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ABSTRACT / Recently, questions about the health of the coral reefs 
of the Florida Keys have been raised. Estimates of net recruitment 
and mortality of reef corals on Carysfort Reef, Key Largo, Florida, 
suggest that these populations declined over the 14 month interval 
studied. The greatest rate of change on Carysfort Reef, the most well 
developed reef in the northern Keys, occurred in the zone of richest 
coverage by corals. Water pollution associated with the tremendous 
increase in the human population of South Florida in the last twenty 
years may be contributing to the reef's decline. 
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The Florida Keys lie at the southerfimost extent of the eastern 
United States. The coral reefs, which protect the area and give it 
so much of its richness and beauty, are the only ones that fringe 
the North American continent and are easily accessible to man. 
Recently, considerable concern has arisen over the possible 
degradation of these reefs. Observations made by tourists, diving 
guides, and local fisherman reinforce this notion (Barada 1975). 
In 1972 the Harbor Branch Foundation initiated a field research 
project to investigate the impact of dredge and fill operations on 
this reef ecosystem. The results suggest that little sediment is 
transported from the Keys out to the reefs (Griffin 1974). The 
major research thrust of the field station was redirected to a 
biological viewpoint in October 1974. 

The vitality of the reefs may be described by some of the 
parameters used to study population dynamics. If the reef coral 
populations are in a state of decline it should be evident from 
estimates of mortality and net recruitment. The general aim of the 
project was to produce a balance sheet that, barring a climatolog- 
ical change, would provide a basis for a predictive statement 
about the future of the reefs. The impact of man on the reef 
ecosystem could then be evaluated. 

The coral reefs in the Key Largo area are subject to factors 
that weaken them, leaving them open to attack by other agents 
that decrease their area or cause their demise. Coral mortality 
factors may be lossely lumped into five categories: physical 
damage, animal predation, algal destruction, sediment damage, 
and disease. The focus of this communication is on sediment 
damage, algal destruction, and disease. Coral mortality due to 
physical destruction in the Key Largo region is described else- 
where (Dustan 1977). 

Sediment damage occurs where the coral tissues are smoth- 
ered. A healthy coral can cleanse itself, provided the particles are 
small enough and the sedimentation rate is not excessive. How- 
ever, a weakened coral or one subjected to large individual 
particles or a high rate of sedimentation may not be able to 
cleanse itself and tissue damage or death may result (Fig. 1). 
Smothering also occurs when filamentous algae cover a coral and 
begin trapping fine sediments (Fig. 2). A hiatus of this type may 
be overgrown in the future by the coral. But our observations in 
the Key Largo area indicate that the areas of dead tissue increase 
in size. often resulting in the death of the colony. 

Furthermore, blue-green algae of the genus Oscillatoria, and 
possibly bacteria, kill living scleractinian corals (Antonius 1974, 
Garret and Ducklow 1975, Mitchell and Chet 1975). These algae 
become established on a colony and gradually begin to expand 
across the surface of the coral tissues. The front of reddish 
filaments slowly moves over the colony surface killing the tissue 
beneath. It is not known whether the alga derives any nutrition 
from the coral tissue. The activity of the alga in Florida may be 
related to water temperature. In 1975 highest infection frequency 
occurred in the late summer and early fall when water tempera- 
tures reached their yearly maximum between 29 and 30~ 

Concurrent with the high incidence of Osciflatoria infections 
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FIGURE 1. Encroaching sed merit accumulation at the upper edge el vertically inclined colony of Mycetophyfl/a ferex. Note how sedime~ 
beginning to spl l  over onto surface of the coral  Scale: 1 division equals 1 mm. Carysfort Reef, 13 m depth. 

FIGURE 2, Photo of a smelt poGon of a colony of St~phanocoetsia michdinii (30 cm dameter) being covered with a mat eI sediment-h'app, 
algae. The dense dark bands surroua~ding the remaining small areas of living coral tissue are the a~gat Filaments. Enlargement 4x, Caryg! 
Reel 14 m depth. 



NGURE 3, Montastrea annu@ris infested with "p~ague', Note sharp i~ terrace of healthy Iooking tissue and bare ske{eton, Enlargement 4x, 
Oarysfert Reef, 12 m depth. 

i~ h,te summer a~1d early {h]L a mm~ber of corm mortalities 
aforma[/y {ermed ~ plague' occurred. Plague appears to be a 
>dte of dise~ ses that result in the dcath of coral dssue, teavh~g 
bchi~sd orfly a stark white skeleton (Fig. 3}. Because there are 
Very (cv, "eports of coral diseases {n the literature, experiments 
{'e~e {si~ia{ed to invesligate the roJe of plague in cora~ mortality. 
!!s possible cm~.ses, species specificity, and rams of t{ssue 
dest~r were considered. 

'{he time coustams fo~ setdeme~t a~d mortality estimates 
ircqt~ire h~g term sampli~g to ascertain changes, Pcemature ter- 
{i~i~afion of ~he prq}ec{ due ~o a Jack of funds p, eve~ted {his. 
f{owe,,er~ the atmost total lack of quaniitative data eo~cerning 
I5e v{tali~y of these reefs demands that ~hese data be made 
} dt~ble in d~eh: presem form. 
) Carysfbrt Reef lies wiihir~ the boundaries of John Pennekamp 
('o~ai Rc.cf State Park akmg the edge of the ~eef ~ine approximate- 

eigh~ miles offshore at Lato 25 ~ 14' N, i.o~g. 80 ~ ~2' W (Fig. 4}. 
may be described as a flinging aad/or barrier reef and exhibits 

~m~?, ~f the zouational patterns and spedes  thin are seen on 
,.>~he tee6, of the Caiibbean (Goreau I959. Go~eau arid Goreau 
P~73, Dusta~ irt prep). Cary@ort was chosen as [he s{udy site 
:because it was the focus for other coral reef studies~ is the best 
@ycleped reef in the northern Florida Keys, and is the least 
dls~mbed by people because of its distance (29 krnl fl'om the par}, 
e,~t~cessio~ and ~ocal marina. 

Nate~ ia [s  and M e t h o d s  

The influx offi~ve~file coraN to the reel  populatio~ was moni~ 
tored by d[rec~ obse~vatlon of u e  recruitment i~ three regions on 
the seaward slde of the reef at depdm ofc>~5 nh 9 nu I3 m. A~ each 
site the reef was marked off [mo two patches of approxim ~tely 
equal size (5.5 to 7.5 mSL a~though exact surthce a~eas are 
d[flict~}t to measme sb~ce ~be reef [s irregular in its three .dimen 
somd[ ty  Within each site al* co lds  trader 15 cn:t in gt:eatest 
di m~eter were conside~cd juve~ile and were coumed This size 
w~s chosen, f'o~ operatioua{ ~e ~sons a~d does not ~ake d~e age of 
sex~.m~ mab4r ~tion [rite account ~o determiner if there would be a 
density effect on settlement ~'esult[ng from the presence of small 
colonies, ',d} juvenile cok~nies i~ one of the two areas were 
carefu/jy removed with a hamrne  and chisd 4"I~r count[ug, 
leaving a popui~ed (control* a~d m~poimkded (experimemal) 
settling site at each of the three depths. This techrdque was used 
instead of a~gficiaI s~*bst~afes beca~o~se it takes imo accoun[ the 
comp{exities of d~e ~amral microhab{ta~s, a~d probably gives a 
more ~ea}istic estima{e of natural recruitmem. 7his field exper{- 
mere extended flora March to November 1975. In Discovery 
Bay, Jamaica. similar experiments have show~ that m o s t  if aot 
all, plamflae seem to sett}e b~ ~he spring and smm~e~ months w[{5 
tfighes[ mertalh9 of small corals dm'~ng d~e winter months (Dtas.. 
t ~  m~d I a sg ,  tmp~b obsecvafion). Thus, the obse~valional I:/me.~ 
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FIGURE 4. Map of study area. 

span for Carysfort probably provides an accurate estimate of the 
annual settlement rate, but underestimates the mortality rate of 
small and newly settled colonies. Therefore, the net addition of 
corals to the settlement sites may overestimate net recruitment 
for the entire year, 

Estimates of  mortality are more subjective than settlement 
estimates. Corals may appear sickly but not be quite dead, or 
they may have died shortly before the survey and be so coveted 
with algae and sediments that they are unrecognizable. In many 
instances a subjective opinion is required to determine the appar- 
ent state of health of a coral colony. A colony was scored as 
sickly if its living tissue surface area had decreased as a result o f  
plague disease, algal infection, or excess sedimentation. Healthy 
colonies have unbroken tissue surfaces, relatively intact colony 
borders, and do not appear to be decreasing in tissue surface 
area. Surveying divers using SCUBA recorded the numbers of 
sickly and healthy colonies of one or two species on a given dive. 
Observations were made between June and October on Carysfort 
Reef between 1 and 22 m, the Elbow (8 to 15 m), French Reef (6 
to 10.m), Key Largo Dry Rocks (1 to 6rn), and Molasses Reef(3 
to 18 m). 

The rate of tissue destruction of living coral tissue by plague 
was monitored in three colonies of Mycetophyllia fi, rox Wells by 
marking the edge of living tissue with steel cement nails and 

following the progress of the disease over time; one colony f0rr 
days,  and the other two for 6t days. 

In situ experiments were carried out to test the transmissit 
ity and specificity of plague. In these experiments an infecT~ 
coral was sampled along the dying tissue-skeleton interface ~'i 
a sterile syringe (12 ml). The contents of the syringe were l~.~ 
emptied onto the surface of a test coral that had been scratch~ 
with a small piece of clean plastic. The scratching damage ser~ 
as a starting place for the infection as it is believed that a br0k, 
surface area is needed for the onset of an infection (AntoniL 
pers. comm.). Experimental controls consisted of scratchi 
another area of each experimental coral with an identical plas: 
piece. 

In the first set of experiments samples were taken from, 
infected Montastrea annularis Ellis and Solander and used 
inoculate colonies of M. annularis, Mycetophyllia ferox 
Cotpophyllia natans Muller. In a second test samples were tak 
from M. ferox and C. natans and used to inoculate colonies 
Porites astreoides Lessueur, C. natans, M. annularis, M. ferc 
Stephanocoenia michelini Milne Edwards and Haine, and Myc 
tophyllia lamarckiana Mi|ne Edwards and Haim. The condit!~ 
of each coral was followed by periodic underwater observatio 
from the start on September 17 to November  19, t975. If a lei. 
developed a sample was taken for microscopic observation. 
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T a b l e  1 R e s u l t s  o f  S e t t l e m e n t  E x p e r i m e n t s ,  C a r y s f o r t  R e e f .  

Coral 

Shal low (6.5 m) Intermediate (9 m) Deep (13 m) 
Experimental  Control  Experimental  Control Experimental  Control  

3/75 11/75 3/75 11/75 3/75 10/75 3/75 10/75 3/75 10/75 3/75 10/75 

Agaricia agaricites 60 
Agaricia fragilis 0 
Hefioseris cucullata 0 
Porites porites 6 
Porites astreoides 19 
Porites furcata 0 
Porites spp. 0 
Siderastrea sidera 0 
Siderastrea radians 6 
Mycetophyllia lamarckiana 0 
Mycetophyllia ferox 0 
Mycetophyllia spp. 0 
Scolymia lacera 0 
Eusmilia fastigiata 1 
Montastrea cavernosa 0 
Diploria spp. 0 
Dichocoenia stokesii 3 
Colpophyllia natans 0 
Madracis spp. 0 
Manicina areolata 0 
Millepora complanata 7 
Millepora alcicornis 0 
Millepora spp. 0 

7 48 52 11 7 6 8 28 8 33 28 
0 0 0 0 1 0 0 4 3 10 8 
0 0 0 1 0 0 2 4 2 6 6 
1 5 0 0 2 1 4 6 0 4 3 
5 14 19 0 1 1 2 5 4 8 8 
1 0 0 0 0 0 0 0 0 0 0 
0 0 0 7 1 4 9 0 0 0 0 
8 0 0 2 4 1 7 4 4 4 2 
2 0 3 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 1 6 7 
0 0 0 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 2 0 0 0 0 
0 0 0 0 0 0 0 0 1 0 0 
0 0 1 0 0 0 0 0 0 3 3 
0 0 0 1 0 0 1 2 1 0 0 
1 0 0 1 0 0 0 0 0 0 0 
0 0 1 2 0 3 2 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 0 
0 0 1 0 0 0 0 0 0 8 2 
0 0 0 0 0 0 0 0 0 1 0 
0 6 4 0 0 0 0 0 0 0 0 
0 0 0 6 6 12 7 0 0 0 0 
0 0 0 0 0 0 0 0 1 1 1 

Total 102* 
Plot size (m s) 5.50 
Total/m 18.5 
Net Settlement/m s 4.9 

27 73 81 31" 22 28 44 54* 26 84 68 
6.47 6.75 6.96 7.50 7.12 

4.9 11.3 12.5 4.6 3.3 4.0 6.3 7.2 3.5 11.8 9.5 
1.2 3.2 2.3 3.4 -2 .3  

"number of corals prior to removal. 

R e s u l t s  

Settlement and subsequent survival were not uniform among 
different species of scleractinian corals within the experimental 
period (Table 1). Agaricia agaricites Linnaeus was the most 
abundant, followed by members of the genera Porites and Mille- 
pora (a hydrozoan). Other species were relatively rare, compris- 
ing less than 4 percent of the total population. In addition, 
different species show differential recruitment at different 
depths. However, small sample sizes and short sampling period 
do not allow a rigid statistical dissection of the data. 

The number of new colonies/m 2 varies with depth and with 
different species at the same depth. The control may be thought 
of as the natural net settlement rate at the three depths for the 
study period. This rate was greatest at the intermediate depth (9 
m), positive at the shallow site (6.5 m), and negative at the 
deepest site (13 m). The rate in experimental sites is similar at all 
depths and greater than the control plots. 

Results of the SCUBA census (Table 2) strongly suggest that 
there are different levels of "s ickly"  colonies among different 

species in the coral populations of Carysfort and other neighbor- 
ing reefs. Infected corals were most common on the fore-reef 
terrace between 8 and 18 m. In shallower water the species 
assemblage is different, predominantly Acropora palmata 
Lamarck and A. cervicornis Lamarck; these species did not 
seem to be as greatly affected. 

The rate of tissue destruction by disease may be as great as 3.1 
mm/day in M. ferox (Fig. 5). During this period water tempera- 
ture records were kept, and a positive relationship was found 
between the rate of tissue destruction and water temperature 
(Fig. 6). This relationship may be complicated by other seasonal 
environmental variations since the sampling was done from Sep- 
tember through December. 

The first set of experiments investigating transmissibility and 
specificity of plague resulted in no lesions being formed on the 
experimental or control areas. The results of the second experi- 
ment suggest that infections of plague may be somewhat specific 
(Table 3). Colonies of M. ferox, M. lamarckiana, and C. natans 
developed lesions when exposed to either M. ferox or C. natans 
inoculant while other colonies did not. The damaged tissue con- 
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T a b l e  2 E s t i m a t e s  o f  Cora l  M o r t a l i t y  

( C a r y s f o r t  Reef  un l ess  *,**,***) 

No. % No. 
Coral Healthy Healthy Afflicted 

Diploria labyrnthiformis 
Diploria strigossa 
Dichocoenia stokesii 102 100 0 
Colpophyllia natans 34 85 6 
Agaricia agaricites 53 100 0 
Mycetophyllia ferox 63 76 20 
M. ferox* 20 46 22 
M. ferox** 4 27 11 
Mycetophyllia lamarckiana 38 84 7 
Montastrea annularis 109 83 22 
Siderastrea sidera 174 93 13 
S. sidera** 53 95 3 
Stephanocoenia michelini 88 91 9 

"French Reef 
**Molasses Reef 
***Bermuda (from Garrett and Ducklow 1975) 

trois all healed completely. As infected colonies of M. annularis, 
P. astreoides and S. michelini occur on Carysfort Reef, they may 
not be caused by the same agent that attacks M. ferox, C natans, 
and M. lamarckiana. Although the symptoms appear identical, 
the specific pathogen may differ. It is also possible that some of 
the colonies were able to resist the inoculant. 

Microscopic examination of the original inoculants of M. 
ferox and C. natans revealed small amounts of filamentous blue- 
green algae accompanied by bacteria. When samples from new 
lesions were examined, rod-shaped and flexi-bacteria were seen. 
Blue-green algae were also seen but mostly in small concentra- 
tions and dissimilar from the algae seen in the original inoculants. 
Samples taken from other infected corals in the field show a 
variety of blue-green algae and bacteria (Dustan, Lukas, Girar- 
din, unpub, observation). Of particular interest was a large (2 m 
diameter) colony of M. annularis living at l0 m depth on Carys- 
fort Reef. The colony became infected in May 1975 andthroughout 
the summer its tissue decreased in area until it was almost com- 
pletely devoid of living tissue in November 1975. Periodic exami- 
nation showed no algal infections until October 1975 when a small 
strip of Oscillatoria latevirens was noted. This particular alga 
was not the agent of destruction but seemingly had colonized the 
dying coral. 

D i s c u s s i o n  

The observed recruitment rates are similar to those estimates 
for the Great Barrier Reef (Connell 1973) and significantly less 
than the north coast of Jamaica (Dustan and Lang, unpub, data). 
This is not surprising as Carysfort Reef is at the northern limit of 
prolific reef growth in the Florida Keys. The different rates seen 

in the control plots suggest that the coral larvae may sele, 
habitats in which to settle or be subject to different selecti~ 
coefficients in different environments. However, the similarity: 
recruitment rates in experimental plots, where all small corn 
were removed, suggests that the presence of small corals n~: 

%Afflicted influence the settlement and/or survival of coral planulae. It 
also possible, but doubtful, that the plots were altered by ~I 

0.5-1"** 0.5-1"** experimental technique used in removing the small corals. In~ 
0 plots there seemed to be an excess of rock on which a plant 

15 could settle; but it may be that on these seemingly accepta~ 
0 rocks there are microhabitat variations that are critical to ti 

24 settling and/or successful colonization of planulae. Of furth~ 
54 interest is the possible relationship between successful coloniz 
73 tion by planulae and abundance of larger coral colonies, q~ 
16 intermediate depth plot is situated in an area of very sparse c0r 
17 coverage whereas the plots on either side are in areas of relati~: 
7 ly high coverage (Fig. 7). The deep site is in the zone of highe 
5 coral coverage yet it showed a loss of colonies during the expe~ 
9 

mental period. These data suggest that there may be factors oth~ 
than successful colonization that limit the distribution of rec 
building corals on Carysfort Reef. 

The regular pattern of tissue disappearance in a reef c0r. 
infected with plague is unlike tissue loss due to active predatio 
by known coral predators such as Coralliophila abbrevir 
Lamarck and the polychete Hermodice carunculata Pallas (0 
and Lewis 1972). Furthermore, these predators more commo~ 
prey on Acropora cervicornis and A. palmata in the Flofi4 
Keys (Dustan and Halas, unpub, observation). In some coral, 
notably C. natans, the demarcation between healthy tissue ar 
bare skeleton is not sharp, but consists of a 1 to 2 cm wide bar 

T a b l e  3 P l a g u e  T r a n s m i s s i b i l i t y  E x p e r i m e n t s ,  Carysf 

Reef.  

Species of innoculant 
colony Experimental colony Outcome ~ 

Montastrea annularis Montastrea annularis NR 
Mycetophyllia ferox N R 
Colpophyllia natans NR 

Mycetophyllia ferox Montastrea annularis NR 
Porites asteroides NR 
Mycetophyllia ferox infection 
Mycetophyllia lamarckiana infection 
Colpophyllia natans infection 
Stephanocoenia michelini NR 

Colpophyllia natans Colpophyllia natans infection 
Mycetophyllia lamarckiana infection 
Mycetophyllia ferox infection 
Stephanocoenia michelini NR 
Montastrea annularis NR 

Colpophyllia natans Colpophyllia natans infection 

'NR = no reaction, normar tissue healing with no infection 
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FIGURE 5. Rate of tissue destruction by "plague" across colonies of 
M. ferox. 

of dying tissue, mucous, and zooxanthellae all sloughing off the 
skeleton. 

Plague would seem to be the result of a microscopic pathogen, 
possibly bacterial, which, after infecting a coral colony, travels in 
a line across it and usually kills the entire colony within four 
months. Occasionally small pockets of tissue at the colony's edge 
survive. In time these small surviving patches of tissue may 
regrow into a large coral colony but we have observed that they 
usually continue to decrease at a rate much slower than did the 
diseased parts. While it has been shown that Oscillatoria sub- 
membranecea kills scleractinian corals (Antonius 1974), there 
may be circumstances under which the plague pathogen starts the 
demise of a coral which is later attacked by Oscillatoria. 
Although the methods employed in the experiments were some- 
what crude and the pathogens were not cultured for positive 
identification, the results suggest that susceptibility to disease 
may be specific. This notion is reinforced by field census data 
showing varying levels of infection in different species of corals. 

Some species, notably Mycetophyllia ferox, seem to be 
extremely susceptible to infections and damage. Within the 
boundaries of John Pennekamp Coral Reef State Park it is rare to 
find a colony of M. ferox with intact borders. Most colonies are 
being injured by plague, algae overgrowth, or sediment entrap- 
ment by algae. On Carysfort Reef the population of M. 7&ox has 
been greatly reduced within the last year alone, sustaining as high 
as 20 to 30 percent mortality. Clearly this species cannot endure 
such a high mortality rate and survive for long. 

Prolific coral growth cannot be maintained if mortality rates 
are high and recruitment rate is low. While only long term 
monitoring experiments can prove a reef is declining in vitality, 
our results suggest that the populations of reef-building corals on 
Carysfort Reef are declining. The highest mortality rates and 
lowest net settlement are on the fore-reef terrace, which is the 
region of greatest living coral coverage. Thus, the greatest rate of 
change currently taking place is in the most lush region of the 
most well developed reef in the northern Florida Keys. Less 
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FIGURE 6. Relationship between rate of tissue destruction by 
"plague" in M. ferox and water temperature. 
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FIGURE 7. Coral coverage on CaFysfort Reef as determined from line 
transects. Each point represents data from one 25 m transect run 
parallel to reef flat. 

intensive observations of Molasses Reef, French Reef, the 
Elbow, and Key Largo Dry Rocks indicate that similar processes 
are occuning among populations of reef corals elsewhere in John 
Pennekamp Coral Reef State Park. The same algal infections and 
diseases were infrequently seen in the Dry Tortugas, Looe Key, 
and Sambos, which suggests that the problems of the northern 
keys are not as severe farther south and that these reefs may not 
yet be subject to a decline in vitality. 

Corals in a weakened state may be more susceptible to disease 
and predation, especially from Oscillatoria submembranecea 
(Antonius 1974). Thus while all of the mortality factors may be 
the result of natural causes, the levels of infection may be 
enhanced by a decrease in the quality of the environment (Mitch- 
ell and Chet 1975). The causes of the infections are open to 
speculation and before their sources can be identified the patho- 
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gens themselves must be isolated and identified. The northern 
keys are sustaining the heaviest damage; these reefs are the 
closest to mainland Florida and its associated runoff. Although 
the hydrology of the area is not well known, there is a current 
that runs counter to the Gulf Stream, south, along the coast 
bringing coastal water from as far north as Cape Canaveral past 
the reefs (Jordan and others, 1964). The combined human popu- 
lation of Broward and Dade counties has grown more than 300 
percent since 1950 (3 • 105 to 1.88 x 10~). With the increase in 
human population in south Florida has come an increase in the 
amount of effluent pumped into the sea, presently in excess of 
1.29 x 10 s m3/day in the Miami area alone (U.S. Public Health 
Service 1962). There are no data that describe the fate of this 
effluent. It is possible that it does enhance the levels of nutrients 
on the reef tract so that the metabolic rates of blue-green algae 
and bacteria are increased (Ferguson-Wood and Johannes 1975). 
Clearly, research into the dispersal patterns of the effluents is 
needed along with a pedantic look at the water chemistry of the 
reef tract. It is hoped that the preliminary results presented in this 
communication will spark future research. 

The decline of the coral reefs in Florida has received much 
public discussion since the demise of Hen and Chickens Reef 
between 1967 and 1972. The emphasis was then placed on dredge 
sediments and sedimentation, and may be related to influxes of 
cold water (G. Shinn, pers. comm.). This study has documented 
other sources of mortality which, associated with low rates of 
estimated recruitment during the study interval, suggest that the 
reef-building coral populations of Carysfort Reef and possibly 
other reefs within John Pennekamp Coral Reef State Park are 
declining in vitality in a manner analagous to the decline of the 
once pristine reefs of Kaneohe Bay, Hawaii (Johannes 1970). 
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