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ABSTRACT

The 1968-1969 outbreak of Acanthaster planci at Tanguisson Reef,

Guam, caused a catastrophic mortality of corals. The subsequent
recovery was examined from data collected in 1970, 1971, 1974, 1980 and
1981. Four categories of survivors were found: 1) corals in turbulent
shallow water habitats, 2) corals which were not the preferred food of
Acanthaster, 3) 1iving patches of partially eaten colonies and 4) small
colonies located in cryptic interstices. Nonrandom recruitment of
corals was the primary factor in determining the eventual distribution
of adult colonies. Zones were established through the settlement of
juvenile corals and were further differentiated by the positive
correlation between the abundance of aduit and juvenile conspecifics.
The contagious distribution pattern developed as a result of the strong
associations between adults and juveniles within localized areas. The
feeding preferences of Acanthaster were determined and an analysis of
coral community structure showed a shift from predominance of
nonpreferred prey in the early years after the Acanthaster disturbance
to a prevalence of preferred prey species as the recovery of the coral
community progressed. The recovery of the coral community was
facilitatad by the presence of patches of surviving corals as well as

the continued structural integrity of the reef.
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INTRODUCTIOH

As human populations increase and cultures shift to more modern
technology and large-scale economic development, the presumably
delicate natural ecosystems become subject to more severe environmental
stresses. Because of this, economic development and land-management
must be done with careful prior planning. For proper prior assessment
of the impact of human activities, we must have a knowledge of the
ability of tropical biological communities to respond to perturbations.

Different points of view exist concerning the ability of coral
communities to recover from disturbances (Connell 1978). In one school
of thought, coral reefs are viewed as highly organized stable ecosys-
tems with their populations in equilibrium {Grassle 1973}. Another
school views coral reef communities as being in a state of nonequili-
brium resulting from frequent disturbances (Connell 1978).

The stable equilibrium school believes that the environmental
predictability of the tropics enables the development of stable
communities through specialization which eases competitive pressures
(Diamond 1975). Competition between corals is reduced by finely
dividing resources along a nutritional gradient between autotrophy and
heterotrophy (Porter 1976). Disturbances per se are not important in
overall community structure, though on a small scale, disturbances may
provide space for opportunistic species (Grassle 1973). HMajor

disturbances are rare and recovery from them requires a long



successional process (Endean 1973, 1974, 1977) so the effects of these
disturbances are long felt within the community (Ricklefs 1973:767).
Diversity is highest at the culmination of succession, and the climax
community is generally constant in time and space.

In the late 1960s and early 1970s, outbreaks of a coral predator,

Acanthaster planci, were recorded throughout the Pacific (Potts 1980;

Pearson 1981). Such large scale disturbances within stable coral
communities generated considerable concerns (Chesher 1969a, b; Endean
1973, 1974), since it was thought that the magnitude of the damage was
unprecedented and that the reef would be unable to adjust to the
change. It was predicted that recovery would take decades or longer
(Endean 1973, 1974; Endean and Stablum 1975; Goreau et al. 1972), and
even the possiblity of extinction of the entire scleractinian order was
raised (Chesher 1969a).

The furor which resulted over Acanthaster focused a great deal of
attention on coral reefs and on the role that disturbances play in the
coral reef ecosystem (Connell 1978). Disturbances are viewed as being
any type of space-clearing activities, be they biological or physical.
Disturbances to sessile communities renew space, a potentially limiting
resource, and prevent the monopolization of an area by one or a few
species. In addition to outbreaks of Acanthaster, disturbances to the
coral community have been low tides (Glynn 1976; Loya 1976), typhoons
(Glynn et al. 1964; Perkins and Enos 1968; Stoddart 1974; Randall and
Eldredge 1977), earthquakes (Stoddart 1972), slumping (Goreau and
Goreau 1973), lava flows (Grigg and Maragos 1974), chilling (Shinn
1972), bioerosion (Connell 1973; Pang 1973; Scoffin and Garrett 1974;
Highsmith 1981), suffocation by blue-green algae (Randall 1973a),
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overgrowth by sponges (Terpios sp. [Bryan 1973]) and the movement of
tunicates (Birkeland et al. 1981). A variety of species prey upon

reef-building corals, e.g., the seastar Culcita novaeguineae (Goreau et

al. 1972), the urchins Diadema (Bak and Engel 1979) and Eucidaris
(Glynn et al. 1979), fishes (Giynn et al. 1972; Glynn 1973; Randall
1974; Neudecker 1979; Hellington ms), molluscs {Glynn et al. 1972), and

a polychaete worm, Hermodice carunculata (Glynn et al. 13725 Shinn

1976). These numerous disturbances would lead to a relatively
unpredictable and less stable environment than previously thought.
Disturbances are also considered to be important in the structuring of
other communities: rocky intertidal (Paine 1966, 1971, 1979; Dayton
1971; Levin and Paine 1974; Sousa 1979a, b; Paine and Levin 1981; and
others), forests (Horn 1975; Whitmore 1974; Connell 1978; Garwood et
al. 1979), and the deep -sea communities (Dayton and Hessler 1972).

A swarm of Acanthaster invaded Tanguisson Reef in the summer of
1968 and by the winter of 1969 they were gone. During their presence,
the coral community experienced a major impact. Species richness,
coral density and cover were sharply reduced (Randall 1973a). The
purpose of this study was to gain an understanding of community
development by examining the recovery of this coral community. The
rate of recovery was informative regarding the ability of coral
communities to accomodate major disturbances. Knowledge of changes in
the coral community is useful in understanding the establishment of
zones. A long term perspective of recovery can be obtained by
combining the data from current work {1980-1981) with data collected in
1970 (Randall 1973a), 1971 (Randall 1973b) and 1974 (Jones et al.
1976).



STuDY SITE

Tanguisson Reef was selected as the study site in 1980-1981 because
previous work was conducted there concerning the effects of the
Acanthaster outbreak in 1968-1969. Randall documented the early stages
of coral community recovery at Tanguisson Reef in 1970, 1971 and 1974
(Randall 1973a, b; Jones et al. 1976). His published work and his
wealth of unpublished data made Tanguisson Reef an ideal location for a
long term examination of the development of a coral reef community.

Tanguisson Reef is located on the northwestern coast of Guam's
limestone plateau {Fig. 1) and is situated along a narrow coastal
terrace at the base of a steep cliff. Waters surrounding the reef were
free of terrestrial sediments and were very clear. Rough surf was
common and hampered much of the research activity.

Seven physiographic zones are distinguished at Tanguisson Reef
(Jones et al. 1976). From shore, a narrow pitted and pinnacled
lTimestone intertidal zone borders a submerged reef fiat platform. A
poorly developed convex algal ridge at the reef margin is cut by
numerous surge channels. The reef front is between 1 m and 6 m deep and
50 to 70 m wide. A series of buttresses and channels gives a high and
variable relief. Channels are irregularly spaced and range in depth
from 1 m to 3 m. Fine sediments seldom accumulate in this zone, but
coarse sand, rubble, and boulders veneer the channel floors in places.

Room-and-pillar construction is found in the upper portion of the zone;

_}-Ianguissnn fleef
Study Area

Tumon Bay——

év L T

Figure 1. Location of the study area.




this is typical of an actively growing reef (Emery et al. 1954). A
sharp decline in the reef front slope and the absence of the buttress
and channel system delineate the end of the reef front and the start of
the submarine terrace.

The submarine terrace slopes gently downward from 6 m to a depth of
16 m. The terrace ranges from 40 m to 110 m in width. A few knoils and
pinnacles dot its surface but, in general, the relief is less than on
the reef front or the submarine terrace. Numerous shallow, irregular
channels cut across the terrace. Sand and gravel-sized sediments form
thin deposits at places along the channel floors.

An abrupt increase in the reef slope marks the beginning of the
seaward slope. The seaward slope dips downward from 16 m to 33 m and
has an average width of 60 m. Topographic relief is less than on the
reef front, but the surface appears to be more irregular. Many channels
slice its surface. Fine sediments are abundant, accumulating in basins
and on channel floors. Eventually, these sediments are transported to
the second submarine terrace.

Three zones are of particular interest (i.e., reef front, submarine
terrace, and seaward slope) since the greatest effects of Acanthaster

predation are found in these areas.

METHODS

In 1970, three transect areas were delineated perpendicular to the
shore, to a depth of 33 m (Randall 1973a). Along the transects, sam-
pling stations were designated at 10 m intervals. At each station, two
replicate 1-m2 quadrats were used to sample the coral. For each coral,
two linear measurements across the length and width of a coral were
recorded and the growth form was noted. The linear measurements were
converted to area estimates by the formula, A = L{Tﬁ7§)2n. From these
data, the following statistics were calculated: coral density
(co]onies/mz), percent live cover, and species frequency. Also, size
class and growth form distributions were obtained. This quadrat method
was used to survey the reef in 1970, 1971 and 1974.

The 1980-1981 study combined two sampling techniques (the point-
quarter technique [Cottam et al. 1953] and counts of coral in quadrats)
to resurvey the reef along Randall's previous transect areas. In 1980,
only the point-quarter method was used, in place of the quadrat method.
This change in technique was initiated as a time saving measure after
the results from the two methods were shown not to be significantly
different (Colgan in press). Other authors have also used the point-
quarter sampling method on a coral reef in lieu of quadrat methods
(Loya 1979).

For the point-quarter method, sampling stations were established
every two meters along the transect from the start of the reef front

to a depth of 36 m. At each station, four quadrants were defined and



the distance to the center of the nearest coral in each sector was
measured. Two linear measurements were taken for each coral and the
growth form was noted. The area of each coral was calculated using the
same formula as used in the previous studies. From these data, the
following were calculated for each species:

Total density of all species = Unit area
{Mean point-to-point distance)

Relative density = Individuals of a species x 100
Total number of colonies of all species

Density = Relative density of a species x Total density of all species
100

Percent cover = Density of species x Average area of each species

Relative percent cover = Percent cover a species % 100
Total percent cover for all species

Frequency of occurrence = plumber of points at which a species 0Occurs
Total number of points sampled

Relative frequency of occurrence = Frequency value for a species x 100
Total of frequency values for
all species

Importance value = Relative values for percent cover * Density +
Frequency

In 1981, a quadrat-count method similar to that used by Randall was
employed to survey the reef. For 1981, distinctions were made between
adults (diameter 2 5 ¢m) and juveniles (diameter =4 cm), but specific
measurements were not taken. Resurveying with quadrats was necessary
because the point-quarter method did not produce enough data to answer
the new questions raised concerning the nature of coral recruitment and
reef zonation. The data collected using quadrats were used in all
recruitment, density, diversity, distribution, and species frequency
calculations. Species diversity indices were calculated using the
Shannon-Wiener species index (1092) for the number of colonies: space

8

occupied by other than living corals was not included as a category for
the index because this was the method used for calculating the index in
other coral reef surveys (Grigg and Maragos 1974; Glynn 1976, Loya
1976).

Raw data from studies in previous years were made available and
much of it was reanalyzed. New information concerning the distribution
of juvenile and adult corals, species diversity, population density,
recruitment patterns, and community succession are presented here for
the first time. The species listed in the previous studies by Randall
have been updated to be consistent with current nomenclature. Several
species have been synonymized, reducing the species richness values
previously reported. In 1974, raw data for each replicate were lumped
into one sample. Unfortunately, this led to replicates in other years
being lumped. Thus, all-density values are expressed as colonies per
2-m2. In addition, some raw data from 1970 were lost, causing the
reductions in sample sizes for that year noted on many tables. These
reduced samples were used to generate statistics for zones but were not
subjected to parametric analysis.

To determine if Acanthaster have preferred prey, a survey was con-
ducted on Guam at Fafai Beach and Piti Bay where A. planci were actively
feeding. A %—mz quadrat criss-crossed with 8 lines forming 16 inter-
secting points was used to survey the area. Over 500 samples were
taken. The genus of each coral found below a point was recorded and its
condition noted. From these data, the availability of a prey category

and the level of predation were determined for each genus sampled.



RESULTS

Zonation

In previous studies at Tanguisson Reef, a tacit assumption was
made that the biological zones corresponded to the physiographical
zones {Randall 1973a, b; Jones et al. 1976; Colgan in press). This
assumption was validated by an examination of a matrix of Jaccard
similarity coefficients (Sokal and Sneath 1963) of the species present
within zones and years which revealed that the species compositions
were more similar within physiographic zones than between zones,
regardless of years (Table 1}. A dendrogram constructed from the
similarity indices illustrates three distinct clusters (reef front,
submarine terrace, and seaward slope) with only the 1970 seaward slope
outside the major clusters (Fig. 2). The coral community zones were
alsc analyzed by a hypergeometric distribution to determine the
probability that the species composition from the zones in the same
year and in different years were derived from the same species pool
(methods in Kropp and Birkeland in press).

With one exception, there were no significant differences found
within zones, only between zones (Table 2)}). The 1970 seaward slope
community was significantly different from the coomunities of all other
zones and years, but by 1971 the seaward slope community had obtained a
spectes composition typical of the seaward slope in later years. A
random recruitment pattern would have been evidenced by strong

interzone similarities since recruits would have tended to be

larity indices of coral species composition between zoné§ and years.

front, ST = Submarine terrace, 5S = Seaward slope.
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distributed evenly across all zones, especially during the earlier
years. The zonation found for all species and years would seem to be
the result of nonrandom recruitment processes.

The distributional patterns of 49 species were examined to
determine if species tended to be found in significantly greater
abundances in certain zones. In 1970, 62.79% of the species tested
showed strong association with certain zones (Tabie 3). The magnitude
of the distribution indices increased significantly with time, as the

nunber of colonies increased (Friedman's test, X2

= 39,398%*%)
[31 =3 )
The cause of the increases in distinct distributional patterns of coral
spacies among zones was that by 1981, 87.5% of the species showed

strong associations with particular zones.

Species Composition

The biological zones of the reef front, submarine terrace, and
seaward slope at Tanguisson Reef are not as visually distinct as those
described for atolls (Wells 1954) or for islands of the Caribbean
(Goreau 1959), since one or a few species are not predominant in a
zone. Instead, each zone has a characteristic assemblage of species.
This absence of a single predominant species was reflected in the high

species evenness values for all zones (Table 4). There was no case in

which a single species contributed more than 25% of the total number of

colonies and usually the most abundant species represented less than
20% (Appendix 1).

From 1970 to 1980, the species composition of the community of
each zone had changed from predominance by nonpreferred prey of

Acanthaster to predominance of preferred prey species. An assessment
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Table 3. Distribution indices (Xz-va]ue) for each of 49 coral species
for 1970, 1971, 1974 and 198). The expected values assumed
random settlement and was adjusted for the unequal sampling
in each zone. The Friedman's method for randomized blocks
was used to determine if there was a trend in the distri-
butional pattern with time. A bar indicates that less than
three individuals were sampled. The occurrence of a species
in a zone is considered to be other than random if X2 25,991,

Years (a)

Species (b) 1970 1971 1974 1681

Psammocora nierstraszi 6.250 0.133 1.269 1.225
Psammocora sp. | --- 5.807 8.054 21.543
Stylophora mordax 6.088 2.739 4.798 1.651
Pocillopora elegans 27.624 58.520 3.139 15.122
Pociliopora eydouxi --- 1.232 3.373 4.532
Pocillopora setcheli 63.33 46,836 161.609 193.022
Pociliopora verrucosa 13,840 9. 361 2.067 24.455
Acropora humilis 3.257 1.531 8.091 24.907
Acropora irreqularis 7.797 4.413 6.911 5.216
Acropora nasuta 8.901 33.218 42,318 50.731
Acropora surculosra 6.708 16.010 6.639 213.747
Acropora tenuis --- .684 2.584 10.625
Acropora wardi 4,037 13.850 5.944 20.644
Acropora spp. 1 : 63.330 62.416 66.597 78.003
Astreopora gracilis 1.540 6.871 2.561 43,445
Astreopora myriophthalma 2.650 7.002 20.090 82.018
Montipora cf. M. caliculata 0.024 4.449 8.155 23.436
Montipora conicula 2.960 11.166 2.986 4,962
Montipora elschneri 8.385 6.344 24.725 61.430
Montipora foveolata 2.364 ——- 7.800 51.092
Montipora hoffmeisteri --- 1.294 12.155 55.42?2
Montipora monasteriata 2.960 5.807 16.115 6.616
Montipora verrilli 17.929 42.984 55.483 46.206
Montipora verrucosa --- 6.871 5.155 37.754
Pavona spp. 2 41.987 36.004 16.928 5.444
Porites lichen --- 19,967 5.029 16.155
Porites Tobata 8.561 38.219 74.530 103.574
Porites lutea 1.873 5.145 34.642 175.559
Porites (S.) iwayamaensis 11.166 30.534 20. 360 10.107
Favia favus 8.125 60.025 48.992 167.195
Favia pallida 1.237 2.642 3.816 62.009
Favia stelligera 39.038 29.922 58.130 56.172
Favites russelli .024 4,065 10.890 20.379
Goniastrea edwardsi 8.700 1.770 a.18¢ 49.412
Goniastrea pectinata 9.261 26.980 25.342 36.847
Goniastrea retiformis 114.007 221.880 176.538 109.327
Platygyra deadalea 4.534 0.75 0.€85 3.251
Platygyra pini 3.257 2.837 1.711 17.206
Leptoria phrrygia 39.663 31.646 27.222 56.573
Montastrea curta 17.173 29.332 50.561 19.638
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Table 3 Continued. Table 4.

Years Ta) iggﬁ;?s evenness values (—Ep{]ngpL)/]ogen for zones and
Species 1870 1971 1974 19381 -
Leptastrea purpurea 12.674 63.778 5.646 46.264 1970 1971 1974 1931
Leptastrea transversa 10.943 50. 386 194,794 204,743 Reef front 332 201 8
Cyphastrea spp. 3 3.722 6.866  18.511 99.564 : o -800 784
Galaxea fascicularis 118.297 163.303 237.476 163.999 Submarine t
Acanthastrea echinata 26.056 8.206  31.158 4.914 errace .99 .04 772 812
Lobophyllia spp. 4 0.261 5.851 0.225 3.725 Seaward slo
Echinophyliia aspera 2.650  10.987  12.734 7.957 . pe 876830 782 824
Millepora platyphylla 15.093 7.892 33.501 --- ) -
Millepora tuberosa 7.990 11.269 16.540 24.319 i
IR, ; 88 111 13 160
2 2 2 2
2 _ 12(88° + 111° + 1317 + 160%)
= 34.398%**
V. Acropora cerealis and Acropora variabilis were combined.
2. Pavona varians and Pavona sp. 1 were combined.
3. Cyphastrea chalcidicum, Cyphastrea microphthalma and Cyphastrea

serailia were combined. ‘
4. Lobophyllia corymbosa and Lobophyllia costata were combined.
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of the feeding preferences of Acanthaster showed that Montipora and Table 5. Generic level discr

imination of i
Acanthaster. The e of feeding preferences of

xpected values for chi-square assumed thal

Acropora were significantly preferred over all other genera {Table 5). the corals were being preyed upen in the same pr tion as
. . . was available. Pref . oportion a:
Preferred species were drastically reduced in size and number at cantly greater numbeﬁfriﬂagrgipggzgdpreﬁgg up?n n S1gnﬁ1-.
preyed upon in signif$c . preferred prey were

gntly fgwer numbers than expected
: upon in approximately t
‘ . ' numbers as was available. Electivity indiceg (E? vere
nonpreferred species were relatively more common in all reef zones, calculated from the formula E = (r P/ (rg + ?ere
- - ’ - L . r“ ‘, (
‘ ‘ ' | | equq]s the proportion in the diet aﬁd p“equafs tEL omort i
with their relative importance greatest on the submarine terrace and available (Glynn 1976) The data from %wo ke ?tproport]on
. uay sites on Guam

were combined.

Tanguisson following the 1968-1969 outbreak of Acanthaster. In 1971, Neutral prey were preye

seaward slope where Acanthaster concentrated its feeding efforts

(Table 6). Subsequently, through recruitment and fast growth,

preferred species reestablished themselves. In 1980, preferred species | x2 E]?ﬁgézity
— —_— n
were predominant on two zones, the reef front and submarine terrace. i
Preferred Prey
Since 1974 there was a decline in the importance of nonpreferred
Montipora Hkk
species on the seaward slope (Table 6). A detailed breakdown of the Acropora ]ggzggg*** I 'ggg ggg
changes in the species distribution is found in Appendix 1. Nonpreferred Prey
Porites ' ] Fekeok -
Juvenile Corals and Recruitment Pocillopora gg:gzg*** i -232 ggg
. o ) Porites {Synarea) 65.848%** -1.000 126
The distribution and abundance of juvenile (diameter<4 cm) corals Leptastrea 17.408%** - 347 90
, 2 StyTophora 10.617%+* - 1524 26
(Bak and Engle 1979) were examined from data collected from 177 2-m Millepora g.473%*% _ ‘464 a7
Favia 7 *% _
quadrats. The examinations covered the years 1970, 1971, 1974 and 1981 Gonfastrea N T o6 e
which inciuded a sample of 4091 juvenile corals. Neutral Prey
Since 1970, the juvenile coral density changed significantly in Pavona 1.042ns Y 19
. Astreopora 1.0 ’
all three zones (Table 7). The density of juveniles reached a peak in Alveopora .]gg:: f -}g; ?g

1974 (reef front - 7.75/m2, submarine terrace - 12.30/m2, and seaward
slope - 12.70/m2). These mean densities were lower than those recorded
in the Caribbean (17/m2, Bak and Engle 1979) and in the Great Barrier
Reef (]S/mz, Connell 1973). After 1974, there were significant
declines in the densities of juveniles in two zones (reef front, t37 =
2.35%; submarine terrace, t;, = SRAIEE
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Significant differences in density were found between zones and
between years (Table 7). The submarine terrace and seaward slope were
most affected by Acanthaster and had the greatest number of juveniles.

Although juvenile coral density reached its highest level in 1974,
it was in 1970 and 1971 that the greatest proportion of the coral
population was made up of juveniles (Table 8). Juveniles were the
major contributors to the population on the seaward slope until 1974.
In 1981, juvenile corals accounted for 20% of the coral population
(Table 8). This decrease in percentage of juveniles was significant
for years, with the highest percentages in each zone falling in 1970

(Friedman's test, x?

[3] ° 9*), A significant stratification between
zones was also evident (Friedman's test, X2[2] = §*) with the seaward
slope consistently having the highest percentage of juveniles in its
coral population. There was a noticeable change in the orientation of
juvenile corals with depth. In shallow water (less than 8 m deep)
juveniles corals were found on vertical surfaces or within cryptic
spaces. At depths greater than 18 m, juvenile corals were usually on
horizontal surfaces.

Juvenile corals that were found within a 2—m2 quadrat without
conspecific adults were defined as independent juveniles. These
juveniles were pioneers, settling in areas where their adults were not
found in close proximity. After the swarm of Acanthaster left
Tanguisson Reef, few adult-sized corals remained. The reestablishment
of the coral community came about through the initial settlement of
independent juveniles. In 1970, on the two zones most affected by
Acanthaster (submarine terrace and seaward slope), independent

juveniles contributed over 75% of the juvenile coral population

22

Table 8. Percent of corals that were Juvenile. (diame
the samples for zones and years. Two Iy

block tests were used to analyze the dat
between zones.

ameter <4 cm) in
iedman's randomizeu
a between years and

Years
Zones 1970 1971 1974 1981 ZR; f
Reef front 36.55 32.53 32.09 12.96 4
Submarine terrace 67.56 62.66 49,90 17.20 8
Seaward slope 88.88 73.10 59.07 27.74 12
IR¢ 12 9 6 3

Years

2 _ 120122 + 9% + 62 4 32
¥ g sy )

= O

2 1 2 2 2
B - st

>
]

= g%

23



(Table 9). Subsequently, the percentage of independent juveniles
2

significantly declined in all zones (Friedman's test, X [3] = g%),
This decline was negatively correlated with the rise in the adult coral
population in each zone (Spearman rank correlation, re = -, 979%%)

The density of independent juveniles was highest on the submarine
terrace and seaward slope throughout the study; it significantly
declined with time for all zones (Table 10).

Juvenile corals showed an association with specific zones by
either settlement or survival. The distribution patterns of 37 species
for 1971, 1974 and 1981 were examined using a chi-square test as an
index of distribution (significant association is recognized when x?z
5.991, cf. Table 11). In 1971, 1974 and 1980, 63.64%, 65.71% and
75.00%, respectively, of the species examined showed association with
specific zones. Thirty.species with more than sixteen juveniles
censused in any one year were examined with a chi-square goodness-of-
fit test; 28 species exhibited a significant preference for specific

zones (indicated by an asterisk in Table 11). The two species not

associated with specific zones were Acropora humilis and Stylophora

mordax. There were no changes in the general distribution of juveniles
over time (Friedman's test, X2[3] = ,055ns).

Juveniles not only showed zone-specific recruitment, but, by 1974,
they were also found in greatest number in the same zones in which
adults of their species were most abundant. The pattern of juveniles
settling in the same zones as their adults developed during the course
of community recovery. In 1971, 39% of the 23 species tested had both
the adults and juveniles abundant in the same zones. By 1981,

juveniles of 87% of the 23 species were associated with their adults

24

Table 9.

The percentages of independent Jjuvenile (diameter =.4 )
colonies (1.e.,_without a conspecific adé]t in a 2—m2C2345:11”
in a sample of juveniles, calculated for zones and years. T,
Friedman's randomized block tests were used to analyze the ¢
data between years and between zones.

1970 1971 1974 1981 ERi-
_— —_— — I J
Reef front 36.26 28.89 22.58 6.06 4
Submarine terrace 76.11 53.83 34.47 20.74 9
Seaward slope 100.00 55.81 42.52 12.35 1N
IR 12 9 6 3
2 2 2 2
2 _12(12° + 9% + g% + 3
R RC) Lo a0 qan)
= 9*

2 2 . 92, g2
¢ = B - s )

= b.b%
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.39(20)
J74(21)

1981

Table 11.

ngenfle_(diame ers <4 cm) coral zonal settlement distribu-
tion indices (X¢) for 37 species and 22 genera. The
expected values assumed random settlement and was adjusted
for unequal sampling in each zone. The Friedman's method
for randomized blocks was used to analyze the species data
with 2 or more enfries. Association with certain zones was

rgcognized when X< <5,99}, Goodness-of~fit test for nzle,
significance level ns >.05, *< .05, ** 2 .01, *** < 00].

3.0 + 1.06(18)

0.4 %
2.2

1974

MS

313.83
474, 86%**

3.5 £ 1.27(19)
9.2 * 2.15(21)
10.8 + 2,23(19)
698.19%**
471.13*
15.49

2
4

df
8
153

161

2.64(20)

quadrats, Y £+ 95% confidence interval (n), calculated for
+

) coral colonies that were found independent of adult

3.9 + 1.60(19)
10.7 & 2.67(20)

4 cm
10.4

-m?
Interaction (AXB)

Subgroups
years (a)
zones (b)
Within subgroups

TOTAL

A two-way anova with 18 replicates as used to analyze the data for 1971, 1974
Source of variation

3.9 + 2.07(16)

12.0 = 3.43(7)

A random number was used to discard replicates in excess of 18 for the two-way anova.
9.0 + 4.74(8)

conspecifics (diameter =5 cm) in 2

zones and years.

The number of juvenile (diameter <
and 1981.

Submarine terrace
Seaward slope

Reef front

Table 10.

1971 197 1981
x2 x2 x2
Psammocora . 3.597 4.905 3.400
Psammocora nierstraszi .343 1.194
Psammocora sp. 1 5.139 2.600 2.413
Stylophora mordax 2.225 1.142 1.445ns
Pocillopora 12.202 4.070 9.012
_""“Tiﬁ%ﬁibpora elegans 17.704 7.856* 4.713
Pocillopora setchelli 17.704 73.850%** 33.219%%x*
Pociliopora verucosa 1.800 3.342 28.738%**
Acropora 4.002 .436 3.092
Acropora humilis 1.696 6.1471%** 4.299ns
Acropora surculosa 5.469 19.011%**
Acropora tenm:s 8.321 2.794 5.785
Acropora wardi 9 612 5.469 3.707
Astreopaora. . 9.689 33.469
Astreopora myriophthalma 4,326 9.689%* 17.744%%%
Montipora 67.743 39.913 32.622
Montipora elschneri 7.515 4,127 - 18.470%**
Montipora foveolate 7.914 13.324
Montipora hoffmeisteri 071 9.1712%*
Montipora verrilli 36.680*** 30.617%%% 8.824*
Pavona 31.661 6.830 .099
Pavona spp. + 20,819%%* 6.182* .334
Leptoseris 8.902
Gonigpora 1.563
Porites 36.539 95.280 146.377
Paorites lichen 2.535 3.899 2.413
Porites lobuta 30.262%** 49,94 2%%* 49,998%**
Porites lutea 7.562 32.268%** 96.051
Porites (S.) .iwayamaensis 10.277 1.859
Favia 3.988 21.021 37.864
Favia favus 39.510%** 32, 396%** 31.719%%%
Favia pallida 7.130* 15,637%%* 17.768*%*
Favia stelligera 15,184*** 12.22G%* 2.843
Favites 6.284 5.886 19.304
Favites russelli 7.130* 3.553NS 19.304***
Goniastrea 11.780 8.378 22.355
Goniastrea edwardsi 4.112 1.470 23.297%**
Goniastrea pectinata 19.565%** 22.173%%x* 11.987
Goniastrea retiformis 43,504*%* 47, 265%%* 10.023
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Table 11 Continued.

Platygyra o
Platygyra pini

Leptoria phrygia
Montatrea curta
Leptastrea purpurea
Leptastrea transversa

Cyphastrea spp. -
Galaxea fascicularis

Acanthastrea echinata

Lobophyllia spp. +++
Echinophyllia aspera

Millepora

Millepora tuberosa

ZR’("J‘

2

12(722 + 73

971

x2

6.656
7.778%
6.344%*
13.850
42.804%**
33.090***
2.391
2.843ns
.843
2.225
.052
1.44
1.645

72

+ 19

36(3) (3+1)

6.953
6.958*

10.534
2.571
103. 149%**
18.204%**
1.102
16.230%**

9.594**x*
3.796
4.795

73

3(36) (3+1)

+ Pavona varians and Pavona sp. 1 were combined.

~p ~d

.563
.874*%*
. 308***
. 324%%*
.385

173
173

71

++ Cyphastrea chalcidicum, Cyphastrea microphthalma and Cyphastrea

serailia were combined.

+++ Lobophyllia corymbose and Lobophyllia costata were combined.

28

(Table 12). This was a significant change in the general distribution

pattern (Cochran's Q = 13.9#%*%),

Once adults became established, there was an increased 1ikelihood
of additional juveniles settling in their vicinity, as indicated by a
significant positive relationship between the abundance of adults and
their juveniles. 1In 1970, two zones (reef front and submarine terrace)
showed significant correlations between the abundances of adult and
Juvenile conspecifics (Table 13) and, by 1971, all zones showed a
similar relationship {p<.001). The correlations became significantly
stronger within zones with time as shown by tests of homogeneity.

It has been suggested that Juveniles disperse away from their
adults rather than to them (Connell 1973). This concept was tested for
34 species in 1971, 1974 and 1981 with a coefficient of association
(Krebs 1972:383) between adults and Jjuveniles in the same 2-m2 quadrat.
In 1971, 50% of the species showed significant positive associations
{Table 14). There was a significant increase in the affinities between
adults and juveniles with time (Friedman's test, X2[2] = 31.824%%*)
and by 1981, 79% of the species showed significant positive
adult-queni]e associations. Positive associations would tend to
produce clumped rather than random or even distributions. An
examination of 150 distribution patterns within zones of 44 species in
1971, 1974 and 1981 showed clumped distributions in 87.37 of the cases
(coefficient of dispersion, $/7Y21.50, n210 colonies per zone). Of
the 19 cases of random distribution, 89.5% were from the suborder

Astrocoeniina of which 33.3% were members of the family Poci]]opdridae.
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Table 12. Patterns of the abundance of juvenile (diameter <4 cm) coral
settlement by zones as indicated by their proximity to the
zone in which the adults (diameter25 cm) of their species
were most abundarnt. 0O = same zone, 1 = different zone.
Cochran's (Q-test was used to analyze the change in the
settlement patterns for 23 species of corals.

)
.969
912

<.05,
1981
L=.950
[L=
L

o

* <

1971 1974 1981

e

Psammocora nierstraszi
Pociilopora elegans
Pocillopora setchelli
Acropora spp. |
Montipora elschneri
Montipora verrilli
Pavona spp. 2

Porites lichen
Porites lobata
Porites lutea

Favia favus

Favia pallida

Favia stelligera
Favites russilli
Goniastrea edwardsi
Goniastrea pectinata
Goniastrea retiformis
Platygyra pini
Leptastrea purpurea
Leptastrea transversa
Cyphastrea spp. 3
Acanthastrea echinata
Millopora tuberosa

|—-‘OO—'—'—'OO—'—-‘—'-—'O—‘—'—'O—'-—'OOO—'

O'\l--'OCDOO-—'ODOOO—'C)OOD—-’OODO-—'—‘
wl—‘OOOOOOOOOOOODOO-—‘OOOOO-—'
Slwoo-—-—'r\:oo—-—-—'mo-v-—'—-'m—'—-c::o—-w

T2
- (3-1)[ (3x241)-23%]
3x23) - 41
= 13.9%%

Acropora cerealis and Acropora variabilis were combined.

Pavona varians and Pavona sp. 1 were combined.

Cyphastrea chalcidicum, Cyphastrea microphthalma and Cyphastrea
serrila were combined.

wd N —)

.918***(66)

r=
L=.867
r=.950*** (74
L=.920
r=.862%** (73)
.78

ns >.05,
L

L=.667
L=.952
L=.948

1974
L921%*% (63)

L=.879
L913%%% (60)

=, 497++* (62)
L=.278
L=.857

A test of homogeneity of the correlation
r
r
r

Significance levels:

L=.786
L=.843
L=.682

1971
r=.653*** (60)

L=.475
r=,746%%* (50)

L=.604
r=.532%%* (57)

confidence limits between adult (diameter 25 cm) and juverile
L=.322

(diameter <4 cm) abundances within zones and years.

r
i

1.=.762
L=.657
L=.305

1970
XG5 EE=N(ER)
.189ns (20)
47.740%>*
55.589***
55.190***

.406
.403* (35)

.066

r
L=
r
L=
r
L=-.603
X2
x2
XZ

01, and ***< 001.

coefficients within zones was used for analysis.

Correlation coefficients with 95

%,k <
Reef front
Submarine terrace
Seaward slope
Reef front
Submarine terrace
Seaward slope

Table 13.
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Base dl @ the strong associations betweem aduTts and juveniTes,
there sho ulid be pysitive conrel ations betweem the numbers of adutts and
the numbers of juveniles im 2-m? quadrars. A negative correlTation
myght imdfcate competitiom between aduilts andl juveniles. In 1970 and
T97T, ma significant carrelation< were diiscovered because of the
scarcity af adults. In 1974 and 1987, two mnes exhibited a
stygn; ficant positive correlation, which, suggests that the presence of

gdults tncreased the probabr ity of se ttl ement of juveniles (Table T5).

Dyversity

Predation by Acanthaster reduced the coral species richness andi
diversity. After the swarm of Acamthaster Teff Tanguisson, only 84
spectes were recognized. Thils was a reduction: of 47 species from 13
species priaor to the predatiom (Randall 1973c). Species richness rose
quickly, and, by 1974, fTS specjes;were-fbﬁnd on Tanguisson Reef. This
rise was 3 result of emergence of once cryptic patches and the
recruitment firom neighboring areas and refuges. In 1981, 154 species
were Tdentiified at Tanguissom Reef’ (Appendix 1).

Im 1970, the mean number of species fiound within a quadrat was
Zlso depressed: the reef fromt had 5.4 species/mz; the submarine
terrace had 4.9 species/ﬂz, andi the seaward; sTope had 2 specﬁes/mz. In
the years to follow, there were significant increases in the species
richness per quadrat (Tablle 16) as independent juvenile coralls
diispersed! intio new areas. Im 1981, there were: significant differences
between zones, with the Targest number of species per quadrat found an

the seaward! slope.

Table 15. Correlation coefficients between the number of adults
(diameter 25 ¢m) and the number of juveniles (diameter
<4 cm) in 2-m2 quadrats within zones and years. The correla-
tion coefficients within zones were analyzed by a test of
homogeneity. Significance levels: ns >.05, *<.,05.

1970 19711 1974 1981
Reef front -.230ns (16) -.046ns (19) .539* (19) .522* (20)
Submarine
terrace .296ns (7} .119ns (20) -.330ns (21) .536* {21)
Seaward
slope -.352ns (8) .217ns (20) .506* (19) .341ns(18)
Reef front X2 = 7.333ns
Submarine terrace X% = 8.097*

Seaward slope Xz = 3.435ns
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A

A random

2.49(20)
2.18(21)

26.3 + *,97(18)

%
+

21.7

(n}, for zones and years.
14.9

MS
387.79

181, 52%**
20.69

15.0 + 2.547(19)

17.9 = 1.56(21)

16.0 + 1.74(19)
949, §5%**
210, TQ***

df
8
2
4
153
161

quadrat, Y * 95% confidence interval

13.3 + 2.34(19)
12.7 + 1.67(20)
12.1 + 1.74(20)

Interaction (AXB)

Subgroups
years {a)
zones (b)

Within groups

Source of variation
TOTAL

1970

10.8 = 2.01(6)
9.7 £ 1.75(7)

two-way anova with 18 replicates was used to analyze the data for 1971, 1974 and 1981,
4,1 + 1.89(8)

number table was used to reduce replicates in excess of 18 for the two-way anova.

The number of species per Z-m2

Submarine terrace

Reef front
Seaward slope

Table 16,

Shannon-Wiener species diversity indices (Pielou 1975) were
calculated within zones in two ways: the mean diversity per 2—m2
quadrat and the total diversity of the entire zone. The total
diversity of the zones was rather high after the disturbance in 1970
(reef front - 4.87, submarine terrace - 4.81, and seaward slope -
4.04). This was surprising since in two zones (submarine terrace and
seaward slope) less than 1% of the space was occupied by live corals.
The high diversity values were attributed to new recruits and to the
presence of numerous small remnant pieces of coral that survived
predation. The diversity of the reef front had not changed
significantly since 1970 (Table 17). The diversity of the submarine
terrace had fluctuated around the value of 4.8, and there was a
significant difference between 1974 and 1981 (.4025* > MSD, Games and
Howell method [Sokal and Rohlf 1981]). The coral species diversity on
the seaward slope in 1970 was significantly lower than in the other
years and the coral diversity of the seaward siope in 1974 was
significantly less than in 1980.

The mean diversity values illustrated slightly different patterns.
The reef front, least affected by Acanthaster, showed no significant
differences in diversities over time (Table 18). The other two zones
exhibited significant changes in diversities (Table 18). The seaward
slope in 1981 had the highest mean diversity, and it was significantly
different from all other zones and years, except for the 1981 submarine
terrace (Table 19). In general, since 1970 there have been significant
increases in the mean coral diversities of the reef since 1970

(Friedman's test, X2[3] = g*),
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are given below the diagonal and the dorresponding

te are given above.

Y,é-Yf
can

The differences

Unplanned comparisons among pairs of mean diversity indices for zones and years using the Games
values at 0.05 level of signifi

and Howall method.

MSD¢ 4

Table 19.

Differences > MSD{; are indicated

i "
with an asterisk.

S$70 S5 71 5574 S5 8

RF 74 RF 80 ST 70 ST 71 ST 74 ST 81

RF 70 RF 71

1.293 1.430 1.290 1.428 1.277 1.240 1.252 1.690 1.392 1.262 1.243

0

RF 70

1.096

669 1.479 .791  .713  .653
1.597
1.478
1.567

.649

.738

1.134  .761

0

.304

RF 71

1.099 1.060

1.540

1.305 1.116 1.078 1.070

0 1.132

.093

.397

RF 74

J11 .65

1.074

.789

.254  .161 0 1.991 .736 .646  .667
473
115

.558

RF 81

40

1.081

1.103

1.074 1.076 1.061

0

312

.219

.085

ST 70

1.500 .767 .686 .624

.640

. 358 .619

.139  .046

.443

ST 71

495 402 .241 .714  .356* 0 .500 1.486 .682 .589 .516

.799

ST 74

.892  .799 .638 1.111* ,753* 397 0 1.500 701 .661  .541

1.196

ST 81

1.500 1.480 1.489

1.539*% 1.895* 2,292* 0

1.181

1.493* 1.654

1.40

1.096

SS 70

.074 .019 .180 .293 .065 .421 .818 1.474 ¢ .743 .686

.108

s

.594

421 .328 .167 .640 .282 .074 .471 1.821* .347

.725

SS 74

0

.743%

.910* 1.383* 1.025* .669* .272 2.564* 1.090%*

1.468* 1.644* 1.071*

SS 81

Growth Forms

After corals in the reef community were preyed upon by
Acanthaster, the Tiving corals that remained were either complete
colonies which the Acanthaster had by-passed or were remnant patches of
partially eaten colonies. Often corals in the latter category, along
with recruits, initially had an encrusting form. These early
encrusters became the source for expansion and recolonization, and they
accounted for 68% of the corals encountered in 1970. 1In 1971, the
number of encrusting forms rose to 74% which coincided with a rise in
coral recruitment. After 1971, encrusting forms declined, resulting
from growth form differentiation of ephemeral encrusting recruits and
the generation of remnant patches which caused a rise in other species
specific growth forms (i.e., massive, corymbose, etc., cf. Table 20).
This change from two dimensional to three dimensional growth form
increased the topographic complexity of the reef. This was seen in all
reef zones and was reflected in increases in growth form diversity
values (i.e., 1.10 to 1.98 on the seaward slope, cf. Table 20).
However, when comparing the three zones, the trends of increasing
heterogeneity and complexity were seen to a lesser extent on the

submarine terrace, because of the abundance of perpetual encrusters

(i.e., Montipora spp. and Leptastrea spp.).

Size Distribution, Coral Coverage and Density

In 1970, the size distribution was skewed towards smaller corals
(Table 21). This clumped distribution of the size classes of all
corals was reflected initially in low evenness values of .19 for

size-classes on the submarine terrace and .20 for the size-classes on
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the seaward slope. Both of these zones had been devastated by
Acanthaster which reduced the live coral cover to less than 1%. By
1980, there had been an increase in the size class evenness values in
each zone: reef front - .57 to .B7, submarine terrace - .19 to .88,
seaward slope - .20 to .68. The relatively high initial evenness
values of the reef front zone reflected the presence of a refuge area
resulting from water turbulence within the zone where Acanthaster
planci did not venture in large numbers.

The study of the nearby reef in Tumon Bay (Randall 1973c) was used
to estimate the Tiving coral surface coverage for Tanguisson Reef prior
to the 1968 predation by Acanthaster: reef front - 49%, submarine
terrace - 59%, seaward slope - 50% (Randall 1973a). The surface
coverage was reduced to 21%, 0.9% and 0.5%, respectively, on Tanguisson
Reef after the disturbance (Table 22). In 1980, the zones exhibited
the following coverage: reef front - 43%, submarine terrace - 66%,
seaward slope - 36%. The increase in percent cover was positively
correlated with the increase in the average coral size (r = .928%**),

Mo correlation was found between density and cover (r = .424ns). The

rapid increases in coverage on the submarine terrace was partially the
result of predominance of fast growing encrusting Montipora. The other
two zones have been slower to recover than the submarine terrace.
However, if current trends are maintained, by 1984 both zones will have
reached the prior levels at Tumon Bay. In Jones et al. (1976), Randall
projected slower recovery times: reef front, 24 years; submarine
terrace, 21 years; seaward slope, 35 years. This overestimation of

recovery times was based on linear extrapolation from early recovery
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Table 22. Percent live coral cover for zones and i
: years. Two Friedman's
randomized block tests were used to anal ze T i
between years and between zones. Y or differences
1970 1971 1974 1981 zRij
Reef front 20.9 21.9 24.8 43.7 11
Submarine terrace 0.9 4.0 12.0 65.9 9
Seaward slape 0.5 2.1 6.3 36.2 4
IR; ¢ 3 6 9 12
Years
2 2 2 2
2 _ 12(37 +6° +9°+ 12
S )N (53)) Lo s (an)
= 0*
Zones
2 2 2
2 _ 12(4% + 9% + 119)
= f.b*
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data which did not take into account the disproportionate increase in

This increase in density corresponded with the
In 1981, the highest density was found

The density of coral colonies has risen significantly in all zones
on the seaward slope which had the lowest percent coral cover and the

surface area coverage with the increase in diameter of the coral.
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DISCUSSION

By all measurements, the coral community at Tanguisson Reef
experienced "catastrophic” effects (as defined in Harper 1977; Paine
1979) from predation by Acanthaster . The large swarm of Acanthaster
left few corals alive. Four categories of survivors were found after
the event: 1) corals in turbulent shallow water habitats, 2) corals
which were not the preferred food of Acanthaster, 3) living patches of
partially eaten coral colonies, and 4) small colonies located in
cryptic interstices.

Most of the corals living in shallow areas less than 2 m in depth
on the reef front were not preyed upon. Acanthaster apparently does
not venture into heavily wave-assaulted areas (Laxton 1974) since they
lose their hold and are tossed around by water turbulence and surge
(Birkeland and Randall 1979).

Below the refuges of turbulence, there were scattered patches of
nonpreferred corals by-passed by Acanthaster. Patches of nonpreferred
prey have been observed in Hawaii (Branham et al. 1971), on the Great
Barrier Reef (Endean 1973), on Saipan (Goreau et al. 1972), in the
Eastern Pacific {Glynn 1976) and in American Samoa (Birkeland and
Randall 1979). The nonpreferred prey fell into two categories: coral
species which Acanthaster usually does not eat (e.g., Millepora,
Porites, P. (Sinaraea), etc., [Table 6]) and species which would be

eaten (Pocillopora and Stylophora) were they not protected by

crustacean symbionts (Glynn 1976). As Acanthaster approach the

protected colony, the symbionts move to the branch tips, and repulse the
predators by pinching at their tube feet and spines (Glynn 1976, 1980).
The behavior of these symbionts indirectly protects adjacent colonies
resulting in the survival of a halo of living corals around the
defended colony (pers. obs.}.

Both preferred and nonpreferred prey often survived as partially
eaten colonies. These remnant patches represented a good sample of the
previous community and were capable of reproduction and regrowth.
Colonies expanded from these patches and reveneered dead surfaces
(Fishelson 1973; Glynn 1974; Colgan in press).

The last category of survivors was found in cryptic interstices of
the reef where Acanthaster could not reach. Typical of these corals

are Stylocoeniella armada and Pavona sp. 1 which survived in relatively

high numbers. In 1970, small cryptic corals contributed 10.76% of the
sample, on the seaward slope while in 1981 cryptic corals made up only
.69% of the community.

The presence of numerous small patches of survivors contributed to
the high diversity and species richness values in all zones following
predation.by the swarm of Acanthaster, but in submarine terrace and
seavard slope these small patches accounted for less than 1% of surface
cover. The surviving corals enabled a degree of local recovery, thus
allowing for the rapid recovery from the large scale disturbance
(Connell and Slatyer 1977).

The recovery of the Tanguisson Reef community following the
predation was achieved by recruitment and regrowth. Recruitment has
been continuous since the swarm of Acanthaster left the area and

accounted for the rise in density and species richness in all zones.
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Likewise, the density of juwemile corals also increased with the
greatest number being found im 1974. This peak in the density of
juveniles did not coincide with the time when space was most abundant.
It has often been stated that space is the most important limiting
factor in sessile commmities (Connell 1961; Paine 1966; Dayton 1971;
Connell 1978). However, in 1970 and 1971, settlement of juvenile
corals was limited by the number of recruits. A similar situation of
limited recruitment resulting from nonspacial restraints has been seen
in settling plate data (Birkeland et al. in press). At Tanguisson
Reef, it was only after an adult population was established that the
density of juveniles increzsed. The presence of adults has aided in
the rapid recovery of other disturbed reef communities (Endean and
Stablum 1973; Loya 1976; Pearsom 1981).

Recovery was initially slew because the adult population was
sparse and clustered into small patches. With time, "the adult
population increased and recovery was accelerated. The recovery
process can be viewed as a positive feed-back system with the
establishment of adults facilitating increased recruitment, which in
turn establishes more adults. When a major portion of space becomes
occupied by adult colonies, the proportion of recruits decreases.

The reestablishment of adult colonies came about through regrowth
and dispersion. The settliement of "independent" juveniles which
survived away from conspecific adults was important. Most of the
juvenile corals in 1970 and 1371 were of this category. The develop-
ment of these pioneer juveniles established adults in places away from
the immediate areas of survivimg patches. With a growing and widely
dispersed adult population, there was a decline in "independent"

50

Juveniles. Early in the community development, the juveniles of most

species dispersed away from adults. In 1981, the reverse was true.

There were statistically significant associations between the presence
of adult and juvenile conspecifics within local areas. The affinity of
Juveniles to adults resulted in a contagious settlement pattern (Lewis
1974; Dana 1976). By 1981, the distribution of coral species was
increasingly clumped within zones. The reef underwent a shift within
zones from random distribution to clumped distribution.

In 1981, adult and juvenile conspecifics were abundant in the same
zone and the various coral species were associated with certain zones.
During the early stages of recovery, adults were found inhabiting zones
that were different from the ones with which their juveniles were
associated. Within areas affected by Acanthaster, the numbers of
adults were reduced and .adults were commonly found in zones with which
they were not significantly associated in 1981. Recruitment
reestablished the adults in zones in which they were typically found.
This caused a shift in coral distribution. Juvenile corals did not
show a similar shift in distribution, indicating that zonation was the
outcome of zone-specific recruitment.

The species assemblages within zones resulted from nonrandom
recruitment and survival of juveniles. The response of larvae to
physical factors such as light, substrate (Yonge 1973), water motion
(Jokiel 1978) and other factors may ultimately determine their
distribution. Also, selective predation by fish may have limited the
distribution of a few species {Neudecker 1979; Wellington ms.}. Coral
community structure within zones does not appear to be influenced by

interspecific coral aggression (Lang 1971, 1973).
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The strong positive correlation between adult and juvenile
abundances further differentiated the zones of the reef. The
correlation had increased significantly with time as the species that
normally inhabited the zone reestabiished themselves. In 1981, the
position of the most abundant species was reinforced through
disproportionate recruitment (Connell 1973; Grigg and Maragos 1974;
Loya 1976). Without additional disturbances to reverse this trend, the
reef could be expected to become increasingly stratified with a few top
competitors dominating. On atolls, where disturbance levels are less
than on high islands such as Guam (Birkeland and Randall 1979), zones
are highly stratified with a few abundant species {Wells 1954). It
would seem that the striking zones on atolls have developed in the
absence of major disturbances which enable a few species to dominate a
zone.

Twelve years after the disturbance, species richness and diversity
were still on the increase, resulting in high values for all zones.
Connell (1978) discussed six hypotheses which could explain the high
diversity seen on coral reefs. At Tanguisson Reef, the hypotheses of
intermedfate disturbances and compensatory mortality appear to be most
applicable.

On a coral reef, compensatory mortality occurs when predation or
disturbance disproportionately affect the species which occupy the most
space. Acanthaster does have a feeding preference (Table 5). In 1971,
as the result of the feeding activity of Acanthaster, nonpreferred
species were the predominant corals in all zones. Their predominance
was short-lived and by 1980, preferred prey had become more important

with regards to frequency, density and cover (Table 6) because of a
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greater rate of recruitment and faster growth. The predation on these
fast-growing, preferred species resulted in a form of compengtory
mortality. On other reefs where preferred species were rare, Predation
by Acanthaster benefited the corals holding the most space (Branham et
al. 1971; Glynn 1976).

The intermediate disturbance theory (Connell 1978) applies to
smaller random disturbances which constantly affect a reef. These
disturbances prevent local competitive elimination of species {Paine
1966 Dayton 1971; Connell 1978; Levin 19765 Sousa 1979a, b) and this
maintains species in the community and produces a high species
diversity (Sousa 1979a).

At Tanguisson, the agents of these smaller disturbances include
storms (Randall and Eldredge 1977), an encrusting sponge, Terpios
(Bryan 1973), a blue-green alga, probably Anacystis dimidiata (Randall

1973a), small outbreaks of Acanthaster (Colgan in press), and fish
predation (Neudecker 1979). Often, the distributions of th- e
disturbances were random and their intensities varied, causing unequal
successional setbacks in the affected patches (Paine and Levin 1981).
In 1981, the landscape of the reef was a mosaic of unsynchronized
successional patches (Levin and Paine 1974, Paine and Levin 1981). The
mosaic quality of the reef added to the overall species diversity and

heterogeneity of the reef.

53



CONCLUSION

Within a period of twelve years, measurements of species
diversity, percent cover, growth form diversity, size class evenness
and species richness at Tanguisson Reef approached or exceeded values
at a comparable reef area prior to the outbreak. This rapid recovery
from a natural disturbance indicates a greater resilience in the coral
community than was once believed. However, this resilience is
contingent upon the particular type of disturbance encountered. Every
perturbation creates a locally unique patch (Levin 1976) because of the
inherent variations in the size and intensity of a disturbance. These
variables, along with the nature of the surrounding environment,
directly control the course of the recovery upon an available surface.

At Tanguisson, the structural integrity of the reef framework was
maintained. The stable substrate provided a surface for settlement and
the complex structure offered a refuge for some recruits (Birkeland
1977). However, perturbations that destroy the structural characteris-
tics or alter the quality of the environment require longer recovery
times than those observed at Tanguisson Reef. An example can be found
in man-made disturbances such as dredging. ODredging and increased
sedimentation may cause massive coral mortality and may drastically
alter the environment as well as the reef structure (Johannes 1975).
The resulting unstable surface provides an unsuitable substrate for
recruitment, and, even after dredging is halted, the resuspension of

sediment delays the start of recovery (Johannes 1975). More than

thirty years after the completion of the dredging operation the effects
of the disturbance may still be profound (Dodge and Vaisnys 1977).
Coral reef communities are surprisingly resilient to natural

catastrophic disturbances, but they may not show the same resilience

after man-made disturbances.
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