
Project Summary 

On the island of Hawai'i, the existence of historic, and recently submerged 

lava flows provides the opportunity to study coral reefs in various stages of 

succession. This research will examine community structure of two coral reefs 

located on recently submerged lava flows, the 1955 flow in Kahena and the 1960 

flow in Kapoho, Hawai'i. Coral abundance and diversity patterns (Shannon- 

Weaver index) will be compared to data from a 1970-71 survey (Grigg and 

Maragos, 1974) of coral recolonization on the same lava flows, documenting the 

temporal changes in coral succession. 



Introduction 

The purpose of this research is to quantitatively measure the extent to  

which the coral community has recolonized on the 1960 lava flow in Kapoho and 

the 1955 flow in Kahena, Hawai'i. In 1970-71 Grigg and Maragos (1 974) 

examined coral succession on the then 10 and 15 year old flows. Total coral 

abundances(percent living cover) at that time were found to be 1 % (Kapoho) and 

19.8% (Kahena). The results of this research will provide a clear picture of coral 

succession over a 26 year period between two similar aged lava flows. Intra- 

regional differences in coral and algal abundances between sites will also be 

compared. 

Background 

Factors affecting community structure in marine environment have long 

been the focus of marine ecology. Research by Souza (1979), found that 

community structure in rocky boulder habitats in temperate climates was highly 

controlled by physical disturbances that occurred at intermediate frequencies 

(Connell,1978). Similarly, stability of coral reefs on the Kona coast of Hawaii 

were found to be highly affected by frequency and intensity of wave action 

(Dollar, 1982). 



A study of coral recolonization on submerged lava flows in Hawaii (Grigg 

and Maragos, t 974) found that coral diversity increases during succession as 

more species become established. Coral diversity is highest at a point of 

subclimax, where a maximum number of species with relatively similar abundances 

can be found. At climax conditions, diversity decreases as more competitively 

successful species dominate. In areas receiving constant wave action, climax 

conditions are never achieved. Instead, living cover of coral remains low, but 

diversity, the number of species and their relative evenness to each other, was 

higher. The amount of time necessary for the coral community on newly 

submerged lava flows to reach previous levels of stability was estimated to be 20 

years for wave-swept areas, while sheltered sites required 50 years or more (Grigg 

and Maragos, 1 974). 

Two similar aged lava flows in the district of Puna, Hawaii were examined 

by Grigg and Maragos (1 974) in 1970-71. The coral community on the 1960 

flow (Kapoho) and the 1955 flow (Kahena) were found to be the two most diverse 

sites respectively, however both contained the least amount of living coral cover 

compared to other stations sampled. Therefore recomparison of coral community 

structure at these sites would provide valuable information on recovery rates in 

exposed areas. 

Residential development at both sites has increased dramatically since the 

early 1970's. The absence of quantitative baseline information for these areas 

makes it impossible to detect the impact of this development, if any, on the coral 

community. A survey of water quality in Kapoho (Ford, 1973) indicated high 



amounts of fecal coliform bacteria in nearshore waters. The source was 

speculated to be inadequate sewage disposal into cess pools dug into the porous 

lava. The addition of organic wastes into nearshore areas can catalyze the growth 

of algae who outcompete corals for space and light resources (Evans, Maragos, 

and Holthus, 1986). The potential impact of algal versus coral dominance in these 

areas validates the need for a baseline survey of existing conditions. 

The intention of this research is to assess the coral community structure 

at both Kapoho and Kahena in terms of diversity, and to compare the extent of 

recolonization with data obtained by Grigg and Maragos (1974). Coral and algal 

abundances at each site will also be compared. Above all, this research will 

provide a sound source of baseline information that is greatly needed in order to 

assess impacts resulting from further development in these areas. 

The primary focus of this research will concentrate on answering the 

following questions: 

1. Have coral abundances and diversity measures at these sites changed 
significantly over the past 26 years? 

2. Are present coral and algal abundances significantly different between 
sites? 

3. Do present coral diversity and abundance patterns agree with stability 
models proposed by Grigg and Maragos (1 974 )and Dollar (1 982)? 
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Abstract 

The community structure of reef-building corals was investigated on the submerged 

1955 lava flow at Kehena, Hawai'i. Two methods for quantifying coral abundance 

were utilized. Data provided estimates of the total hermatypic coral abundance and 

diversity at the 25' and 45' depths. Temporal changes in coral community structure 

were analyzed comparing present data with a 1970 survey at the same site. The 

results of this study add a new dimension to current models of coral zonation patterns 

in Hawai'i, and hypotheses about recovery time of coral communities following a major 

disturbance. The value of baseline information involving the nearshore reef 

environment and its use for assessing future changes within the system will be 

discussed. 



Introduction 

On the Island of Hawai'i, the occurrence of prehistoric and recently submerged 

lava flows allows scientists to study coral communities in various stages of succession 

(Townsley et al, 1962). Fringing-type reefs along portions of the leeward coastline 

exist in contrast to coral communities on the exposed, windward coasts, where coral 

colonies are often widely spaced (Maragos, 1973) attached to volcanic basalt. 

A study of coral recolonization on submerged lava flows in Hawai'i (Grigg and 

Maragos, 1974), demonstrated that coral diversity increases during succession as 

more species become established. Coral diversity is highest at a point of subclimax at 

which the maximum number of species with relatively even abundances occur. 

During climax conditions, diversity decreases as more competitively successful 

species dominate. In areas receiving constant wave action, such as windward 

shorelines, the living cover of coral was found to be low, and diversity in terms of 

number of species and their evenness in abundance was higher (Grigg and Maragos, 

1974). 

The coral community on the submerged 1955 lava flow at Kehena (Figure 1) 

was surveyed in 1970 by Grigg and Maragos. In this 1996 study, a replicate survey of 

the coral community was conducted to look at temporal changes in coral abundance. 



Using additional methodologies, the coral and non-coral habitat structure at the 25' 

and 45' depths was also surveyed. 

Corals themselves provide the basic framework with which many marine 

organisms are associated. By studying the development and distribution patterns of 

coral communities of known age, we may further understand the intimate interactions 

between corals and other marine species (Loya, 1972). The primary focus of this 

research is to improve the understanding of the colonization and successional patterns 

of reef- building corals located on the submerged, 1955 lava flow at Kehena Hawai'i. 

Methods 

The lava flow from the 1955 Kilauea East Rift Zone eruption enters the ocean 

at Kehena, on the southeast shoreline of Hawai'i (Figure 1). The wave environment 

at this site has been described as having moderate to high intensities (Grigg and 

Maragos, 1974), receiving the ever-constant east and northeast trade wind swells, as 

well as the summertime south swells. Two divers using SCUBA equipment surveyed 

the coral community employing two different sampling techniques. 

Linear length 

A temporal comparison of coral abundance was made possible by simulating 

the methods of the 1970 coral survey at Kehena (Grigg and Maragos, 1974). Two, 



twenty meter transects were laid parallel to the 25' isobath in the same location as in 

the 1970 survey. Random coordinates were selected for placement of 1m2 quadrats 

(n=20). Within each quadrat the length and width of each coral colony was measured. 

Coral colonies along the edge of the quadrat were measured if only half or more of 

the colony surface area extended inside the quadrat. Colonies less than l c m  were 

counted, but not measured. 

All linear measurements were converted into areal coverage using the formula 

for an ellipse, where cover, C = 112W x 1/2L1t, (L and W are coral colony 

measurements). These data provide estimates of coral coverage, number of species 

present, and measurements of coral colony size. 

Quadrat search 

Quantitative surveys of reef substratum components were conducted 

at the 25' and 45' depths. At each depth, two 20m transects were laid parallel to the 

depth contour. l m 2  quadrats were placed at randomly marked locations, resulting in 

20 quadrats sampled for each depth. Researchers visually estimated the bottom cover 

of each major substratum type. This method allows for quantification of all substratum 

components, including rock, hermatypic corals, non-hermatypic corals, coralline algae, 

macroalgae, and dead coral. 

Coral diversity was calculated for each sample at the 25' and 45' depths using 

Shannon's diversity index. This index was used because it is sensitive to the number 

of species and their evenness of distribution, permitting the calculation of the 



evenness index (Pielou, 1966). As diversity is a common theme in ecology, diversity 

indices can be used for documenting spatial and temporal variation in the natural 

world. Furthermore, diversity is often seen as an indicator of well-being in ecosystems 

(Magurran, 1988). 

Results 

Temporal comparisons in coral abundance 

The analysis of the linear length data compares the temporal variation in coral 

abundance between 1970 and 1996 (Figure 2). In the 1970 survey total hermatypic 

coral abundance at 25' was found to be 14.1 %/m2 (n=lO). A 1996 survey of the same 

area found the total hermatypic coral abundance cover to be 6.9%/m2 (n=20). As the 

direct statistical comparison of these two data sets is not possible due to unequal 

sample sizes, alternative jackknife procedures which randomly select an equal number 

of samples from the larger data set were applied. 

In Figure 3, the 1970 total coral cover is plotted with five sets of jackknifed, 

1996 coral cover data. A two-sample T-test (normally distributed data, alpha = .05) 

was used to test for differences in coral cover between years. All five sets of 1996 

coral cover data were less than the coral cover in 1970, three were significantly less 

abundant (pc.05). 



Spatial variation - habitat zonation patterns 

Data from the quadrat search method was divided into six categories (Figure 4). 

Bare rock was the most common substratum component at both depths, followed by 

hermatypic coral species, coralline algae, non-hermatypic coral species, dead coral , 

and macroalgae. Differences in total coral abundance between the 25' and 45' depths 

were tested by means of a one-way ANOVA (normally distributed data, 

homoscedasticity of sample variances, alpha = .05). Total coral cover at 25' was 

found to be 24.4%/m2 and 25%/m2 at the 45' depth. No significant difference in total 

coral abundance (p>.05) between the two depths was found. 

The composition and abundance patterns of the reef-building corals along the 

reef slope at Kehena (Figure 5) do exhibit some variation between the surveyed 

depths. Pocillopora meandrina was the most dominate species present, followed 

secondly by the abundance of Porites lobata. Beyond these two species, different 

patterns in rank order of abundance of corals are observed. At the 25' depth, the third 

most abundant coral was Montipora patula, followed by M. flabellata, M. verrucosa, 

the encrusting Leptastrea purpurea, and Pocillopora damicornis. Pavona varians, 

Fungia scutaria, and Pavona duerdeni were the third, fourth, fifth and sixth most 

abundant coral at the 45' isobath, followed by the rare presence of Porites compressa, 

Cyphastrea ocellina, Pocillopora damicornis, M. verrucosa, M. patula, and L. purpurea. 

Using the Shannon index, diversity (HI) was calculated for each sample to 

obtain a mean diversity value for each depth. The Shannon diversity index takes into 

account the number of species present in the sample, species richness (J), and 

species evenness (S), or how equally abundant the species are. 



The diversity estimate can be used to look at trends in the distribution of coral 

species between depths. The mean diversity value at 25' was 0.73/m2 and 0.58/m2 at 

45' (Figure 6). Differences in diversity were tested using a one-way ANOVA (normally 

distributed data, homoscedasticity of sample variance, alpha = .05). No significant 

difference in coral diversity between the 25' and 45' depths were found (p>.05). 

Though insignificant, the lower diversity value observed at the 45' depth can be 

attributed to the difference in species evenness. The evenness coefficient at 45' was 

0.59, slightly less than 0.63 for 25' (Figure 6). The analysis of the diversity data 

indicates that species richness alone does not reflect the true distribution of species, 

seven species at 25' verses twelve species at 45'. The incorporation of the evenness 

coefficient provided by the Shannon diversity index demonstrates that the diversity of 

coral species per m2 of reef is not significantly different between the 25' and 45' 

depths of the reef slope at Kehena. 

Discussion 

The decline in coral cover at Kehena observed in the comparison of the 1970 

and 1996 data sets is a mysterious trend and difficult to explain. The coral community 

at this site was dominated by the pioneering species Pocillopora meandrina. This 

species is believed to reach maximum size after fifteen years of growth (Grigg and 

Maragos, 1974). The initial survey of Kehena in 1970, coincidentally, occurred fifteen 

years after the 1955 lava flow. The large heads of dead P. meandrina observed 



during the 1996 survey may have been the maximum size colonies observed in 1970. 

The time required for corals to reach pre-disturbance abundances was 

speculated to be 20-50 years (Grigg and Maragos, 1974), the lower estimate applying 

to highly disturbed areas hosting pioneer coral communities. Minus a few protected 

sites, intense wave action and erosion forces are typical conditions on the windward 

coast of Hawai'i. Windward coral communities exist in pioneer or early intermediate 

stages of succession, requiring less time to achieve previous levels of abundance 

following a disturbance as compared to leeward coral communities in which 

succession is allowed to achieve climax conditions, resulting in a compressed zonation 

pattern of coral species on the reef slope (Dollar, 1982). 

Though true time series data is lacking, the comparison of these two data sets 

indicate a maximum recovery 15 years after the disturbance. The resurvey of the 

coral community 26 years later observed a lower coral abundance. The Kehena coral 

community may again be recovering from a disturbance and is currently in an early 

successional state. Perhaps windward coral communities reach pre-disturbance 

abundances, in some instances, in less than 20 years, depending on the initial size of 

the coral community and the levels of disturbance during the recolonization process. 

The recolonization of disturbed substratum is ultimately favored by proximity of corals 

and favorable currents during coral recruitment (Pearson, 1981). 

The coral reef at Ke'alakekua Bay on the leeward coastline of 

Hawai'i (Figure 7), is an excellent example of a climax Hawaiian coral community, with 

certain coral species dominating along a depth gradient of the reef profile. Pocillopora 

meandrina dominates the wave-exposed zone, followed by a Porites lobata-dominated 



reef bench zone, and a Porites compressa reef slope zone (Dollar, 1982). At Kehena, 

neither Porites lobata nor Porites compressa were nearly as abundant as Pocillopora 

meandrina. The observed expansion of the Pocillopora meandrina zone at Kehena 

may best be explained by the high degree of wave exposure windward coastlines 

receive, producing unsuitable conditions for the competitively superior Porites corals, 

as well as constantly clearing space for the pioneer species Pocillopora meandrina to 

colonize. 

Future studies of coral colonization and succession in Hawai'i could be 

improved by incorporating reef morphology characteristics relating species distribution 

to depth and distance from shore (Dollar, 1982). Precise mapping of transect 

placement with pins, bricks, andlor underwater video would be beneficial for resurveys 

of study areas. Surveys of different aged sites (Grigg and Maragos, 1974) are 

necessary for a complete study of coral succession. The estimation of appropriate 

sample size (Krebs, 1984) would increase the statistical power of multiple depth and 

site surveys of coral communities, especially with respect to baseline data collection 

for assessment of future impacts. 
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Figure 1: Map of Hawai'i island. "A" designates the study area, located on the 

submerged, 1955 lava flow at Kehena, Hawai'i. (Grigg and Maragos, 1974) 

Figure 2: Total coral abundances at Kehena, Hawai'i. 1970 coral cover was 14.1 %, 

in 1996 the observed coral cover was 6.9%. Unequal sample size prohibits direct 

statistical comparison. 

Figure 3: 1970 coral abundance data plotted along with five sets of 1996, jackknifed 

coral abundance data. Temporal differences in total coral cover were tested using a 

two-sample T-test. Differences are significant at the 0.05 level. 

Figure 4: Percent cover of major substratum components at Kehena,Hawaili. 

Differences in total coral abundance between 25' and 45' depths were tested using 

ANOVA. Total coral cover was 24.4% at 25' depth, and 25% at 45' depth. 

Differences were not significant at the 0.05 level. 

Figure 5: Distribution of hermatypic coral species at the 25' and 45' depths. Seven 

coral species present at 23, twelve coral species present at 45'. Error bars represent 

1 standard error. 

Figure 6: Coral diversity (H') and evenness (J) estimates at the 25' and 45' depths 

along the reef slope at Kehena, Hawai'i. Error bars represent 1 standard error. 

Figure 7: The compressed zonation patterns of the coral reef at Ke'alakekua Bay, 

Hawai'i. (Dollar, 1982) 


















