer&author=IM+Cattadori&author=L+Harrington&author=E+Weil&journal=Ecology&volume=90&pages=912-20&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Fish%E2%80%93seaweed+interactions+on+coral+reefs%3A+effects+of+herbivorous+fishes+and+adaptations+of+their+prey&author=ME+Hay&journal=The+Ecology+of+Fishes+on+Coral+Reefs&pages=96-119&publication_year=1991&
http://scholar.google.com/scholar_lookup?title=The+ecology+and+evolution+of+seaweed%E2%80%93herbivore+interactions+on+coral+reefs&author=ME+Hay&journal=Coral+Reefs&volume=16&pages=S67-77&publication_year=1997&
http://scholar.google.com/scholar_lookup?title=Resilience+and+stability+of+ecological+systems&author=CS+Holling&journal=Annu.+Rev.+Ecol.+Syst.&volume=4&pages=1-23&publication_year=1973&
http://scholar.google.com/scholar_lookup?title=Trophic+interactions+and+ecological+stability+across+coral+reefs+in+the+Marshall+Islands&author=P+Houk&author=C+Musburger&journal=Mar.+Ecol.+Prog.+Ser.&volume=488&pages=23-34&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=Spatial+and+temporal+patterns+of+mass+bleaching+of+corals+in+the+Anthropocene&author=TP+Hughes&author=KD+Anderson&author=SR+Connolly&author=SF+Heron&author=JT+Kerry&journal=Science&volume=359&pages=80-83&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Coral+reefs+in+the+Anthropocene&author=TP+Hughes&author=ML+Barnes&author=DR+Bellwood&author=JE+Cinner&author=GS+Cumming&journal=Nature&volume=546&pages=82-90&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=No-take+areas%2C+herbivory+and+coral+reef+resilience&author=TP+Hughes&author=DR+Bellwood&author=CS+Folke&author=LJ+McCook&author=JM+Pandolfi&journal=Trends+Ecol.+Evol.&volume=22&pages=1-3&publication_year=2007&

ce&author=TP+Hughes&author=DR+Bellwood&author=CS+Folke&author=LJ+McCook&author=JM+Pandolfi&journal=Trends+Ec

Hughes TP, Graham NAJ, Jackson JBC, Mumby PJ, Steneck RS 2010. Rising to the challenge of sustaining coral reef resilience. Trends Ec
ol. Evol. 25:633-42 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Rising+to+the+challenge+of+sustaining+co

ral+reef+resilience&author=TP+Hughes&author=NAJ+Graham&author=JBC+Jackson&author=PJ+Mumby&author=RS+Steneck

Hughes TP, Kerry J, Alvarez-Noriega M, Alvarez-Romero J, Anderson K et al. 2017.b Global warming and recurrent mass bleaching of cor

als. Nature 543:373-77 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Global+warming+and+recurrent+mass

Hughes TP, Kerry JT, Baird AH, Connolly SR, Dietzel A et al. 2018.b Global warming transforms coral reef assemblages. Nature 556:492-9

6 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Global+warming+transforms+coraltreef+assemblages&aut

hor=TP+Hughes&author=JT+Kerry&author=AH+Baird&author=SR+Connolly&author=A+Dietzel&journal=Nature&volume=556&

pages=492-96&publication _year=2018&)

Humanes A, Fink A, Willis BL, Fabricius KE, de Beer D, Negri AP 2017. Effects of suspended sediments and nutrient enrichment on juvenil
e corals. Mar. Pollut. Bull. 125:166-75 [Google Scholar]_(http://scholar.google.com/scholar lookup?title=Effects+of+suspended+se

diments+and+nutrient+enrichment+on+juvenilet+corals&author=A+Humanes&author=A+Fink&author=BL+Willis&author=KE+F

1&)

Huntington BE, Karnauskas M, Lirman D 2011. Corals fail to recover at a Caribbean marine reserve despite ten years of reserve designati

on. Coral Reefs30:1077-85 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Corals+fail+to+recover+at+a+Carib

bean+marine+reservetdespite+ten+years+oftreserve+designation&author=BE+Huntington&author=M+Karnauskas&author=D

Idjadi JA, Edmunds PJ 2006. Scleractinian corals as facilitators for other invertebrates on a Caribbean reef. Mar. Ecol. Prog. Ser. 319:117-

27 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Scleractinian+corals+as+facilitators+for+other+invertebra

test+on+a+Caribbean+reef&author=JA+Idjadi&author=PJ+Edmunds&journal=Mar.+Ecol.+Prog.+Ser.&volume=319&pages=117-2

7&publication year=2006&)

Jackson J, Donovan M, Cramer K, Lam V 2014. Status and Trends of Caribbean Coral Reefs: 1970-2012 Gland, Switz: Glob. Coral Reef Mo

nit. Netw [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Status+and+Trends+of+Caribbean+Coral+Reefs%3A

+1970%E2%80%932012&author=J+Jackson&author=M+Donovan&author=K+Cramer&author=V+Lam&publication_year=2014

&)

Jones GP, McCormick M, Srinivasan M, Eagle JV 2004. Coral decline threatens fish biodiversity in marine reserves. PNAS101:8251-53 [G

oogle Scholar] (http://scholar.google.com/scholar_lookup?title=Coral+decline+threatens+fish+biodiversity+in+marine+reserve

s&author=GP+Jones&author=MI+McCormick&author=M+Srinivasan&author=JV+Eagle&journal=PNAS&volume=101&pages=825

1-53&publication_year=2004&)



http://scholar.google.com/scholar_lookup?title=No-take+areas%2C+herbivory+and+coral+reef+resilience&author=TP+Hughes&author=DR+Bellwood&author=CS+Folke&author=LJ+McCook&author=JM+Pandolfi&journal=Trends+Ecol.+Evol.&volume=22&pages=1-3&publication_year=2007&
http://scholar.google.com/scholar_lookup?title=Rising+to+the+challenge+of+sustaining+coral+reef+resilience&author=TP+Hughes&author=NAJ+Graham&author=JBC+Jackson&author=PJ+Mumby&author=RS+Steneck&journal=Trends+Ecol.+Evol.&volume=25&pages=633-42&publication_year=2010&
http://scholar.google.com/scholar_lookup?title=Global+warming+and+recurrent+mass+bleaching+of+corals&author=TP+Hughes&author=J+Kerry&author=M+%C3%81lvarez-Noriega&author=J+%C3%81lvarez-Romero&author=K+Anderson&journal=Nature&volume=543&pages=373-77&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Global+warming+transforms+coral+reef+assemblages&author=TP+Hughes&author=JT+Kerry&author=AH+Baird&author=SR+Connolly&author=A+Dietzel&journal=Nature&volume=556&pages=492-96&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Effects+of+suspended+sediments+and+nutrient+enrichment+on+juvenile+corals&author=A+Humanes&author=A+Fink&author=BL+Willis&author=KE+Fabricius&author=D+de+Beer&author=AP+Negri&journal=Mar.+Pollut.+Bull.&volume=125&pages=166-75&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Corals+fail+to+recover+at+a+Caribbean+marine+reserve+despite+ten+years+of+reserve+designation&author=BE+Huntington&author=M+Karnauskas&author=D+Lirman&journal=Coral+Reefs&volume=30&pages=1077-85&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Scleractinian+corals+as+facilitators+for+other+invertebrates+on+a+Caribbean+reef&author=JA+Idjadi&author=PJ+Edmunds&journal=Mar.+Ecol.+Prog.+Ser.&volume=319&pages=117-27&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Status+and+Trends+of+Caribbean+Coral+Reefs%3A+1970%E2%80%932012&author=J+Jackson&author=M+Donovan&author=K+Cramer&author=V+Lam&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Coral+decline+threatens+fish+biodiversity+in+marine+reserves&author=GP+Jones&author=MI+McCormick&author=M+Srinivasan&author=JV+Eagle&journal=PNAS&volume=101&pages=8251-53&publication_year=2004&

Jury MR 2011. Long-term variability and trends in the Caribbean Sea. Int. J. Oceanogr. 2011:465810 [Google Scholar] (http://scholar.g

Oceanogr.&volume=2011&pages=465810&publication year=2011&)

Kennedy EV, Perry CT, Halloran PR, Iglesias-Prieto R, Schonberg CHL et al. 2013. Avoiding coral reef functional collapse requires local an

d global action. Curr. Biol. 23:912-18 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Avoiding+coral+reef+funct

ional+collapse+requires+local+and+global+action&author=EV+Kennedy&author=CT+Perry&author=PR+Halloran&author=R+Igl

esias-Prieto&author=CHL+Sch%C3%B6nberg&journal=Curr.+Biol.&volume=23&pages=912-18&publication_year=2013&)

Knowlton N, Jackson JBC 2008. Shifting baselines, local impacts, and global change on coral reefs. PLOS Biol 6:e54 [Google Scholar] (h

Kramer K, Heck K 2007. Top-down trophic shifts in Florida Keys patch reef marine protected areas. Mar. Ecol. Prog. Ser. 349:111-23 [Goo

gle Scholar] (http://scholar.google.com/scholar_lookup?title=Top-down+trophic+shifts+in+Florida+Keys+patch+reef+marine+p

rotected+areas&author=K+Kramer&author=K+Heck&journal=Mar.+Ecol.+Prog.+Ser.&volume=349&pages=111-23&publication

year=2007&)

Kuffner IB, Toth LT 2016. A geological perspective on the degradation and conservation of western Atlantic coral reefs. Conserv. Biol. 30:

conservation+of+western+Atlantic+coraltreefs&author=1B+Kuffner&author=LT+Toth&journal=Conserv.+Biol.&volume=30&pag

€s=706-15&publication year=2016&)

Lamb JB, Wenger AS, Devlin MJ, Ceccarelli DM, Williamson DH, Willis BL 2016. Reserves as tools for alleviating impacts of marine diseas

e. Philos. Trans. R. Soc. B371:20150210 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Reserves+as+tools+for+

alleviating+impacts+of+marine+disease&author=JB+Lamb&author=AS+Wenger&author=MJ+Devlin&author=DM+Ceccarelli&au

thor=DH+Williamson&author=BL+Willis&journal=Philos.+Trans.+R.+Soc.+B&volume=371&pages=20150210&publication_year=2

016&)

Lessios HA 2016. The great Diadema antillarum die-off: 30 years later. Annu. Rev. Mar. Sci. 8:267-83 [Google Scholar] (http://scholar.g

oogle.com/scholar_lookup?title=The+great+Diadema+antillarum+die-off%3A+30+years+later&author=HA+Lessios&journal=An

nu.+Rev.+Mar.+Sci.&volume=8&pages=267-83&publication_year=2016&)

Lewis A 1997. Effects of experimental coral disturbance on the structure of fish communities on large patch reefs. Mar. Ecol. Prog. Ser. 16
1:37-50 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Effects+of+experimental+coral+disturbance+on+the+
structure+of+fish+communities+on+large+patch+reefs&author=A+Lewis&journal=Mar.+Ecol.+Prog.+Ser.&volume=161&pages=3

7-50&publication_year=1997&j)

Lewis SM 1986. The role of herbivorous fishes in the organization of a Caribbean reef community. Ecol. Monogr. 56:183-200 [Google Sch

olar] (http://scholar.google.com/scholar_lookup?title=The+rolet+of+herbivorous+fishestin+thet+organization+of+a+Caribbean+

reef+community&author=SM+Lewis&journal=Ecol.+Monogr.&volume=56&pages=183-200&publication_year=1986&)

Lirman D, Fong P 2007. Is proximity to land-based sources of coral stressors an appropriate measure of risk to coral reefs? An example fr
om the Florida Reef Tract. Mar. Pollut. Bull. 54:779-91 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Is+proximi

ty+to+land-based+sources+of+coral+stressorstantappropriate+tmeasuretof+risk+to+coralt+reefs%3F+An+examplet+from+the+F



http://scholar.google.com/scholar_lookup?title=Long-term+variability+and+trends+in+the+Caribbean+Sea&author=MR+Jury&journal=Int.+J.+Oceanogr.&volume=2011&pages=465810&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Avoiding+coral+reef+functional+collapse+requires+local+and+global+action&author=EV+Kennedy&author=CT+Perry&author=PR+Halloran&author=R+Iglesias-Prieto&author=CHL+Sch%C3%B6nberg&journal=Curr.+Biol.&volume=23&pages=912-18&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=Shifting+baselines%2C+local+impacts%2C+and+global+change+on+coral+reefs&author=N+Knowlton&author=JBC+Jackson&journal=PLOS+Biol&volume=6&pages=e54&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Top-down+trophic+shifts+in+Florida+Keys+patch+reef+marine+protected+areas&author=K+Kramer&author=K+Heck&journal=Mar.+Ecol.+Prog.+Ser.&volume=349&pages=111-23&publication_year=2007&
http://scholar.google.com/scholar_lookup?title=A+geological+perspective+on+the+degradation+and+conservation+of+western+Atlantic+coral+reefs&author=IB+Kuffner&author=LT+Toth&journal=Conserv.+Biol.&volume=30&pages=706-15&publication_year=2016&
http://scholar.google.com/scholar_lookup?title=Reserves+as+tools+for+alleviating+impacts+of+marine+disease&author=JB+Lamb&author=AS+Wenger&author=MJ+Devlin&author=DM+Ceccarelli&author=DH+Williamson&author=BL+Willis&journal=Philos.+Trans.+R.+Soc.+B&volume=371&pages=20150210&publication_year=2016&
http://scholar.google.com/scholar_lookup?title=The+great+Diadema+antillarum+die-off%3A+30+years+later&author=HA+Lessios&journal=Annu.+Rev.+Mar.+Sci.&volume=8&pages=267-83&publication_year=2016&
http://scholar.google.com/scholar_lookup?title=Effects+of+experimental+coral+disturbance+on+the+structure+of+fish+communities+on+large+patch+reefs&author=A+Lewis&journal=Mar.+Ecol.+Prog.+Ser.&volume=161&pages=37-50&publication_year=1997&
http://scholar.google.com/scholar_lookup?title=The+role+of+herbivorous+fishes+in+the+organization+of+a+Caribbean+reef+community&author=SM+Lewis&journal=Ecol.+Monogr.&volume=56&pages=183-200&publication_year=1986&
http://scholar.google.com/scholar_lookup?title=Is+proximity+to+land-based+sources+of+coral+stressors+an+appropriate+measure+of+risk+to+coral+reefs%3F+An+example+from+the+Florida+Reef+Tract&author=D+Lirman&author=P+Fong&journal=Mar.+Pollut.+Bull.&volume=54&pages=779-91&publication_year=2007&

lorida+Reef+Tract&author=D+Lirman&author=P+Fong&journal=Mar.+Pollut.+Bull.&volume=54&pages=779-91&publication_yea

r=2007&)

Littler MM, Littler DS, Brooks BL 2006. Harmful algae on tropical coral reefs: bottom-up eutrophication and top-down herbivory. Harmfu

[ Algae 5:565-85 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Harmful+algae+on+tropical+coral+reefs%3A+

bottom-up+eutrophication+and+top-down+herbivory&author=MM+Littler&author=DS+Littler&author=BL+Brooks&journal=Har

mful+Algae&volume=5&pages=565-85&publication_year=2006&)

Loh T-L, McMurray SE, Henkel TP, Vicente J, Pawlik JR 2015. Indirect effects of overfishing on Caribbean reefs: sponges overgrow reef-bu

ilding corals. PeerJ3:e901 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Indirect+effects+of+overfishing+on+

Lokrantz J, Nystrom M, Thyresson M, Johansson C 2008. The non-linear relationship between body size and function in parrotfishes. Co

ral Reefs 27:967-74 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=The+non-linear+relationship+between+bo

dy+sizet+and+function+in+parrotfishes&author=J+Lokrantz&author=M+Nystr%C3%B6m&author=M+Thyresson&author=C+Joh

ansson&journal=Coral+Reefs&volume=27&pages=967-74&publication_year=2008&)

Lough JM, Anderson KD, Hughes TP 2018. Increasing thermal stress for tropical coral reefs: 1871-2017. Sci. Rep. 8:6079 [Google Schola
r].(http://scholar.google.com/scholar _lookup?title=Increasing+thermal+stress+for+tropical+coralt+reefs%3A+1871%E2%80%93
2017&author=JM+Lough&author=KD+Anderson&author=TP+Hughes&journal=Sci.+Rep.&volume=8&pages=6079&publication y

ear=2018&)

Madin EMP, Gaines SD, Madin JS, Warner RR 2010. Fishing indirectly structures macroalgal assemblages by altering herbivore behavior.

Am. Nat. 176:785-801 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Fishing+indirectly+structures+macroalg

al+assemblages+by+altering+herbivore+behavior&author=EMP+Madin&author=SD+Gaines&author=JS+Madin&author=RR+Wa

Manfrino C, Jacoby CA, Camp E, Frazer TK 2013. A positive trajectory for corals at Little Cayman Island. PLOS ONE 8:e75432 [Google Sch
olar] (http://scholar.google.com/scholar_lookup?title=A+positive+trajectory+for+corals+at+Little+Cayman+island&author=C+M

anfrino&author=CA+Jacoby&author=E+Camp&author=TK+Frazer&journal=PLOS+ONE&volume=8&pages=e75432&publication

year=2013&)

McClanahan TR 2008. Response of the coral reef benthos and herbivory to fishery closure management and the 1998 ENSO disturbance.

Oecologia 155:169-77 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Response+of+the+coral+reef+benthos+

McClanahan TR, Cokos BA, Sala E 2002. Algal growth and species composition under experimental control of herbivory, phosphorus an
d coral abundance in Glovers Reef, Belize. Mar. Pollut. Bull. 44:441-51 [Google Scholar] (http://scholar.google.com/scholar_lookup?t

itle=Algalt+growth+and+species+composition+under+experimental+control+of+herbivory%2C+phosphorus+and+coral+abunda

nce+in+Glovers+Reef%2C+Belize&author=TR+McClanahan&author=BA+Cokos&author=E+Sala&journal=Mar.+Pollut.+Bull.&vol

ume=44&pages=441-51&publication_year=2002&)


http://scholar.google.com/scholar_lookup?title=Is+proximity+to+land-based+sources+of+coral+stressors+an+appropriate+measure+of+risk+to+coral+reefs%3F+An+example+from+the+Florida+Reef+Tract&author=D+Lirman&author=P+Fong&journal=Mar.+Pollut.+Bull.&volume=54&pages=779-91&publication_year=2007&
http://scholar.google.com/scholar_lookup?title=Harmful+algae+on+tropical+coral+reefs%3A+bottom-up+eutrophication+and+top-down+herbivory&author=MM+Littler&author=DS+Littler&author=BL+Brooks&journal=Harmful+Algae&volume=5&pages=565-85&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Indirect+effects+of+overfishing+on+Caribbean+reefs%3A+sponges+overgrow+reef-building+corals&author=T-L+Loh&author=SE+McMurray&author=TP+Henkel&author=J+Vicente&author=JR+Pawlik&journal=PeerJ&volume=3&pages=e901&publication_year=2015&
http://scholar.google.com/scholar_lookup?title=The+non-linear+relationship+between+body+size+and+function+in+parrotfishes&author=J+Lokrantz&author=M+Nystr%C3%B6m&author=M+Thyresson&author=C+Johansson&journal=Coral+Reefs&volume=27&pages=967-74&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Increasing+thermal+stress+for+tropical+coral+reefs%3A+1871%E2%80%932017&author=JM+Lough&author=KD+Anderson&author=TP+Hughes&journal=Sci.+Rep.&volume=8&pages=6079&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Fishing+indirectly+structures+macroalgal+assemblages+by+altering+herbivore+behavior&author=EMP+Madin&author=SD+Gaines&author=JS+Madin&author=RR+Warner&journal=Am.+Nat.&volume=176&pages=785-801&publication_year=2010&
http://scholar.google.com/scholar_lookup?title=A+positive+trajectory+for+corals+at+Little+Cayman+Island&author=C+Manfrino&author=CA+Jacoby&author=E+Camp&author=TK+Frazer&journal=PLOS+ONE&volume=8&pages=e75432&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=Response+of+the+coral+reef+benthos+and+herbivory+to+fishery+closure+management+and+the+1998+ENSO+disturbance&author=TR+McClanahan&journal=Oecologia&volume=155&pages=169-77&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Algal+growth+and+species+composition+under+experimental+control+of+herbivory%2C+phosphorus+and+coral+abundance+in+Glovers+Reef%2C+Belize&author=TR+McClanahan&author=BA+Cokos&author=E+Sala&journal=Mar.+Pollut.+Bull.&volume=44&pages=441-51&publication_year=2002&

McClanahan TR, Muthiga NA, Nin E 2001. Coral and algal changes after the 1998 coral bleaching: interaction with reef management and

herbivores on Kenyan reefs. Coral Reefs 19:380-91 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Coral+and+al

thor=TR+McClanahan&author=NA+Muthiga&author=E+Nin&journal=Coral+Reefs&volume=19&pages=380-91&publication_year

=20018&)

McCook LJ, Jompa J, Diaz-Pulido G 2001. Competition between corals and algae on coral reefs: a review of evidence and mechanisms.

Coral Reefs 19:400-17 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Competition+between+corals+and+alga

et+on+coral+reefs%3A+atreview+of+evidence+and+mechanisms&author=LJ+McCook&author=J+Jompa&author=G+Diaz-Pulido

Miller J, Muller E, Rogers C, Waara R, Atkinson A et al. 2009. Coral disease following massive bleaching in 2005 causes 60% decline in cor
al cover on reefs in the US Virgin Islands. Coral Reefs 28:925-37 [Google Scholar] (http://scholar.google.com/scholar lookup?title=C

oral+disease+following+massive+bleaching+in+2005+causes+60%25+decline+in+coral+cover+on+reefs+in+the+US+Virgin+islan

ds&author=J+Miller&author=E+Muller&author=C+Rogers&author=R+Waara&author=A+Atkinson&journal=Coral+Reefs&volume

=28&pages=925-37&publication_year=20098&)

Miller MW, Hay ME, Miller SL, Malone D, Sotka EE, Szmant AM 1999. Effects of nutrients versus herbivores on reef algae: a new method fo
r manipulating nutrients on coral reefs. Limnol. Oceanogr. 44:1847-61 [Google Scholar] (http://scholar.google.com/scholar_lookup?

title=Effectstof+nutrients+versus+herbivores+on+reeft+algae%3A+a+new+method+for+manipulating+nutrients+on+coral+reefs

&author=MW+Miller&author=ME+Hay&author=SL+Miller&author=D+Malone&author=EE+Sotka&author=AM+Szmant&journal=L

imnol.+Oceanogr.&volume=44&pages=1847-61&publication_year=1999&)

Moberg F, Folke C 1999. Ecological goods and services of coral reef ecosystems. Ecol. Econ. 29:215-33 [Google Scholar] (http://schola

r.google.com/scholar_lookup?title=Ecological+goods+and+services+of+coral+reef+ecosystems&author=F+Moberg&author=C+F

olke&journal=Ecol.+Econ.&volume=29&pages=215-33&publication_year=1999&)

Mora C 2008. A clear human footprint in the coral reefs of the Caribbean. Proc. R. Soc. B275:767-73 [Google Scholar] (http://scholar.g

oogle.com/scholar_lookup?title=A+clear+thuman+footprint+in+the+coraltreefs+of+the+Caribbean&author=C+Mora&journal=Pr

Morrison D 1988. Comparing fish and urchin grazing in shallow and deeper coral reef algal communities. Ecology 69:1367-82 [Google S

cholar] (http://scholar.google.com/scholar_lookup?title=Comparing+fish+and+urchin+grazing+int+shallow+and+deeper+coral+r

eef+algal+communities&author=D+Morrison&journal=Ecology&volume=69&pages=1367-82&publication_year=1988&)

Mumby PJ 2009. Herbivory versus corallivory: Are parrotfish good or bad for Caribbean coral reefs. Coral Reefs 28:683-90 [Google Schol

Mumby PJ, Dahlgren CP, Harborne AR, Kappel CV, Micheli F et al. 2006. Process of grazing on coral reefs. Science 311:98-101 [Google Sc

holar] (http://scholar.google.com/scholar_lookup?title=Process+of+grazing+on+coral+reefs&author=PJ+Mumby&author=CP+D

ahlgren&author=AR+Harborne&author=CV+Kappel&author=F+Micheli&journal=Science&volume=311&pages=98-101&publicati

on_year=2006&)


http://scholar.google.com/scholar_lookup?title=Coral+and+algal+changes+after+the+1998+coral+bleaching%3A+interaction+with+reef+management+and+herbivores+on+Kenyan+reefs&author=TR+McClanahan&author=NA+Muthiga&author=E+Nin&journal=Coral+Reefs&volume=19&pages=380-91&publication_year=2001&
http://scholar.google.com/scholar_lookup?title=Competition+between+corals+and+algae+on+coral+reefs%3A+a+review+of+evidence+and+mechanisms&author=LJ+McCook&author=J+Jompa&author=G+Diaz-Pulido&journal=Coral+Reefs&volume=19&pages=400-17&publication_year=2001&
http://scholar.google.com/scholar_lookup?title=Coral+disease+following+massive+bleaching+in+2005+causes+60%25+decline+in+coral+cover+on+reefs+in+the+US+Virgin+Islands&author=J+Miller&author=E+Muller&author=C+Rogers&author=R+Waara&author=A+Atkinson&journal=Coral+Reefs&volume=28&pages=925-37&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Effects+of+nutrients+versus+herbivores+on+reef+algae%3A+a+new+method+for+manipulating+nutrients+on+coral+reefs&author=MW+Miller&author=ME+Hay&author=SL+Miller&author=D+Malone&author=EE+Sotka&author=AM+Szmant&journal=Limnol.+Oceanogr.&volume=44&pages=1847-61&publication_year=1999&
http://scholar.google.com/scholar_lookup?title=Ecological+goods+and+services+of+coral+reef+ecosystems&author=F+Moberg&author=C+Folke&journal=Ecol.+Econ.&volume=29&pages=215-33&publication_year=1999&
http://scholar.google.com/scholar_lookup?title=A+clear+human+footprint+in+the+coral+reefs+of+the+Caribbean&author=C+Mora&journal=Proc.+R.+Soc.+B&volume=275&pages=767-73&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Comparing+fish+and+urchin+grazing+in+shallow+and+deeper+coral+reef+algal+communities&author=D+Morrison&journal=Ecology&volume=69&pages=1367-82&publication_year=1988&
http://scholar.google.com/scholar_lookup?title=Herbivory+versus+corallivory%3A+Are+parrotfish+good+or+bad+for+Caribbean+coral+reefs&author=PJ+Mumby&journal=Coral+Reefs&volume=28&pages=683-90&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Process+of+grazing+on+coral+reefs&author=PJ+Mumby&author=CP+Dahlgren&author=AR+Harborne&author=CV+Kappel&author=F+Micheli&journal=Science&volume=311&pages=98-101&publication_year=2006&

Mumby PJ, Harborne AR 2010. Marine reserves enhance the recovery of corals on Caribbean reefs. PLOS ONE 5:e8657 [Google Scholar]

(http://scholar.google.com/scholar_lookup?title=Marine+reserves+enhance+thetrecovery+of+coralston+Caribbean+reefs&aut

Mumby PJ, Steneck RS 2008. Coral reef management and conservation in light of rapidly evolving ecological paradigms. Trends Ecol. Ev

ol. 23:555-63 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Coral+reef+management+and+conservation+in+

light+of+rapidly+evolving+ecological+paradigms&author=PJ+Mumby&author=RS+Steneck&journal=Trends+Ecol.+Evol.&volum

e=23&pages=555-63&publication_year=2008&)

Muthiga NA 2009. Evaluating the effectiveness of management of the Malindi-Watamu marine protected area complex in Kenya. Ocean
Coast. Manag. 52:417-23 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Evaluating+the+effectiveness+of+rma
nagement+of+the+Malindi-Watamu+marinetprotected+areat+complex+int+Kenya&author=NA+Muthiga&journal=Ocean+Coast.+

Manag.&volume=52&pages=417-23&publication_year=2009&)

Muthukrishnan R, Fong P 2014. Multiple anthropogenic stressors exert complex, interactive effects on a coral reef community. Coral Ree

fs33:911-21 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Multiple+anthropogenic+stressors+exert+comple

x%2C+interactive+effects+on+a+coral+reef+community&author=R+Muthukrishnan&author=P+Fong&journal=Coral+Reefs&vol

Nadon MO, Baum JK, Williams ID, Mcpherson JM, Zgliczynski BJ et al. 2012. Re-creating missing population baselines for Pacific reef sha
rks. Conserv. Biol. 26:493-503 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Re-creating+missing+population

+baselines+for+Pacifictreef+sharks&author=MO+Nadon&author=JK+Baum&author=ID+Williams&author=JM+Mcpherson&auth

Newman MJH, Paredes GA, Sala E, Jackson JBC 2006. Structure of Caribbean coral reef communities across a large gradient of fish biom
ass. Ecol. Lett. 9:1216-27 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Structure+of+Caribbean+coral+reef+

communities+across+atlarge+gradient+of+fish+biomass&author=MJH+Newman&author=GA+Paredes&author=E+Sala&author

Norstrém AV, Nystrom M, Lokrantz J, Folke C 2009. Alternative states on coral reefs: beyond coral-macroalgal phase shifts. Mar. Ecol. Pr

og. Ser. 376:295-306 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Alternative+states+on+coral+reefs%3A+b

eyond+coral%E2%80%93macroalgal+phase+shifts&author=AV+Norstr%C3%B6m&author=M+Nystr%C3%B6m&author=J+Lokra

ntz&author=C+Folke&journal=Mar.+Ecol.+Prog.+Ser.&volume=376&pages=295-306&publication_year=2009&)

Nugues MM, Smith GW, Hooidonk RJ, Seabra MI, Bak RPM 2004. Algal contact as a trigger for coral disease. Ecol. Lett. 7:919-23 [Google
Scholar] (http://scholar.google.com/scholar_lookup?title=Algal+contact+as+a+trigger+for+coral+disease&author=MM+Nugues&

author=GW+Smith&author=RJ+Hooidonk&author=MI+Seabra&author=RPM+Bak&journal=Ecol.+Lett.&volume=7&pages=919-2

3&publication year=2004&)

Nystrom M, Folke C, Moberg F 2000. Coral reef disturbance and resilience in a human-dominated environment. Trends. Ecol. Evol. 15:41

3-17 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Coral+reef+disturbance+and+resiliencet+in+a+thuman-do

minated+environment&author=M+Nystr%C3%B6m&author=C+Folke&author=F+Moberg&journal=Trends.+Ecol.+Evol.&volume



http://scholar.google.com/scholar_lookup?title=Marine+reserves+enhance+the+recovery+of+corals+on+Caribbean+reefs&author=PJ+Mumby&author=AR+Harborne&journal=PLOS+ONE&volume=5&pages=e8657&publication_year=2010&
http://scholar.google.com/scholar_lookup?title=Coral+reef+management+and+conservation+in+light+of+rapidly+evolving+ecological+paradigms&author=PJ+Mumby&author=RS+Steneck&journal=Trends+Ecol.+Evol.&volume=23&pages=555-63&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Evaluating+the+effectiveness+of+management+of+the+Malindi-Watamu+marine+protected+area+complex+in+Kenya&author=NA+Muthiga&journal=Ocean+Coast.+Manag.&volume=52&pages=417-23&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Multiple+anthropogenic+stressors+exert+complex%2C+interactive+effects+on+a+coral+reef+community&author=R+Muthukrishnan&author=P+Fong&journal=Coral+Reefs&volume=33&pages=911-21&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Re-creating+missing+population+baselines+for+Pacific+reef+sharks&author=MO+Nadon&author=JK+Baum&author=ID+Williams&author=JM+Mcpherson&author=BJ+Zgliczynski&journal=Conserv.+Biol.&volume=26&pages=493-503&publication_year=2012&
http://scholar.google.com/scholar_lookup?title=Structure+of+Caribbean+coral+reef+communities+across+a+large+gradient+of+fish+biomass&author=MJH+Newman&author=GA+Paredes&author=E+Sala&author=JBC+Jackson&journal=Ecol.+Lett.&volume=9&pages=1216-27&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Alternative+states+on+coral+reefs%3A+beyond+coral%E2%80%93macroalgal+phase+shifts&author=AV+Norstr%C3%B6m&author=M+Nystr%C3%B6m&author=J+Lokrantz&author=C+Folke&journal=Mar.+Ecol.+Prog.+Ser.&volume=376&pages=295-306&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Algal+contact+as+a+trigger+for+coral+disease&author=MM+Nugues&author=GW+Smith&author=RJ+Hooidonk&author=MI+Seabra&author=RPM+Bak&journal=Ecol.+Lett.&volume=7&pages=919-23&publication_year=2004&
http://scholar.google.com/scholar_lookup?title=Coral+reef+disturbance+and+resilience+in+a+human-dominated+environment&author=M+Nystr%C3%B6m&author=C+Folke&author=F+Moberg&journal=Trends.+Ecol.+Evol.&volume=15&pages=413-17&publication_year=2000&

Nystrom M, Graham NAJ, Lokrantz J, Norstrom AV 2008. Capturing the cornerstones of coral reef resilience: linking theory to practice. C
oral Reefs27:795-809 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Capturing+the+cornerstones+of+coral+r

eef+resilience%3A+linking+theory+to+practice&author=M+Nystr%C3%B6m&author=NAJ+Graham&author=J+Lokrantz&author

Oliver ECJ, Donat MG, Burrows MT, Moore PJ, Smale DA et al. 2018. Longer and more frequent marine heatwaves over the past century.

Nat. Commun. 9:1324 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Longer+and+more+frequent+marine+he

atwaves+over+the+past+century&author=ECJ+Oliver&author=MG+Donat&author=MT+Burrows&author=PJ+Moore&author=DA

+Smale&journal=Nat.+Commun.&volume=9&pages=1324&publication_year=2018&)

Paddack MJ, Reynolds JD, Aguilar C, Appeldoorn RS, Beets J et al. 2009. Recent region-wide declines in Caribbean reef fish abundance.
Curr. Biol. 19:590-95 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Recent+region-wide+declines+in+Caribb

ean+reef+fish+abundance&author=MJ+Paddack&author=JD+Reynolds&author=C+Aguilar&author=RS+Appeldoorn&author=J+

Pandolfi JM, Jackson JBC 2006. Ecological persistence interrupted in Caribbean coral reefs. Ecol. Lett. 9:818-26 [Google Scholar] (htt

p://scholar.google.com/scholar_lookup?title=Ecological+persistencetinterrupted+in+Caribbean+coral+reefs&author=JM+Pand

Perry CT, Alvarez-Filip L, Graham NA, Mumby PJ, Wilson SK et al. 2018. Loss of coral reef growth capacity to track future increases in sea |

evel. Nature 558:396-400 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Loss+of+coral+reef+growth+capacity

+to+track+future+increases+in+sea+level&author=CT+Perry&author=L+Alvarez-Filip&author=NA+Graham&author=PJ+Mumby

&author=SK+Wilson&journal=Nature&volume=558&pages=396-400&publication year=2018&)

Perry CT, Murphy GN, Kench PS, Edinger EN, Smithers SG et al. 2014. Changing dynamics of Caribbean reef carbonate budgets: emergen
ce of reef bioeroders as critical controls on present and future reef growth potential. Proc. R. Soc. Lond. B281:20142018 [Google Schola

r] (http://scholar.google.com/scholar_lookup?title=Changing+dynamics+of+Caribbean+reef+carbonate+budgets%3A+emergenc

et+of+reef+bioeroderstas+critical+controlston+present+and+futuretreef+growth+potential&author=CT+Perry&author=GN+Mu

rphy&author=PS+Kench&author=EN+Edinger&author=SG+Smithers&journal=Proc.+R.+Soc.+Lond.+B&volume=281&pages=201

42018&publication_year=2014&)

Perry CT, Murphy GN, Kench PS, Smithers SG, Edinger EN et al. 2013. Caribbean-wide decline in carbonate production threatens coral re

ef growth. Nat. Commun. 4:1402 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Caribbean-wide+decline+in+c

arbonate+production+threatens+coralt+reef+growth&author=CT+Perry&author=GN+Murphy&author=PS+Kench&author=SG+S

mithers&author=EN+Edinger&journal=Nat.+Commun.&volume=4&pages=1402&publication_year=2013&)

Perry CT, Steneck RS, Murphy GN, Kench PS, Edinger EN et al. 2015. Regional-scale dominance of non-framework building coral on Cari
bbean reefs affects carbonate production and future reef growth. Glob. Change Biol. 21:1153-64 [Google Scholar] (http://scholar.goog

le.com/scholar_lookup?title=Regional-scale+dominance+of+non-framework+building+coral+on+Caribbean+reefs+affects+carb

onate+production+and+future+reef+growth&author=CT+Perry&author=RS+Steneck&author=GN+Murphy&author=PS+Kench&

author=EN+Edinger&journal=Glob.+Change+Biol.&volume=21&pages=1153-64&publication _year=2015&)

Pratchett M, Munday P, Wilson S, Graham N, Cinner J et al. 2008. Effects of climate-induced coral bleaching on coral-reef fishes - ecologi
cal and economic consequences. Oceanogr. Mar. Biol. Annu. Rev. 46:251-96 [Google Scholar] (http://scholar.google.com/scholar_loo

kup?title=Effectst+of+climate-induced+coral+bleaching+on+coral-reef+fishes+%E2%80%93+ecologicaltand+economic+consequ


http://scholar.google.com/scholar_lookup?title=Capturing+the+cornerstones+of+coral+reef+resilience%3A+linking+theory+to+practice&author=M+Nystr%C3%B6m&author=NAJ+Graham&author=J+Lokrantz&author=AV+Norstr%C3%B6m&journal=Coral+Reefs&volume=27&pages=795-809&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Longer+and+more+frequent+marine+heatwaves+over+the+past+century&author=ECJ+Oliver&author=MG+Donat&author=MT+Burrows&author=PJ+Moore&author=DA+Smale&journal=Nat.+Commun.&volume=9&pages=1324&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Recent+region-wide+declines+in+Caribbean+reef+fish+abundance&author=MJ+Paddack&author=JD+Reynolds&author=C+Aguilar&author=RS+Appeldoorn&author=J+Beets&journal=Curr.+Biol.&volume=19&pages=590-95&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Ecological+persistence+interrupted+in+Caribbean+coral+reefs&author=JM+Pandolfi&author=JBC+Jackson&journal=Ecol.+Lett.&volume=9&pages=818-26&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Loss+of+coral+reef+growth+capacity+to+track+future+increases+in+sea+level&author=CT+Perry&author=L+Alvarez-Filip&author=NA+Graham&author=PJ+Mumby&author=SK+Wilson&journal=Nature&volume=558&pages=396-400&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Changing+dynamics+of+Caribbean+reef+carbonate+budgets%3A+emergence+of+reef+bioeroders+as+critical+controls+on+present+and+future+reef+growth+potential&author=CT+Perry&author=GN+Murphy&author=PS+Kench&author=EN+Edinger&author=SG+Smithers&journal=Proc.+R.+Soc.+Lond.+B&volume=281&pages=20142018&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Caribbean-wide+decline+in+carbonate+production+threatens+coral+reef+growth&author=CT+Perry&author=GN+Murphy&author=PS+Kench&author=SG+Smithers&author=EN+Edinger&journal=Nat.+Commun.&volume=4&pages=1402&publication_year=2013&
http://scholar.google.com/scholar_lookup?title=Regional-scale+dominance+of+non-framework+building+coral+on+Caribbean+reefs+affects+carbonate+production+and+future+reef+growth&author=CT+Perry&author=RS+Steneck&author=GN+Murphy&author=PS+Kench&author=EN+Edinger&journal=Glob.+Change+Biol.&volume=21&pages=1153-64&publication_year=2015&
http://scholar.google.com/scholar_lookup?title=Effects+of+climate-induced+coral+bleaching+on+coral-reef+fishes+%E2%80%93+ecological+and+economic+consequences&author=M+Pratchett&author=P+Munday&author=S+Wilson&author=N+Graham&author=J+Cinner&journal=Oceanogr.+Mar.+Biol.+Annu.+Rev.&volume=46&pages=251-96&publication_year=2008&

ences&author=M+Pratchett&author=P+Munday&author=S+Wilson&author=N+Graham&author=J+Cinner&journal=Oceanogr.+M

Randall CJ, van Woesik R 2015. Contemporary white-band disease in Caribbean corals driven by climate change. Nat. Clim. Change 5:37
5-79 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Contemporary+white-band+disease+in+Caribbean+cora

Ils+driven+by+climate+change&author=CJ+Randall&author=R+van+Woesik&journal=Nat.+Clim.+Change&volume=5&pages=375

-79&publication year=2015&)

Rasher DB, Stout EP, Engel S, Kubanek J, Hay ME 2011. Macroalgal terpenes function as allelopathic agents against reef corals. PNAS 10
8:17726-31 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Macroalgal+terpenes+function+as+allelopathic+a

Roberts CM, O'Leary BC, McCauley DJ, Cury PM, Duarte CM et al. 2017. Marine reserves can mitigate and promote adaptation to climate

change. PNAS114:6167-75 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Marine+reserves+can+mitigate+an

d+promote+adaptation+to+climate+change&author=CM+Roberts&author=BC+0%27Leary&author=DJ+McCauley&author=PM+

Cury&author=CM+Duarte&journal=PNAS&volume=114&pages=6167-75&publication _year=2017&)

Rosinski A, Walsh W 2016. Prioritized management strategies for promoting post-bleaching coral recovery in Hawai'i: survey results Re

p., Div. Aquat. Resour Dep. Land Nat. Resour Honolulu, HI: [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Priorit

osinski&author=W+Walsh&publication_year=2016&)

Rotjan RD, Dimond JL, Thornhill DJ, Leichter JJ, Helmuth B et al. 2006. Chronic parrotfish grazing impedes coral recovery after bleachin

g. Coral Reefs 25:361-68 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Chronic+parrotfish+grazing+impedes

+coral+recovery+aftert+bleaching&author=RD+Rotjan&author=JL+Dimond&author=DJ+Thornhill&author=JJ+Leichter&author=

Rotjan RD, Lewis S 2008. Impact of coral predators on tropical reefs. Mar. Ecol. Prog. Ser. 367:73-91 [Google Scholar] (http://scholar.go

ogle.com/scholar_lookup?title=Impact+of+coraltpredatorston+tropicaltreefs&author=RD+Rotjan&author=S+Lewis&journal=M

Russ GR, Questel SLA, Rizzari JR, Alcala AC 2015. The parrotfish-coral relationship: refuting the ubiquity of a prevailing paradigm. Mar. Bi

ol. 162:2029-45 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=The+parrotfish-coral+relationship%3A+refuti

ngtthetubiquity+of+a+prevailing+paradigm&author=GR+Russ&author=SLA+Questel&author=JR+Rizzari&author=AC+Alcala&jo

Sandin SA, Smith JE, Demartini EE, Dinsdale EA, Donner SD et al. 2008. Baselines and degradation of coral reefs in the Northern Line Isla

nds. PLOS ONE 3:e1548 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Baselines+and+degradation+of+coral+

reefs+in+the+Northern+Line+Islands&author=SA+Sandin&author=JE+Smith&author=EE+Demartini&author=EA+Dinsdale&auth

or=SD+Donner&journal=PLOS+ONE&volume=3&pages=e1548&publication year=2008&)

Schutte V, Selig E, Bruno J 2010. Regional spatio-temporal trends in Caribbean coral reef benthic communities. Mar. Ecol. Prog. Ser. 402:

115-22 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Regional+spatio-temporal+trends+in+Caribbean+cora



http://scholar.google.com/scholar_lookup?title=Effects+of+climate-induced+coral+bleaching+on+coral-reef+fishes+%E2%80%93+ecological+and+economic+consequences&author=M+Pratchett&author=P+Munday&author=S+Wilson&author=N+Graham&author=J+Cinner&journal=Oceanogr.+Mar.+Biol.+Annu.+Rev.&volume=46&pages=251-96&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Contemporary+white-band+disease+in+Caribbean+corals+driven+by+climate+change&author=CJ+Randall&author=R+van+Woesik&journal=Nat.+Clim.+Change&volume=5&pages=375-79&publication_year=2015&
http://scholar.google.com/scholar_lookup?title=Macroalgal+terpenes+function+as+allelopathic+agents+against+reef+corals&author=DB+Rasher&author=EP+Stout&author=S+Engel&author=J+Kubanek&author=ME+Hay&journal=PNAS&volume=108&pages=17726-31&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Marine+reserves+can+mitigate+and+promote+adaptation+to+climate+change&author=CM+Roberts&author=BC+O%27Leary&author=DJ+McCauley&author=PM+Cury&author=CM+Duarte&journal=PNAS&volume=114&pages=6167-75&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Prioritized+management+strategies+for+promoting+post-bleaching+coral+recovery+in+Hawai%27i%3A+survey+results&author=A+Rosinski&author=W+Walsh&publication_year=2016&
http://scholar.google.com/scholar_lookup?title=Chronic+parrotfish+grazing+impedes+coral+recovery+after+bleaching&author=RD+Rotjan&author=JL+Dimond&author=DJ+Thornhill&author=JJ+Leichter&author=B+Helmuth&journal=Coral+Reefs&volume=25&pages=361-68&publication_year=2006&
http://scholar.google.com/scholar_lookup?title=Impact+of+coral+predators+on+tropical+reefs&author=RD+Rotjan&author=S+Lewis&journal=Mar.+Ecol.+Prog.+Ser.&volume=367&pages=73-91&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=The+parrotfish-coral+relationship%3A+refuting+the+ubiquity+of+a+prevailing+paradigm&author=GR+Russ&author=SLA+Questel&author=JR+Rizzari&author=AC+Alcala&journal=Mar.+Biol.&volume=162&pages=2029-45&publication_year=2015&
http://scholar.google.com/scholar_lookup?title=Baselines+and+degradation+of+coral+reefs+in+the+Northern+Line+Islands&author=SA+Sandin&author=JE+Smith&author=EE+Demartini&author=EA+Dinsdale&author=SD+Donner&journal=PLOS+ONE&volume=3&pages=e1548&publication_year=2008&
http://scholar.google.com/scholar_lookup?title=Regional+spatio-temporal+trends+in+Caribbean+coral+reef+benthic+communities&author=V+Schutte&author=E+Selig&author=J+Bruno&journal=Mar.+Ecol.+Prog.+Ser.&volume=402&pages=115-22&publication_year=2010&

l+reef+benthictrcommunities&author=V+Schutte&author=E+Selig&author=J+Bruno&journal=Mar.+Ecol.+Prog.+Ser.&volume=4

Scoffin TP, Stearn CW, Boucher D, Frydl P, Hawkins CM et al. 1980. Calcium carbonate budget of a fringing reef on the west coast of Barb
ados: part Il. Erosion, sediments and internal structure. Bull. Mar. Sci. 30:475-508 [Google Scholar] (http://scholar.google.com/schola

r_lookup?title=Calcium+carbonate+budget+of+a+fringing+reef+on+the+west+coast+of+Barbados%3A+part+Il.+Erosion%2C+se

diments+and+internal+structure&author=TP+Scoffin&author=CW+Stearn&author=D+Boucher&author=P+Frydl&author=CM+H

awkins&journal=Bull.+Mar.+Sci.&volume=30&pages=475-508&publication_year=1980&)

Selig ER, Bruno JF 2010. A global analysis of the effectiveness of marine protected areas in preventing coral loss. PLOS ONE 5:€9278 [Go
ogle Scholar] (http://scholar.google.com/scholar_lookup?title=A+global+analysis+of+the+effectiveness+of+marine+protected+
areas+int+preventing+coraltloss&author=ER+Selig&author=JF+Bruno&journal=PLOS+ONE&volume=5&pages=e9278&publicatio

n_year=2010&)

Selig ER, Casey KS, Bruno JF 2012. Temperature-driven coral decline: the role of marine protected areas. Glob. Change Biol. 18:1561-70

[Google Scholar] (http://scholar.google.com/scholar_lookup?title=Temperature-driven+coral+decline%3A+the+role+of+marine

+protected+areas&author=ER+Selig&author=KS+Casey&author=JF+Bruno&journal=Glob.+Change+Biol.&volume=18&pages=15

61-70&publication_year=2012&)

Shaver EC, Shantz AA, McMinds R, Burkepile DE, Thurber RLV, Silliman BR 2017. Effects of predation and nutrient enrichment on the suc
cess and microbiome of a foundational coral. Ecology 98:830-39 [Google Scholar] (http://scholar.google.com/scholar lookup?title=

Effects+of+predation+and+nutrient+enrichment+on+the+success+and+microbiome+of+a+foundational+coral&author=EC+Shav

er&author=AA+Shantz&author=R+McMinds&author=DE+Burkepile&author=RLV+Thurber&author=BR+Silliman&journal=Ecolog

Sheppard C, Sheppard A, Mogg A, Bayley D, Dempsey AC et al. 2017. Coral bleaching and mortality in the Chagos Archipelago to 2017 At
oll Res. Bull. 613, Smithson. Inst Washington, DC: [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Coral+bleachi

ngtand+mortality+in+the+Chagos+Archipelago+to+2017&author=C+Sheppard&author=A+Sheppard&author=A+Mogg&author=

Smith JE, Shaw M, Edwards RA, Obura D, Pantos O et al. 2006. Indirect effects of algae on coral: algae-mediated, microbe-induced coral

mortality. Ecol. Lett. 9:835-45 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Indirect+effects+of+algae+on+co

ral%3A+algae-mediated%2C+microbe-induced+coral+mortality&author=JE+Smith&author=M+Shaw&author=RA+Edwards&aut

hor=D+Obura&author=0+Pantos&journal=Ecol.+Lett.&volume=9&pages=835-45&publication_year=2006&)

Soc. Sci. Res. Inst. 2017. Coral Bleaching Recovery Plan: identifying management responses to promote coral recovery in Hawai'i. Rep.,
DivAquat. Resour., Dep. Land Nat. Resour Honolulu, HI: https://dInr.hawaii.gov/reefresponse/current-rapid-responses/coral-bleaching-r

ecovery-plan (https://dlnr.hawaii.gov/reefresponse/current-rapid-responses/coral-bleaching-recovery-plan) [Google Scholar] (ht
tp://scholar.google.com/scholar lookup?title=Coral+Bleaching+Recovery+Plan%3A+identifying+management+responses+to+p

romote+coral+recovery+in+tHawai%27i.+Rep.%2C+Div&publication year=2017&)

Spalding M, Burke L, Wood SA, Ashpole J, Hutchison J, zu Ermgassen P 2017. Mapping the global value and distribution of coral reef tou

rism. Mar. Policy 82:104-13 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Mapping+the+global+value+and+di

stribution+of+coral+reef+tourism&author=M+Spalding&author=L+Burke&author=SA+Wood&author=J+Ashpole&author=J+Hut


http://scholar.google.com/scholar_lookup?title=Regional+spatio-temporal+trends+in+Caribbean+coral+reef+benthic+communities&author=V+Schutte&author=E+Selig&author=J+Bruno&journal=Mar.+Ecol.+Prog.+Ser.&volume=402&pages=115-22&publication_year=2010&
http://scholar.google.com/scholar_lookup?title=Calcium+carbonate+budget+of+a+fringing+reef+on+the+west+coast+of+Barbados%3A+part+II.+Erosion%2C+sediments+and+internal+structure&author=TP+Scoffin&author=CW+Stearn&author=D+Boucher&author=P+Frydl&author=CM+Hawkins&journal=Bull.+Mar.+Sci.&volume=30&pages=475-508&publication_year=1980&
http://scholar.google.com/scholar_lookup?title=A+global+analysis+of+the+effectiveness+of+marine+protected+areas+in+preventing+coral+loss&author=ER+Selig&author=JF+Bruno&journal=PLOS+ONE&volume=5&pages=e9278&publication_year=2010&
http://scholar.google.com/scholar_lookup?title=Temperature-driven+coral+decline%3A+the+role+of+marine+protected+areas&author=ER+Selig&author=KS+Casey&author=JF+Bruno&journal=Glob.+Change+Biol.&volume=18&pages=1561-70&publication_year=2012&
http://scholar.google.com/scholar_lookup?title=Effects+of+predation+and+nutrient+enrichment+on+the+success+and+microbiome+of+a+foundational+coral&author=EC+Shaver&author=AA+Shantz&author=R+McMinds&author=DE+Burkepile&author=RLV+Thurber&author=BR+Silliman&journal=Ecology&volume=98&pages=830-39&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Coral+bleaching+and+mortality+in+the+Chagos+Archipelago+to+2017&author=C+Sheppard&author=A+Sheppard&author=A+Mogg&author=D+Bayley&author=AC+Dempsey&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Indirect+effects+of+algae+on+coral%3A+algae-mediated%2C+microbe-induced+coral+mortality&author=JE+Smith&author=M+Shaw&author=RA+Edwards&author=D+Obura&author=O+Pantos&journal=Ecol.+Lett.&volume=9&pages=835-45&publication_year=2006&
https://dlnr.hawaii.gov/reefresponse/current-rapid-responses/coral-bleaching-recovery-plan
http://scholar.google.com/scholar_lookup?title=Coral+Bleaching+Recovery+Plan%3A+identifying+management+responses+to+promote+coral+recovery+in+Hawai%27i.+Rep.%2C+Div&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Mapping+the+global+value+and+distribution+of+coral+reef+tourism&author=M+Spalding&author=L+Burke&author=SA+Wood&author=J+Ashpole&author=J+Hutchison&author=P+zu+Ermgassen&journal=Mar.+Policy&volume=82&pages=104-13&publication_year=2017&

Stallings CD 2009. Fishery-independent data reveal negative effect of human population density on Caribbean predatory fish communit

ies. PLOS ONE 4:5333 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Fishery-independent+datatrevealtneg

Steneck RS 1988. Herbivory on coral reefs: a synthesis. Proceedings of the 6th International Coral Reef Symposium, Vol. 1: Plenary Addr

esses and Status Review JH Choat, D Barnes, MA Borowitzka, JC Coll, PJ Davies et al.37-49 Townsville, Aust: Sixth Int. Coral Reef Symp. E

xec. Comm [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Herbivory+on+coral+reefs%3A+a+synthesis&auth

or=RS+Steneck&journal=Proceedings+of+the+6th+international+Coral+Reef+Symposium%2C+Vol.+1%3A+Plenary+Addresses+

Steneck RS, Arnold SN, Mumby PJ 2014. Experiment mimics fishing on parrotfish: insights on coral reef recovery and alternative attracto
rs. Mar. Ecol. Prog. Ser. 506:115-27 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Experiment+mimics+fishing

+on+parrotfish%3A+insights+on+coral+reef+recovery+and+alternative+attractors&author=RS+Steneck&author=SN+Arnold&au

thor=PJ+Mumby&journal=Mar.+Ecol.+Prog.+Ser.&volume=506&pages=115-27&publication_year=2014&)

Steneck RS, Mumby PJ, MacDonald C, Rasher DB, Stoyle G 2018. Attenuating effects of ecosystem management on coral reefs. Sci. Adv. 4
:eaa05493 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Attenuating+effects+of+ecosystem+management+

on+coral+reefs&author=RS+Steneck&author=PJ+Mumby&author=C+MacDonald&author=DB+Rasher&author=G+Stoyle&journal

Stoddart DR 1969. Post-hurricane changes on the British Honduras reefs: re-survey of 1965 Atoll Res. Bull. 131, Smithson. Inst Washingt

on, DC: [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Post-hurricane+changes+on+the+British+Honduras+r

eefs%3A+re-survey+of+1965&author=DR+Stoddart&publication_year=1969&)

Storlazzi CD, Elias E, Field ME, Presto MK 2011. Numerical modeling of the impact of sea-level rise on fringing coral reef hydrodynamics

and sediment transport. Coral Reefs 30:83-96 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Numerical+model

1&)

Stuart-Smith RD, Brown CJ, Ceccarelli DM, Edgar GJ 2018. Ecosystem restructuring along the Great Barrier Reef following mass coral ble

aching. Nature 560:92-96 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Ecosystem+restructuring+along+the

+Great+Barrier+Reef+following+mass+coral+bleaching&author=RD+Stuart-Smith&author=CJ+Brown&author=DM+Ceccarelli&a

uthor=GJ+Edgar&journal=Nature&volume=560&pages=92-96&publication_year=2018&)

Suchley A, McField MD, Alvarez-Filip L 2016. Rapidly increasing macroalgal cover not related to herbivorous fishes on Mesoamerican reef
s. PeerJ4:2084 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Rapidly+increasing+macroalgal+cover+not+r

elated+to+herbivorous+fishes+on+Mesoamerican+reefs&author=A+Suchley&author=MD+McField&author=L+Alvarez-Filip&jour

Szmant AM 2002. Nutrient enrichment on coral reefs: Is it a major cause of coral reef decline?. Estuaries 25:743-66 [Google Scholar] (ht

tp://scholar.google.com/scholar_lookup?title=Nutrient+enrichment+on+coral+reefs%3A+Is+it+a+tmajor+cause+of+coral+reef+d



http://scholar.google.com/scholar_lookup?title=Fishery-independent+data+reveal+negative+effect+of+human+population+density+on+Caribbean+predatory+fish+communities&author=CD+Stallings&journal=PLOS+ONE&volume=4&pages=e5333&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Herbivory+on+coral+reefs%3A+a+synthesis&author=RS+Steneck&journal=Proceedings+of+the+6th+International+Coral+Reef+Symposium%2C+Vol.+1%3A+Plenary+Addresses+and+Status+Review&pages=37-49&publication_year=1988&
http://scholar.google.com/scholar_lookup?title=Experiment+mimics+fishing+on+parrotfish%3A+insights+on+coral+reef+recovery+and+alternative+attractors&author=RS+Steneck&author=SN+Arnold&author=PJ+Mumby&journal=Mar.+Ecol.+Prog.+Ser.&volume=506&pages=115-27&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Attenuating+effects+of+ecosystem+management+on+coral+reefs&author=RS+Steneck&author=PJ+Mumby&author=C+MacDonald&author=DB+Rasher&author=G+Stoyle&journal=Sci.+Adv.&volume=4&pages=eaao5493&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Post-hurricane+changes+on+the+British+Honduras+reefs%3A+re-survey+of+1965&author=DR+Stoddart&publication_year=1969&
http://scholar.google.com/scholar_lookup?title=Numerical+modeling+of+the+impact+of+sea-level+rise+on+fringing+coral+reef+hydrodynamics+and+sediment+transport&author=CD+Storlazzi&author=E+Elias&author=ME+Field&author=MK+Presto&journal=Coral+Reefs&volume=30&pages=83-96&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Ecosystem+restructuring+along+the+Great+Barrier+Reef+following+mass+coral+bleaching&author=RD+Stuart-Smith&author=CJ+Brown&author=DM+Ceccarelli&author=GJ+Edgar&journal=Nature&volume=560&pages=92-96&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Rapidly+increasing+macroalgal+cover+not+related+to+herbivorous+fishes+on+Mesoamerican+reefs&author=A+Suchley&author=MD+McField&author=L+Alvarez-Filip&journal=PeerJ&volume=4&pages=e2084&publication_year=2016&
http://scholar.google.com/scholar_lookup?title=Nutrient+enrichment+on+coral+reefs%3A+Is+it+a+major+cause+of+coral+reef+decline%3F&author=AM+Szmant&journal=Estuaries&volume=25&pages=743-66&publication_year=2002&

Toth LT, Kuffner IB, Stathakopoulos A, Shinn EA 2018. A 3,000-year lag between the geological and ecological shutdown of Florida's cora
[ reefs. Glob. Change Biol. 24:5471-83 [Google Scholar] (http://scholar.google.com/scholar _lookup?title=A+3%2C000-year+lag+bet

ween+thet+geologicaltand+ecological+shutdown+of+Florida%27s+coral+reefs&author=LT+Toth&author=IB+Kuffner&author=A+

Toth LT, van Woesik R, Murdoch TJT, Smith SR, Ogden JC et al. 2014. Do no-take reserves benefit Florida's corals? 14 years of change an

d stasis in the Florida Keys National Marine Sanctuary. Coral Reefs 33:565-77 [Google Scholar] (http://scholar.google.com/scholar_lo

okup?title=Do+no-take+reserves+benefit+Florida%27s+corals%3F+14+years+of+change+and+stasis+in+the+Florida+Keys+Nati

onal+Marine+Sanctuary&author=LT+Toth&author=R+van+Woesik&author=TJT+Murdoch&author=SR+Smith&author=JC+0Ogden

Valdivia A, Cox CE, Bruno JF 2017. Predatory fish depletion and recovery potential on Caribbean reefs. Sci. Adv. 3:e1601303 [Google Sch

olar] (http://scholar.google.com/scholar_lookup?title=Predatory+fish+depletion+and+recovery+potential+on+Caribbean+reefs

&author=A+Valdivia&author=CE+Cox&author=JF+Bruno&journal=Sci.+Adv.&volume=3&pages=e1601303&publication_year=20

17&)

van Woesik R, Scott WJ, Aronson RB 2014. Lost opportunities: Coral recruitment does not translate to reef recovery in the Florida Keys.
Mar. Pollut. Bull. 88:110-17 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Lost+opportunities%3A+Coral+recr

uitment+does+not+translate+to+reef+recovery+in+the+Florida+Keys&author=R+van+Woesik&author=WJ+Scott&author=RB+Ar

Veron JEN 2011. Ocean acidification and coral reefs: an emerging big picture. Diversity 3:262-74 [Google Scholar] (http://scholar.goog

le.com/scholar_lookup?title=Ocean+acidification+and+coral+reefs%3A+an+emerging+big+picture&author=JEN+Veron&journal

=Diversity&volume=3&pages=262-74&publication_year=2011&)

Vroom PS 2011. “Coral dominance”: a dangerous ecosystem misnomer?. J. Mar. Biol. 2011:164127 [Google Scholar] (http://scholar.go

ogle.com/scholar_lookup?title=%E2%80%9CCoral+dominance%E2%80%9D%3A+a+dangerous+ecosystem+misnomer%3F&aut

Vu I, Smelick G, Harris S, Lee SC, Weil E et al. 2009. Macroalgae has no effect on the severity and dynamics of Caribbean yellow band dis

ease. PLOS ONE 4:e4514 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Macroalgae+has+no+effect+on+the+s

everity+and+dynamics+of+Caribbean+yellow+band+disease&author=I+Vu&author=G+Smelick&author=S+Harris&author=SC+L

ee&author=E+Weil&journal=PLOS+ONE&volume=4&pages=e4514&publication_year=2009&)

Webster PJ, Holland GJ, Curry JA, Chang HR 2005. Changes in tropical cyclone number, duration, and intensity in a warming environme

nt. Science 309:1844-46 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Changes+tin+tropicalt+cyclone+tnumbe
r%2C+duration%2C+and+intensity+in+a+warming+environment&author=PJ+Webster&author=GJ+Holland&author=JA+Curry&

author=HR+Chang&journal=Science&volume=309&pages=1844-46&publication_year=2005&)

Weil E, Croquer A, Urreiztieta 1 2009. Temporal variability and impact of coral diseases and bleaching in La Parguera, Puerto Rico from 20

03-2007. Caribb. J. Sci. 45:221-46 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Temporal+variability+and+i

mpact+of+coral+diseases+and+bleaching+in+La+Parguera%2C+Puerto+Rico+from+2003%E2%80%932007&author=E+Weil&aut



http://scholar.google.com/scholar_lookup?title=A+3%2C000-year+lag+between+the+geological+and+ecological+shutdown+of+Florida%27s+coral+reefs&author=LT+Toth&author=IB+Kuffner&author=A+Stathakopoulos&author=EA+Shinn&journal=Glob.+Change+Biol.&volume=24&pages=5471-83&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Do+no-take+reserves+benefit+Florida%27s+corals%3F+14+years+of+change+and+stasis+in+the+Florida+Keys+National+Marine+Sanctuary&author=LT+Toth&author=R+van+Woesik&author=TJT+Murdoch&author=SR+Smith&author=JC+Ogden&journal=Coral+Reefs&volume=33&pages=565-77&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Predatory+fish+depletion+and+recovery+potential+on+Caribbean+reefs&author=A+Valdivia&author=CE+Cox&author=JF+Bruno&journal=Sci.+Adv.&volume=3&pages=e1601303&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Lost+opportunities%3A+Coral+recruitment+does+not+translate+to+reef+recovery+in+the+Florida+Keys&author=R+van+Woesik&author=WJ+Scott&author=RB+Aronson&journal=Mar.+Pollut.+Bull.&volume=88&pages=110-17&publication_year=2014&
http://scholar.google.com/scholar_lookup?title=Ocean+acidification+and+coral+reefs%3A+an+emerging+big+picture&author=JEN+Veron&journal=Diversity&volume=3&pages=262-74&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=%E2%80%9CCoral+dominance%E2%80%9D%3A+a+dangerous+ecosystem+misnomer%3F&author=PS+Vroom&journal=J.+Mar.+Biol.&volume=2011&pages=164127&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Macroalgae+has+no+effect+on+the+severity+and+dynamics+of+Caribbean+yellow+band+disease&author=I+Vu&author=G+Smelick&author=S+Harris&author=SC+Lee&author=E+Weil&journal=PLOS+ONE&volume=4&pages=e4514&publication_year=2009&
http://scholar.google.com/scholar_lookup?title=Changes+in+tropical+cyclone+number%2C+duration%2C+and+intensity+in+a+warming+environment&author=PJ+Webster&author=GJ+Holland&author=JA+Curry&author=HR+Chang&journal=Science&volume=309&pages=1844-46&publication_year=2005&
http://scholar.google.com/scholar_lookup?title=Temporal+variability+and+impact+of+coral+diseases+and+bleaching+in+La+Parguera%2C+Puerto+Rico+from+2003%E2%80%932007&author=E+Weil&author=A+Croquer&author=I+Urreiztieta&journal=Caribb.+J.+Sci.&volume=45&pages=221-46&publication_year=2009&

West JM, Salm RV 2003. Resistance and resilience to coral bleaching: implications for coral reef conservation and management. Conser

V. Biol. 17:956-67 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Resistance+and+resilience+to+coralt+bleachi

ng%3A+implications+for+coraltreef+conservation+and+management&author=JM+West&author=RV+Salm&journal=Conserv.+B

Williams DE, Miller MW 2005. Coral disease outbreak: pattern, prevalence and transmission in Acropora cervicornis. Mar. Ecol. Prog. Ser.

301:119-28 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Coral+disease+outbreak%3A+pattern%2C+preval

ence+and+transmission+in+Acropora+cervicornis&author=DE+Williams&author=MW+Miller&journal=Mar.+Ecol.+Prog.+Ser.&vo

lume=301&pages=119-28&publication_year=2005&)

Williams ID, Polunin NVC 2001. Large-scale associations between macroalgal cover and grazer biomass on mid-depth reefs in the Caribb
ean. Coral Reefs 19:358-66 [Google Scholar] (http://scholar.google.com/scholar lookup?title=Large-scale+associations+between

+macroalgal+cover+and+grazer+biomass+on+mid-depth+reefs+int+the+Caribbean&author=ID+Williams&author=NVC+Polunin&

Williams ID, Polunin NVC, Hendrick VJ 2001. Limits to grazing by herbivorous fishes and the impact of low coral cover on macroalgal abu

ndance on a coral reef in Belize. Mar. Ecol. Prog. Ser. 222:187-96 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=

Limits+to+grazing+by+herbivorous+fishes+and+the+impact+of+low+coral+cover+on+macroalgal+abundance+on+a+coral+reef

+in+Belize&author=ID+Williams&author=NVC+Polunin&author=VJ+Hendrick&journal=Mar.+Ecol.+Prog.+Ser.&volume=222&pag

es=187-96&publication_year=2001&)

Williams 1D, Richards BL, Sandin SA, Baum JK, Schroeder RE et al. 2011. Differences in reef fish assemblages between populated and re
mote reefs spanning multiple archipelagos across the central and western Pacific. J. Mar. Biol. 2011:826234 [Google Scholar] (http://sc

holar.google.com/scholar_lookup?title=Differences+in+reef+fish+assemblages+between+populated+and+remote+reefs+spanni

ng+multiple+archipelagos+across+the+central+and+western+Pacific&author=ID+Williams&author=BL+Richards&author=SA+S

andin&author=JK+Baum&author=RE+Schroeder&journal=J.+Mar.+Biol.&volume=2011&pages=826234&publication_year=2011
&)

Willis BL, Page CA, Dinsdale EA 2002. Coral disease on the Great Barrier Reef. Coral Health and Disease E Rosenberg, Y Loya 69-104 Berli

n: Springer [Google Scholar] (http://scholar.google.com/scholar lookup?title=Coral+disease+on+the+Great+Barrier+Reef&autho

r=BL+Willis&author=CA+Page&author=EA+Dinsdale&journal=Coral+Health+and+Disease&pages=69-104&publication_year=200

2&)

Wilson SK, Graham NAJ, Fisher R, Robinson J, Nash K et al. 2012. Effect of macroalgal expansion and marine protected areas on coral re

covery following a climatic disturbance. Conserv. Biol. 26:995-1004 [Google Scholar] (http://scholar.google.com/scholar_lookup?titl

e=Effect+of+macroalgal+expansion+tand+marine+protected+areas+on+coral+recovery+following+a+climatictdisturbance&auth

or=SK+Wilson&author=NAJ+Graham&author=R+Fisher&author=J+Robinson&author=K+Nash&journal=Conserv.+Biol.&volume

Wilson SK, Graham NAJ, Pratchett MS, Jones GP, Polunin NVC 2006. Multiple disturbances and the global degradation of coral reefs: are

reef fishes at risk or resilient. Glob. Change Biol. 12:2220-34 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Mult

iple+disturbances+and+the+global+degradation+of+coral+reefs%3A+are+reef+fishes+at+risk+or+resilient&author=SK+Wilson&

author=NAJ+Graham&author=MS+Pratchett&author=GP+Jones&author=NVC+Polunin&journal=Glob.+Change+Biol.&volume=1



http://scholar.google.com/scholar_lookup?title=Resistance+and+resilience+to+coral+bleaching%3A+implications+for+coral+reef+conservation+and+management&author=JM+West&author=RV+Salm&journal=Conserv.+Biol.&volume=17&pages=956-67&publication_year=2003&
http://scholar.google.com/scholar_lookup?title=Coral+disease+outbreak%3A+pattern%2C+prevalence+and+transmission+in+Acropora+cervicornis&author=DE+Williams&author=MW+Miller&journal=Mar.+Ecol.+Prog.+Ser.&volume=301&pages=119-28&publication_year=2005&
http://scholar.google.com/scholar_lookup?title=Large-scale+associations+between+macroalgal+cover+and+grazer+biomass+on+mid-depth+reefs+in+the+Caribbean&author=ID+Williams&author=NVC+Polunin&journal=Coral+Reefs&volume=19&pages=358-66&publication_year=2001&
http://scholar.google.com/scholar_lookup?title=Limits+to+grazing+by+herbivorous+fishes+and+the+impact+of+low+coral+cover+on+macroalgal+abundance+on+a+coral+reef+in+Belize&author=ID+Williams&author=NVC+Polunin&author=VJ+Hendrick&journal=Mar.+Ecol.+Prog.+Ser.&volume=222&pages=187-96&publication_year=2001&
http://scholar.google.com/scholar_lookup?title=Differences+in+reef+fish+assemblages+between+populated+and+remote+reefs+spanning+multiple+archipelagos+across+the+central+and+western+Pacific&author=ID+Williams&author=BL+Richards&author=SA+Sandin&author=JK+Baum&author=RE+Schroeder&journal=J.+Mar.+Biol.&volume=2011&pages=826234&publication_year=2011&
http://scholar.google.com/scholar_lookup?title=Coral+disease+on+the+Great+Barrier+Reef&author=BL+Willis&author=CA+Page&author=EA+Dinsdale&journal=Coral+Health+and+Disease&pages=69-104&publication_year=2002&
http://scholar.google.com/scholar_lookup?title=Effect+of+macroalgal+expansion+and+marine+protected+areas+on+coral+recovery+following+a+climatic+disturbance&author=SK+Wilson&author=NAJ+Graham&author=R+Fisher&author=J+Robinson&author=K+Nash&journal=Conserv.+Biol.&volume=26&pages=995-1004&publication_year=2012&
http://scholar.google.com/scholar_lookup?title=Multiple+disturbances+and+the+global+degradation+of+coral+reefs%3A+are+reef+fishes+at+risk+or+resilient&author=SK+Wilson&author=NAJ+Graham&author=MS+Pratchett&author=GP+Jones&author=NVC+Polunin&journal=Glob.+Change+Biol.&volume=12&pages=2220-34&publication_year=2006&

Winter A, Appeldoorn RS, Bruckner A, Williams EH Jr, Goenaga C 1998. Sea surface temperatures and coral reef bleaching off La Parguer
a, Puerto Rico (northeastern Caribbean Sea). Coral Reefs 17:377-82 [Google Scholar] (http://scholar.google.com/scholar_lookup?titl

e=Sea+surfacettemperatures+and+coralt+reef+bleaching+off+La+Parguera%2C+Puerto+Rico+%28northeastern+Caribbean+Se

Yates KK, Zawada DG, Smiley NA, Tiling-Range G 2017. Divergence of seafloor elevation and sea level rise in coral reef ecosystems. Bioge

osciences 14:1739-72 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Divergence+of+seafloor+elevation+and+

seatlevel+trise+in+coraltreef+ecosystems&author=KK+Yates&author=DG+Zawada&author=NA+Smiley&author=G+Tiling-Range

&journal=Biogeosciences&volume=14&pages=1739-72&publication_year=2017&)

Zaneveld JR, Burkepile DE, Shantz AA, Pritchard CE, McMinds R et al. 2016. Overfishing and nutrient pollution interact with temperature
to disrupt coral reefs down to microbial scales. Nat. Commun. 7:11833 [Google Scholar] (http://scholar.google.com/scholar_lookup?

title=Overfishing+and+nutrient+pollution+interact+with+temperature+to+disrupt+coral+reefs+down+to+microbial+scales&aut

hor=JR+Zaneveld&author=DE+Burkepile&author=AA+Shantz&author=CE+Pritchard&author=R+McMinds&journal=Nat.+Commu

n.&volume=7&pages=11833&publication_year=2016&)

Zhang SY, Speare KE, Long ZT, McKeever KA, Gyoerkoe M 2014. Is coral richness related to community resistance to and recovery from d

isturbance?. PeerJ2:e308 [Google Scholar] (http://scholar.google.com/scholar_lookup?title=Is+coral+richness+related+to+comm

Copyright © 2019 by Annual Reviews. All rights reserved

Article Type: Review Article

Most Read This Month

Biological Impacts of Marine Heatwaves (/content/journals/10.1146/annurev-marine-032122-121437)

Kathryn E. Smith, Michael T. Burrows, Alistair J. Hobday, Nathan G. King, Pippa J. Moore, Alex Sen Gupta, Mads S. Thomsen, Thomas
Wernberg and Dan A. Smale
pp. 119-145 (27)

Impacts of Climate Change on Marine Foundation Species (/content/journals/10.1146/annurev-marine-042023-093037)

Thomas Wernberg, Mads S. Thomsen, Julia K. Baum, Melanie J. Bishop, John F. Bruno, Melinda A. Coleman, Karen Filbee-Dexter, Karine
Gagnon, Qiang He, Daniel Murdiyarso, Kerrylee Rogers, Brian R. Silliman, Dan A. Smale, Samuel Starko and Mathew A. Vanderklift
pp. 247-282 (36)

Marine Heatwaves (/content/journals/10.1146/annurev-marine-032720-095144)

Eric C.J. Oliver, Jessica A. Benthuysen, Sofia Darmaraki, Markus G. Donat, Alistair J. Hobday, Neil J. Holbrook, Robert W. Schlegel and Alex
Sen Gupta
pp. 313-342 (30)

Quantifying the Ocean's Biological Pump and Its Carbon Cycle Impacts on Global Scales (/content/journals/10.1146/annurev-marine-040722-
115226)

David A. Siegel, Timothy DeVries, Ivona Cetini¢ and Kelsey M. Bisson
pp. 329-356 (28)


http://scholar.google.com/scholar_lookup?title=Sea+surface+temperatures+and+coral+reef+bleaching+off+La+Parguera%2C+Puerto+Rico+%28northeastern+Caribbean+Sea%29&author=A+Winter&author=RS+Appeldoorn&author=A+Bruckner&author=EH+Williams&author=C+Goenaga&journal=Coral+Reefs&volume=17&pages=377-82&publication_year=1998&
http://scholar.google.com/scholar_lookup?title=Divergence+of+seafloor+elevation+and+sea+level+rise+in+coral+reef+ecosystems&author=KK+Yates&author=DG+Zawada&author=NA+Smiley&author=G+Tiling-Range&journal=Biogeosciences&volume=14&pages=1739-72&publication_year=2017&
http://scholar.google.com/scholar_lookup?title=Overfishing+and+nutrient+pollution+interact+with+temperature+to+disrupt+coral+reefs+down+to+microbial+scales&author=JR+Zaneveld&author=DE+Burkepile&author=AA+Shantz&author=CE+Pritchard&author=R+McMinds&journal=Nat.+Commun.&volume=7&pages=11833&publication_year=2016&
http://scholar.google.com/scholar_lookup?title=Is+coral+richness+related+to+community+resistance+to+and+recovery+from+disturbance%3F&author=SY+Zhang&author=KE+Speare&author=ZT+Long&author=KA+McKeever&author=M+Gyoerkoe&journal=PeerJ&volume=2&pages=e308&publication_year=2014&
https://www.annualreviews.org/content/journals/10.1146/annurev-marine-032122-121437
https://www.annualreviews.org/content/journals/10.1146/annurev-marine-042023-093037
https://www.annualreviews.org/content/journals/10.1146/annurev-marine-032720-095144
https://www.annualreviews.org/content/journals/10.1146/annurev-marine-040722-115226
https://www.annualreviews.org/content/journals/10.1146/annurev-marine-010419-010916

Climate-Driven Shifts in Marine Species Ranges: Scaling from Organisms to Communities (/content/journals/10.1146/annurev-marine-
010419-010916)

Malin L. Pinsky, Rebecca L. Selden and Zoé J. Kitchel
pp. 153-179 (27)

Most Cited M (/rss/content/journals/marine/mostcitedarticles?fmt=rss)

Ocean Acidification: The Other CO, Problem (/content/journals/10.1146/annurev.marine.010908.163834)

Scott C. Doney, (/search?
valuel=Scott+C.+Doney&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), Victoria J. Fabry

Joan A. Kleypas (/search?
valuel=Joan+A.+Kleypas&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true)
Vol. 1 (2009), pp. 169-192

Climate Change Impacts on Marine Ecosystems (/content/journals/10.1146/annurev-marine-041911-111611)

Scott C. Doney. (/search?

valuel=Scott+C.+Doney&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), Mary Ruckelshaus
(/search?valuel=Mary+Ruckelshaus&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), J.
Emmett Duffy (/search?

Heather M. Galindo (/search?
valuel=Heather+M.+Galindo&optionl=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true), Jacqueline M.
Grebmeier (/search?

valuel=Jacqueline+M.+Grebmeier&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), Anne B.
Hollowed (/search?

valuel=Anne+B.+Hollowed&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), Nancy Knowlton
(/search?valuel=Nancy+Knowlton&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), Jeffrey
Polovina (/search?valuel=Jeffrey+Polovina&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true),
Nancy N. Rabalais (/search?

valuel=Nancy+N.+Rabalais&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), William J.
Sydeman (/search?

valuel=William+J.+Sydeman&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), and Lynne D.
Talley (/search?valuel=Lynne+D.+Talley&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true)
Vol. 4 (2012), pp. 11-37

Larval Dispersal and Marine Population Connectivity (/content/journals/10.1146/annurev.marine.010908.163757)

Robert K. Cowen (/search?

valuel=Robert+K.+Cowen&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), and Su Sponaugle
(/search?valuel=Su+Sponaugle&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true)

Vol. 1 (2009), pp. 443-466

Ocean Deoxygenation in a Warming World (/content/journals/10.1146/annurev.marine.010908.163855)

Ralph F. Keeling (/search?
valuel=Ralph+F.+Keeling&optionl=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true), Arne Kortzinger

Vol. 2 (2010), pp. 199-229

Carbon Cycling and Storage in Mangrove Forests (/content/journals/10.1146/annurev-marine-010213-135020)


https://www.annualreviews.org/search?value1=Scott+C.+Doney&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Victoria+J.+Fabry&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Richard+A.+Feely&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Joan+A.+Kleypas&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Scott+C.+Doney&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Mary+Ruckelshaus&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=J.+Emmett+Duffy&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=James+P.+Barry&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Francis+Chan&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Chad+A.+English&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Heather+M.+Galindo&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Jacqueline+M.+Grebmeier&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Anne+B.+Hollowed&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Nancy+Knowlton&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Jeffrey+Polovina&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Nancy+N.+Rabalais&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=William+J.+Sydeman&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Lynne+D.+Talley&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Robert+K.+Cowen&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Su+Sponaugle&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Ralph+F.+Keeling&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Arne+K%C3%B6rtzinger&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=Nicolas+Gruber&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/content/journals/10.1146/annurev-marine-010419-010916
https://www.annualreviews.org/rss/content/journals/marine/mostcitedarticles?fmt=rss
https://www.annualreviews.org/content/journals/10.1146/annurev.marine.010908.163834
https://www.annualreviews.org/content/journals/10.1146/annurev-marine-041911-111611
https://www.annualreviews.org/content/journals/10.1146/annurev.marine.010908.163757
https://www.annualreviews.org/content/journals/10.1146/annurev.marine.010908.163855
https://www.annualreviews.org/content/journals/10.1146/annurev-marine-010213-135020

Daniel M. Alongi (/search?
valuel=Daniel+M.+Alongi&option1=author&noRedirect=true&sortField=prism publicationDate&sortDescending=true)
Vol. 6 (2014), pp. 195-219

+ More

About Annual Reviews:

What We Do
(/about/what-we-do)

Press and News
(/about/press-center),

Careers
(/page/about/careers-at-
annual-reviews)

Contact Us
(/page/about/contact-

us)
FAQ (/page/about/faq),
Help (/help/main)

Discover Content:

Journals A-Z
(/content/publications),

Impact Factor Rankings
(/about/impact-factors)
Publication Dates
(/journal/pubdates)

Online Events (/page/events)

Article Collections
(/page/collectionarchive)

Knowable Magazine
(https://knowablemagazine.org/)

Against the Grain
(https://www.charleston-
hub.com/about/about-against-
the-grain/)

Libraries and Institutions:

Subscribe to Open (S20)_(/S20)

Librarian Resource Center

(/page/librarians/librarian-resource-
page).

Institutional Administration Dashboard

(https://www.annualreviews.org/admin),

Institutional Pricing
(/page/subscriptions/instchoice)
Against the Grain
(https://www.charleston-
hub.com/about/about-against-the-

grain/).

Author Resources:

Article Preparation and
Submission

(/page/authors/general-

information)

Editorial Principles and
Policies
(/page/authors/editorial-
policies),

Contact Us
(/page/authors/contact-
us)

Copyright and
Permissions
(/page/about/copyright-
and-permissions),

Article Proposals
(/page/authors/author-
instructions/unsolicited-
authors)

© Copyright 2025 (/page/about/trademark) | Contact Us (/page/about/contact-us) | Email Preferences (/userpreferencecenter) |

in

Annual Reviews Directory (/db/directory) | FAQs (/page/about/faq) | Privacy Policy (/page/about/privacy)

X @ (httpsFrwial.litkedBd.cHRy/company/annual-



https://www.annualreviews.org/search?value1=Daniel+M.+Alongi&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/about/what-we-do
https://www.annualreviews.org/about/press-center
https://www.annualreviews.org/page/about/careers-at-annual-reviews
https://www.annualreviews.org/page/about/contact-us
https://www.annualreviews.org/page/about/faq
https://www.annualreviews.org/help/main
https://www.annualreviews.org/content/publications
https://www.annualreviews.org/about/impact-factors
https://www.annualreviews.org/journal/pubdates
https://www.annualreviews.org/page/events
https://www.annualreviews.org/page/collectionarchive
https://knowablemagazine.org/
https://www.charleston-hub.com/about/about-against-the-grain/
https://www.annualreviews.org/S2O
https://www.annualreviews.org/page/librarians/librarian-resource-page
https://www.annualreviews.org/admin
https://www.annualreviews.org/page/subscriptions/instchoice
https://www.charleston-hub.com/about/about-against-the-grain/
https://www.annualreviews.org/page/authors/general-information
https://www.annualreviews.org/page/authors/editorial-policies
https://www.annualreviews.org/page/authors/contact-us
https://www.annualreviews.org/page/about/copyright-and-permissions
https://www.annualreviews.org/page/authors/author-instructions/unsolicited-authors
https://www.annualreviews.org/page/about/trademark
https://www.annualreviews.org/page/about/contact-us
https://www.annualreviews.org/userpreferencecenter
https://www.annualreviews.org/db/directory
https://www.annualreviews.org/page/about/faq
https://www.annualreviews.org/page/about/privacy
https://twitter.com/AnnualReviews
https://mstdn.science/@AnnualReviews
https://www.linkedin.com/company/annual-reviews
https://www.facebook.com/AnnualReviews
https://www.instagram.com/annualreviews/
https://www.annualreviews.org/page/about/rssfeeds
https://www.youtube.com/user/annualreviews
https://www.annualreviews.org/content/journals/10.1146/annurev-marine-010318-095300

