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ABSTRACT

The condition of coral reefs in Fagatele Bay National Marine Sanctuary and at ten other sites
around Tutuila was assessed during 12-28 July 1995. Reef-building corals were surveyed along
25 transects, other invertebrates along 23 transects, algae along 21 transects, and fishes along 22
transects in Fagatele Bay. All these groups were also surveyed along transects at the other ten
sites around Tutuila. These transect were originally established in pairs in exposed and sheltered
sites, and they were previously surveyed quantitatively in 1982, 1985, and 1988.

The most obvious finding from this survey was rather counterintuitive. Exposed reefs showed
little damage from hurricanes and bleaching events, while protected areas showed extensive
damage. The reasons for this are that the coral colonies in exposed areas are conditioned to
frequent strong wave action and loose materials are scarce, while corals in sheltered areas grow
into delicate forms and loose material accumulates on the substrata. Delicate arborescent
“staghorn”, “elkhorn”, and especially “tabletop” corals, break under storm waves, and these large
limestone objects are thrown back and forth by storm waves and smash into other corals. There
are also rocks and gravel laying around in protected areas which become projectiles in high-energy
wave conditions of hurricanes and which are damaging to corals. In exposed areas, the corals are
conditioned to frequent wave action and therefore grow into compact, solid, or encrusting growth
forms which are not as vulnerable to being broken by storm waves, and loose rocks are
persistently removed by wave action so they do not accumulate as much as they do in sheltered
areas.

Because of the processes mentioned above, the corals along Transects 1 and 6 in exposed
locations at the outer edges of Fagatele Bay appeared to be in the same conditions as in previous
surveys. However, the corals along Transects 2, 3, 4, and 5 in relatively sheltered sites inside
Fagatele Bay were severely affected by hurricanes. Many large colonies were broken off and
tumbled around. Although there were numerous young (less than three-year-old) recruits, there
were relatively few older colonies. There was substantial structural damage to the reef from the
toppling of older colonies. Likewise, the corals outside Masefau Bay appeared the same as in
1982, 1985, and 1988, while the reef community inside Masefau was totally devastated.

Although the damage to the coral communities from Hurricanes Ofa and Val were extensive, the
reefs are in good health as evidenced by the abundance of young colonies. The recruitment of
corals and the health and stability of the reef system is enhanced by the prevalence of coralline
algae, especially Porolithon onkodes.

Coralline algae stabilize the reef by growing over and cementing dead corals. The planula larvae
of many species of reef-building corals respond to chemical cues from coralline algae as signals or
stimulants for settling and/or undergoing metamorphosis. Coralline algae provide smooth clean
substrata on which corals can settle. Filamentous and fleshy algae, in contrast, abrade coral
recruits, overgrow coral recruits, and produce sediment traps in which small corals are smothered.
The coral communities at Fagatele Bay and most other sites around Tutuila which were dev-
astated by waves from hurricanes and by bleaching (perhaps from temporary seawater
temperature increases) are apparently recovering as indicated by the abundance of small recruits.
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The coralline algae also facilitate reef construction. After the hurricanes, shards and rubble
accumulate into mounds or fill channels. These mounds and fill are then cemented into place and
solidified by coralline algae. In view of the overgrowth of one of the shallow stakes on Transect
3 by a relatively slow-growing massive Porites lutea, we suspect that a number of the permanent
transect markers in Fagatele Bay may have been buried by the rubble which is now cemented by
coralline algae. This form of reef growth, although relatively rapid, is of very porous
construction. This makes it difficult to secure bolts and metal loops for permanent anchor buoys
on these reefs of rapid, but porous, growth.

Considering the importance of coralline algae to the recovery and growth of the coral reef of
Fagatele Bay, it was noted that the “coralline lethal orange disease” (CLOD) was common from
shallow water down to 40-ft depth on Transects 4 and 5, and to a lesser extent on Transect 3.
See Appendix A. There was also a black “lichen-like” disease of coralline algae on Transect 3.

Corals of the genus Pocillopora were conspicuous in their mortality in shallow water in the inner
sections of Fagatele Bay. It has been suggested by Nancy Daschbach that while corals of many
genera demonstrated a whitening during bleaching event of the summer of 1994, Pocillopora
showed greater mortality than did other corals. This is consistent with the scientific literature on
corals in which species of Pocillopora are perceived as “weedy” species that are rapid recruiters
and rapid growers, but which are especially susceptible to physiological stresses such as tem-
perature changes. This is corroborated by the observations that colonies of Pocillopora did not
show exceptional mortality in exposed areas where the frequent turbulence and mixing of water
would mollify any temperature changes.

Other invertebrates also showed dramatic changes since the previous survey in 1985. The pink-
spined urchin Echinometra mathaei decreased in abundance by an order of magnitude, in some
cases by over 95%. This is probably of ecological importance because E. mathaei is a major
agent of bioerosion, making grooves and channels in the reef structure. The edible tridacnid clams
Tridacna squamosa and Tridacna maxima were also very scarce around Tutuila, but they have
been scarce in all our surveys.

The fish communities of Fagatele Bay and elsewhere around Tutuila Island have changed
dramatically over the last two decades also. Fish abundance has decreased by more than one half
at some sites, although species richness appears to have remained relatively consistent over time.
The most dramatic changes to the fish communities have been in the Family Pomacentridae. In
1995 there were only 30-50% as many pomacentrids as there were when the study began in
1977-1978. This was largely due to a 91-99% decline in the abundance of one species,
Plectroglyphidodon dickii. The change in abundance of this and other pomacentrid species can be
understood in the context of habitat degradation, since most are small, site-attached species that
are closely associated with particular habitat characteristics including coral cover. In contrast,
other families such as the Acanthuridae showed no substantial decline in abundance over time.
This was probably because the acanthurids were mostly roving herbivores, which were less likely
to have been affected by the changes to their habitat characteristics.

The history of coral-reef communities at Tutuila has involved changes in pattern of depth
distribution of disturbances over the past 16 years. The reefs in 1979-1988 were recovering from
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devastation by predation from the crown-of-thorns starfish. In this period it was the deeper
reefs, below the surf zone or reef margin, that showed the greater effects of disturbance. This
was because the crown-of-thorns was not well adapted to hanging on in turbulent water. Corals
in shallow water were defended from crown-of-thorns predation by wave action. In contrast, the
damage by waves from hurricanes directly impacted the shallow reef margin, and bleaching also
extended into shallow water.

In view of the response of the coral-reef communities around Tutuila to disturbances such as an
outbreak of the crown-of-thorns (1978/1979), two hurricanes (1990 and 1991), and a bleaching
event (1994), the coral reefs of Tutuila appear robust. The adult colonies are killed and living
coral cover is reduced to a large extent, but the abundant recruitment of juveniles indicate that the
coral reefs are resilient to natural disturbances. However, events on the coral reef community
near the Rainmaker Hotel indicate that chronic environmental effects from human activities such
as sedimentation and pollution inhibit coral recruitment and so the reef community deteriorates
by attrition. Although there is no spectacular mortality of adult colonies, occasionally one of
them will die of natural causes and they are not replaced if there is severe sedimentation or
pollution.

Sedimentation is a stress on adult colonies because of the calories required to produce the mucus
necessary to shed off the silt. We observed a large area of mucus on a Porites colony in the cove
just west of Fatu Rock. It has been shown that colonies of corals in areas of sedimentation are
less fecund, i.e., produce fewer eggs, perhaps because the energy used to survive by shedding the
mucus is diverted from energy used to produce eggs. Also, suspended sediment diminishes water
clarity and therefore the light available for photosynthesis by zooxanthellae in the tissues of
corals. Furthermore, the microscopic planula larvae of corals cannot settle and undergo
metamorphosis on sediment; they need bare limestone or clean encrusting coralline algae.
Sedimentation and pollution also interfere with the chemical cues needed by sperm and eggs in
fertilization and by the planula larvae in recognition of appropriate substrata for settlement and
metamorphosis. Nevertheless, without sedimentation or pollution, corals are remarkably
recovery-prone to even the worst of natural disasters.
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CORAL COMMUNITIES
by Richard H. Randall and Charles Birkeland

INTRODUCTION

This is a report of the findings of a survey of the corals and the condition of coral reefs in
Fagatele Bay National Marine Sanctuary and at ten other sites around Tutuila during 12-24 July
1995. Reef-building corals were surveyed along 25 permanent transects that were established in
1985 in Fagatele Bay. The transects at ten sites at other locations around Tutuila (Fig. 1) were
originally established in pairs in exposed and sheltered sites, and previously surveyed
quantitatively in 1982, 1985, and 1988 (Birkeland et al. 1987, 1994). Detailed descriptions of the
physiography of the marine habitats, the coral communities, the locations of the permanent
transects, and vertical profiles along the six transects in Fagatele Bay National Marine Sanctuary
are presented in Birkeland et al. 1987. The 1987 report also provides detailed descriptions of the
reef-flat platform, reef margin, and forereef slope zones.

3
Fagatele Bay

1 23 4
.
km

Fig. 1. Locations of ten survey sites on Tutuila Island, excluding sites in Fagatele Bay. 1-inside Masefau Bay;
2-outside Masefau Bay (Asaga Strait); 3-Aoa Bay; 4-Onenoa Bay; 5-Aunu’u Island; 6-Matuli Point; 7-Fagasa Bay;
8-Cape Larsen; 9-Fagafue Bay; 10-Massacre Bay; 11-Rainmaker Hotel; 12-Fatu Rock, 13-Fagatele Bay; 14-Sita Bay;

15-Auasi.

Our original survey in 1982 was to assess recovery of Samoan reef communities from predation
by an outbreak of crown-of-thorns starfish Acanthaster planci in 1978-1979. Therefore, we
expected to find the coral communities in later stages of recovery. However, since our previous
survey in 1988, there have been two major cyclones (Hurricanes Ofa in 1990 and Val in 1991)
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and a coral-bleaching event (April 1994). Reefs and corals were subjected to extensive structural
damage as a result of these two tropical cyclones passing close to American Samoa. Changes in
the community structure of corals and other reef-associated organisms that have occurred since
the initial Acanthaster planci predation during 1977-79 have been documented in Birkeland and
Randall (1979), and Birkeland et al.(1987, 1994).

The main emphasis on corals in this report will be in their relation to the geomorphic structure of
reefs and vulnerability or resistance to large swells and waves generated by storms and cyclones.
Because intense Acanthaster planci predation on the reef corals can cause major changes in the
community structure of reef-building corals as well as some structural changes, a section on the
effects of intense A. planci predation on the reefs at selected sites around the island is also given.

METHODS

Coral communities were surveyed with the point-quarter method as used in previous surveys of
Fagatele Bay National Marine Sanctuary and as described in detail in Birkeland et al. 1987. The
locations of the permanent transects are given in Fig. 2.

Fig. 2. Six permanent sites in Fagatele Bay and transects at each site.
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RESULTS

Data on size distributions (geometric mean diameters, standard deviations, and ranges in
diameters) of coral colonies, the numbers and abundances (per m2, relative abundances,
frequencies) of the various species, and the percent cover of the reef substratum by living corals
(per m2 and relative percentages) are provided in Table 1, a-y, for the permanent transects in
Fagatele Bay National Marine Sanctuary and in Table 2, a-t, for the other sites around Tutuila.
Tables begin on page 18.

Summary statistics for the abundances of coral colonies, percent cover of the reef surface by
living coral, and colony size distributions at five (5) depths along six (6) permanent transects in
Fagatele Bay 1985, 1988, and 1995 are given in Tables 3 - 5. Likewise, these summary statistics
are given for coral communities at two depths at each of ten other sites around Tutuila for 1982,
1985, 1988, and 1995 in Tables 6 - 8.

DISCUSSION
Previous Studies

The authors have conducted five separate studies of the reef systems around Tutuila Island in
American Samoa between April 1979 and July 1995. The first of these studies was conducted
from 24 March through 16 April 1979 to survey the coral reef communities, which at that time
were undergoing severe predation by the coral-eating crown-of-thorns starfish Acanthaster planci.
During this first survey, the distribution and abundance of A. planci, the relative degree of
mortality to the coral community by A. planci predation, and the geomorphic structure of the
reefs and species abundance of reef-building corals were assessed at 45 different stations around
the island (Birkeland and Randall, 1979). During the 1979 assessment 525 specimens of reef-
building corals were collected for systematic studies.

The second study was conducted during April 1982 to determine the degree of recovery of the
coral reef communities from previous A. planci predation at twelve of the 45 stations studied
during the 1979 survey. Six of these twelve stations were selected to represent wave-sheltered
locations (coastal embayments) that were paired with six nearby wave-exposed locations
(exposed coasts). In order to establish a quantitative baseline assessment of the coral
communities at these twelve stations a plotless point-quarter technique was used to determine
species size distribution, density, and percent surface coverage. During the 1982 assessment,
284 specimens of reef-building corals were collected for systematic studies.

The third study was conducted during April 1985 to continue an assessment of the degree of
coral recovery from earlier Acanthaster planci predation at the twelve 1982 sites surveyed during
1982, and to conduct a biological marine survey at a newly established U. S. Marine Sanctuary
located at Fagatele Bay along the southwest coast (Birkeland et al., 1987). At Fagatele Bay,
corals were surveyed quantitatively by using the plotless point-quarter method of assessment
along six permanently established transects and the general geomorphic reef structure and species
abundance of corals were qualitatively assessed within the overall bay. During the 1985 coral
assessment 446 coral specimens were collected for systematic studies.
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The fourth (Birkeland et al., 1994) and fifth studies were conducted during April of 1988 and
July of 1995 respectively, during which times assessments similar to those conducted during the
1985 study were made. During the 1995 study additional studies were conducted consisting of:
1) a quantitative resurvey of Mayor's 1917 reef flat platform transect in Pago Pago Bay, 2) a
general qualitative assessment of a lagoon created by dredging on the reef flat platform adjacent to
the Pago Pago Airport, and 3) general assessments at three embayment reefs along the southwest
coast to determine effects of terrestrial sedimentation. During the 1988 and 1995 assessments,
102 coral specimens were collected for systematic studies.

Structural effects of Acanthaster planci on reef communities

Scattered damage to the surficial reef deposits, mainly by the collapse and fragmentation of some
colony forms, as the result of A. planci predation has been observed at some of the assessment
sites in Fagatele Bay and other sites around the island. To prevent confusion in regard to
structural reef damage as a result of the 1977-79 Acanthaster planci predation and the reef damage
resulting from the two typhoons that occurred in 1990 and 1991, a short summary of the effects
resulting from the former is in order.

In regard to the magnitude of the Acanthaster planci predation events, one of us (Randall)
witnessed the extensive predation on Guam and many other Micronesian and Pacific Islands from
1967 through 1972, and rates the predation event that occurred on the reefs of American Samoa
from 1977 through 1979 just as devastating to the coral community, or possibly even greater,
than that observed at any other island that experienced extensive starfish predation.

Immediate effects

When Acanthaster planci feeds on corals only the soft tissues are digested away, the integrity of
coral corallum remains intact, thus there is no immediate structural damage. When all the living
coral tissues are digested the colony is killed, and sometimes partial digestion of the colony
tissues causes death as well, but commonly parts of the colony are left alive after the feeding
event and the living zone(s) continues to grow in size and regenerate. Our observations show
that where coral tissues are digested the underlying corallum becomes bleached white in color and
is quickly recolonized. The first colonizers are generally endolithic and filamentous algae, which
are quickly succeeded, or simultaneously recolonized by various species of calcareous algae and
fleshy macro-algae. The rapidity by which freshly killed corals become recolonized by algae was
generally observed wherever A. planci was feeding upon corals during our 1979 assessment and
several accounts at specific sites are worth mentioning.

On 26 March 1979 near Siufaga Point, just inside the mouth of Fagasa Bay, two coral samples
were chiseled from the lumpy dorsal surface of a pale brown Porites lutea colony, roughly 1.2 x
1.0 meters in diameter, that was growing on the outer edge of a submarine shelf at a depth of 3.0
meters. Sampling left two white concave depressions with a pale brown, fractured, peripheral
margin about a centimeter wide that was invested with living tissues. On 12 April 1979 the
sampling site was revisited and observations on the same P. lutea colony revealed that new
polyps occupied the peripheral fractured regions and the previous white skeletal region was
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occupied by numerous, pink, 1-2 mm diameter discs of coralline algae and short green filaments
of algae, the latter possibly a cyanophytic species. The coralline discs covered an estimated 25
percent of the previously fractured surface.

Another example which documents the rapidity of algal recolonization as well as the intensity of
starfish predation was observed 11 April 1979 north of Agaoleatu Point on Aunu’u Island. Here
a sand-floored terrace 12 to 15 meters deep had large scattered coral mounds that rose upward to
within 4 to 6 meters of the surface. The mounds were predominantly occupied by arborescent
thickets and scattered tabletop Acropora species which at places were infested with numerous A.
planci. At our anchorage site, on top of one of the mounds about 100 x 75 meters in size near the
seaward margin of the terrace, a large aggregation of A. planci were feeding on arborescent
acroporoid corals. It was obvious that the feeding starfish had moved upslope to the mound
crest, leaving a swath of dead corals behind about a 100 meters long and 5 to 10 meters wide. At
the deeper trailing edge of the swath the coral branches were colonized by dark brown fleshy
algae, which graded upward into a zone where the branches were colonized primarily with
filamentous green algae, which in turn was preceded by a zone of white freshly killed branches,
and at leading edge was a dense feeding band of starfish. Within the feeding band the starfish
were stacked atop each other feeding on various interstitial levels between the coral branches.
Here the entire sequence from actively feeding starfish to recolonization of the freshly killed
branch surfaces by macroalgae was evident within a single swath of corals.

Another example of intense feeding activity by Acanthaster planci on large tabletop colonies was
observed near Matuli Point on 31 March 1979. At the seaward edge of a submarine terrace
scarp, in water about 4 to 5 meters deep, a large multi-tiered colony of Acropora hyacinthus
about 1.7 meters across had 15 A. planci actively feeding on both the upper and lower polypoid
surfaces. Although there was room for the starfish to individually feed over the colony surface,
they were at places crowded together in overlapping aggregations.

Intermediate effects

Intermediate effects are here interpreted from observations of reef areas where the coral
communities had undergone extensive Acanthaster planci predation 1 1/2 to 3 years earlier.
Several reef areas reported by Wass (1979) as having undergone extensive A. planci predation
during late 1977 and early 1978 were investigated during our 1979 assessment, and during April
of 1982 we reassessed many of the areas that were intensively infested with A. planci during our
1979 assessment. Observations made during these reassessments at several of our field stations
are given below which describes the structural condition of the reef and of the corals at several
different habitats that were previously killed by A. planci predation. Taema and Nafanua Bank
sites represent deep low wave energy slopes, Aunu’u Island site represents a moderate to heavy
wave assaulted shallow terrace and adjacent deep seaward slope on the windward side of the
island, and Aoa Bay site represents a protected embayment fringing reef habitat on the leeward
side of the island.

On 30 March 1979, we investigated a region of Taema Bank that Richard Wass had reported as

heavily infested with A. planci during the late part of 1977 and the early part of 1978. One of us
(Birkeland) made a scuba dive down the seaward bank slope to a sand-floored terrace at 34
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meters depth. An extensive coral community, previously consisting of numerous tabletop and
scattered arborescent Acropora species, were nearly all dead and heavily encrusted with crustose
coralline algae. A marginal piece of an in situ dead A. cytherea colony about 2.5 meters in
diameter was collected near the base of the seaward bank slope at 34 meters depth. The fractured
face of the coral revealed stems encrusted at places by crustose coralline algae up to a centimeter
thick on the upper plate surface. The under plate algal encrustations were thinner and had
numerous spats of a red colored adherent foraminiferan Homotrema rubra scattered over the
surface. Ten marginal samples of dead Acropora tabletop colonies and five branch samples from
arborescent colonies collected from the upper bank slope to a depth of 20 meters were all
similarly encrusted with crustose coralline algae laminations up to a centimeter or more thick.
With the exception of some arborescent Acropora patches, nearly all the dead corals on the
seaward bank slope were "in place™ and extensively encrusted by several crustose coralline algal
species. About 25 percent of the bank slope surface was occupied by Halimeda species which
produces extensive amounts of detrital sediment.

Nufanua Bank which extends southwest of Aunu’u Island was also reported by Richard Wass as
intensely infested with A. planci during the early part of 1978. On 31 March 1979 we reassessed
the upper bank platform (14 to 17 meters depth) and seaward bank slope to 34 meters depth.
Our observations revealed a slope dominated by numerous dead "in place™ Acropora colonies
extensively encrusted by crustose coralline algae, similar to the conditions that were observed at
Taema Bank.

The general pattern of most coral colonies retaining their structural integrity and becoming
heavily encrusted by crustose coralline algae after being killed by A. planci predation was also
observed in shallower more wave-assaulted reef habitats as well. A striking example of
conditions before and after A. planci predation on a shallow, wave-assaulted, fringing reef habitat
was observed at Aunu’u Island. On 31 March 1979, a shallow submarine terrace and adjacent
steep seaward slopes and scarps to a depth of 34 meters was investigated about 250 meters
southwest of Salevatia Point on Aunu’u Island. The terrace ranged from 2 to 3 meters deep on
the inner part and gradually deepened to about 5 meters on the outer part where it abruptly
terminated at a scarp edge. The terrace was conspicuously dominated by tabletop and other
abundant to common corymbose and arborescent Acropora species. Encrusted patches of
Montipora and cespitose heads of Pocillopora were also abundant to common as well. At the
seaward margin of the terrace conspicuous mounds and ridges up to 2 meters high were
composed of multiple tiers of living tabletop and corymbose Acropora species. Estimates of
living coral coverage ranged from 70 to 80 percent on the inner terrace and 80 to 90 percent on
the outer terrace. Actual coral coverage was much higher if all the multiple tiers of tabletop
forms were considered.

On 5 April 1982 the same shallow terrace off of Salevatia Point on Aunu’u Island was
reassessed. Most of the former living coral colonies were dead and thoroughly encrusted with
crustose coralline algae. Collapse and fragmentation of arborescent and foliaceous species was
apparent, but many were also intact and encrusted with coralline algae. Living corals were widely
scattered and small, consisting mostly of a few arborescent Acropora patches with surviving
stem tips, surviving patches of mostly dead Pocillopora heads, and an occasional newly recruited
coral spat a few centimeters in diameter. Coral coverage on the terrace has been reduced to 1.7
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percent from a previous estimate of 70 to 90 percent in 1979, and on the deeper adjacent scarp
and steep slope coral coverage was only 0.06 percent (Birkeland et al., 1987). Surface coverage
by crustose coralline algae on the shallow terrace was estimated at 80 to 90 percent.

An example of conditions before and after A. planci predation in a protected embayment reef
along the leeward northeast coast was observed at Aoa Bay. During a tow survey on 1 June
1978 Richard Wass observed 270 A. planci on the reefs between Solo Point and Motsaga Point
(Aoa Bay), but reported that about 90 percent of the corals were still alive. On 9 April 1979
the fringing embayment reef along the east side of Aoa Bay was reassessed and we found most
of the corals intact, but dead and extensively encrusted with crustose coralline algae. Coral
coverage on shallow terraces (2 to 5 m depth) along the outer bay was estimated at 2 to 3
percent and along the inner bay (1 to 2 m depth) at 1 to 2 percent. Fifteen A. planci were ob-
served during our 1979 assessment, mostly along the inner part of the bay feeding on surviving
corals, including Millepora platyphylla, but about half of them were actively moving about on
sand-floored parts of the bay, possibly in search of living corals.

On 6 April 1982 we again reassessed the eastern side of Aoa Bay and found some small, widely
scattered, newly recruited corals among numerous algal encrusted heads and tabletop corals along
the outer part of the bay. Coral coverage along transects on the shallow terrace (2 to 5 m depth)
was 3.1 percent and on the adjacent deeper slope (6 m depth) was 0.8 percent, and coralline algal
coverage on the shallower terrace was estimated at 80 percent (Birkeland et al., 1987). Where the
terrace grades into the reef flat platform coralline algal coverage was even higher.

Long-term effects

Long term effects are here interpreted from observations of reef areas from our 1985 and 1988
reassessments where the coral communities had undergone extensive Acanthaster planci
predation 7 to 10 years earlier. With an elapse of this much time the reef areas should show a
considerable amount of recovery by recruitment of new corals and regeneration of surviving
spats. The recovery of coral communities that had undergone extensive A. planci predation in
Guam are well documented (Randall, 1973a,b; Jones et al., 1976), and show that coral coverage
as well as species abundance reached previous A. planci predation levels within 12 years
(Colgan, 1987).

The shallow terrace and adjacent steep slopes at Aunu’u Island were reassessed 15 April 1985.
The structural integrity of the shallow terrace appeared much the same as it did during the 1982
assessment. Crustose coralline algae dominated both the inner and outer parts of the terrace, and
freshly fractured samples of "in place" tabletop colonies revealed crustose laminations up to
two or more centimeters thick on the upper surface. Coral coverage on the shallow terrace was
1.6 percent, about the same as that during the 1982 assessment, and on the adjacent steep
seaward slopes coral coverage increased from 0.06 percent during the 1982 assessment to 1.83
percent (Birkeland et al., 1987). Coralline algal coverage along a transect at 6 meters depth was
70.7 percent and on the shallower terrace was estimated at 80 to 90 percent.

The Aunu’u Island site was reassessed again on 14 April 1988, but because of breaking waves on
shallow terrace, only the adjacent scarp and steep slopes at 6 meters depth could be
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guantitatively assessed. A short snorkeling excursion onto the outer part of the shallow terrace
revealed that it was still dominated by crustose coralline algae, but corals appeared to more
abundant. Especially conspicuous were the Acropora hyacinthus colonies which were now
exhibiting tabletop colony forms. Some of the tabletop Acropora colonies appeared to be well
over 0.5 meters across, which demonstrates the rapid growth rate of these colonies, which during
the 1985 assessment were still in the encrusting-mound stage of development with colony
diameters ranging from 3 to 15 centimeters. Coral coverage on seaward scarp and steep slopes at
6 meters depth was 17.8 percent (Birkeland et al., 1994), and an estimate of coral coverage on the
outer part of the adjacent shallow terrace was estimated at 15 to 25 percent.

The fringing embayment reef along the east side of Aoa Bay was reassessed on 18 April 1985.
The shallow terrace along the outer part of the terrace was dominated by encrusting crustose
coralline algae, but new coral recruitment and regeneration of surviving spats were conspicuous,
particularly on the outer half of the terrace. Newly recruited Acropora hyacinthus were
especially noticeable, but were still in their encrusting-mound stage of development. Coral
coverage along transects on the shallow terrace was 11.5 percent and on the adjacent deeper slope
(6 m depth) was 1.8 percent, and coralline algal coverage along a transect at 6 meters depth was
68.8 percent and on the shallower terrace was estimated at 80 percent (Birkeland et al., 1987).

Aoa Bay was reassessed on 7 April 1988. Although encrusting coralline algae still dominated the
shallow terrace, corals were conspicuously more abundant than during the 1985 assessment.
Particularly noticeable were the Acropora hyacinthus colonies which were now forming their
distinctive tabletop colony form, one of which was measured at 78 centimeters along the outer
part of the terrace. Coral coverage along transects on the shallow terrace was 19.4 percent and on
the adjacent deeper slope (6 m depth) was 15.8 percent (Birkeland et al., 1988), and coralline
algal coverage on the shallower terrace was estimated at about 80 percent.

Discussion and summary of Acanthaster planci effects

With exception of some arborescent and foliate colony forms, most coral skeletons did not
collapse or fragment as might be expected by their death and the sudden loss of skeletal tissue
accretion and increase in surface exposure to bioeroders. Increased bioersion would certainly
weaken the coral skeleton, resulting in greater susceptibility to chemical and physical erosion. If
fleshy algae was the climax colonizer of the exposed coral surfaces on arborescent, corymbose,
cespitose, foliose, and tabletop forms, it is doubtful that structural integrity of the skeleton could
be maintained until the coral community became reestablished. Coral recolonization would
probably proceed at a much slower rate on surfaces covered with fleshy algae because of the
difficulty of planulae to settle on such unstable substrates, and if they did by chance become
settled, the relatively slow growing coral polyp could become smothered by the high rate of
biomass production by the fleshy algae, as was demonstrated by Birkeland (1977) on settling
plate studies.

After extensive Acanthaster planci predation many arborescent "staghorn™ Acropora patches
were observed to have collapsed and fragmented after being killed by A. planci predation. In
general it was the large thicket-like patches several meters across and larger mounds up to tens of
meters across that were more prone to collapse and fragment. Arborescent Acropora thickets
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consist of several distinct zones -- a living dorsal region and a basal dead region where the
branches still retain their structural integrity, and if the thicket has been growing for some time
there will most likely be a third zone consisting of fragmented dead branches that accumulate
from gravitational collapse as a result of the accumulating weight of the upper growing surface.

In living thickets the dead branches that have not collapsed are usually occupied by fleshy algae
rather than coralline encrustations which are maintained and protected by pomacentrid "farmer"
fishes which graze the algal gardens for food. Coralline algae are thus prevented from encrusting
and strengthening the dead branches. Bioerosion soon weakens the fleshy algal coated branches,
especially from boring sponges, resulting in their collapse. When the living branches suddenly
die in thickets which have populations of "farmer” fishes present the upper branches become
colonized by fleshy algal species promoted by them. Within several years the branches are
weakened internally by bioerosion, the thicket rapidly collapses and is abandoned by the host
fishes, and the fleshy algae is replaced by crustose corallines which cements the rubble into a
more rigid mass. Small arborescent thickets of coral commonly do not have “farmer” fish
associated with them, and after their death they generally become rapidly encrusted with crustose
coralline algae. Even during our 1988 reassessment survey it was fairly common to see small
dead arborescent branch clumps encrusted with coralline algae that had maintained their structural
integrity for 7 to 10 years.

In conclusion, the coral reefs, as well as most of the individual coral colonies, retained their
structural integrity in a wide range of habitats. Coral skeletal integrity was achieved primarily by
the relatively rapid colonization and encrustation of the newly exposed corallum surfaces by
another primary reef framework builder, the crustose corallines. Even without the reef-building
corals, accretion of framework reef deposits was still occurring throughout much of the reef
system, though at a slower rate than if the faster-growing corals were present.

Tropical cyclones of 1990 and 1991

Between our 1988 and 1995 coral reef assessments, two tropical cyclones (hurricanes or
typhoons) caused substantial decreases in coral coverage and abundance as well as some
structural damage to the reef framework deposits. The tropical cyclones also caused an increase
in the production of detrital deposits and changes in sediment patterns by redistribution.
Hurricane Ofa passed about 140 miles to the southwest of Tutuila during February of 1990, and
Hurricane Val passed directly over Tutuila in December of 1991. Although the wind speeds
associated with these two hurricanes were not exceptionally strong during their passage by or
over Tutuila, storm waves and storm surge generated by the hurricanes were exceptionally
destructive to the fringing reef systems and coastal areas. From a report supplied to us from the
American Samoa Meteorological Service Office at the Airport, a short summary of each of the
two hurricanes is given below.

The eye of Tropical Cyclone Ofa was estimated to have passed about 140 miles southwest of
Tutuila Island on 4 February 1990. Strong winds began to be reported over the island from about
0200 UTC on February 2, with winds becoming very gusty and average speeds reaching gale
force by 1200 UTC on February 3. About 0500 NTC on February 4 the winds peaked with
maximum average speeds reported at 53 knots. The maximum gust reported was 93 knots which
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occurred at 0119 UTC on February 3. Heavy rain and large storm surge and storm waves washed
away sections of roads and damaged bridges, buildings, and other structures. The coastal areas
and villages in the northern part of the island were most severely affected.

Tropical Cyclone Val became organized northwest of the Samoa Islands, tracked southeast
toward the island group, made a clockwise loop southwest of Savaii, and then tracked eastward
and passed over Tutuila about 0000 UTC on 10 December 1991. Although no summary of the
wind speed for Tropical Cyclone Val is given in the report from the Meteorological Services
Office, anemometer graph charts from their office indicate a peak wind speed of 99 knots at 2350
on 9 December 1991. In conclusion, the report states that Val was a major tropical cyclone of
this decade and will go on record as causing one of the most severe impacts in recent history.
Apparently Tutuila has not experienced any major tropical cyclones since the middle 1960s.

Structural effects of tropical Cyclones Ofa and Val on the fringing reefs in Fagatele Bay
General effects of cyclones

Upon returning to American Samoa to conduct the 1995 coral reef reassessments, our team
was well aware of the 1990 and 1991 Tropical Cyclones that passed near or over Tutuila
Island, but we were somewhat unprepared to witness the degree of structural damage to the
reef and coral communities we saw upon entering the waters of Fagatele Bay. One of us
(Randall) has witnessed the effects of three "super typhoons" that passed directly over Guam
since the middle 1960s, and found the level of structural reef damage around Tutuila Island to
be generally greater than that observed on Guam after these more intense typhoons had passed
over the island.

It must be kept in mind that the following observations from this assessment were made 3 to 4
years after the two cyclones affected the reefs, and thus we are unable to separate the individual
effects of each cyclone. We are also unable to determine the immediate effects of the cyclones to
the reef structure and associated communities, which was probably more severe than what we
report, because of some recruitment and regeneration of marine organisms and redistribution of
sediments since the cyclone events. It is also extremely difficult to determine whether the corals
that we observed during the 1995 assessment are surviving patches or pieces of colonies that
survived the cyclone events or are new corals recruited since the cyclones, or some combination
of both. Another confounding factor in assessing the cyclone damage was a thermal event in
1994 that significantly elevated the water temperature, particularly in shallow reef margin and
reef flat platform reef zones.

The cyclone-induced changes to the reefs in Fagatele Bay can be categorized into two broad
types -- changes in the community structure of reef and reef-associated marine organisms and
changes in the structural aspects of the reef framework and detrital deposits. Structural changes
can be further subdivided into those of a minor or superficial nature (extant corals) where the
physiography of the reef has not been significantly changed and those which have changed the
physiographic features (buttresses, knobs, pinnacles) of the reef. To effectively evaluate both of
these types of changes requires baseline knowledge of the reef system before and after the cy-
clone disturbances. Thus the basis for determining the structural and superficial aspects of the

Page 10



two cyclones is drawn primarily from a comparison of field notes taken during the 1979, 1985,
and 1988 assessments with observations made during the present 1995 reassessment. Most of
these field observations have been focused around the six transect sites in shoal-water regions of
the bay from the surface to about 10 meters depth, but some general observations were made
between the sites as well.

The general physiographic nature of the fringing reefs in Fagatele Bay, before Tropical Cyclones
Ofa and Val affected the reefs, is given in the 1987 report (Birkeland et al., 1987: 26-37) and will
not be repeated here. The structural and superficial effects from the cyclones are presented in a
systematic manner, starting with Transects 1 through 6.

Assessment of the cyclone damage at Transects 1-6
Transect 1

General observations at this site were for the most part restricted to a submarine terrace 5 to 12
meters deep that extends from Steps Point to Matutuloa Point, with the most detailed
observations at 5 to 6 meters depth in the vicinity of Transect 1. During the 1988 assessment
waves and swells were to high to conduct a quantitative analysis at the 5 meter transect site, or
make any detailed observations within the general area. The entire region was investigated
during 1985 and reassessed again in 1995.

The reef structure at this location is not conspicuously different from that observed during the
1985 assessment, but some superficial changes have occurred. The most obvious change was the
stripping away of many of the dead and living tabletop colony forms between 6 and 9 meters
depth just seaward of the 5 meter transect area. Except for some abrasion and colony breakage,
the coral community on the surface of the three mound tops that constitute the 5 meter transect
sampling area appeared to be little effected by the cyclone. In fact, there was an increase in coral
density, coverage, and colony size since the last assessment during 1985. Apparently the coral
community at the 5 meter transect site is adjusted to the large waves and swells that normally
sweep across the region, and thus was not seriously affected by the cyclone events. Most
noticeable damage to the corals at the 5 meter transect site was abrasion and breakage of vertical
plates on large Millepora platyphylla colonies.

Conspicuous scouring was observed on the floor of shallow troughs that follow joints in the
volcanic rocks that extend seaward from a submarine cliff along the shoreline, as well as around
the base of large volcanic rock blocks scattered along the base of the submarine cliff toward
Matutuloa Point. Coral communities on the upper surfaces of these blocks appeared to be little
affected by the cyclone events. Many of the large algal encrusted tabletop and cespitose colonies
that were observed during the 1985 assessment along a 9 to 12 meter deep submarine terrace that
extends south from Matutuloa Point were also not seriously affected by the cyclone event.
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Transect 2

Significant structural reef changes have occurred at this site, both in its surficial and
physiographic aspects. The site normally receives considerable water agitation from waves
refracted around Matutuloa Point.

The reef flat in the vicinity of the transect was swept free of sediment except for minor
accumulations in holes and depressions. Corals were scattered and patchy on the reef flat,
nevertheless there was an increase coral coverage and density and a decrease in colony size since
the 1988 assessment. Although the reef flat area south of the transect site was previously
veneered by rubble across much of its surface, significant new deposits consisting mostly of
Acropora shingle has been added to the surface. The new shingle deposits are especially
conspicuous at the reef flat-reef margin boundary where the deposits form a linear ridge.

The most intense damage at this transect site was observed in the shallow reef margin and upper
reef front slope to about 2 meters depth. The most conspicuous surficial change observed was
the stripping away of most of the living and dead corals with arborescent, tabletop, and
corymbose colony forms. In contrast, many small, dead algal encrusted heads of Pocillopora
were observed at places on the buttress ridges. Apparently these Pocillopora colonies developed
after the storm event and were killed by some other cause, possibly by the 1994 thermal event.

Very few living corals were observed within this shallow reef area, unlike the deeper adjacent reef
front slope where small corals were much more abundant. Many corals that were not stripped
away were badly damaged by abrasion and breakage from sand- to boulder-sized pieces that were
vigorously moved about by storm surge and waves. Structural physiographic damage to the
buttress ridges was also observed within the reef margin and upper reef front slope to a depth of
2 meters. Some of the more conspicuous damage included several buttress ridge sections 2 to 3
meters long that had been toppled over onto their sides, a section that had been overturned in an
upside-down position, and several sections 1 to 2 meters across that had been hydraulically
plucked off from buttress ridges. Channels situated between the buttress ridges have undergone
considerable shoaling as a result of infilling by mostly coralline algal encrusted coral rubble and
shingle. At places this coral and shingle accumulation was a meter or more in thickness and
cemented together by encrusting algae.

Except for some toppled knobs and pillars the reef front slope areas deeper than 2 meters
appeared to have less structural physiographic damage, but surficial damage to living and dead
extant coral colonies was extensive. From 2 to about 8 meters depth the reef slopes were
veneered with coralline algal encrusted coral rubble and shingle except where topographic knobs
and low mounds and ridges occurred. At the 3 meter transect site a linear arrangement of meter-
sized Lobophyllia hemprichii colonies growing alongside a buttress ridge, that were used to
identify the transect location, had all but the very tops buried in rubble and shingle. Some of the
individual pieces of shingle were a meter or more in their long dimension and at places some of
the clasts were being cemented together by crustose algae.

In regard to the community structure of the corals, there was an increase in coral density,
coverage, and colony size at both the 3 and 5 meter transect sites since the last assessment during
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1988. Scattered living and dead corals occurred on both the rubble and shingle veneered areas as
well as on extant topographic features. Most of the corals were relatively small and appeared to
have become established since the cyclone events, but a few larger colonies were also scattered
about. Judging from the amount of abrasion and breakage, some of these larger colonies must have
survived the two cyclone events.

Transect 3

This site is situated within the broad convex head of the bay and is exposed directly to waves and
swells that enter the mouth of Fagatele Bay. At this site significant structural reef changes have
occurred primarily in the reef margin and adjacent reef front slope zones, both in its surficial and
physiographic aspects. In comparison with the other transect sites at the head of the bay, there
was less cyclone damage in the upper reef front slope than at transect sites 2 and 4, but the lower
reef front slope appeared to have about the same amount of damage. The presence of a large de-
pression with a patch reef at its outer edge may have given the upper reef front slope some
degree of protection at transect 2.

The reef flat in the vicinity of the transect has a relatively flat truncated surface with scattered
irregular-shaped holes and depressions up to 5 or more meters across and up to 2 meters deep.
There was only minor evidence of storm damage along the inner two-thirds of the platform,
except for some scattered pieces of coral rubble and shingle. Along the outer third of the
platform the holes and depression are connected by channelways that extend seaward to the reef
margin and reef front slope, which contained significantly more rubble and shingle than before the
cyclone events. Many dead and living corals that were earlier observed in these channelways
have been swept away, but many small algal encrusted Pocillopora heads were still in place.

The most significant change on the inner two-thirds of the reef platform was the presence of
abundant dead in situ corals that were alive during the 1988 assessment. The dead corals are
mostly located in the holes and depression and in a narrow moat along the shoreline. On the
outer part of the effected platform arborescent Acropora patches and Pocillopora heads were
selectively killed, leaving most of the other species unharmed.

Farther inshore more species of corals, such as Pavona divaricata, Porites lutea, P. cylindrica, P.
annae, and Psammocora contigua, as well as the encrusting corallines have been partially to
completely killed. Where crustose coralline algae has been killed the surfaces are occupied by
dark-colored fleshy algal species. It is suspected that the coral communities on the reef flat
platform have been selectively killed by the 1994 thermal event, with the effects being greatest on
the inner shallower part of the platform and attenuating in a seaward direction to the outer reef
margin. Similar selective thermal coral kills have been observed on reef platforms on Guam and
Saipan in the Mariana Islands that were related to periods of exceptionally low tides and calms.
In regard to the community structure of the corals on the reef flat, there was a decrease in coral
density, coverage, and colony size since the last assessment during 1988.

Although some damage was observed in the shallow reef margin and upper reef front slope zones,

it was not nearly so severe as that observed at transect areas 2 an 4. The most obvious damage
was the accumulation coral rubble and shingle. Physiographic reef damage consisted of several
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toppled knobs several meters across in the reef margin, and a partly living colony of
Psammocora sp.1 (2.2 x 1.7 meters across) that was broken off from a prominent pinnacle on the
lower reef front slope and transported upslope to a reef margin channel.

On the upper reef front slope there was more survival of pre-cyclone dead and living coral
colonies than at transect sites 2 and 4. Some of the more conspicuous survivors included,;
damaged and fragmented patches of Porites (S.) rus and P. (S.) convexa on the reef front slope,
and a partially dead Acropora robusta colony 3.1 meters in diameter and a partly dead
corymbose Acropora cf. paxilligera colony 2.8 meters in diameter and 1 meter high in the reef
margin zone. There were also a number of large living colonies growing on the reef slope, which
irregardless of their size, appeared to have been recruited since the cyclone events. Examples of
these living colonies include; two Acropora hyacinthus colonies whose tabletop measurements
were 115 x 76 cm and 90 x 88 cm, a pedicellated corymbose Acropora pagoensis colony 72 x 53
cm, a compound tabletop Acropora sp. 2 colony 103 x 74 cm., and a clump of Acropora nobilis
174 cm across. These large living colonies show no evidence of storm damage, even though there
were growing amidst, as well as on, storm accumulated plates of shingle.

In regard to the community structure of the corals on the upper reef front slope, there was a
decrease in coral density and an increase in coverage and colony size at the 3 meter transect site,
and a decrease in coral density and coverage and a slight increase in colony size at the 5 meter
transect site since the last assessment during 1988. Nearly 50 percent of the colonies
encountered along the 3 and 5 meter transects were Porites sp. 2 with a mean diameter of only
5.9 cm, that been recruited since the cyclone events.

Reef front slope areas deeper than 6 meters appeared to have less structural physiographic
damage than the shallower parts, but surficial damage to living and dead extant coral colonies was
extensive. Although there has been some collapse of extensive arborescent thickets of Acropora
and foliaceous patches of Merulina, Echinopora,and Turbinaria after Acanthaster planci
predation, most of the extant dead and living corals were striped away by the cyclone events.
Except for some topographic mounds, ridges, and knobs, algal encrusted coral rubble and shingle
now veneers much of the lower reef slopes.

Transect 4

Like transect area 3, this site is situated within the broad convex head of the bay and is exposed
directly to waves and swells that enter the mouth of Fagatele Bay. In comparison with the other
transect sites at the head of the bay there was more surficial cyclone damage observed in the reef
margin and reef front slope zones than at transect sites 2 and 3. Although some physiographic
reef damage was observed, it was not as extensive as that at transect areas 2 and 3.

The reef flat platform in the vicinity of the transect has a relatively flat surface with scattered
irregular-shaped holes and depressions up to 2 or more meters across and up to a meter deep on
the outer half of the platform, and a very flat truncated surface with widely scattered shallow
holes and depressions on the inner half of the platform. Along the transect itself there was only
minor evidence of storm damage on the inner half of the platform, except for some scattered
pieces of coral rubble and shingle. The outer half of the platform has minor amounts of coral
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rubble and shingle scattered over the surface, mainly on the floors of holes and depressions. To
the west of transect area the platform has accumulated considerably more coral rubble and shingle
than was observed there during the 1985 assessment. No assessment was conducted at this
transect site during the 1988 assessment because of high waves and swells breaking on the
platform.

There appeared to be more damage to the coral community from the 1994 thermal event than
from the two cyclones. Nevertheless, in regard to the community structure of the corals on the
reef flat, there was an increase in coral density and coverage and a slight decrease in colony size
since the last assessment during 1985. Some of the community structural differences is probably
due to a slight shift of the 1995 transect area toward the west into a region occupied by abundant
truncated beds of Pavona divaricata. Apparently the new storm rubble and shingle accumulation
on the platform (described above) has shifted deposits eastward and the transect was thus shifted
eastward as well.

Except for a few minor toppled knobs and pillars, most of the cyclone damage is of a surficial
nature on reef margin and reef front slope areas. Reef margin channels and the adjacent reef front
slopes to about 10 meters depth are now veneered with extensive amounts algal encrusted coral
rubble and shingle, except where topographic knobs and low mounds and ridges occurred.
Apparently the numerous extant dead and living corals that were present on the slopes during the
1988 assessment were broken loose and the surface overlain by reworked coral rubble and shingle
during the cyclone events. A shallow reentry channel that extends into the reef platform at this
site was veneered with an unbroken layer of mostly large pieces of shingle. Judging from the
tops of some large Porites lutea colonies that are now just barely emergent, the shingle
accumulation in the reentry channel is at places is over a meter thick.

In regard to the community structure of the corals, there was an decrease in coral density and
coverage and colony size was unchanged at the 3 meter transect site, and an increase in density
and coverage and a decrease in colony size at the 5 meter transect site since the last assessment
during 1988. Scattered living and dead corals occurred on both the rubble and shingle veneered
areas as well as on extant topographic features.

Transect 5

This transect site is located on the west side of Fagatele Bay and is thus exposed to waves and
swells that directly enter the bay mouth or are refracted around Fagatele Point. The shoreline is a
vertical volcanic rock wall that extends downward below the water level 2 to 5 meters. Waves
reflected from the shoreline wall and underwater scarp meet oncoming waves and swells causing a
very agitated water mass in the vicinity of the transect. Seaward from the submarine scarp the
bottom dip downward rather steeply and the topography is very irregular, consisting of various
sized blocks of rock slumped from the adjacent cliff and mounds, knobs, and ridges that have no
consistent orientation or shape. Coarse sediment forms a patchy veneer at places between the
topographic features and in undercut troughs and open joints along the submarine wall. The 3
meter transect area is located along submarine scarp and the 5 meter transect area just a few
meters father seaward.
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Within the 3 and 5 meter transect areas there was very little noticeable physiographic damage and
no noticeable changes in the amount or distribution of sediments. Bottom sediments ranged from
sand- to rubble-sized clasts and a few rounded boulders, similar to what was present during the
pre-cyclone assessments. Most of the cyclone damage was of a surficial nature consisting of
sediment scouring along basal regions of some topographic features and along the base of the
submarine scarp. Many of the living corals showed some evidence of abrasion and breakage, but it
did not appear that many corals were actually striped away by the cyclone events. During the
1988 assessment table top corals within the 3 and 5 meter transect areas were rare, but on the
adjacent deeper slopes some were observed. In regard to the community structure of the corals,
there was a decrease in coral density, coverage, and colony size at both the 3 and 5m transect sites.

Transect 6

General observations at this site were for the most part restricted to a short, isolated, submarine
ridge with peripheral steep to vertical scarps that lies a short distance off of Fagatele Point.
Transect sampling was restricted to the upper surface of the ridge which ranged from 4 to 6
meters deep.

No obvious or structural reef damage was apparent on the upper surface of the ridge, and only
minor surficial damage was noted in the form of sediment scouring around the basal peripheral
region of the ridge, and the obvious removal of the tabletop colonies that were present during the
1988 assessment.

The community structure of the corals at this location is conspicuously different from that
observed during the 1988 assessment. There has been some significant changes in species
composition and a decrease in coral density, coverage, and colony size. Similar variation in the
community structure of the corals also occurred between the 1985 and 1988 assessments.
During 1995, nearly half the corals encountered on the transect had never been observed at this
station before. In our 1985 assessment, 14 colonies of Acropora azurea were encountered on
the transect. None were encountered on the transect in 1988, but one was observed in the area,
and during the 1995 assessment, none were encountered on the transect or observed in the area.

In the 1985 and 1988 assessments, Galaxea fascicularis was encountered on the transect 11 and
7 times respectively, but during the 1995 assessment it was neither encountered on the transect
or observed in the area. The top of the short ridge where this transect area is located is easily
recognized and quite small in area, so there is little doubt about not sampling the same region.
Rapid turnover in the corals here, except possibly for the very stout species like Millepora
platyphylla, is not surprising when considering that it is a just a veneering community. The fact
that there is no true reef deposit here presupposes a rapid turnover of the corals, unlike the wave
assaulted 5 meter coral community at the transect 1, where the community appears to be fairly
stable and is building up an underlying reef deposit.

Discussion and summary of cyclone effects

It is quite apparent that Tropical Cyclones Ofa and Val caused considerable surficial damage, as
well as some structural physiographic damage, to nearly all the reef communities within Fagatele
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Bay, but it is also probable that not all the surficial damage observed could be ascribed to the
effects of the cyclones alone. Some of the rubble has been derived from the collapse and
fragmentation of certain colony forms after they were killed by Acanthaster planci predation.

The thermal event of 1994 appears to have had a significant effect on the corals and living
patches that initially survived the cyclones as well the new recruits. Many of the dead corals
observed on the shallow reef flat platform and reef margin zones may have been recruited after
the cyclones, and then killed by water temperature elevation to lethal levels during this thermal
event, which explains why they were not swept away by the cyclone waves.

One of the most conspicuous surficial effects of the cyclones was stripping away of many of
extant dead and living corals that offered a high coefficient of drag to the storm waves. Many of
these storm-prone corals that retained their structural integrity after A. planci predation, by
becoming rapidly encrusted with coralline algae, gave the reef surface a high degree of three-
dimensionality and microhabitat diversity, which provided ideal substrates for rapid recruitment
and re-establishment of diverse coral communities. The collapse and fragmentation of such
storm-prone dead and living corals produced a prodigious amount of new rubble and shingle,
which along with precyclone sediments underwent considerable redistribution. At some places
there was sediment accretion, commonly in places where there was little sediment accumulation
before, and at other places sediment depletion occurred.

In the shoal-water reef zones strong wave surge transported considerable amounts of coarse
sediment into the reef margin surge channels. This newly accumulated material is rapidly being
cemented into a wave-resistant reef fabric. Such accumulations hasten the reef-building process
by propagation of the reef front framework deposits seaward and over the newly accumulated
detrital material. Much of the newly produced rubble and shingle was also worked downslope
where it builds up the forereef detrital deposits. Strong cyclone waves and currents comminute
coarser sediments into finer grains, some of which is transported out of the bay to the deeper
island slopes. Finally, a relatively small part of the sediment was transported to shoreward to
become part of the ephemeral beach deposits along the rocky shoreline of the bay.

The cyclones also caused some structural physiographic damage to the reef as well, particularly
in the reef margin and reef front slope zones, where sections of reef buttresses, pinnacles, and
knobs were overturned or toppled. Such structural reef damage is impressive to an observer, but
is relatively inconsequential when compared to the volume new sediment produced and its
widespread redistribution.

Some of the above cyclone effects to the reef system may seem catastrophic, but reefs are
features of tropical seas where cyclonic systems breed and blow, and in spite of such storms
they flourish and persist, possibly because of them.

In conclusion, it appears that the species diversity, density, coverage, and colony size
(community structure) that we observe on the reefs of Fagatele Bay at any one point in time are
dependent to a great degree on chance historical events. Because of the unpredictable nature of
these events, such as their temporal spacing and variability in intensity, it is difficult for corals
to adapt to them. Had we visited the reefs of Fagatele Bay just once in 1979, we would know
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the community structure of the corals there, but now after four more trips to these reefs the
concept seems to have become an elusive goal. It’s like the old saying of the man with a watch:
with one, he knows what the time is, but if he carried four watches, he is uncertain of what time
itis.

Table 1. Coral communities at 6 transects in Fagatele Bay, based on 25 quantitative
point-quarter transect surveys done in July 1995.

1(a) Transect 1 5-6m depth
1(b) Transect 1 9 m depth
1(c) Transect 1 12 m depth
1(d) Transect 2 1 m depth
1(e) Transect 2 3 m depth
1(f) Transect 2 5 m depth
1(9) Transect 2 9 m depth
1(h) Transect 2 12 m depth
1(i) Transect 3 1 m depth
1(j) Transect 3 3 m depth
1(k) Transect 3 5 m depth
1(1) Transect 3 9 m depth
1(m) Transect 3 12 m depth
1(n) Transect 4 1 m depth
1(0) Transect 4 3 m depth
1(p) Transect 4 5 m depth
1(q) Transect 4 9 m depth
1(r) Transect 4 12 m depth
1(s) Transect 5 3 m depth
1(t) Transect 5 5 m depth
1(u) Transect 5 9 m depth
1(v) Transect 5 12 m depth
1(w) Transect 6 5-6m depth
1(x) Transect 6 9 m depth
1(y) Transect 6 12 m depth
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Table la. Fagatele Bay, Transect 1, 5-6 m depth

Fagatele - Transect 1 Size distribution of colonies
5-6 m depth - July 1995 Diameters in cm
corals n Y S w frequency | density | relative % relative
per m2 der:/;ity cover cooeer

Millepora platyphylla 12| 26.5]| 21.1 6.5/68.5 0.47 1.76 20.00| 15.42 58.12
Montipora grisea 3| 23.4| 30.8 5.3/59.0 0.20 0.44 5.00( 4.09 15.42
Pocillopora elegans 2| 25.4| 84 19.4/31.3 0.13 0.29 3.33 1.57 5.92
Montipora ehrenbergii 8| 109| 4.6 6.0/20.0 0.27 1.18 13.33 1.26 4.75
Pocillopora verrucosa 5[ 125]| 6.8 3.5/22.0 0.33 0.73 8.33 1.11 4.18
Montipora verrilli 5| 129 3.8 7.3/16.7 0.20 0.73 8.33 1.04 3.92
Pocillopora danae 2| 152 1.8 13.9/16.5 0.13 0.29 3.33 0.53 2.00
Pocillopora eydouxi 4 87| 1.4 7.3/10.5 0.27 0.59 6.67 0.36 1.36
Pocillopora meandrina 3| 85| 3.8 4.8/12.5 0.20 0.44 5.00 0.28 1.06
Galaxea fascicularis 6| 58| 21 3.0/8.5 0.33 0.88 10.00 0.26 0.98
Porites (P.) lutea 2| 93| 16 8.1/10.4 0.07 0.29 3.33 0.20 0.75
Porites (P.) sp.2 2| 77| 25 5.9/9.4 0.13 0.29 3.33 0.14 0.53
Psammocora haimeana 2| 6.0] 07 5.5/6.5 0.13 0.29 3.33| 0.08 0.30
Acropora (1.) craterformis 1| 69| - - 0.07 0.15 1.67 0.06 0.23
Millepora tuberosa 1| 75| - - 0.07 0.15 1.67 0.06 0.23
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Leptoria phrygia 1] 57| - - 0.07 0.15 1.67 0.04 0.15
Acropora (A.) hyacinthus 1] 53| - - 0.07 0.15 1.67 0.03 0.11
COMMUNITY 60 | 13.8| 13.8| 3.0/68.5 8.80 26.53
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Table 1b. Fagatele Bay, Transectl, 9 m depth

Fagatele - Transect 1
9 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density | relative % relative
per m2 der:/;ity covet cooeer
Pocillopora eydouxi 17| 14.9| 4.27 6.9- 23.2 .70 187.4 20.6 3.27 30.16
Leptoria phrygia 3| 28.2| 9.24| 17.9-358 13 33.0 3.6 2.06 19.00
Montipora grisea 6| 149] 115 6.5- 37.7 22 65.9 7.2 1.15 10.61
Pocillopora verrucosa 6| 13.3| 3.46 7.0- 15.9 22 65.9 7.2 0.92 8.48
Montipora verrilli 12| 9.2 4.89 2.6-19.5 .39 132.5 14.5 0.88 8.12
Platygyra daedalea 1| 25.0] - - .04 11.0 1.2 0.54 4.98
Montipora ehrenbergii 2| 17.0| 4.31| 13.9-20.0 22 22.0 2.4 0.50 4.61
Pocillopora meandrina 6| 8.0][ 5.84 3.5-19.0 .09 65.9 7.2 0.33 3.04
Favites russelli 2| 13.2| 16.6 2.4- 25.9 17 22.0 2.4 0.30 2.77
Pavona sp. 3 4| 83| 6.65 3.5-18.0 .13 44.0 4.9 0.24 2.21
Montipora granulosa 3| 6.7] 2.02 3.9-12.0 .04 33.0 3.6 0.12 1.11
Favia rotumana 1| 9.4 - - .04 11.0 1.2 0.08 0.74
Montipora caliculata 1| 90| - - .04 11.0 1.2 0.64 0.65
Porites lichen 1| 28| - - .04 11.0 1.2 0.06 0.55
Montipora monasteriata 3| 4.3] 3.51 1.2-8.1 .13 33.0 3.6 0.05 0.46
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Porites sp. 2 3| 3.7] 0.50 3.2-4.2 13 33.0 3.6 0.04 0.37
Psammocora nierstraszi 1 6.9 - - .04 11.0 1.2 0.37 0.37
Psammocora superficialis 1 6.5 - - .04 11.0 1.2 0.33 0.37
Leptastrea purpurea 1| 60| - - .04 11.0 1.2 0.28 0.28
Favites complanata 2| 3.2 - 3.2- 3.2 .04 22.0 2.4 0.2 0.18
Hydnophora microconos 1 5.5 - - .04 11.0 1.2 0.24 0.18
Astreopora sp. 1 1| 45| - - .04 11.0 1.2 0.16 0.18
Astreopora sp. 1 1| 4.9 - - .04 11.0 1.2 0.02 0.18
Astreopora sp. 1 1| 45 - - .04 11.0 1.2 0.02 0.18
Astreopora sp. 1 1| 4.0 - - .04 11.0 1.2 0.01 0.09
Astreopora sp. 1 1| 39| - - .04 11.0 1.2 0.01 0.09
Astreopora sp. 1 1| 20| - - .04 11.0 1.2 0.03 0.03
COMMUNITY 83| 11.3| 7.56 1.2-37.7 913.6 12.67
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Table 1c. Fagatele Bay, Transectl, 12 m depth

Fagatele - Transect 1
12 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density | relative % relative
per m2 der:/;ity covet cooeer
Pocillopora eydouxi 10 | 19.4| 18.2 6.0- 61.4 .35 93.7 12.1 2.75 17.41
Montastrea curta 2| 33.2| 25.0| 15.5-50.9 .10 19.0 2.5 1.64 10.39
Acropora gemmifera 1| 41.4| - - .05 9.6 1.2 1.29 8.17
Montipora grisea 7| 15.2] 6.01 5.9- 25.8 .20 66.0 8.6 1.19 7.53
Platygyia pini 2| 28.0| 16.7| 16.2-39.8 .10 19.0 2.5 1.17 7.41
Acropora digitifera 1| 37.9 - - .05 9.6 1.2 1.08 6.84
Hydrophora exesa 1| 375 - - .05 9.6 1.2 1.06 6.71
Leptoria phrygia 5| 16.8[ 12.8 3.5- 31.7 .20 47.1 6.1 1.04 6.59
Astreopora sp. 1 3] 21.3| 15.4| 10.4-32.2 .15 28.3 3.7 1.01 6.40
Pocillopora verrucosa 1| 35.7 - - .05 9.6 1.2 0.96 6.08
Montipora verrilli 12| 8.82| 3.93 2.5- 16.5 45 112.4 14.5 0.96 4.37
Montipora ehrenbergii 1] 23.8 - - .05 9.6 1.2 0.43 2.72
Pavona sp. 3 6| 8.07 | 8.89 1.4- 25.5 .30 56.4 7.3 0.29 1.84
Favites russelli 3| 10.4 | 8.59 5.0- 20.3 10 28.3 3.7 0.24 1.52
Favia matthaii 3| 9.03| 6.33 4.2- 16.2 .15 28.3 3.7 0.18 1.14
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Favia rotumana

1| 14.0 - - .05 9.6 1.2 0.15 0.95
Montipora elschneri 1| 12.6 - - .05 9.6 1.2 0.12 0.76
Montipora turgescens 1| 12.5 - - .05 9.6 1.2 0.12 0.76
Porites sp.2 7| 3.57| 1.69 1.7- 6.3 .20 65.7 8.5 0.07 0.44
Pavona venosa 2| 6.75| 1.77 5.5- 8.0 .10 19.0 2.5 0.07 0.44
Gardineroseris plantuata 1 9.4 - - .05 9.6 1.2 0.07 0.44
Fungia fungites 1| 7.9 - - .05 9.6 1.2 0.05 0.32
Fungia scutaria 1| 6.7 - - .05 9.6 1.2 0.03 0.19
Millepora tuberosa 1 5.9 - - .05 9.6 1.2 0.03 0.19
Porites (Synaraea) rus 4| 2.9] 1.00 2.0- 4.0 .20 37.9 49| 0.023 0.15
Acropora verweyi 1] 4.9 - - .05 9.6 1.2 0.02 0.13
Montipora monasteriata 1 4.5 - - .05 9.6 1.2 0.02 0.13
Pavona varians 1| 3.2 - - .05 9.6 1.2| 0.008 0.05
Galaxea fascicularis 1| 3.2 - - .05 9.6 1.2| 0.008 0.05
Leptastrea purpurea 1| 1.7 - - .05 9.6 1.2| 0.002 0.01
COMMUNITY 83| 35.9| 18.9 1.4-61.4 784.3 14.27
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Table 1d. Fagatele Bay, Transect 2, 1 m depth

Fagatele - Transect 2 Size distribution of colonies
1 m depth - July 1995 Diameters in cm
corals n Y S w frequency | density | relative % relative
per m2 der:/;ity covet cooeer

Porites (P.) lutea 6| 12.8]| 105 6.9/33.0 0.24 0.63 8.82 1.44 28.69
Porites (S.) rus 12| 72| 8.8 2.0/34.3 0.35 1.27 17.65 1.22 24.30
Galaxea fascicularis 9| 77| 31 4.9/13.5 0.35 0.95 13.24 0.51 10.16
Porites (P.) annae 6 6.6 6.6 1.4/19.7 0.24 0.63 8.82 0.41 8.17
Leptoria phrygia 3| 11.7| 5.3 6.0/16.5 0.06 0.32 4.41 0.39 7.77
Gardineroseris planulata 2| 12.3| 6.2 7.0/16.7 0.12 0.21 2.94 0.28 5.58
Montipora verrilli 1] 15.9 - - 0.06 0.11 1.47 0.21 4.18
Acropora (I.) crateriformis 3| 70| 6.2 2.4/15.7 0.06 0.32 4.41 0.18 3.59
Porites (P.) sp. 2 13 3.8 1.3 1.0/6.0 0.47 1.37 19.12 0.17 3.39
Porites (P.) lobata 2 54| 3.3 3.0/3.5 0.06 0.21 2.94 0.06 1.20
Echinopora hirsutissima 1 6.7 - - 0.06 0.11 1.47 0.04 0.80
Millepora tuberosa 3| 36| 0.7 2.8/4.0 0.12 0.32 4.41 0.03 0.60
Stylocoeniella armata 4| 32| 0.4 2.8/3.5 0.12 0.42 5.88 0.01 0.60
Montipora tuberculosa 1] 55| - - 0.06 0.11 1.47 0.02 0.40
Montipora ehrenbergii 1| 4.9 - - 0.06 0.11 1.47 0.02 0.40
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Leptastrea purpurea

4.0

0.06

0.11

1.47

0.01

0.02

COMMUNITY

68

7.1

6.2

1.0/34.3

7.20

5.02
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Table le. Fagatele Bay, Transect 2, 3 m depth

Fagatele - Transect 2
3 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density | relative % relative

per m2 der:/;ity covet cooeer
Acropora (A.) crateriformis 13| 13.2| 8.0 3.0/29.9 0.40 2.96 21.7 5.48 23.39
Galaxea fascicularis 19| 81| 27 3.0/15.4 0.67 4.32 31.57 2.46 14.54
Pocillopora eydouxi 2| 219 15.1 11.2/32.6 0.13 0.45 3.33 2.13 12.59
Acropora (A.) gemmifera 4| 144 44| 11.0/21.4 0.20 0.91 6.67 1.85 10.93
Montipora verrilli 3] 127] 7.0 5.0/18.7 0.20 0.68 5.00 1.05 6.21
Goniastrea retiformis 1| 238 - - 0.07 0.23 1.67 1.02 6.03
Pocillopora elegans 1| 22.0| - - 0.07 0.23 1.67 0.87 5.14
Montipora ehrenbergii 2| 14.2 1.1 13.4/15.0 0.07 0.45 3.33 0.72 4.26
Acropora (A.) humilis 1] 165 - - 0.07 0.23 1.67 0.49 2.90
Porites (A.) sp.2 7] 43| 15 2.4/6.0 0.04 1.59 11.67 0.26 1.54
Acropora tenuis 1| 87| - - 0.07 0.23 1.67 0.13 0.77
Favia stelligera 3] 50| 0.0 5.0/5.0 0.13 0.68 5.00 0.13 0.77
Pocillopora verrucosa 2| 38| 53 4.0/7.5 0.07 0.45 3.33 0.13 0.77
COMMUNITY 60| 10.6| 6.7| 2.4/32.6 13.64 16.92
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Table 1f. Fagatele Bay, Transect 2, 5 m depth

Fagatele - Transect 2
5 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density | relative % relative
per m2 der:/;ity covet cooeer
Acropora (I.) carterformis 11 | 15.7| 9.7 3.0/34.9 0.47 1.09 18.33 2.86 20.78
Montipora verrilli 6| 20.4| 115 8.1/42.4 0.33 0.60 10.00 2.46 17.88
Goniastrea retiformis 2| 30.0[ 19.0| 16.5/43.4 0.13 0.20 3.33 1.68 12.21
Acropora (A.) gemmifera 2| 28.1| 21.3| 13.0/43.1 0.13 0.20 3.33 1.58 11.48
Pocillopora eydouxi 2| 19.3| 19.2 5.7/32.9 0.13 0.20 3.33 0.87 6.32
Galaxea fascicularis 10 9.8 3.2 4.5/14.1 0.27 1.00 16.67 0.82 5.96
Montipora ehrenbergii 3| 15.4| 10.2 4.2/24.3 0.20 0.30 5.00 0.72 5.23
Acropora (A.) c.f. digitifera 2| 13.8] 11.0 6.0/21.5 0.13 0.20 3.33 0.39 2.82
Montipora elschneri 2| 125] 12.8 3.5/21.6 0.07 0.20 3.33 0.37 2.69
Pavona venosa 1| 213 - - 0.07 0.10 1.67 0.36 2.62
Montipora sp.2 1| 21.0 - - 0.07 0.10 1.67 0.35 2.54
Acropora (A.) delicatula 2| 135| 4.9 10.0/16.9 0.13 0.20 3.33 0.30 2.18
Montipora grisea 1] 19.1 - - 0.07 0.10 1.67 0.29 2.11
Porites (P.) sp.2 5| 45| 35 1.4/13.5 0.33 0.90 15.00 0.22 1.60
Montipora tuberculosa 1| 154 - - 0.07 0.10 1.67 0.19 1.38
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Pocillopora verrucosa 2| 103]| 2.5 8.5/12.0 0.13 0.20 3.33 0.17 1.24
Hydnophora microconos 1] 94| - - 0.07 0.10 1.67 0.07 0.51
Acropora (A.) hyacinthus 1] 70| - - 0.07 0.10 1.67 0.04 0.29
Montastrea curta 1| s5.0]| - - 0.07 0.10 1.67 0.02 0.15
COMMUNITY 60 | 13.9| 10.1| 1.4/43.4 5.99 13.76
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Table 1g. Fagatele Bay, Transect 2, 9 m depth

Fagatele - Transect 2
9 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density | relative % relative
per m2 der:/;ity cover cooeer
Porites sp.2 24 3.9 1.9 1.0-6.9 0.39 3.23 0.29 0.01 0.001
Porites (Synaraea) rus 14 | 19.7 | 35.7 2.4-138.6 0.39 1.89 0.17 0.34 0.03
Montipora grisea 10 | 21.0 9.7 5.5-43.5 0.39 1.35 0.12 0.38 0.04
Montipora venosa 3 5.0 1.5 3.5-6.5 0.15 0.40 0.04 0.02 0.002
Pocillopora eydouxi 3| 18.6 8.5 10.5-27.4 0.15 0.40 0.04 0.30 0.03
Montipora ehrenbergii 3| 14.5 6.3 9.5-21.6 0.10 0.40 0.04 0.18 0.02
Pavona sp. 3 3( 11.0 3.4 8.4-17.9 0.15 0.40 0.04 0.10 0.01
Porites vaughani 3 6.1 1.6 4.2-7.1 0.10 0.40 0.04 0.03 0.002
Pavona duerdeni 2] 27.2| 19.0 13.7-40.6 0.10 0.27 0.02 0.64 0.06
Montipora pagoensis 2] 16.2 4.6 13.0-19.4 0.10 0.27 0.02 0.23 0.02
Acropora tenuis 2| 14.8 1.9 13.5-16.1 0.10 0.27 0.02 0.19 0.02
Porites lutea 2 5.7 4 2.8-8.5 0.10 0.27 0.02 0.03 0.003
Acropora pagoensis 1 86 - - 0.05 0.13 0.01 6.42 0.59
Pavona sp.1 1| 24.4 - - 0.05 0.13 0.01 0.52 0.05
Montipora tuberculosa 1| 23.6 - - 0.05 0.13 0.01 0.48 0.04
Pocillopora meandrina 1] 20.3 - - 0.05 0.13 0.01 0.36 0.03
Pocillopora verrucosa 1 20 - - 0.05 0.13 0.01 0.35 0.03
Acropora hyacinthus 1] 12.2 - - 0.05 0.13 0.01 0.13 0.01
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Galaxea fascicularis 1] 10.1 - - 0.05 0.13 0.01 0.09 0.008
Montipora elschneri 1 8.0 - - 0.05 0.13 0.01 0.05 0.005
Acropora gemmifera 1 4.9 - - 0.05 0.13 0.01 0.02 0.002
Montastrea curta 1 5.5 - - 0.05 0.13 0.01 0.02 0.002
Leptoria phrygia 1 2.7 - - 0.05 0.13 0.01 0.007 0.0006
COMMUNITY 82| 13.3| 18.8 - 11.05 1 10.9 1
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Table 1h. Fagatele Bay, Transect 2, 12 m depth

Fagatele - Transect 2
12 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density relative % relative
per m2 de:f)sity cover co%er

Montipora venosa 33 4.1 1.6 1.0-8.1 0.62 5.79 0.39 0.02 0.002
Montipora grisea 11| 20.2| 10.8 8-49 0.38 1.93 0.13 0.47 0.06
Porites (Synaraea) rus 10| 12.1 1.8 2.4-30.8 0.43 1.75 0.12 0.17 0.02
Pocillopora eydouxi 41 25.9 4.6 20.8-27.4 0.19 0.70 0.05 0.78 0.10
Montipora monasteriata 3] 20.2 3.8 16-23.5 0.14 0.53 0.04 0.47 0.06
Montipora verrilli 3 8.1 7.6 3.5-16.9 0.10 0.53 0.04 0.08 0.009
Galaxea faxicularis 3 6.6 0.4 6.2-7.1 0.05 0.53 0.04 0.05 0.006
Porites sp.2 3 5.5 0.6 4.9-6.0 0.10 0.53 0.04 0.03 0.004
Acropora cerealis 2| 27.2 5.3 23.5-30.9 0.10 0.35 0.02 0.86 0.11
Pavona sp.3 2 4.4 2.7 2.4-6.3 0.10 0.35 0.02 0.02 0.002
Pavona varians 1 65 - - 0.045 0.18 0.01 4.89 0.60
Favia pallida 2 9.4] 10.0 2.3-16.5 0.10 0.35 0.02 0.10 0.01
Leptoria phrygia 1 7.5 - - 0.05 0.18 0.01 0.06 0.007
Favites russelli 1 6 - - 0.05 0.18 0.01 0.04 0.005
Acropora azure 1 5.9 - - 0.05 0.18 0.01 0.04 0.005
Acropora hyacinthus 1 5 - - 0.05 0.18 0.01 0.03 0.004
Montipora ehrenbergii 1 4.9 - - 0.05 0.18 0.01 0.03 0.003
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Porites annae 1 3 - 0.05 0.18 0.01 0.01 0.001
Psammocora samoensis 1 1.7 - 0.05 0.18 0.01 0.003 0.0004
COMMUNITY 84| 105]| 11.1 14.7 1 8.16 1
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Table 1li. Fagatele Bay, Transect 3, 1 m depth

Fagatele - Transect 3
1 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w Frequency | density | relative % relative

per m2 der:/;ity covet cooeer
Pavona divaricata 37| 205 17.6 2.0/68.6 0.57 3.44 30.83| 19.45 51.74
Porites (S.) rus 14 | 236 21.4 3.0/78.4 0.33 1.30 11.67| 10.07 26.79
Porites (P.) cylindrica 6| 179 13.8 6.3/43.9 0.20 0.56 5.00 2.09 5.56
Porites (P.) annae 4| 21.1] 183 4.0/45.9 0.13 0.37 3.33 2.04 5.43
Porites (P.) lutea 5| 18.0[ 11.8 8.9/37.9 0.13 0.47 4.17 1.59 4.23
Acropora (1) crateriformis 11| 125[ 5.0 4.9/20.8 0.20 1.02 9.17 1.22 3.25
Porites (P.) sp.2 28| 41| 1.9 1.4/8.5 0.40 2.61 23.33 0.42 1.12
Acropora (A.) robusta 1] 224 - - 0.03 0.09 0.83 0.37 0.98
Psammmocora contigua 2| 10.3] 10.3 3.0/17.5 0.07 0.19 1.67 0.23 0.62
Stylocora contigua 6| 3.0| 0.7 2.4/4.0 0.07 0.56 5.00 0.04 0.11
Leptoria phrygia 1| 66| - - 0.03 0.09 0.83 0.03 0.08
Leptastrea purpurea 2| 22| 25 2.4/4.0 0.07 0.19 1.67 0.02 0.05
Cyphastrea sp. 1 1| 3.2 - - 0.03 0.09 0.83 0.01 0.03
Fungia (L.) scutaria 2| 25 07 2.0/3.0 0.07 0.19 1.67 0.01 0.03
COMMUNITY 120 | 14.1| 15.2| 1.4/78.4 11.17 37.59
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Table 1j. Fagatele Bay, Transect3, 3 m depth

Fagatele - Transect 3
3 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density | relative % relative
per m2 der:/;ity covet cooeer
Acropora (A.) robusta 1| 795 - - 0.07 0.21 1.67| 10.43 28.23
Platygyra daedalea 1| 61.4 - - 0.07 0.21 1.67 6.23 16.86
Acropora (A.) gemmifera 2| 36.0| 13.5| 26.4/45.5 0.13 0.42 3.33 4.45 12.29
Acropora (A.) irregularis 1| 52.2| - - 0.07 0.21 1.67 4.50 12.18
Acropora (1.) craterformis 1] 11.9| 5.8 3.0/24.0 0.04 2.30 18.33 3.09 8.36
Acropora (A.) hyacinthus 1| 36.8| - - 0.07 0.21 1.67 2.23 6.04
Pavona venosa 3| 19.8| 86| 10.6/27.7 0.20 0.63 5.00 2.19 5.93
Porites (P.) sp.2 26| 6.3]| 3.0 1.4/16.4 0.93 5.45 43.33 2.05 5.55
Acropora (A.) nobilis 1| 249 - - 0.07 0.21 1.67 1.02 2.76
Psammocora haimeana 2| 94| 43 6.3/12.4 0.07 0.42 3.33 0.32 0.87
Acropora (I.) palifera 2| 84| 15 7.3/9.4 0.13 0.42 3.33 0.32 0.62
Stylocoeniella armata 5| 29| 0.4 2.4/3.5 0.20 1.05 8.33 0.07 0.19
Acropora (A.) ocellata 1| 35| - - 0.07 0.21 1.67 0.02 0.05
Fungia (L.) scutaria 1| 24 - - 0.07 0.21 1.67 0.01 0.03
Galaxea fascicularis 1| 3.0 - - 0.07 0.21 1.67 0.01 0.03
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Leptastrea purpurprea

3.0

0.07

0.021

1.67

0.01

0.03

COMMUNITY

60

12.0

14.9

1.4/79.5

12.58

36.95
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Table 1k. Fagatele Bay, Transect 3, 5 m depth

Fagatele - Transect 3
5 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density | relative % relative
per m2 der:/;ity covet cooeer
Porites (S.) rus 6| 15.8| 21.3 5.0/59.0 0.20 1.43 10.00 7.05 33.64
Acropora (I.) crateriformis 7| 142| 5.6 7.0/20.9 0.27 1.67 11.67 2.97 14.17
Hydnopora exesa 1| 34.0] - - 0.07 0.24 1.67 2.16 10.31
Pocillopora eydouxi 1| 33.7 - - 0.07 0.24 1.67 2.12 10.11
Porites (P.) sp. 2 27 55| 3.0 2.4/13.0 0.73 6.42 45.00 1.99 9.49
Porites (S.) convexa 6| 9.8| 6.8 3.0/22.2 0.13 1.43 10.00 1.51 7.20
Acropora (A.) samoensis 1| 23.0| - - 0.07 0.24 1.67 0.99 4.72
Leptoria phrygia 1] 205] - - 0.07 0.24 1.67 0.79 3.72
Montipora verrilli 1| 165 - - 0.07 0.24 1.67 0.51 2.43
Acropora (A.) digitifera 1| 15.0| - - 0.07 0.24 1.67 0.42 2.00
Montastrea curta 1 8.8 - - 0.07 0.24 1.67 0.14 0.67
Porites (P.) cylindrica 2| 55| 0.7 5.0/6.0 0.07 0.48 3.33 0.11 0.52
Goniastrea pectinata 1| 6.5 - - 0.07 0.24 1.67 0.08 0.38
Acropora (A.) hyacinthus 1| 45| - - 0.07 0.24 1.67 0.04 0.19
Porites (P.) superfusa 1| 4.9 - - 0.07 0.24 1.67 0.04 0.19
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Alveopora sp. 1 1| 3.9 - - 0.07 0.24 1.67 0.03 0.14
Fungia (L.) scutaria 1| 24| - - 0.07 0.24 1.67 0.01 0.05
COMMUNITY 60| 97| 97| 245590 14.31 20.96
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Table 1l. Fagatele Bay, Transect 3, 9 m depth

Fagatele - Transect 3
9 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density | relative % relative
per m2 der:/;ity cover cooeer
Porites sp.2 36 4.0 1.3 2.0-7.7 0.73 3.76 0.44 0.01 0.003
Pocillopora eydouxi 6| 20.2 | 17.5 5.3-46.5 0.24 0.63 0.07 0.27 0.08
Pavona sp.3 6| 14.7 7.2 3.9-24.7 0.24 0.63 0.07 0.15 0.04
Echinopora hirsutissima 41 17.0] 20.1 3.2-46.5 0.15 0.42 0.05 0.20 0.06
Montipora verrilli 3 4.2 0.1 4.1-14 0.15 0.31 0.04 0.01 0.003
Pocillopora verrucosa 2| 174 11.3 9.4-25.4 0.10 0.21 0.02 0.20 0.06
Favia stelligera 2| 12.4 9.2 5.9-18.9 0.05 0.21 0.02 0.10 0.03
Montipora ehrenbergii 2| 12.0 2.1 10.5-13.4 0.10 0.21 0.02 0.10 0.03
Hydnophora exesa 2| 11.3 9.4 4.7-18 0.10 0.21 0.02 0.09 0.02
Montipora culiculata 2 9.0 3.6 6.5-11.5 0.10 0.21 0.02 0.05 0.02
Acropora hyacinthus 2 8.2 2.5 6.5-10 0.10 0.21 0.02 0.05 0.01
Porites (Synaraea) rus 2 4.3 0.9 3.7-4.9 0.10 0.21 0.02 0.01 0.004
Fungia scutaria 2 1.8 1.1 1-2.5 0.10 0.21 0.02 0.002 0.0006
Pavona duerdeni 1] 41.0 - - 0.05 0.10 0.01 1.13 0.32
Montipora grisea 1] 23.9 - - 0.05 0.10 0.01 0.38 0.11
Favites flexuosa 1| 23.2 - - 0.05 0.10 0.01 0.36 0.10
Hydnophora rigida 1| 16.0 - - 0.05 0.10 0.01 0.17 0.05
Favites russelli 1| 104 - - 0.05 0.10 0.01 0.07 0.02
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Porites murrayensis 1 8.8 - - 0.05 0.10 0.01 0.05 0.01
Galaxea fascicularis 1 5.9 - - 0.05 0.10 0.01 0.02 0.007
Acropora yongei 1 7.3 - - 0.05 0.10 0.01 0.04 0.01
Porites annae 1 4.5 - - 0.05 0.10 0.01 0.01 0.004
Leptoria phrygia 1 3.5 - - 0.05 0.10 0.01 0.01 0.002
Favites sp. 1 1.4 - - 0.05 0.10 0.01 0.001 0.0004
COMMUNITY 82| 89| 97 - 8.56 1 3.49 1
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Table 1m. Fagatele Bay, Transect 3, 12 m depth

Fagatele - Transect 3 Size distribution of colonies
12 m depth - July 1995 Diameters in cm
corals n Y S w frequency density relative % relative
2 % cover %
perm density cover

Porites sp.2 42 4.0 1.7 1.4-9.2 0.78 7.91 0.55 0.02 0.01
Galaxea fascicularis 8 7.3 1.9 3.9-9.4 0.26 1.51 0.10 0.06 0.02
Porites (Synaraea) rus 7] 11.5 9.8 4.6-25.7 0.21 1.32 0.09 0.15 0.06
Montipora grisea 41 10.4 5.1 5.9-17.3 0.16 0.75 0.05 0.12 0.05
Stylocoeniella armata 3 2.1 0.6 1.7-2.8 0.10 0.57 0.04 0.01 0.002
Pavona sp.3 2 3.5 2.1 2-5 0.10 0.38 0.03 0.01 0.006
Pavona (collines) 2 2.7 1.03 2-3.5 0.10 0.38 0.03 0.01 0.003
Goniastrea favulus 1| 334 - - 0.05 0.19 0.01 1.27 0.51
Fungia fungites 1 16 - - 0.05 0.19 0.01 0.29 0.12
Pocillopora meandrina 1] 13.3 - - 0.05 0.19 0.01 0.20 0.08
Montipora verrilli 1 12 - - 0.05 0.19 0.01 0.16 0.07
Pocillopora verrucosa 1] 10.5 - - 0.05 0.19 0.01 0.13 0.05
Psammocora samoensis 1 4.6 - - 0.05 0.19 0.01 0.02 0.01
Favites abdita 1 3.9 - - 0.05 0.19 0.01 0.02 0.01
Hydnophora exesa 1 3.7 - - 0.05 0.19 0.01 0.02 0.01
Porites sp. 1 3.2 - - 0.05 0.19 0.01 0.01 0.005
COMMUNITY 771 6.1| 5.3 - 14.5 1 2.5 1
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Table 1n. Fagatele Bay, Transect 4, 1 m depth

Fagatele - Transect 4
1 m depth - July 1995

Size distribution of colonies
Diameters in cm

corals n Y S w frequency | density | relative % relative

per m2 der:/;ity covet cooeer
Porites (P.) cylindrica 16 | 14.6 | 15.0 2.0/48.3 0.36 1.97 18.18 6.53 57.13
Pavona divaricata 37| 6.1] 51 1.4/22.6 0.73 4.55 42.05 2.26 19.77
Goniastrea retiformis 1| 33.3 - - 0.05 0.12 1.14 1.08 9.45
Porites (P.) annae 12 54| 4.4 2.0/18.3 0.32 1.44 13.64 0.52 4.55
Porites (S.) rus 4| 77| 6.8 3.0/17.7 0.14 0.49 4.55 0.37 3.24
Porites (P.) lutea 5| 54| 32 2.0/10.4 0.14 0.62 5.68 0.18 1.57
Psammocora nierstraszi 1] 125 - - 0.05 0.12 1.14 0