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determined. For uniformity, sites were generally selected at the high 

wave-energy southern coasts where fresh gravel could be found. Detailed 

surveys were conducted on the abundance of Heliopora in beach gravel 

on the Tuvalu/Kiribati atolls of Funafuti, Vaitapu, Nui, Nanumea, Arorae, 

Tamana, Tarawa and Butaritari, and on Nauru, an oceanic, raised coral 

island (Fig. 2). 

The number of dive and sediment surveys varied in each island 

group according to time and geography; for example, only four areas were 

investigated around the great island of Papua New Guinea, while the 

entire coastline of the small island of Nauru was examined in one day. 

The general ecology of Heliopora was studied in greater detail 

on Tarawa atoll in the Gilbert Group (Fig. 2). The abundances of 

Heliopora and common scleractinians were recorded in assemblages at 3m, 

6m, 10m, 15m and 20m depths along 18 transects on the reef slope of 

South Tarawa. To determine the proportion of Heliopora being transport­

ed to the shore the % of living Heliopora in situ was compared with that
• 

in coral gravel on beaches adjacent 14 of these transects, and the differences 

were consider€d in the compilation of Table I. The effect of depth on 

abundance was determined by averaging the % coverages of six adjacent 

~ransects. Twenty-two sites were also examined in the north western 

seaward and lagoon reefs off Betio islet in South Tarawa to determine 

the pattern of distribution. 

LIMITS OF DISTRIBUTION
 

Southern
 

Low Isles on the northern Great Barrier Reef probably represent 

the southern-most reported presence of Heliopora (eg. Crossland 1952; 

Stephenson and Wells 1955), but J. Veron (pers. corom.) has noted a 

single colony in the Palm Group (18
0 
S). Ocean surface temperature 

0 ..	 range in this group i~ about 22 c to 28 0 c (Pickard 1977). Heliopora
 

has not been reported from the well-studied southern Great Barrier Reef
 

(eg. Salter 1954) •
• 

Wells (1954a) and Bouillon and Houvenaghel-Crevecoeur (1970) 

include New Caledonia in the distribution of Heliopora but Laboute and 
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Magnier (1979) state that it is not found in the group. Baker (19~5) 

recorded it in the New Hebrides (now Vanuatu), and it was seen by the • 
senior author on Efate Island. Although Wells (1954a) and Bouillon 

and Houvenaghel-Crevecoeur (1970) also include Fiji in its distribution, .. 
this is considered doubtful as it was not recorded in beach sediments 

or coral assemblages studied at Suva, Korolevu, Sigatoka, Bau Waters 

(Vitilevu); Vuca Bay and Savusavu (Vanualevu); the islands of the 

Mamanucas, Ovalau, Naigani, Nananu-I-Ra, and Dravuni; nor at Komo, Ogea 

and Fulaga in the Lau Group. Furthermore, it is not represented from 

Fiji in a comprehensive coral collection at the University of the South 

Pacific. The two published records for Fiji cite Gardiner (1898), who 

does not mention Heliopora in his description of Fiji corals, and both 

erroneously place Funafuti and Rotuma in the Fiji Group. However, the 

genus was formerly present in Fiji since Hoffmeister (1945) named 

H. fijiensis from Miocene deposits on Vanuabalavu in Lau. 

Heliopora coerulea is probably absent from the Tonga Group ~s • 

it was not found in beach sediments on Vava1u or in sediments and coral 

assemblages studies in the Ha'apai Group and Tongatapu. Although it • 

was not seen in sediments at Apia, Tiavea, Pontasi and Falelatai on 

Upolu Island, in Western Samoa, Heliopora has been reported from 

neighbouring American Samoa (US Corps Engineers 1980). 

Eastern 

Doty and Morrison (1954) reported Heliopora microatolls on 

Raroia in the Tuamotus but this is dubious as it has not been subsequent­

ly recorded. American Samoa (above); Rotuma Island and the atolls of 

Nukulaelae and Funafuti in present Tuvalu (Gardiner 1898); Onotoa, 

Tarawa and Butaritari in the Gilbert Group (Banner 1952); and Rongerik, 

Rongelap, Namu, Borororyuru, Ourukaen, Bikini and Eniwetok atolls in 

the Marshall Group (Wells 1954a) are the reported eastern limits. 

Heliopora is also recorded from Vaimpu, Nui, Nanumanga and Nanumea 

atolls in Tuvalu, and Arorae, Tamana and Abaiang atolls in the Gilbert • 

Group in the present study. It is apparently absent from the Phoenix 

Group east of the Gilbert atolls (Maragos and Jokiel 1978). • 
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Northern 

The Marshall atolls to the Northern Marianas, Bonin, Taiwan 

and the Ryukyu Islands (Wells 1954a) represent the north-western limits 

of distribution. The northern distribution (26 
o

N) is therefore much 
0 

more widespread than the southern distribution (18 S) in the Western 

Pacific. 

Randall and Cheng (1977) found a discontinuous distribution of 

Heliopora around Taiwan. It was present in the south and Lan-yo 

Island, was conspicuously absent from the north and the Pescadores 

Islands, and again appeared in the Ryukyu Islands several hundred kilo­

meters to the north. R. Randall (pers. comm.) attributes the anomolous 

distribution to the Kurushio current which is diverted from northern 

and western Taiwan during winter. Ocean surface temperatures in 

southern Taiwan are about 220~t,) 28 0 c while those in the north are 
0 o

about 17.5 c to 2S c • 

ABUNDANCE OF HELIOPORA IN CENTRAL AND WESTERN PACIFIC 

Although the literature contains many references to the presence 

of Heliopora, few of the qualitative descriptions are precise and there 

are no quantitative estimates. The various references to the abundance 

of Heliopora in the Western and Central Pacific have been summarized in 

Table II, and are related to ocean surface temperatures (from World 

Ocean Atlas 1974). The abundance of Heliopora in beach gravel and coral 

reefs in the locations investigated by the present authors are 

summarized in Table III (Western Pacific) and Table IV (Central Pacific), 

and are similarly related to ocean surface temperatures. 

ECOLOGY OF ijELIOPORA ON TARAWA ATOLL 

0
Equatorial Tarawa (1 0 20'N, 173 00E'; Fig. 2) is a large 

triangular atoll with a shallow, turbid sandy lagoon. It is enclosed 

by elongated islets on the windward southern and eastern sides, and by 

a submerged reef on the westward side. The islets are separated by 

narrow, shallow passages, usually exposed at low water. The prevail ­

ing winds are from the south-east, the tidal range is about 2 metres, 

the annual ocean temperature range is 28°c to 29 0 c, and the salinity 
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ranges from 35.4

a
/ to 36.0

a
/ The surrounding oceanic waters are 

00 00 

of moderate to high productivity because of the equatorial upwelling, 

and circulation within the atoll is mainly tidally driven (Kimmerer and 

Walsh 1981). 

The seaward reef platforms are of wave-eroded limestone, 

dominated by zones of green, red and brown algae, and largely devoid 

of living coral. The seaward reef edge is strongly spurred-and-grooved 

on the southern coastline, and is surrounded by a 50m to 250m-wide 

terrace which slopes from depths of 5m to 15m. Elongate buttresses on 

the terrace, separated by sand and rubble-filled surge-channels, are 

very rich in corals. In the deeper, calmer waters and in the sheltered 

northwest, buttresses break up into coral patches. The reef slope, 

beginning at 15m to 20m depths, consists of coral rubble, sand, exposed 

limestone faces and living coral to depths of about 50m. The slope 

drops rapidly at 30° to 60
0 

angles into water man"" ' .. '~reds of meters 

in depth. On the sheltered western reef spurs-and-grooves are ab~' 

the terrace is wide (to 500m) and shallow (about 3m to 5m in depth), 

and is scattered with coral patches and knolls, and dead coral pinnacles 

which rise to the surface. The dendritic orientation of the patch reefs 

results from tidal currents which drain the lagoon. The coral fauna is 

impoverished Western Pacific in character and only eighty eight species 

belonging to 47 genera have been recorded (Bolton and Zann in preparation). 

Heliopora forms 

The colour and growth forms of Heliopora were highly variable. 

The corallum ranged from pale to deep blue, the living coral was light 

brown-grey, and the extended polyps were grey-white. Growth forms, 

which varied with habitat (Wells 1954a; Colgan 1984), included encrust­

ing, columnar and branching (coalescent compressed, flabellate fronds, 

fine branching) forms. The massive micro-atolls described by Wells 

(1954a) in the Marshall atolls were not represented on Tarawa, probab­

ly as moated reef flats were not present. 

Ecological distribution 

Heliopora was present from the low tide wave-surge zone along 

the reef edge to 30m depths on the seaward reef slope. As Gardiner 

• 

• 

• 

•
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(1898) dredged it from 60m in Funafuti, it probably extends below 

SCUBA range on Tarawa . 

It was present in each of the 18 transects off South Tarawa, in 

10 of the 14 coral gravel stations on adjacent beaches and in four 

of six other sites in the·west (Figures 4 & 5). In the lagoon 

patch reefs it was only present adjacent to tidal passages off the 

Bairiki-Betio sandbank (Figure 5, sites 16 and 17). No living 

Heliopora was seen on inter-tidal coral reef flats north of Betio, or 

in coral gravel on the lagoon shores. 

Abundance 

Heliopora was the dominant coral in ten of the 20 transects off 

the reef edge at South Tarawa, it was abundant in four transects, and 

was occasional in three transects. It was occasional to abundant on 

the very high wave energy sites in the south-east, occasional to 

dominant at the moderate to high energy sites in the south, abundant to 

dominant at the moderate energy south-western coast, and locally absent 

to occasional at the low energy western edges (Figure 3) • 

The abundance also varied with depth. When the % coverage at 

depths at 1m, 3m, 6m, 10, 15m and 20m were averaged for six similar 

transects on the south-west it was found that Heliopora was most 

abundant between 6m and 10m (Figure 5). From these findings it was 

estimated that Heliopora made up an average of about 15-20% of all 

living corals in South Tarawa, and up to 40% in the south-western 

sector. 

Heliopora was far less important in coral gravel on adjacent 

beaches, and even where it was dominant in situ, it made up no more than 

3% of beach sediments. However Heliopora is undoubtedly important in 

contributing to the reef frame, and in 1980 a series of shallow cores 

made in preparation for the Betio-Bairiki causeway were found to be 

largely dominated by Heliopora . 

Inter-specific relationships 

The major scleractinians of the seaward reef slopes were 

Pocillopora (~. damicornis, P. verrucosa and P. eydouxi), Acropora 

(A. formosa, A. hyacynthus, A. humilis, A. digitifera, A. tenuis), 
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Montipora (!:f. foveolata, !:f. verrucosa, !:f. d. hispida), Favia (I. pallida,. 

I~ stelligera, I· rotumana), Favites (I. chinensis, I· ~tagona), 

Goniastrea (G. pectinata, G. edwardsi), Platygyra (f. eleodalea, • 
1:. sinensis), and Porites (f. lichen, f. andrewsi, f· lobata, f. lutea). 

Species of Pavona, Stylophora, Seriatopora, Pachyseris, Psamonocora, 

Lobophyllia, Turbinaria, Fungia, Herpolitha and other scleractinians, and 

the hydrocoralMillepora were also frequently present. The distribution 

of Heliopora and the three or four most common scleractinians at each 

depth site of the reef slope transects are given"in Figure 6. It is 

notable that although Heliopora and the various species of Acropor~ 

similar habitats they co-existed in fewer than half the depth sites 

(31 of 68), and completely over-lapped in only three of 18 transects. 

Heliopora co-existed with Pocillopora in 31 of 70 sites, with the 

Faviidae in 15 of 35 sites, with Porites in 14 of 20 sites, and with 

Montipora in 7 of 8 sites. 

DISCUSSION • 
The present geographic distribution of Heliopora coerulea may 

be pttributed to ocean minimum temperature, the duration of the larval 

life span, geographic factors and prevailing currents, and geological 

and climatic histories. Where there is a continuous distribution of 

coral reefs along a range of latitudes, for example on the Great Barrier 

Reef or along the coast of Taiwan, Heliopora is present only in waters 

with a (e'"~~.~~nual minimum temperature above 22 
0 cJ This is considerab­

0
ly higher than the 18 c marginal isother~ for ma~~ of the scleractinians. 

The absence of Heliopora from the more isolated island groups 

within the 22
0 

c lower isotherm suggests that a relatively brief planula 

lifespan limits dispersal. Dispersal may have occurred along island 

and reef archipelagos, for example, from Papua New Guinea to the Great 

Barrier Reef, from Papua New Guinea to the Solomon Islands and Vanuatu, 

and from the Micronesian islands to the Marshall, Gilbert and Tuvalu 

atolls, and thence to Rotuma and American Samoa. According to Wells 

(1954b) H. coerulea reached the Marshall atolls in the late Pliocene 

Epoch. 

t 
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The prevailing westward currents may have prevented the 

disp::sal ea.~.d. from the. Gilbert to the\~.~oenix groui-~) and south 

to(Fiji)ana(Tonga. The eastward dispersal of-many of the Western 
\ / ... 

Pac'tric scle'ractinians has similarly been prevented by the prevailing 

westerly currents (Vaughan 1907; Wells 1957). Conversely, the far 

northern distribution of Heliopora to the Ryukyu Islands is attributed 

to the warm Kurushio Current which brings many corals to southern Japan 

(Yabe and Sugiyama 1935). 

The previous very wide distribution of Heliopora coerulea is 

evidence that its distribution has contracted. If Hoffmeister's 

(1946) Miocene ~ fijiensis is synonymous with ~. coerulea (as implied 

by Colgan 1984), it subsequently became extinct in Fiji, possibly during 

a glacial period of lowered ocean temperature (Le. below 22
o
c), and has 

not successfully re-invade the group during the present interglacial. 

Because of its high temperature requirements, ~. coerulea has probably 

been highly susceptible to past climatic changes • 

The abundance of Heliopora can also be partially attributed to 

temperature as it is m~st abundant ~.r:.,:quatorial--~a't.e~-rs'~. The optimal 
-0'- 0 ----- ­

temperature range is probablYC~.__=-~~_.~9 c whi Ie opt ima te:pera tu~es for 

scleractinian calcification is considered to be between 25 c - 28 c 

(eg. Maragos 1972). This may give Heliopora an advantage over many of 

the scleractinians in equatorial waters. However factors in addition 

to temperature have a very pronounced effect on abundance as Heliopora 

was far more common in the Central Pacific, Marshall, Gilbert and 

Tuvalu atolls than in the Western Pacific islands at the same latitudes. 

While Heliopora was generally rare (ranging from absent to 

occasional) in coral gravel examined in the Western Pacific study areas, 

it was frequently abundant (ranging from locally absent to dominant) in 

gravel in Tuvalu and Gilbert Atolls. On Tarawa Atoll Heliopora was most 

abundant in coral assemblages on moderate wave energy reef fronts; 

between 6m and 10m depths on the reef terrace it comprised more than 

40% of the total living coral cover. It was estimated that Heliopora 

averaged 15 - 20% of all corals of the reef front and slopes in South 

Tarawa, while it averaged about 1.3% of coral gravel on adjacent 

beaches. 

t. 
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The disparity between the quantity oE living Heliopora observed 

in situ and that in coral gravel on adjacent beaches might be e~pected 

as, firstly, shallow water species (such as Pocillopora) contribute 

more to beach formation, and, secondly, because of the higher specific 

gravity of the Heliopora skeleton (Orme 1977). The quantity of Heli 

being transported to shore is highly dependent on physical factors ~ .11 

as wave energy, underwater topography and the width of reef platform. 

The proportion of Heliopora observed in coral gravel on beaches is 

therefore a very conservative .indicator of its abundance in offshore 

communities, and its importance in reef formation. 

The high abundance of Heliopora in the Marsha1l-Gilbert-Tuvalu 

atolls is attributed mainly to a reduction in competition from the 

scleractinians as a result of the lower species diversity in the Central 

Pacific. Heliopora and the Acropora, Pocillopora and faviids tended to 

be mutually exclusive in the reef front communities examined on Tarawa 

Atoll, but Heliopora more frequently co-existed with Porites and 

Montipora. 

Interspecific competition among scleractinians is well document­

ed. As well as physically competing for space, light, currents and 

other requirements (eg. Connell 1976), many corals are actively 

aggressive towards their neighbours, extending thei; mesenterial fila­

ments to kill and digest competitors (Lang 1971). Lang's hierarchy of 

aggression ranked the faviids ahead of Pocillopora, Acropora, and 

Porites. Although Pocillopora and Acropora do not actively subjugate 

neighbours, they are nevertheless regarded as good competitors. 

Glynn et a1. (1971) termed Pocillopora "aggressive" (not in the context 

used above) as they. frequently displaced other corals., and Maragos (1972) 

described them as pioneers 'with a high reproductive potential and an 

ability to exploit areas of high water movement. Acropora similarly 

excludes other corals; in Hawaii where Acropora is absent, Montipora 

takes over its usual nicqes (Maragos 1972) • 

Thus in the Marshall-Gilbert-Tuvalu atolls Heliopora, a warm­

water generalist with a wide habitat range, has partially taken over 

niches filled by more specialized scleractinians in the Western Pacific 

~hat is,Porites and the faviids on reef flats, Acropora on the upper 

t 
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reef slope, and the faviids, agrtriciids and pectinids in deeper waters-­

Rosen 1981). Such increases in a species' habitat range are very 

well documented on small isolated islands where fewer competitors are 

present (eg. Crowell 1972). 

The wide extinction of genus Heliopora in the late Cretaceous 

and again in the late Miocene, and the contraction of the range of 

Heliopora coerulea, may be attributed to their high temperature require­

ments at times when the oceans were cooling (eg. Pittock et al. 1978) 

together with their inability to compete with the proliferation of the 

more specialized and more aggressive scleractinians. 
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TABLE I. CTUTEFH·\ Of COR\L Am ':\1)\\I.T • 

.'.~'- .1..- .'~ 

a" 
/0 coral a7 

.0 coral 
Category Description cover rubble 

W situ 

Daninant 

Abundant 

Corrrnon 

Occasional 

Rare 

Locally 
Absent 

Very Rare 

Absent 

*pred.aninant coral in 
zone 

*generally distributed 
in zone 

*present I but patchy 

*localized distribution 
only 

*1 or 2 occurrences in 
zone (20 min. dive) 

not seen in zone but
 
present else~here
 

very rarely seen in 
island group 

never seen in island 
group 

>10-20% 

5-10% 

1-5% 

0.1-1% 

+ 

o 

> 5%
 

1-5%
 

0.1-1% 

<0.1% 

a few fragnents 
on beach 

no fra~nts
 

on beach
 

a few fra~nts 

on island beaches 

no frag;nents
 
ever recorded
 

* Criteria used by Randall (1977) and others 

-;:;: Scales adjusted to accotmt for transport variables 
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FIG. 1. Central and Western Pacific showing study sites, 

proposed distribution of Heliopora (heavy line 

broken where there is some doubt) and 22°C and 

28 0 minimum isotherms (dotted lines, from World 

Ocean Atlas 1974). Modified from Hawaii Geographic 

Society Map, liThe New Pacific". 

FIG. 2. Positions of coral gravel study sites in atolls of 

Kiribati, Tuvalu and Nauru. Scales in nautical miles. 

FIG. 3 .-South Tarawa (inset-- Fig. i) showing abundan<;:e of Hel iopor~ 

at soudy sites: dominant (0); abunant ·(A); common (C): 

occasional (0) ; locally absent (La). % Heliopora i~ gravel 

on be~ches opposite transects 1-18 are given below abundance 

Reef edge, low low water spring mark (dashed line) and 15m 

isobath (dotted) indicated. 

• 

FIG. 4. Betio reef, western South Tarawa, showing bathymetry, 

ecotypes, reef orientation and abundances of major 

corals in assemblages at each depth site. 

FIG. 5. % Heliopora in living coral at different depths 

along transects off South Tarawa seaward reef 

edge. Averaged from six transects in south and 

south western South Tarawa. 

FIG. 6. Distribution of Heliopora and common scleractinians 

at each depth site of the 18 transects off South 

Tarawa (Fig. 4): Heliopora (H, wide bar), 

Acropora (A, dashed line), Pocillopora (p, dotted line), 

Platygyra (P1), Porites (Po), Montipora (M), 

Faviidae (F), Lobophyllia (L). + denotes that the 

coral was disco~tinuous along the transects. 
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