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ABSTRACT

Four reefs were sampled annually from 1981 through
1986 in Key Largo National Marine Sanctuary
(KLNMS), a coral reef area that is used inten-
sively for snorkeling, diving, and fishing by
local residents and tourists. The dynamics at one
site, Molassses Reef, is reported. The site was
located on a spur with buttresses of Montastraea
annularis and thickets of Acropora palmata.
Seventeen to 19 species and 266 to 355 colonies
were counted annually. Acropora cervicornis, A.
palmata, M. annularis, and Millepora alcicornis
constituted 66% to 90% of all colonies. Incidence
of Acropora cervicornis declined 96% between 1981
and 1986. Acropora palmata varied from 2.3 to 5.4
colonies/mZ, and M. annularis varied from 0.9 to

2.3/m2. We assessed changes in numbers of
colonies from twenty-five l-meter? quadrats using
Czekanowski similarity coefficients. Similarity

of quadrats between years ranged from 0 to 1 with
56% to B8% of the values > 0.50, 16% to 68% >
0.70, and 4% to 20% > 0.90. The greatest
difference in similarity occurred after two hurri-
canes in the fall of 1985.

INTRODUCTION

Key Largo National Marine Sanctuary (KLNMS) is the
seaward extension of John Pennekamp Coral Reef
State Park (JPCRSP). The sanctuary is located
east of Key Largo, Florida, USA, approximately 80
km south of metropolitan Miami (Figure 1). The
sanctuary is 45 km long, with an area of 259 km2,
and depth ranges from < 1 to 99 m. The marine
ecosystem seaward of Key Largo is a mosaic of red
mangrove fringe (Rhizophora mangle), rocky hard-
grounds, carbonate sediments, seagrasses
(Thalassia testudinum and Syringodium filiforme),
and coral reef communities (Marszalek 1981, Jaap
1984).
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Figure 1, Study area.
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Sanctuary resources are used intensely by southern
Florida residents and tourists visiting the
Florida Keys. Fishing includes recreational and
commercial harvest of finfish and the spiny
lobster (Panulirus argus). Snorkling is popular
on shallow reefs (Grecian Rocks, Key Largo Dry
Rocks, and White Bank Dry Rocks), and scuba diving

staged from private craft and larger commercial
tour boats is popular at Molasses, French, Elbow,
and Carysfort Reefs. Glass-bottom boat tours,
popular among non-swimmers, operate principally
around Molasses and French Reefs. Research and
educational programs also are important activities
in KLNMS.

These reefs may be the most visited in the world;
each year wmore than 500,000 people enter JPCRSP,
the major landside point of departure to KLNMS.
This census does not include visitors who enter
KLNMS in private boats or from charter operations
that originate outside JPCRSP. Annual economic
benefit derived from reef resources in the
sanctuary 1is estimated at 1.6 billion dollars
(Mattson and DeFoor 1985).

Intense use of the sanctuary is harming its biota.
Physical damage to corals is caused by anchor
deployment (Halas 1985), boat grounding, diver-
related disturbance, and fishing lines, hooks,
lobster pots, and buoys that come in contact with
reefs (Jaap 1984).

Contamination by pesticides, herbicides, trace
metals, and other high risk chemicals poses a
threat to KLNMS. South Florida urban and agri-
cultural drainage discharges show evidence of
trace metal and pesticide contamination of water,
sediments, and organisms (Manker 1975, Skinner and
Jaap 1986, Simmons and Love 1987). The dramatic
population increase in southeast Florida threatens
the coastal ecosystem with nutrient enrichment and
loss of natural filtration and organic uptake as
the mangrove and seagrass communities are degraded
and destroyed. A combination of nutrient excess,
diminished water transparency, phosphate inhibi-
tion of calcification, biotic replacement, and
increased bicerosion threaten the vitality of
coral reef communities (Simkiss 1964, Weiss and
Goddard 1977, Smith et al. 1981, Hallock and
Schlager 1986).

The KLNMS is managed by the National Oceanic and
Atmospheric Administration (N0DAA), Sanctuary
Program Office. We define management as the
maintenance and enhancement of desirable resource
characteristics. 1In order to manage these reef
resources, an information base including know-
ledge of the current state of the resources, the
rate of change, and the etiology of change is



required (Dahl 1981, Kelleher 1981). The re-
sources are worthy of stewardship for economic,
recreational, and ecological reasons (Harris and
Williams 1975, Bradhury and Reichelt 1981, Mattson
and DeFoor 1985). Additionally, the reefs form a
living breakwater to hurricane- and storm—agitated
seas and contrihute sediments from the hreakdown
of carhonate skeletons and shells.

Reef development seaward of Key Largo began during
the Holocene transgression, about 5 - 7 x 1n3 BP
(Shinn et al. 1977, 1981). Two distinct reef
types are found in KLNMS: inshore patch reefs and
offshore bank reefs. Patch reefs range in size
from 20 to 400 m, are irregular in outline, and
usually occur in depths < 10 m. Dominant corals
include the star coral Montastraea annularis, the
brain corals Copophyllia natans and Diploria
strigosa, and the starlet coral Siderastrea
siderea.

Offshore bank reefs are consplcuous because of
their physiographic-faunal zonation, a sequence of
habitats or communities correlated to depth and
associated physical factors (light, temperature,
and wave environment). This sequence (hack reef,
reef flat, spur and groove, fore reef, and drowned
reef outcrops) is similar at many Florida and
Caribbean reefs. Bank reefs may be 1 km long and
several hundred meters wide from the reef flat to
the deep terminus. Principal framework corals in
the bank reefs are elkhorn coral, Acropora
palmata, the star coral Montastraea annularis, and
the brain coral Colpophyllia natans.

Scleractinian corals are essential reef builders
(Wells 1957, Stoddart 1969, Yonge, 1973). Their
zooxanthellae are also the principal coral reef
primary producers (Lewis 1977, Gladfelter 1985,
Kinsey 1985). Reef Scleractinia are massive and
relatively stable; consequently, results of
repetitive quantitative censuses are not
influenced greatly hy movement except in cases of
major storms or shipwrecks (Woodley et al. 1981,
Jaap 1984).

Earlier studies of coral populations in KLNMS were
not quantitative, or the sample size was insuffi-
cient to estahlish cause and effect relationships
(Antonius 1974, Voss 1983). White and Porter
(1985) and Dustan and Halas {(1987) provide infor-
mation on the nature of coral community dynamics
at Carysfort Reef in KLNMS. To enhance the infor-
mation base on reef coral dynamics in KLNMS, we
instituted an annual survey of four of the more
heavily used reefs.

METHODS

FIELD DATA ACQUISITION

Monitoring stations were established at Carysfort,
Elbow, French, and Molasses Reefs during July and
August 1981 and August 1982 (Figure 1). Reefs
were sampled annually {(summer or earlv fall)
through 1986. Halas chose the site at each reef
as representative of the !abitat in the particular
depth where the site was situated. Sites were in
areas with high diver visitation and some recrea-
tional fishing. Each site was mapped using a
compass and a fiberglass tape measure to establish
bearings and distances to prominent reference

features. FEndpoints of sampling transects were
marked with 0.9 m long, 19 mm diameter copper-clad
survey markers that were driven into the reef
framework and secured with hydraulic cement (Halas
1985). The tape measure was extended hetween the
marking stakes, and a one mZ frame of 19 mm diam-
eter PVC pipe was centered on specific meter in-
crements along the tape. For example, if meter
six was sampled, the quadrat frame was centered at
meter six and extended from 5.5 to 6.5 m on the
tape. Quadrat numbers were selected randomly
before initial sampling at each site. All stony
corals (Milleporina and Scleractinia) within the
quadrat perimeter were inventoried by transcrip-
tion mapping (Weinberg 1981); grid paper was used
to map the location of each stony coral colony in

reference to the quadrat frame. Acropora
cervicornis usually was treated as thickets or
clumps rather than as individual bhranches. For

brevity, we report herein only the results for
Molasses Reef, except for the pooled reef classi-

fication analysis.

SITE DESCRIPTION

Molasses Reef is located at the southeastern cor—
ner of KLNMS. The monitoring site was estabhlished
on a spur in 5 to 6 m depths in a habitat similar
to Van Duyl's (1985) A. palmata-head coral
community, Two transects with 25 quadrats were
sampled at Molasses reef.

DATA ANALYSIS

Annual estimates were obtained of species abund-
ance, percent abundance (abundance of a species
divided by the sum of all species abundances},
frequency of occurrence (percentage value deter-
mined by dividing the numher of quadrats in which
a species occurred by the total number of quadrats
sampled at a site), and density of species and
colonies (the number occurring in a w2, with means
and standard deviations).

Bloom {1981) compared several similarity indices
and concluded that Czekanowski's quantitative co-
efficient was robust, heing influenced by neither
dominant nor rare species. We calculated Czeka-
nowski's similarity annually across reefs and
across quadrats. Classification was computed with
the "ORDANA" benthic analysis computer program
(Bloom et al. 1977); species abundance data were
transformed to 4th root before computation {Field
et al. 1982). Group average sorting (Boesch 1977)
was used to develop dendrogram linkage. The
significance of change within and across years was
evaluated by grouping quadrats by dominate species
in the first year (1981) and using the non-
parametric Kurskal-Wallis variance of ranks test
(Zar 1974) with the hypothesis that quadrats
exhibited stability (no change)

RESULTS

Seventeen to 19 species and 212 to 355 colonies
were inventoried on Molasses Reef annually during
the six years (Table 1). Acropora cervicornis,
A. palmata, Montastraea annularis, and Millepora
alcicornis constituted 65.7 to 89.6% of the
assemhlage. After 1981, A. cervicornis exhibited
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Table 1. Abundance (A) and percent abundance of coral colonies at “Yolasses Reef.
1981 1482 1983 1984 1985 1986
Species A A A % A % A p A % A %
opora cervicornis 125 38.5 78 22.0 25 7.5 27 8.8 9 3.4 5 2.4
Acropora palmata 108 33.2 96 27.0 135 40.3 130 42.4 129 48.5 79 37.3
Montastraea annularis 38 11.7 46 13.0 22 A6 56 18.2 44 16.5 43 20.3
Millepora alcicornis 20 6.2 S8 16.3 38 1L.3 26 8.5 35 13.2 22 10.4
Siderastrea siderea 6 1.9 10 2.8 12 3.6 & 2.6 11 4.1 10 4.7
Millepora complanata 5 1.5 72.0 2 0.6 5 1.6 3 1.1 5 2.4
Aparicia agaricites 4 1.2 33 9.3 70 20.9 38 12.4 18 6.8 24 11.3
Montastraea cavernosa 3 0.9 4 1.1 4 1.2 2 0.7 1 0.4 3 1.4
Madracis mirabilis 3 0.9 2 0.9
Porites astreoides 2 0.6 4 1.1 6 1.8 2 0.7 L 04 3 L4
Favia fragum 2 0.6 2 0.6 2 0.6 3 1.0 1 0.4 1 0.5
Diploria labyrinthiformis 2 0.6 2 0.6 2 0.6 1 a.3 2 0.8 2 0.9
Mycetophyllia lamarckiana 2 N.6 4 1.1 3 0.9 1 0.3 6 2.3 4 1.9
Colpophyllia natans 2 0.6 2 0.6 3 0.9 2 0.7 2 0.8 1 0.5
Dichocoenia stokesii 1 0.3 1 0.3 1 0.5
Meandrina meandrites 1 0.3 1 0.3 1 0.3 1 0.3 1 0.4 1 0.5
Mycetophyllia aliciae 1 0.3
Mycetophyllia ferox 3 0.9 2 0.6 2 0.7
Porites porites 2 0.6 4 1.2 1 0.1 1 0.4 4 1.9
Dichocoenia stellaris 1 0.3 1 0.3 1 0.3 1 0.4
Eusmilia fastigiata 1 n.3 3 0.9 1 0.1 1 0.4 2 0.9
Totals
Species 17 19 18 18 17 18
Colonies 325 355 335 307 266 212
Table 2. Percent fregueacy of occurrence and mean dencity (colonies/+ i of carals at Molasses Reef.
1981 1982 1983 1984 1985 1986
densitv density density density density density
Species f X s f x s f X s f X s 3 X s f x s
A. cervicornis 68 5.0 6.3 56 3.1 4.3 32 1.0 2.4 40 1.1 1.7 20 0.4 1.0 12 9.2 0.7
A. palmata 88 4.3 3.2 76 3.8 4.1 92 5.4 4.1 A0 5.2 4.6 84 5.2 4.1 56 3.7 4.1
M. annularis 36 1.5 4.1 44 1.8 5.6 36 0.9 1.7 36 2.2 6.1 4n 1.8 2.9 44 1.7 3.5
E. alcicornis 48 0.8 1.0 A8 2.7 4.4 60 1.5 1.7 48 1.0 1.4 52 1.4 1.9 48 0.9 1.3
S. siderea 16 0.2 0.7 32 0.4 0.7 32 0.5 0.9 24 0.3 0.6 28 0.4 1.0 28 0.4 0.9
M. complanata 14 0.2 0.5 12 0.3 0.8 g 0.1 0.3 08 0.2 0.3 08 0.1 0.4 08 0.2 0.3
A. agaricites 12 0.2 0.5 56 1.3 2.5 72 2.8 3.3 60 1.5 1.7 44 0.7 1.1 52 1.0 1.3
M. cavernosa 08 0.1 0.4 a8 0.2 0.6 14 0.2 0.4 08 0.4 0.3 04 0.0 0.2 12 0.1 0.3
M. mirabilis 04 0.1 0.4 08 0.1 0.3
E. astreoides 08 n.1 0.3 12 0,2 0.5 20 0.2 0.5 08 0.1 0.3 ng 0.0 0.2 08 n.1 0.4
F. fragum 04 0.1 0.4 08 0.1 0.3 08 0.1 0.3 08 0.1 0.4 04 0.0 0.2 04 0.0 0.2
E} labyrinthiformis 08 0.1 0.3 08 0.1 0.3 N3 0.1 n.3 04 n.0 0.2 08 n.1 0.1 08 N.10.3
M. lamarckiana 08 0.1 0.3 12 6.2 0.5 12 0.1 0.3 04 0.0 0.2 12 0.2 0.7 08 0.2 0.6
€. natans 04 0.1 0.4 04 0.1 0.4 12 0.1 0.4 04 0.1 N.4 N4 0.1 0.4 N4 0.0 0.2
D. stokesii 04 0.0 0.2 04 0.0 0.2 04 0.0 0.2
M. meandrites 04 0.0 0.2 04 0.0 0.2 04 0.0 0.2 04 0.0 0.2 N4 0.0 0,2 N4 0.0 0.2
M. aliciae 04 0.0 0.2
M. ferox D8 0.1 0.4 08 0.1 0.3 08 0.1 0.3
P. porites 08 0.1 0.3 08 N.2 0.6 046 0.0 0.2 04 0.0 0.2 08 0.2 0.5
D. stellaris 04 0.0 0.2 04 0.0 0.2 N4 0.0 0.2 N4 0.0 N.2
E. fastigiata 04 0.0 0,2 12 0.1 0.3 04 0.00.2 04 0.0 0.2 08 0.1 0.3
Summation density (N=25 quadrats)
Species/m? 3.4+1.6 4.7+1.6 4.2+1.8 3.6+1.6 3.341.5 1.3+1.8
Colonies/m? 13.0+3.4 14.2+11 12.8+5.8 12.3+7.2 10.6+4.1 8.5+h.2

number of quadrats sampled,

>

standard deviation

0
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species frequency of occurrence; number of quadrats in which a species
expressed as percentage.
mean number of colonies per square meter.

occurred divided by total



Table 3. Reef temporal similarity values between years,

1981-1986,

based on Czekanowski quantitative coefficient and 4th root data

transformation (0

no similarity;

1.00 = total similarity)

Molasses Reef

Quadrat R1-82 R2-R3 R3-84 8§4-85 R5-86 81-86
number
1 .40 L4 T4 50 .67 .35
2 .70 56 .87 74 30 26
3 73 .70 L48 .50 . B4 .60
4 .79 .96 .87 .80 76 .70
S .63 .71 .76 .85 77 .62
6 .74 .83 .92 .91 72 .32
7 .86 .71 1.00 .60 26 47
8 .67 .82 .78 .hO .69 .22
9 .21 43 .86 .47 0 .24
10 .88 .81 93 .65 .35 .30
11 .89 .81 .76 74 .71 .59
12 .76 78 .79 74 .71 .36
13 .84 .75 .88 .84 .79 .51
14 .76 47 .84 .44 .60 .60
15 .86 .73 .70 .79 .91 .64
16 .97 .52 .38 .66 .46 .30
17 .59 .77 .76 .71 .79 .51
18 .78 .49 .99 .97 0 0
19 0 0 ©.92 1.00 .90 .98
20 0 0 .77 .a8 1.00 .92
21 .79 .73 .67 .87 .91 -89
22 .78 58 .31 .54 .80 .60
23 .84 .76 .87 .94 .60 W47
24 .73 88 74 .6h .86 L74
25 .60 . 68 .85 .87 .63 .56
Percent of similarity values greater than .50, .70, and .90
81-82 82-83 83-84 84-85 R5-86 R&1-86a
>.50 88% 80% 8R% 887% 76% 56%
2.70 68% 60% 847 60% 56% 16%
>.90 8% 4% 20% 16% 16% 8%
Pooled Reef Similarity
Time period Carysfort Elbow French Molasses
1981-1982 .80 k] - .83
1982-1983 .82 .83 .88 .92
1983-1984 .83 .84 .96 .93
1984-1985 .85 .76 .97 .92
1985-1986 .88 .81 .R9 .89
1981-1986 .72 .77 .69 .86

a marked decrease in abundance, declining from
38.5% to < 3% in 1986 (Table l}. Percent abund=
ance of Agaricia agaricites increased from 1.2% in
1981 to 20.9% in 1983 but decreased to 11.3% in
1986. Percent abundance of Acropora palmata
varied from 33.2 to 48.5% of the colonies (Table
1), and its frequency of occurrence was highest of
all species (Table 2). Colony density ranged from
3.2 to 5.4 for A. palmata and 0.9 to 2.2 for Mont-
astraea annularis (Table 2)

Similarity of quadrats at Molasses Reef was rela-
tively high (Table 3), with the highest similari-
ties generally occurring hetween 1983-84 and the
lowest similarities occurring between 1985-86.
There was a trend of decreasing quadrat similarity
between years, but there was no trend in pooled
quadrat similarity.

To illustrate the dynamics of change, we randemly
selected aguadrats 5 and 11. Acropora palmata was
the most abundant species at quadrat 5, and one to
four other species occurred with A. palmata during
the six year period (Table 4). Abundance of
Montastraea annularis at quadrat 1l was relatively
constant; all other species except Agaricia
agaricites recruited to the area after the first
census or disappeared and then reappeared later
(Table 4).

Decrease in abundance of Acropora cervicornis

during the study (Table 1) was a siunificant 96%.
Other frequently occurring species exhibited
non-trend patterns of fluctuating abundance
hetween years.
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Table 4. Species abundance at quadrats 5 and 11, Molasses Reef, 1981-1986.
Quadrat 5 fuadrat 11
Species 81 82 83 84 85 86 81 32 &3 R4 85 &6
A. palmata 8 10 12 9 12 10 2 2 4 2
M. annularis 1 1 1 1 1 2 4 4 3 3 3 3
M. alcicornis 1 1 1 1 1 1
A. aparicites 1 2 2 3 S 3 3 1
S. siderea 1 1 1 1 1 1
A. cervicornis 1 1 1 1
E. lamarcklana 1
F. fragum 1
E. fastigiata 1
Pooled quadrat data documented strong clustering quency of disturbance (Connell 1978, 1979, Hughes
within reef sites (Figure 2). Molasses Reef and Jackson 1985). Disturbances create open
pooled intrasite similarity values ranged from patches that become available for recruitment of
0.83 to 0.93 (Table 3). The Elbow Reef site was new organisms. PRoth pbysical (climatic) and
linked to other reef sites at a 0.30) similaricy hiological (disease) disturbances are relatively
level; this reflected dominance of A. palmata and common at Florida reefs. These disturbances
relatively low species diversity compared to the create alternative states and may or may not
other sites, Carysfort Reef was linked to French influence the ultimate carrying capacity of the
and Molasses Reefs at a .55 similarity level; habitat (Connell 1978). Human activity in recent
Carystfort site was dominated by M. annularis. times also has influenced reef communities in
French and Molasses Reefs were most similar, with Florida. Coral species composition of these reefs
co-dominant species (A. palmata and M. annularis). often is determined by surviving individual
Molasses and French Reef sites were Linked at a colonies that extend into open patches and
0.76 similarity level. French and Molasses Reefs contribute larvae or fragments following the
were most stable between years, and Elbow Reef was disturhance. Existing colonies often influence
the least stable during the six years. the micro-habitat (shade, water movement,
planktonic food availability) and thus survival of
88 recruits.
a5
84 Similarity values derived from pooled quadrat data
Molasses Reet aa demonstrate that classification analysis is
sufficiently sensitive to detect influences of
82 different species at each reef. The pattern of
81 individnal reef sites clustering together was
— 86 faithfully maintained in all years (Fipure 2).
85 The pooled values implied about 20% annual chanee.
Individual quadrat similarity values were
French Reef 83 . . . .
considerably more variable, reflecting differen-
8 tial influence of disturhbance forces on resident
82 species.
86
83 During the study, we observed disturbance to the
85 reef communities from hurricanes, hyperthermia,
Carysfort Reef 2 epidemic disease, and human interference, un-
doubtedly affecting each quadrat and reef site
84 differently. At Molasses Reef, the most dramatic
81 changes occurred in nine quadrats where A. cervi-
T 86 cornis was abundant in 1981 but virtually dis-
82 appeared during subsequent years (Table 1).
81 There were 125 clusters and individnal branches of
Elbow Reef A. cervicornis in 1981, 78 in 1982 (38% loss), and
al 25 in 1983 (687 loss); by 1986, there were only S
83 small branches (96% loss compared to 1981).
84 Acropora cervicornis also declined at ather reef
\ . | | sites. A Caribbean pandemic disease‘has‘hepn'sus—
1.00 6.75 0.50 0.25 pected as the cause of severe mortality in this

Similarity Level

Figure 2, similarities of sampling sites,
KLNMS, 1981-1986.

DISCUSSION

The faunal composition of coral reef communities
is largely dependent upon the magnitude and fre-
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species during recent years (Bak and Criens 1981,
Van Duyl 1982, Knowlton et al, in press), killing
more than 90% of the A, cervicornis populations
during 1981-1982 ia Curacao and Bonaire. We sus—
pect that the same disease infected staghorn
corals off Key Largo.

A 1981-1982 winter storm dislodged, upended, and
fragmented a large Acropora palmata colony near
the sampling site, The fragments lodged in
several quadrats. Hurricanes Kate and Elena frag-



mented and distributed small pieces of A. palmata
throughout the study site during the tall of
1985,

Disease virtually eradicated Diadema antillarum,

a major invertebrate herbivore, trom Florida Keys
reefs in late summer 1983 (Lessios, et al. 1984a,
1984b, Bauer and Agerter 1987). \Diadema plays an
important role in the creation of space for
settlement of coral larvae. The echinoid rasps
the algae, which is the major competitor for space
in the coral reef habitat (Sammarco 1980). A
general trend of increased algal cover was noted
at the sites after 1983,

A zooxanthellae expulsion during late summer 1983
resulted in some bleaching of corals but no
mortality (Jaap 1985).

Disturbances caused by humans at the Molasses Reef
site included the breaking of corals by divers and
anchors, and the chronic entanglement of fishing
tackle in the reef. We found hooks, monofilament
lines, wire leaders, lead sinkers, and lures em-
bedded in or wrapped around corals. There was
evidence of wounds caused by the fishing

activity.

Considering the intense nature of perturbation,
the resiliency of these reef communities is
remarkable,
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