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ABSTRACT: Hurricane Hugo (1989) severely damaged the
framebuilding coral Montastrea annularis on the shallow
reefs in Greater Lameshur Bay, St. John. Before the storm
these reefs were dominated by M. annularis and a permanent
study area was established at 10 m depth to monitor changes
in abundance of this species. The storm destroyed, on aver-
age, > 33 % of the live cover of M. annularis in the study area.
Post-hurricane reefs contained numerous detached colonies
in piles or packed into cavities within the reef framework,
large areas of vacant hard substratum and extensive growths
of the red algae Liagora spp. Video transects (80 m?) at the
same depth and on either side of the study area showed that
this damage was patchy. Although these reefs may remain
dominated by M. annularis it is possible that the scleractinian
fauna will change as a result of colonization by other coral
species and delayed mortality of detached M. annularis
colonies.

Hurricanes regularly impact Caribbean regions (e.g.
Glynn et al. 1964, Stoddart 1985) causing severe dam-
age to terrestrial and marine communities. Sustained
wind speeds can exceed 120 km h™! and may gust to
more than 300 km h™', while hurricane waves have
been recorded as high as 23.6 m (Stoddart 1985). The
most comprehensive description of hurricane effects
on coral reefs is for Discovery Bay, Jamaica, where
baseline data were available for more than 2 decades
before Hurricane Allen hit the island in 1980 (Woodley
et al. 1981).

Hurricane Allen severely affected both sessile and
mobile fauna on Jamaican reefs, although the effect
was patchy and showed variation among coral species.
The planar area of branching corals such as Acropora
cervicornis was reduced by up to 99 % but massive
colonies such as Montastrea annularis lost only 9 % of
their area at 6 m depth (Woodley et al. 1981). More
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extensive damage to M. annularis occurred at 10 m
depth, where up to 65 % of the massive head corals
(brain corals and M. annularis pooled) were toppled.
Catastrophic damage to delicate corals and the
survival of robust massive colonies is common during
major storms (Rogers et al. 1982, Stoddart 1985, Kjerve
et al. 1986) and has important implications because
massive corals build the framework of coral reefs
(Sheppard 1982).

On 18 September 1989, Hurricane Hugo passed ca
56 km to the south of St. John, US Virgin Islands, with
sustained winds of 225 km h*! and gusts of 320 km h™!
(Climate Analysis Center 1989). Greater Lameshur Bay
(GLB) has a southerly aspect and an axis perpendicular
to the storm and, therefore, was exposed to the full
force of the hurricane waves. In 1987 permanent study
sites had been established in GLB to monitor changes
in abundance of the primary framework coral
Montastrea annularis which dominated the shallow
reefs (10 m depth) of GLB (Edmunds et al. 1990) with
columnar-lobate colonies. These areas provided the
opportunity to determine the effect of Hurricane Hugo
on the reef framework and this note describes the
results of our quantitative analyses.

Methods. The study site is at 10 m depth off the tip of
Yawzl Point in GLB and consists of adjacent quadrats
(n = 10, each 0.75 m?) along each of three 10 m long
transect lines (total of 30 quadrats) which are parallel
to one another and are permanently marked. Quadrats
were photographed in April 1989 and 6 wk after Hurri-
cane Hugo (Nikonos V, 28 mm lens). Projected color
slides were overlaid with a grid of 200 randomly
spaced dots to determine percent cover of Montastrea
annularis, the red algae Liagora spp. (mostly L. mu-
cosa) and free space (hard substrata: rock and coral
rock) from the proportion of dots on each substratum.
M. annularis was the only coral quantified in these
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areas because it formed a virtual monospecific stand
and the photoquadrats required to measure colonies
(> 1 m diameter) of this species did not have sufficient
resolution to detect other, less abundant, scleractinians
(Edmunds et al. 1990). Sand substratum was not quan-
tified because coral planulae larvae will only settle on
solid substrata (Fadlallah 1983).

Many of the columnar-lobate colonies of Montastrea
annularis were broken into individual lobes by Hurri-
cane Hugo but this type of damage was not accurately
quantified with surface area determinations. There-
fore, in each slide we counted the M. annularis lobes
that were detached from the substratum and ex-
pressed them as a percent of the total lobes present.

To increase the area of our post-hurricane surveys,
four 20 m long band transects were filmed at the same
depth as the permanent quadrats using a hand-held
high resolution Sony V99™ video camera aimed verti-
cally downward. Band transects were perpendicular to
the ends of the 2 outer, permanently marked transect
lines. Sequential, non-overlapping fields of view (each
1.0 m?) were freeze-framed on a color monitor and sub-
strata areas determined using a grid of 200 randomly
spaced dots as described above. To determine the size
of the living tissue remaining on fragments, detached
lobes were selected at random from the video and the
outlines of their living tissue were traced onto plastic
sheets. The planar area of the live tissue was then
measured by digitizing the individual outlines.

All percent cover data were arcsine-transformed
before analysis (Sokal & Rohlf 1981) and were com-
pared between times with a Student t-test.

Results. Hurricane Hugo resulted in significant
changes to the primary framework coral in GLB.
Some of the colonies used as reference points for the
study area were completely destroyed and we were
unable to relocate 12 of the quadrats. Thus, the esti-
mate of reef destruction is conservative because it
does not include these 12 quadrats with extensive
coral damage.

There were significant changes in substratum com-
position as a result of Hurricane Hugo (Fig. 1). Mean
percent cover of Montastrea annularis decreased by
34 % (42 % to 28 %; t = 2.048, df = 46, p < 0.05),
detached lobes of M. annularis increased by 13-fold
(2 % t025 %; t=3.271,df =46, p < 0.01) and free space
increased by 82 % (15 % to 27 %; ¢ = 3.311, df = 46,
p<0.01). The cover of Liagora spp. increased (t=5.722,
df =46, p < 0.001) from 0 % to 11 %, and inspection of
the color slides showed that most of the Liagora spp.
were not growing on living M. annularis but on addi-
tional free space created by the storm. This suggests
that Hurricane Hugo resulted in a 153 % increase in
free space as determined from the sum of the space
occupied by Liagora spp. and the free space (Fig. 1).
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Fig 1. Comparison of pre- and post-hurricane reef in the per-

manent study area. (A) Percent cover of substrata, and (B)

percent of the Montastrea annularis lobes that were

detached. Mean and SE shown for arcsine-transformed data
(Sokal & Rohlf 1981)

The video transects showed that the cover of each
substratum, and the percentage of broken lobes varied
more than an order of magnitude across a horizontal
distance of 50 m (Fig. 2). Furthermore, there was an in-
verse relationship between the cover of Montastrea
annularis and detached lobes along Transect A-A' (r =
-0.404, df = 34, p < 0.02) although this was not signi-
ficant along B-B' (r = 0.245, df = 34, p = 0.05) (Fig. 2).
After the hurricane the reef adjacent to the permanent
study area consisted of 5 to 7 m wide patches of living
M. annularis surrounded by large areas of free space
and broken lobes, each covered with 21 + 2 cm? (mean
+ SE, n = 100) of living tissue.

Discussion. Hurricane Hugo severely damaged
colonies of Montastrea annularis which dominated
the shallow reefs of Greater Lameshur Bay before
the storm. Other studies of the impact of hurricanes
on marine communities have also described the loss
of scleractinians, particularly delicate branching
species (Highsmith et al. 1980, Woodley et al. 1981,
Rogers et al. 1982) and a few record 'total' reef
destruction (e.g. Stoddart 1974), although these may
result from more qualitative approaches. In contrast,
the present study quantifies hurricane effects on the
massive coral M. annularts which is the primary
framework coral on Caribbean reefs (Goreau 1959,
Glynn 1973, Liddell & Ohlhorst 1987) and which,
therefore, has a crucial role in reef growth. Our
findings are corroborated by the close agreement
with the results of Rogers et al. (1991 - this issue),
who quantified the etfects of Hurricane Hugo on a
reef adjacent to our study area.

Large numbers of columnar-lobate colonies of
Montastrea annularis were split by hurricane waves
(Fig. 1), resulting in fragmentation and a major
decrease in coverage of M. annularis. Some broken
lobes were oriented so that it was impossible to
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Fig. 2. Substratum cover and percentage of detached Montastrea annularis lobes in the video surveys. Four 20 m long transects

running perpendicular from the ends of the outer 2 permanently marked transects, which were 10 m apart, were filmed. The pair

of video transects that were at the same end of the permanent study area and which ran along the same axis are plotted together

to provide a reef profile consisting of 40 m of video transect plus the 10 m in between {A-A" and B-B'; data at 20 m, 25 m and 30 m
are from the photoquadrats intersected by the video transect and the permanent study area)

use photographs to determine whether they were
detached from the reef and, therefore, our data may
underestimate the actual extent of fragmentation.
Most detached colonies were transported across the
reef and accumulated in hollows and on top of other
colonies leading to a reduction in topographic com-
plexity which may adversely effect fish populations
(Luckhurst & Luckhurst 1978) and solitary crypto-
fauna (Moran & Reaka-Kudla 1991), in addition to
destroying reef corals.

Even though the areas recorded on video were not
surveyed before the hurricane, the appearance of
freshly broken coral fragments, toppled heads, free
space and Liagora spp. 6 wk after the storm provide
evidence that the damage was a result of Hurricane
Hugo. Although detached but still living colonies of
Montastrea annularis were scattered all over the
reef, most of the damage was patchy (Fig. 2) and this
may have accounted for the inverse relationship of
numbers of lobes and percent cover of M. annularis
in the video transect A-A' (Fig. 2). The distribution of
coral cover before Hurricane Hugo may also have
influenced the pattern of damage observed in the
video transects but, nevertheless, the interpretation
of patchy damage agrees with previous descriptions

of similar hurricane damage (Woodley et al. 1981).

Patchy damage was partly the result of a 'domino
effect’ of reef destruction, whereby coral fragments
crash through stands of coral colonies, thereby
resulting in the propagation of destruction. This
occurred on Jamaican reefs during Hurricane Allen
among massive corals (Woodley et al. 1981) and
colonies of Acropora cervicornis (Tunnicliffe 1981)
and similar processes damaged M. annularis during
Hurricane Hugo. In at least 12 cases the trajectories
of detached colonies could be traced by their trail of
destruction before coming to rest. Some of the
permanent quadrats showed this effect in the immi-
gration of colonies of M. annularis, many of which
were pitted from direct hits by water-borne pro-
jectiles.,

Fragmentation of columnar-lobate colonies of Mon-
tastrea annularis exposed the sides of the individual
cone-shaped lobes thereby contributing substantially
to the 153 % increase in vacant substrata recorded in
the present study. Much of this space was occupied by
extensive growths of the algae Liagora spp. which
covered 11 % of the reef after Hurricane Hugo and are
typically rapid colonizers of patches created by hurri-
canes (Woodley et al. 1981, Rogers et al. 1982).
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Subsequent recruitment and mortality may drastic-
ally alter the scleractinian fauna of the reefs in GLB.
We predict 3 scenarios for these changes: (1) recoloni-
zation by opportunistic coral species such as Agaricia
agaricites (Bak & Engel 1979), which was abundant
before the hurricane (Edmunds et al. 1990) and was 1
of the 3 coral species recruiting (together with Porites
astreoides and Favia fragum) between 1985 and 1989
into 32 permanent quadrats of 0.25 m? at 4 and 12 m
depth on the eastern side of GLB (J. D. Witman
unpubl.); (2) alteration in community structures which
may be exacerbated by the death of the detached lobes
of Montastrea annularis since many may be too small
(21 cm? of live tissue) to survive (sensu Highsmith
1982); (3) regrowth of broken lobes leading to the
reestablishment of a reef dominated by M. annularis.
Most surviving fragments of M. annularis are too small
to be sexually mature (Szmant-Froelich 1985) and
therefore could not supply larvae to help repopulate
the reef.
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