
Coral reefs around the world have

changed dramatically over the past

few decades. Many forms of stress and dis-

turbance—separately and in combina-

tion—are changing the face of reefs,

including both natural forces (hyper- and

hypothermic stress, disease, and storms)

and anthropogenic factors (for example,

ship groundings, pollution, and overfish-

ing). It is obvious that this resource needs

protection and that many anthropogenic

causes can be reduced or avoided by

implementation of scientifically based

management programs.

At the present rate of destruction,

reef ecosystems will likely suffer contin-

ued significant degradation, possibly to

the point of irreversible decline. In the

Florida Keys National Marine Sanctuary

(FKNMS), one possible course of action is

to attempt to restore all damaged and dis-

turbed reefs to fully functional ecosystems

at a rate resulting in no net loss of ecosys-

tem value (that is, the rate of reef destruc-

tion will be offset by rate of reef repair;

Precht and others 2001). To date, most

coral reef restoration programs within the

FKNMS have focused on the physical

damage caused by humans, although there

has also been a call for intervening and

restoring reefs affected by natural distur-

bances. It may be futile, however, to

attempt such restoration projects in the

latter category because natural distur-

bances generally occur at such a large

scale that ameliorating their effects is

often impossible. Here we evaluate the

prospects of restoring reefs following nat-

ural disturbances given our understanding

of the biology of the affected corals and

the history of the Florida reef tract. 

Historical Background
Before the late 1970s, two species of acro-

porid corals were the primary builders of

coral reefs along the Florida reef tract.

Acroporids have since undergone a

regional decline, with losses of 95 percent

or more in some areas during the past few

decades (Precht and others 2002, Precht

and Miller in press). The thickly branch-

ing elkhorn coral (Acropora palmata) was

previously dominant at the shallowest

depths on the reef (0-15 ft or 0-5 m

depth). The more thinly branching
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staghorn coral (A. cervicornis) also grew at

these shallow depths in more protected

areas, and was dominant at intermediate

depths (about 15-75 ft or 5-25 m) (Adey

and Burke 1977, Geister 1977, Hubbard

1988). In the case of elkhorn coral,

extremely rapid growth and asexual prop-

agation favored the buildup of dense

stands that were resistant to all but the

most extreme storms. These coral forests

grew above, and ultimately shaded out,

most other corals (Porter 1974, Jackson

1991). The more fragile staghorn coral

had similar life-history traits, enabling the

species to outgrow other corals and form

monospecific thickets (Tunnicliffe 1981). 

There are a number of factors respon-

sible for the recent Acropora decline with

white-band disease, temperature stress, pre-

dation, and severe hurricanes being some

of the most significant in reducing popula-

tions both locally and regionally (Aronson

and Precht 2001a, 2001b). In Florida, it is

well documented that Acropora popula-

tions are dynamic at the scale of individual

reefs, and they have been extremely

volatile during the past century (Mayer

1902, Shinn 1976, Enos 1977, Davis 1982,

Shinn and others 1989, Jaap and Sargent

1994, Jaap 1998). The current Caribbean-

wide decline of acroporids, however,

appears to be unprecedented in at least the

last few thousand years (Aronson and

Precht 1997, Aronson and others 2002,

Wapnick and others 2004) and possibly

longer (Greenstein and others 1998,

Pandolfi and Jackson 2001; but see Rogers

and others 2002, Shinn and others 2003).

The authors of many studies conclude that

the recent regional demise of the acrop-

orids may be without geological precedent,

thereby implicating human interference as

the cause of this change (Stokstad 2001).

The Role of Biology 
in Reef Management
Against this background of acroporid loss,

it is relevant to ask, “What is required for

coral reef recovery to occur in the Florida

Keys?” And as a follow-up, “Is there a role

for management in the recovery or restora-

tion process?” Regarding the first question,

we fully believe that coral recovery in all

of the habitats it previously occupied in

Florida is possible at the decadal scale

given the previously prolific growth rates

of the acroporids (Shinn 1966, 1976), and

presuming the potential still exists for suc-

cessful establishment of cohorts from sex-

ual reproduction or fragmentation of

branches (Precht and Miller in press).

This latter expectation is not unreason-

able because remnant populations of both

species clearly exist throughout their geo-

graphic range, including Florida. Recent

observations in the Keys show that local-

ized acroporid thickets can develop spo-

radically from these remnant populations

(Vargas-Ángel 2003a, 2003b). 

Another key question is, “What fac-

tors are likely to limit recovery or con-

strain restoration?” One limitation is

reproductive potential. A heavy depen-

dence on asexual propagation in the acro-

porids comes at the expense of larval

production (Hughes 1989, Knowlton

1992). When they do reproduce sexually,

elkhorn and staghorn corals are broadcast

spawners, releasing their eggs into the

water column for fertilization and devel-

opment. Because these corals are now rare

and too far apart for high fertilization suc-

cess, they are experiencing an Allee effect

(Knowlton 1992). Low levels of sexual

recruitment by the acroporids have slowed

their recovery at most Caribbean locali-

ties, including Florida (Aronson and

Precht 2001a, 2001b). 

In addition to the issues associated

with life-history and reproductive traits,

disease pathogens are still present (Precht

and Aronson 1997, Santavy and others

2001, Patterson and others 2002), cold-

weather fronts occur with regular fre-

quency, global warming and bleaching

events are increasing in intensity and fre-

quency, hurricanes and severe storms that

can set back reef development still occur,

and predators are continuing to take their

toll on remnant populations (Knowlton

and others 1988, 1990; Bruckner and

others 1997; Miller 2001). Moreover, all of

these effects are exacerbated by each other

and by other stressors (Hughes 1989, 1994;

Knowlton 1992; Hughes and Connell

1999). Suitable substrate may also limit

larval recruitment where algal populations

remain high (Hughes and Tanner 2000). 

To Restore or 
Not to Restore?
Because the acroporids were previously

the dominant shallow-water coral species

in the Keys, and because there is still

uncertainty as to the role of natural and

anthropogenic stressors in their demise,

an argument can be made that we should

continue research to obtain the knowl-

edge and skills sufficient to attempt

restoration (Kojis and Quinn 1994, 2001;

Bruckner 2002; Bruckner and Hourigan

2002; Miller 2002). While acquiring basic

information about the life history and

ecology of these two species should

remain a high priority, along with contin-

uing monitoring programs to evaluate rel-

ative causes of mortality and the potential

recovery of remnant populations, we

believe that restoration is presently not a

realistic management goal for Acropora

species throughout their range in Florida.

Natural recovery may occur at some

scale, but it must be recognized that sub-

stantial natural variability previously

existed in the spatial and temporal distri-

bution of Acropora-dominated reefs in

recent and historical times (Precht and

Miller in press). Specifically, in Florida,

research has been performed on the effect

of season and coral size on staghorn coral

transplant success (Chilcoat and Fitt

2003). These experiments have shown

high levels of mortality when the corals
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are transplanted during the summer

months (G. Chilcoat and W. Fitt, pers.

comm.). Furthermore, present-day pro-

cesses including winter cold fronts, disease

outbreaks and severe storms, continue to

hinder the sustained development of acro-

porid-dominated reefs. Management to

restore acroporids, therefore, must always

be constrained by the boundaries of his-

torical conditions and the scales of recur-

ring natural disturbances inherent to the

system (Landres and others 1999, Jame-

son and others 2002). Besides, it would be

prohibitively expensive to repair reefs

crippled by the negative synergistic effects

of different types of stressors, such as

severe storms, global warming, and emer-

gent diseases (Knowlton 2001).

Many people believe, however, that

it is necessary to restore coral reefs follow-

ing natural disturbances because of their

ecologic and economic importance. As a

result, garden-type experiments have

been attempted, especially after severe

storms (Bruckner 2002). Under all but the

most extreme conditions, however, hurri-

canes themselves can be favorable to the

propagation and expansion of acroporid-

dominated communities by promoting

asexual reproduction via storm-generated

fragments (Shinn 1966, 1976; Gilmore

and Hall 1976; Highsmith and others

1980; Tunnicliffe 1981; Highsmith 1982;

Fong and Lirman 1995; Lirman and Fong

1997; Lirman 2000). Vargas-Ángel and

colleagues (2003a) investigated the costs

and benefits to staghorn coral populations

off the east coast of Florida and concluded

that the ability of the species to recover

rapidly from physical damage is a key fac-

tor in its ecological persistence. Likewise,

Edwards and Clark (1999) suggested that

natural recovery processes are likely to be

sufficient for branching acroporids and

that transplantation should be viewed

only as a tool of last resort. They specifi-

cally argued that transplanting these fast-

growing species ignores evidence that

they survive transplantation and reloca-

tion poorly. Furthermore, geological

investigation at Looe Key in the FKNMS

has revealed that this reef system has been

expanding in a landward direction for

thousands of years, due primarily to the

fragmentation, transport and reestablish-

ment of Acropora-dominated communi-

ties following storms (Shinn and others

1981). In other words, attempts to recover

and restore acroporid fragments generated

by storms are contrary to what we know of

the biology and geology of the species!

Nevertheless, such projects have

been implemented under the premise that

the broken branch fragments would oth-

erwise have suffered greater mortality.

One such example is an Acropora nursery

program established by a volunteer group

at Western Sambo Reef in February 1998

(Quirolo 2002). Their efforts were in

response to a severe winter storm—The

Ground Hog Day Storm of 1998—that

injured remnant stands of elkhorn coral.

Divers recovered 49 broken coral branch

fragments and attached them to circular

concrete pads, forming “Acropora ros-

ettes.” Seven months later, Hurricane

Georges (pronounced Zhorzh) ravaged

the middle and lower Florida Keys,

including Western Sambo Reef, moving

all of the rosettes from their positions.

Only nine pieces of the transplanted

Acropora survived this storm—a loss of 82

percent (J. Harold Hudson, pers. comm.).

This grassroots effort to restore storm-

induced coral fragments may have had

some positive benefits in terms of mobiliz-

ing public support for corals and coral

restoration, but the results demonstrate

the ecological folly of such restoration

attempts. Even worse, any short-term

gains in public awareness could ultimately

undermine more credible scientific

approaches to management because the

promised reef restoration did not succeed. 

Conclusions
Understanding the complex life-history

strategies employed by reef corals and the

causes of their mortality is vital to devel-

oping successful management programs.

Our present knowledge of the biology and

geology of the acroporids along the Florida

reef tract suggests that restoration follow-

ing natural disturbances is not appropriate.

These corals will likely exhibit positive

growth if left to their own devices follow-

ing natural disturbances, especially storms.

However, we do recommend continued

scientific research on the restoration of

Acropora species throughout their range,

including Florida. This need should be

especially focused on human-induced

injuries that are mechanical in nature

because it is the most tractable problem.

Restoration of reef corals is an expen-

sive proposition that requires multidisci-

plinary approaches, including science,

management, and advocacy. We implore

managers to evaluate the benefits of pro-

posed restoration programs carefully before

undertaking such costly ventures. Recog-

nizing that the future of Acropora-domi-

nated reefs in Florida remains unclear, we

must focus our time and resources on man-

aging and restoring those things we can,

and understanding those we cannot. 
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