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The relative importance of environ-
mental processes that affect the distribu-
tion of organisms varies with the intensi-
ty and frequency of the processes (/).
Exposure to wave energy exerts an influ-

E. M. Sides

of unusual value for the following rea-
sons. First, Jamaican coral reefs are
among the best known in the world as a
result, in particular, of the studies of T.
F. Goreau, his associates, and subse-

Summary. Coral reefs of north Jamaica, normally sheltered, were severely dam-
aged by Hurricane Allen, the strongest Caribbean hurricane of this century. Immedi-
ate studies were made at Discovery Bay, where reef populations were already known
in some detail. Data are presented to show how damage varied with the position and
orientation of the substratum and with the shape, size, and mechanical properties of
exposed organisms. Data collected over succeeding weeks showed striking differ-

ences in the ability of organisms to heal and survive.

ence on community composition of reef
corals, and thus on coral reef structure
(2), both directly and through its influ-
ence on biological interactions. Reefs
differ in their exposure to both routine
wave energy and hurricanes (3, 4), but,
because hurricanes occur irregularly and
comparatively rarely, it is hard to assess
their relative importance. While hurri-
canes can cause violent disturbance to
coral reefs with extreme short- (5) and
long-term (3, 4, 6-9) effects, very little is
known of their immediate consequences
for previously investigated populations
(10). In this article, we present data on
the types and magnitudes of damage
done by Hurricane Allen to the well-
studied coral reefs of north Jamaica.
We believe that these observations are
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quent researchers at the Discovery Bay

Marine Laboratory of the University of
Second, many of

the West Indies (/7).
these people were at the laboratory dur-
ing or soon after the storm, and they
collected data comparable to those taken
previously on routine patterns and pro-
cesses. Third, these factors, combined
with the severity of Hurricane Allen,

SCIENCE

created a natural experiment of Goreau's
thesis (7) that structural and taxonomic
differences between reefs on Jamaica’s
north and south coasts were due to dif-
ferences in hurricane frequency. In the
last half-century, while Port Royal on the
south coast experienced |1 hurricanes,
Discovery Bay on the north has seen
only four; the last severe hurricane was
in 1917 (12).

On 6 August 1980, Hurricane Allen,
the strongest storm recorded in the Ca-
ribbean, passed close to the north coast
of Jamaica (Fig. 1), severely damaging
its reefs (/3). Winds reached 285 kilome-
ters per hour at the center (/4), and
approximately 110 km/hr in Discovery
Bay, where waves over 12 meters (/5)
were seen breaking (Fig. 2) in water 5 m
deep on the East Fore Reef (Fig. 1,
location E). These waves, and the dis-
lodged material that they carried, devas-
tated the shallow reefs in Discovery Bay
(Figs. 3 and 4). Dense stands of Acro-
pora palmata colonies (1 to 3 m high),
which had dominated the reef between 0
and a depth of 5 m, were leveled. The
breaker zone and reef flat were trans-
formed from constructional reefs into a
gently sloping rubble rampart, which
emerged here and there as islands where
none had been before. Physical distur-
bance extended even to a depth of 50 m,
where some platelike colonies of Agari-
cia spp. were damaged, and the sediment
normally covering their bases was tem-
porarily washed away. Everywhere
damage was inflicted not only by violent-
Iy moving water (/6) but also by the solid
objects that it dislodged: rolling corals
(Fig. 4, A and C), suspended fragments
(Fig. 4B), and scouring sand (Fig. 4D).
The types and magnitudes of damage
varied with reef location, depth, and
topography and differed between taxa
according to their location, form, and
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construction. We consider first the ef-
fects of spatial factors and then describe
the immediate impact on common organ-
isms and their subsequent responses
over the following 7 months.

Spatial Patterns of Damage

Damage was patchy on several scales,
varying regionally around Jamaica, lo-
cally between reefs and reef zones, and
within zones. Not all patchiness can be
easily explained, but a number of pat-
terns emerge. The northeast coast of
Jamaica, which was closest to the hurri-

cane track (Fig. 1), suffered most heavily
(17). West of this region, at Discovery
Bay (Fig. 1), damage was more severe on
the exposed East Fore Reef than on the
West Fore Reef (Fig. 1, location C),
where breaking waves were only half as
high (/5), and damage was much less
severe in back reef areas sheltered by the
reef crest. For example, wholesale tum-
bling and shattering of head corals oc-
curred locally at depths of 14 m on the
East Fore Reef (Fig. 4A); similar devas-
tation did not occur below a depth of 7 m
on the West Fore Reef or at any depth
within Discovery Bay. Similarly, in-
creases over routine frequencies of death
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Fig. 1. Track of Hurricane Allen on 5 and 6 August 1980. Inset shows coastline and submarine
shelf in the vicinity of Discovery Bay, Jamaica. The 120-m depth contour. not shown. would be
almost coincident with that for 50 m. Arrows approximate wave directions on the morning of 6
August. Study sites referred to in text, from west to east: A, West Rio Bueno: B. Gorgo City: C,
West Fore Reef including Arena, Pinnacle Two, Monitor. Long-Term Sampling. Dancing Lady,
and Zingaro reefs, all within 0.4 km:; D, West Fore Reef including Upper Buoy and Pinnacle
One reefs, both within 0.1 km: E and F, East Fore Reef: and G. West Back Reef. Sketch
profiles of three sites are shown at the bottom.

and injury of arborescent gorgonians (/8)
were greater among exposed, shallow
colonies at Gorgo City (Fig. 1. location
B) than among those in the protected
West Back Reef (Fig. [, location G),
where no significant increase in injury
was seen (Table [, rows 1 and 2; x°
values for the increase in death and
injury at Gorgo City are 149 and 33).

At any single locality, dissipation of
wave impact depended on aspects of the
local reef profile, including depth, slope,
and shelf width. Shallow fore-reef areas
were generally more severely damaged
than deep ones. We see this most direct-
ly by comparing the same species on the
same reefs at different depths. For exam-
ple, head corals were more frequently
toppled in sand channels in 10 m of water
than in 14 m (Table I, compare rows 5
and 6; x> for numbers toppled and not
toppled after Hurricane Allen = 4.75,
P < .05). Similarly, densities of the ur-
chin Diadema antillarum were reduced
more in shallow areas (Table 1, rows 13
to 17). Similar decrease in damage with
increasing depth is evident for all corals
combined (Table 1, compare rows 8 and
9).

Sloping or level reef surfaces were
more severely affected than vertical
ones. At West Rio Bueno (Fig. 1. loca-
tion A), where the reef is vertical below a
depth of 8 m, little mortality was seen in
marked quadrats of largely foliaceous
corals at depths of 10, 15, and 20 m
(Table 1, rows 10 to 12), in contrast to
the toppling of the more massive head
corals observed at comparable depths on
the sloping West Fore Reef (Table I,
rows 5 to 7). A broad terrace dissipated
more wave energy than a narrow one. In
the southwest corner of the broad East
Fore Reef (Fig. I, location F) morc A.
palmata colonies remained erect at a
depth of 3 m than on the narrow West
Fore Reef where they were leveled.

Distribution of damage also depended
on small-scale position effects. At the
West Fore Reef, massive corals in sand
channels were more likely to be over-
turned than those in adjacent reef lobes
(Table I, compare rows 5 and 6 with row
7, x> = 44, P < .001). Surviving large,
massive corals provided shelter for more
fragile organisms in their lee, but those
that toppled left paths of damage (/9).
Corals seaward or shoreward of sand
patches suffered abrasion, as evidenced
by white paths of corals with stripped
skeletons; some paths were as much as
10 m long. On vertical walls in West Rio
Bueno (Fig. I, location A), damage by
falling sand and skeletal debris was much
greater below sand channels and chutes
than that in the marked quadrats be-
tween them.



Damage to Sessile Taxa

Within any zone, the amount and type
of damage inflicted upon sessile organ-
isms was greatly influenced by their
shapes, sizes, and mechanical proper-
ties. Damage to gorgonians. corals. and
sponges ranged from partial to complete
mortality (20) and was caused by abra-
sion, burial, and the tearing or fracture of
tissue and skeleton. The fate of detached
colonies and fragments, and thus the
ultimate consequences to populations. of
Hurricane Allen, varied widely between
taxa.

Among gorgonians at Gorgo City. for
example, 51 percent of colonies were
killed by detachment, abrasion, and buri-
al in sand or coral fragments. Many
detached colonies died ultimately from
abrasion or from transport onshore or
over the drop-off at a depth of 50 m. Of
surviving. attached colonies, 98 percent
had lost polyps through abrasion or
branch fracture (Table 1, rows 1 and 2).

Differences in damage to different
growth forms (7) were particularly strik-
ing for corals, whose skeletal morpholo-
gies include branching, foliaceousness,
encrusting, and head forms. As reported
previously (5), branching species were
more susceptible to hurricane damage
than were massive heads (Fig. 4B). In an
extreme example, at a depth of 6 m on

Fig. 2. Waves of Hurricane Allen breaking on East Fore Reel at Discovery Bay (Fig. IL location
E) at 0700. 6 August 1980. Wave heights were calculated to be 12 mztrees on shoreline are 15 m
high. [Photograph by C.M.W.]

Monitor Reef on the West Fore Reef
(Fig. 1. location C, and Fig. 3) the planar
living areas of branching Acropora spp.
were reduced by up to 99 percent (Table
2, rows | to 3). whereas colonies of
foliaceous and encrusting Agraricia
agaricites were reduced by only 23 per-
cent (Table 2, row 6), and massive Mon-
tastrea annularis by only 9 percent (Ta-
ble 2. row 12). Comparable patterns
were evident elsewhere. At a depth of 14

m on the West Fore Reef (Fig. I, loca-
tion C). A. cervicornis was reduced to 40
percent of its 1977 coverage (21): virtual-
ly all colonies were broken free, and
horizontal transport of live fragments
was recorded for distances of up to 6 m.
In the same area, only 2 percent of the
encrusting colonies of A. agaricites pres-
ent after the storm were detached frag-
ments, and total tissue recently lost for
those remaining was only 3 percent (22).

Table 1. Damage to organisms from Hurricane Allen in relation to location on the reefs on the basis of survey data from before and after the
storm. Abbreviations: WFR. West Fore Reef: EFR. East Fore Reef.

U Depth
Row Organism (m)
1 Arborescent 7
2 Arborescent 7
3 Arborescent |
4 Arborescent 1
S Head (mainly Mon- 10
tastrea (l”lllll(ll‘i.\')
6 Head (mainly M. 14
annularis)
7 Head (mainly M. 10, 14
annularis)
8 All (mainly Acro- 4
pora palmata)
9 All (mainly foliaceous) 33
10 All (mainly foliaceous) 10
11 All (mainly foliaceous) 15
12 All (mainly foliaceous) 20
13 Diadema antillarum S
14 D. antillarum 8
15 D. antillarum i
16 D. antillarum 10
17 D. antillarum 20
18 Eupomacentrus 8
planifrons
19 E. planifrons 1
20 E. planifrons 18
21 E. planifrons 10

22 E. planifrons 20

Location Data type

Gorgonians
Gorgo City
Gorgo City
West Back Reef
West Back Reef

Corals

WFR. sand channel

Dead (9%7)
Injured (%)
Dead (%)
Injured (%)

Standing (No.)

WEFR. sand channel Standing (No.)

WER. reef lobe Standing (No.)

WER. reef lobe Cover (77)
WER. reef lobe

West Rio Bueno wall
West Rio Bueno wall
West Rio Bueno wail

Cover (9)
Cover (77)
Cover ()
Cover (%)

Urchins
EFR No./m?
WEFR. reef lobe No./m?
WER. reef lobe No./m*
West Rio Bueno wall No./m’
West Rio Bueno wail No./m*
Fish
WFR, reef lobe No./m>
WER. reef lobe No./m?
WFR. reef lobe No./m*
West Rio Bueno wall No./m*

West Rio Bueno wall No./m*

Be- Al- After/ Refer-
fore ter before ence
2 Sl 25.5 (18)
Sl 98 1.9 (18)
0 7 ke (18)
95 76 0.8 (18)
26 9 0.35 (1)
28 18 0.64 1)
128 119 0.93 1)
S1 12 0.24 (42)
64 64 1.00 (42)
71 71 1.00 (43)
33 32 0.97 (43)
33 32 0.97 (43)
9.3 0.1 0.01 (44)
13.3 6.1 0.46 (44)
9.5 8.4 0.88 (44)
6.3 38 0.60 (44)
1.5 0.9 0.60 (44)
0.7 0.9 1.29 (44)
0.7 0.8 1.14 (44)
0.6 1.1 1.83 (44)
0.6 0.5 1.20 (44)

0.0 0.0 (44)















