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ABSTRACT
A total of 592 coral spat and 1,409 coral recruits were observed on tiles and reef substrate 

from three study sites at two depths per site, on Suva Reef. Adult hard coral abundances 

were higher in the shallow than in the deep zone. However, adult coral colonies from 

both depth zones suffered bleaching, with shallow zone corals suffering more than those 

in the deep.  

 

Successful coral settlement and recruitment is critical to the resilience of coral reefs. Four 

of the six coral genera (Acropora, Montipora, Pocillopora and Porites) showed higher 

settlement during the major spawning season (October to December 2001), while the 

Unknowns, followed by Pocillopora and Porites were dominant during the minor 

spawning season (March to April 2002). Of the two tile types used, terracotta tiles were 

the preferred settlement substrate over ceramic tiles, and this could be attributed to its 

rough surface which possibly reduced spat predation by providing a cryptic location. 

Seventy percent of coral spat from the shallow zone (3-5m) settled onto the top surface of 

tiles during both spawning seasons. Settlements to deep zone (10-14m) tiles were 

variable with both tile types showing higher settlement onto top as opposed to bottom 

surfaces. 

 

Highest contributor to coral recruitment in both depth zones was through sexual 

reproduction. For the shallow zone, this was followed by re-growths, and in the deep 

zone, it was followed by budding. Recruitment through fragmentation contributed very 

little in both depth zones. 
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Coral spat settlement and coral recruitment patterns in both the shallow (3-5m) and deep 

zone (10-14m) were consistent with adult distributions. Effects of benthic categories such 

as percentage cover of Scleractinia, rock, rubble and macroalgae on recruitment varied 

within the shallow and deep zone. Scleractinia and rock cover were shown to 

significantly influence coral recruitment levels. A relationship found in this study, but 

which requires further testing, is the link between low benthic habitat type diversity and 

possible benthic category influence on coral recruitment. 

 

The results of this study show that it is important to know coral settlement and 

recruitment levels as it mirrors adult coral distribution. This in turn means that both 

natural (bleaching) and especially anthropogenic disturbances (such as coral harvesting), 

should be closely monitored and harvested sustainably to ensure survival of parent 

population for successful breeding. This is because, the higher the adult coral abundance, 

the higher the coral spat and recruit populations. 
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CHAPTER 1.0

GENERAL INTRODUCTION 

1.1 BACKGROUND 

Coral reefs comprise around 0.2 percent of the ocean surface, contain approximately 25 

percent of the ocean’s species and are largely confined to warm tropical waters. Usually 

compared to rainforests because of their high diversity and complexity, coral reefs are 

estimated to be home to around 1,500 non-reef building coral species globally (of which 

almost 1,000 are reef building), 5,000 species of fish, and thousands of species of other 

invertebrates. Over 700 coral species alone are present in the Indo-Pacific (Veron 2000). 

Most people in Pacific Island countries are heavily dependent on coral reef organisms for 

their protein needs, linkages to cultural identity and a host of economic goods ranging 

from corals and shells for curios and jewellery, live fish and corals for the aquarium 

trade, to sand and limestone for use in construction.  

In Fiji, there are about 1,000 coral reefs covering an estimated area of 10,020km2 (Zann 

1992) of which two-thirds are potentially threatened (Bryant et al. 1998, South and 

Skelton 2000, Vuki et al. 2000a, Vuki et al. 2000b). These reefs are important for tourism 

and are a major source of food: they generate close to FJD$200 million annually in 

fisheries and tourism revenues. Globally, Fiji is ranked fourth as a coral exporting nation 

(Green and Shirley 1999) and is the largest exporter of live coral in the Pacific islands 

(Lovell 2001). Threats posed to coral reefs in Fiji are a combination of natural and 
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anthropogenic factors, both of which appear to be increasing in frequency and severity. 

The latter threat includes coral harvesting, sewage and industrial pollution which appears 

to be increasing unabated, with minimal contributions from dynamite fishing and other 

destructive fishing practices.

Numerous studies have been undertaken on Suva Reef by the University of the South 

Pacific (USP) graduate students and researchers (corals: Vuki et al. 1990). Unfortunately, 

these studies have paid little attention to the life history pattern of corals which include 

reproduction, settlement, recruitment and growth. These are all critical processes upon 

which the survival, balance and persistence of coral reefs depend. Globally there is a 

continuous output of literature on life-history parameters for corals and some of this 

literature is based on our reefs. However, the use and application of this literature as a 

basis for management decisions here in Fiji is limited due to the possible effect of 

geographic differences in life history patterns which in turn colours the environmental 

parameters to which the same species of coral are exposed. An example of this situation 

is the difficulty in determining sustainable harvesting levels for various coral species 

sought by the coral trade because life histories vary between genera, and few coral life 

history studies have been undertaken locally. Hence, locally derived information would 

be invaluable to reef managers and users. 
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1.2 AIMS OF STUDY AND THESIS STRUCTURE 

The main objective of this study was to determine benthic communities and abiotic 

habitat, coral recruitment and settlement levels and correlate them with extant adult coral 

community abundance and composition during a post-bleaching recovery period. More 

specifically, the aim of this study is to determine which benthic and abiotic components 

are influential in regulating coral recruitment, and also if a relationship exists between 

settlement and adult coral community abundance and composition, and recruitment 

against adult coral community abundance and composition. 

The first objective of this study was to determine the distribution of the benthic 

community in one area of Fiji, Suva Reef. Adult coral community distribution patterns of 

soft corals and hard corals, including non scleractinians, were determined on a small 

spatial scale (0-20km), on Suva Reef, between two depth zones (3-5m and 10-14m). 

Special attention was given to the adult coral community to determine its diversity, and 

the relative abundance of different coral species, and their distributions. This work and 

comments on post-bleaching recovery are described in Chapter 2.

The second objective was to determine differences in larval coral settlement on artificial 

substrata which were used to determine levels of successful settlement following two 

coral mass spawning events on a section of Suva Reef. Settlement refers to successfully 

settled coral larvae on reef substratum, which are still invisible to the naked eye. 

Artificial substrata were placed at two depths (shallow and deep), and in two spawning 

events including a major one in 2001 and a minor one in 2002. It was hypothesized that 
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coral community structure (e.g. species composition, live coral cover) and the number 

and species of coral spat would change with depth, but at the same time would be directly 

correlated with the abundance of the adult coral community in that particular depth zone. 

The recruits however, would change little. This work is reported in Chapter 3. 

The third objective of this study was to look into the distribution of coral recruits by site 

and depth zone, and also to determine whether sexual or asexually produced recruits is 

the main contributor to overall coral recruitment. Unlike coral spat from the settlement 

chapter, coral recruits are visible with the naked eye on the reef and have diameters of 

4cm and less. These are discussed in Chapter 4, which goes further into differentiating 

between sexually and asexually produced recruits. Sexual recruitment refers to recruits 

that are a product of sexual reproduction which are visible to the naked eye, and asexual 

recruitment refers to asexually produced recruits which are the result of fragmentation, 

re-growths and budding. The relationship, if any, between distribution of benthic 

communities and the distribution of juvenile corals – from sexual and asexual 

reproduction – that have settled on the reef was determined.  

There are two main objectives in Chapter 5. The first objective is further split into two 

aims: (a) to examine the influence of benthic and abiotic components from Chapter 2 on 

the coral recruitment abundance as described in Chapter 4 and (b) to compare the 

composition and abundance of adult corals (Chapter 2) to that of coral recruits (Chapter 

4). The second objective in Chapter 5 is to visually compare and comment on the 

relationship between composition and abundance of adult corals (Chapter 2) and coral 
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spat found on tiles (Chapter 3). The results obtained in all parts of the study are discussed 

and summarised in this chapter. 

1.3 GENERAL METHODOLOGY 

The methodology described here is common to the whole study. Appropriate, small 

modifications that were required for each experiment are described at the beginning of 

the relevant chapter. 

Field work was conducted over a six month period from September 2001 to April 2002. 

This time frame was chosen to coincide with two mass coral spawning events which 

occur annually and can be predicted to the day using lunar phases.  The two mass 

spawning seasons known in Fiji are (a) the major spawning season (early October to 

December) and (b) the minor spawning season (March to April) (Mildner 1991). Surveys 

were undertaken at four times during this six month period, coinciding with the beginning 

and end of each spawning season. 

1.3.1. Study area

Three sites were selected on Suva Reef mainly because this was the only area that was 

not a steep drop-off and had gradual sloping bottom and also because of the reefs close 

proximity to the University of the South Pacific's marine laboratories, so allowing for 

frequent visits. The reef is also accessible in most weather conditions. The section of 

Suva Reef used for the study is rarely visited except by subsistence fishermen from 
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nearby local communities. The location of Suva Reef and the position of the study sites 

are shown in Figure 1.0 and Figure 1.1. 

Figure 1.0: Map of Fiji showing location of study site (Source: modified SOPAC 

basemap). 
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Figure 1.1: Sites location on Suva Reef (Source: modified SOPAC basemap). 

Listed below (Table 1.0) are the geographic positions of the three study sites. The 

positions were obtained using the Lawrence Global Positioning System (GPS).  

Table 1.0: GPS position of sites. 

Name Latitude Longitude

Site 1 (Shipwreck) S18o09.789’ E178o24.019’

Site 2 (Fish patch) S18o09.574’ E178o23.998’

Site 3 S18o09.343’ E178o23.991’

Suva

Suva Reef

Site 3
Site 2
Site 1 University of

the South Pacific

0 1.5 3

kilometers
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Each site has a distance of about 720m between them. Two positions or depth zones were 

established at each site: reef crest (3-5m depth) and reef slope (10-14m depth). Within 

each depth zone, seven replicate 20m transects were laid parallel to the reef crest, all the 

while trying to maintain them at the 3-5m and 10-14m depth respectively. This resulted 

in a total of 14 transects per site during each survey time. 

This study was designed to look for local distribution patterns on a small section of Suva 

Reef relating to (i) benthic and coral community structure, (ii) coral settlement and (iii) 

coral recruitment, at the following temporal and spatial scales: (a) between survey times, 

and (b) within a survey time (i.e. between sites and depth zones). This system is shown in 

Figures 1.2 and 1.3. 

Figure 1.2: Temporal study design replicated at each of the three sites. 
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Figure 1.3: Spatial study design replicated at each of the four survey times. 
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CHAPTER 2.0 

BENTHIC ASSEMBLAGE AND CORAL COMMUNITY STRUCTURE 

2.1 INTRODUCTION 

2.1.1 Distribution of benthic components on coral reefs. 

Coral reefs provide numerous examples of variation in community structure over small 

and large, spatial and temporal scales (Karlson and Hurd 1993). To determine distribution 

patterns, most studies have focused on answering age-old ecological questions as to what 

biological and ecological processes are responsible for the distribution patterns observed 

in coral reef communities, both at local (1-1,000m) and regional (100-10,000km) scales 

(Cornell and Karlson 1996). Distribution patterns observed at a local scale have been 

postulated by some to be a consequence of inter-specific interactions; but by applying a 

mathematical model, Caswell and Cohen (1993) were able to show that any distribution 

patterns caused by interspecific interactions are easily obscured by the effects of even 

moderate disturbances.

Spatio-temporal variation in coral distribution can be attributed to two main factors which 

usually occur synergistically: (1) coral biological characteristics and (2) the effects of 

forces outside of the coral colony or community. As the name implies, the former relates 

to biological characteristics of the coral that enable its survival in different micro-

habitats. For example, depth dependent zonation patterns are dictated by coral species' 

responses to light availability while egg size (and therefore buoyancy) could determine 

the depth and distance of settlement from a parent colony. High mucous production in 
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fungids with large polyps is an essential element responsible for the species' survival in 

areas affected by sedimentation (Gilmour 2002). Recolonization of empty spaces 

rendered by mechanical damage can be determined by the timing and spatial pattern of 

successful settlement, survival through post-settlement processes (Hughes et al. 1999, 

van Woesik et al. 1999), recruitment through fragmentation, and fast growth rates. The 

latter factor – which also plays a role in the distribution of corals and other benthic 

organisms – includes hydrodynamics (Sammarco and Andrews 1988). 

A study by Nelson (1992) at Lizard Island on the Great Barrier Reef revealed a 

relationship between coral cover and distribution, showing that areas with high coral 

cover (30-50%) were uniformly distributed while areas with low cover exhibited a 

clumped distribution. Additionally, Edmunds and Bruno (1996) noticed that coral reefs 

with high coral cover and richness are interspersed with areas of reduced coral cover. 

Such patterns are a result of differences in habitat and substratum type, as well as the 

history of physical and biological phenomena affecting extant communities (Rogers 

1993).

The Intermediate Disturbance Hypotheses postulated by Karlson and Hurd (1993) predict 

that high diversity systems are promoted under moderate disturbance regimes. According 

to the hypothesis, the effect of a given disturbance at the community level may depend on 

the scope offered to an individual coral colony to either escape from or recover between 

subsequent impacts. Parrotfish (Scaridae) grazing on coral tissue, coral disease and 
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predation may result in chronic mortality within a reef system. At the scale of individual 

coral colonies however, these phenomena are separate from acute, periodic events. 

Mortality due to natural, physical and biological disturbances is a routine process that is 

vital to the maintenance of diversity in coral reefs and many other systems. Even so, coral 

reefs are being degraded on a global scale by a wide range of effects, including mass 

bleaching events (Aronson et al. 2002, Oliver 1985), diseases, pollution, and many 

human activities which are occurring synergistically. Some negative human activities 

may act in a similar way to natural disturbances, with the cumulative effect being 

dependent on their severity and frequency. However, in most cases, human effects such 

as eutrophication and overfishing are chronic processes which do not allow time for 

recovery. Consequently, they sometimes lead to drastic changes in the coral reef 

community structure by upsetting the existing ecosystem balance thus favoring a 

different group of marine organisms which then becomes dominant. A common example 

is the colonization by opportunistic species such as macroalgae (Hughes 1994) to areas of 

reduced coral cover. 

2.1.2 Bleaching events 

Disturbances such as bleaching are becoming commonplace in coral reef ecosystems 

around the globe and threaten the existence of extant coral reefs. Corals which undergo 

bleaching either (a) lose their zooxanthellae, (b) zooxanthellae die in the polyp tissues, or 

(c) zooxanthellae remain but there is loss of photosynthetic pigments (Wilkinson et al.

1999), and as a result corals are pale or white in colour. Studies have shown that elevated 
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sea temperatures have often been positively correlated with bleaching events (Jokiel and 

Coles 1977, Hoegh-Guldberg and Salvat 1995) as well as other factors such as reduced 

salinity (Egana and DiSalvo 1982) and solar radiation (reviewed in Brown 1997 and 

Hoegh-Guldberg 1999). The effects of bleaching on corals vary widely and can occur 

synergistically. According to a study by Marshall and Baird (2000), the severity of 

bleaching at any site can depend on assemblage composition (relative taxa 

susceptibilities) and bleaching history (acclimatization). Taxa that are more susceptible to 

bleaching and other natural and anthropogenic disturbances are usually the fast growing 

species that are quick to colonize free space and are short lived. In some of these species, 

tissue growth is halted, skeletal accretion is stopped (Goreau and Macfarlane 1990, Leder 

at al. 1991) and fecundity in adult corals is suppressed (Szmant and Gassman 1990). It is 

believed that, in bleached corals, energy initially intended for growth and reproduction 

(amongst many other important life functions) is re-routed to tissue repair and survival 

(Szmant and Gassman 1990). A study by Mumby (1999) on the effect of the 1998 

bleaching in Belize showed no measurable effect of bleaching on either recruit density or 

community structure. Further observations suggested that coral recruits are less prone to 

bleaching than adult corals, since bleaching affected around 70-90% of the adult corals 

and only 25% of coral recruits. One plausible explanation is that the low percentage of 

bleaching in coral recruits is a consequence of the cryptic location (microhabitat) which 

protects the juvenile coral by reducing their exposure. Interestingly, 1% of coral recruits 

in Belize showed signs of partial bleaching one month after adult coral colonies had 

regained normal colouration, and it is possible that that was the result of the ontogenic 

physiological change in zooxanthellae susceptibility to bleaching.
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While there are differences in response amongst species and populations, most corals are 

likely to bleach but survive and recover if the temperature anomalies persist for less than 

a month. Physiological damage sustained from prolonged exposure to high temperatures 

(above 29oC)can be irreversible, and can result in subsequent mortality (Wilkinson et al.

1999). Studies have also tried to simulate changes in sea temperature over the next one 

hundred years and project their effects on corals. Results suggest that the thermal 

tolerances of reef building corals are likely to be exceeded every year within the next few 

decades (Hoegh-Guldberg 1999). 

2.2 AIMS 

In this chapter the benthic assemblage of the study sites on Suva Reef are described, with 

special attention given to the adult coral community structure in terms of diversity, 

abundance and distribution. The adult coral community distribution patterns on two 

spatial scales are described: horizontal scale (or the distribution patterns between sites); 

and vertical scale (or the distribution between two depth zones). Benthic, abiotic and 

adult coral family distribution is described. Adult coral distribution is restricted to family 

level analysis due to limitation in coral spat (settlement study) identification at family 

level, which allows for comparison between adult coral and coral spat. 

The impacts of the bleaching which occurred during this study were also documented 

with special focus on the spatial and temporal changes and differences in bleaching 

patterns. An evaluation was made of the bleaching susceptibilities of extant coral 

families, based on bleaching severity and longevity. 
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2.3 METHODOLOGY 

This study was undertaken on Suva Reef at the sites and depth zones described in section 

1.3 of Chapter One. Four surveys were undertaken during the course of this study 

coinciding with the start and end of the major coral spawning season (October to 

December) in 2001 and the minor spawning season (March to April) of 2002. 

2.3.1 Field sampling 

The Line Intercept Transect (LIT) method, through the use of Self Contained Underwater 

Breathing Apparatus (SCUBA) was used to characterize the benthic community of each 

habitat to various levels of identification, depending on benthos type (see 2.4.1 for list of 

benthic categories used). Most corals were identified to generic level due to difficulties 

associated with identification to species level.  

A pilot study using 15 LITs at Site 1 (Shipwreck) revealed than seven LITs yielded 

powers greater than 80% in detecting differences in the benthic assemblage along the 

transects. However, surveying more than seven transects was not undertaken because this 

was not possible with one tank of air. Seven replicate 20m transects were therefore used 

and each replicate was separated by a 2-5 metre distance. Every change in the life form 

underneath the transect was recorded.
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2.3.2 Sampling design 

Figure 2.0: Field experimental design replicated over four survey times. 

2.3.2.1 Bleaching 

Coral colonies that were bleached and intercepted by the transect were noted. The extent 

of bleaching was recorded as the percentage of the colony that had pale or white tissues. 

During data analysis, these percentages were transcribed to the following categories 

(adopted from McField 1999): [a] Normal – normal colouration for that species (0% 

bleached), [b] Pale – lighter colouration (1-20%), [c] Partially bleached – some white 

tissue on the colony (21-89%) and [d] Severely bleached – more than 90% of colony 

bleached. 
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2.3.2.2 Environmental parameters 

In an attempt to explain bleaching patterns observed during the study, environmental 

parameter datasets were obtained from the National Tidal Facility which is based at 

Flinders University in South Australia and has monitoring stations in Suva and Lautoka 

as part of its SEAFRAME South Pacific project. The following environmental parameters 

were recorded: (a) Sea Surface Temperature [SST] in degrees Celsius (0C), (b) air surface 

temperature, also in degrees Celsius, (c) wind speed in metres per second (m/sec) and (d) 

sea level (in metres). These parameters have been collected daily from Suva Wharf 

(Station number 018: Latitude: 180 08’S and Longitude: 1780 26’E) since 1997. These 

datasets are collected at hourly intervals by automated monitoring instruments. 

2.4 DATA ANALYSIS 

Distribution patterns of the main components of a reef community will be discussed 

separately for each depth zone with the intention of determining temporal and spatial 

distribution patterns. The main components are: (a) the complete benthic community, (b) 

the abiotic habitat; and (c) the coral community (at family level).  

Benthic and coral community structure datasets met the normality and homogeneity of 

variance assumptions, therefore statistical analysis was undertaken using Multivariate 

Analysis of Variance (MANOVA). The statistical package SPSS version 10 was used for 

this analysis. Diversity indices for coral families within each depth zone were determined 

using abundance data from the 28 transects surveyed over the four survey times, and was 



Chapter 2.0                                          Benthic assemblage and coral community structure 

Vave, R.                                                                                                                  Page 18

calculated using the Plymouth Routines in Multivariate Ecological Research (PRIMER 5) 

software.

2.4.1 Benthic community structure 

The complete benthic community structure is detailed to the lowest level of 

identification. The benthic community categories recognized in this study were:

[1] Abiotics [mainly dead coral with algae (DCA), rock, rubble and sand], 

[2] Macroalgae,

[3] Non-scleractinia,  

[4] Others (any benthic life form other than the major groupings mentioned here; e.g., 

zoanthids), 

[5] Scleractinia (all scleractinians),  

[6] Soft corals (all soft corals; e.g. Lobophyton sp., Sarcophyton sp.), and  

[7] Sponges. 

Using data from each transect, the complete benthic community structure at each depth 

zone was identified by category to the lowest taxonomic resolution possible. In doing so, 

the various benthic habitat types (BHTs) were identified, and their relative dominance 

was determined.  To do this, it was important to recognize the dominant BHTs. Using the 

PRIMER software, BHTs were identified from the clusters revealed in a dendrogram 

created from a Bray-Curtis similarity matrix following square root transformation. The 

square root transformation was used so that benthic categories with intermediate 
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contributions could also be taken into account, in addition to those with common 

occurrences. The dendrogram was constructed using the group-average linkage technique 

(Clarke and Gorley 2001). An arbitrary similarity cut-off value of 80% was chosen for 

defining habitat types by clusters. 

2.4.2 Coral community 

Only the dataset for corals (including scleractinians, non-scleractinians and soft corals) 

was analyzed here for each depth zone. At the coral family level, a similar procedure to 

the benthic analysis was used to construct a dendrogram with the purpose of identifying 

coral family habitat types, and again the square root transformation was used. The large 

number of variables (all the coral families) resulted in a high number of clusters at low 

similarity values. To keep cluster patterns simple, the similarity cut-off value was 

reduced to 50%. Dominant coral families and genera at each site and depth zone were 

subsequently determined. 

It transpired that seven coral families were dominant at both depth zones. Hence, only the 

distribution patterns of these seven dominant coral families were used in the statistical 

analysis to elucidate any spatial differences.
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The PRIMER diverse function was used to calculate five important diversity indices for 

corals. These were:  

[1] total number of coral families (S),  

[2] overall abundance of coral families (N),  

[3] coral family richness (d),  

[4] coral family evenness (J'), and  

[5] coral family Shannon-Wiener diversity (H', using Log e). All coral families present at 

each depth zone in the transects were analyzed. 

2.4.3 Environmental parameters 

From the hourly environmental parameter readings, the (a) minimum, (b) mean and (c) 

maximum of each environmental parameter were plotted for each month, from September 

2001 to April 2002. This data were used to speculate on their possible contributions to 

observed coral bleaching. 
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2.5 RESULTS and DISCUSSION 

2.5.1 Shallow benthic community 

The four clusters in Figure 2.1a represent four distinct benthic habitat types (BHTs) 

which were identified at a cut-off similarity of 70%. The composition of each BHT is 

displayed in Figure 2.1b. BHTs 1 and 3 were rarely encountered with assemblages 

represented in only one transect. BHT 1 has around 20% soft coral, Scleractinia, non 

scleractinian and abiotic. BHT 3 on the other hand is largely comprised of abiotic (63%) 

with minor contribution from soft coral and Scleractinia. BHTs 1 and 3 will not be 

discussed further here because of its rare occurrence. BHTs 2 and 4 are equally dominant 

in lots of transects and they should therefore equally exert their influences in the shallow 

zone.

Transects in BHT 2 has high scleractinian cover with low abiotic cover. The opposite is 

observed in BHT 4. In both instances, this indicates a negative correlation between 

scleractinian and abiotic cover. Soft corals and Others categories (mainly comprising 

zoanthids) contribute a significant amount to the benthic community. Studies have shown 

soft corals to have an allelopathic ability and by doing so, they can inhibit coral 

settlement by covering the surrounding substrate with a chemical that prevents 

settlement. Zoanthids are fast growing and in some places blanket areas up to a metre in 

size. Little to no macroalgae and sponges were observed in all BHTs. 

The abundance of individual abiotic categories from the shallow zone BHTs are 

displayed in Figure 2.1c. From BHTs 2 and 4, it can be seen that rock and dead coral with 
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algae (DCA) are the main abiotic components, with twice as much percentage cover in 

BHT 4. Rock cover which is higher in BHT 4 is a good stable substrate and is therefore 

good for settlement. The rubble cover in BHT 4 is three times higher than in BHT 2. 

Field observations showed that the majority of the rubble had either been cemented by 

coralline algae or was scattered into the deep zone presumably by strong wave action. A 

thin veneer of sand covers the rubble but it was not recorded, taking into account the 

unstable nature created by wave dynamics. Overall for the shallow zone, rock and dead 

coral with algae are the dominant abiotic components. 

In terms of benthic distribution patterns, other than identifying the various assemblages 

or BHTs present, what was also of interest is how the different assemblages were 

distributed between the three sites.  The BHT transect contribution for each site are 

presented in Figure 2.1d. For Site 1, it can be seen that BHTs 2 and 4 have an equal 

contribution. This means that Site 1 exhibited distinct assemblages of high and low coral 

cover and both BHTs are present in near equal amounts as indicated by the almost similar 

number of transects. Whether the high and low coral cover assemblages were 

interspersed equally or whether they are separate was not the focus of this study. A 

possible reason for equal representation of the two dominant BHTs in Site 1 is the 

reduced pollutant levels from industries and ships, as it is further away from the entrance 

to the harbour from which the pollutants come. Strong wave action and surge also play a 

role in shaping the benthic assemblage observed here. Site 2 on the other hand, is largely 

comprised of BHT 2 and would therefore have assemblages of high coral and low abiotic 

cover. There is a crack that runs right through the reef into the lagoon to a depth of about 
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18m and also a steep slope on the western end of Site 2 which could be a source of 

upwelling of plankton from deeper, colder sections of the reef. Site 2 is accessed 

frequently by researchers and local fishermen. Site 3 is dominated by BHT 4 assemblage 

in which there is a high abiotic and low coral cover. This concurs with field observation 

at Site 3. Site 3 is the closest of the sites to the harbour entrance and would therefore be 

the first and worst affected by freshwater runoff, sedimentation and pollution.            
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a) BHT clusters, (b) BHT assemblage, (c) BHT abiotic assemblage and (d) Site-transect contribution of BHTs. 
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BHT clusters, (b) BHT assemblage, (c) BHT abiotic assemblage and (d) Site-transect contribution of BHTs. 
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2.5.2 Deep benthic community 

Six BHTs were identified at 75% similarity from the deep zone (Figure 2.2a). Sixty four 

of the 84 transects surveyed in the deep zone over the four sampling times clustered into 

the dominant BHT 4. BHT 4 has a very high (~70%) abiotic and low (~25%) 

scleractinian cover as seen in Figure 2.2b. This pattern is consistent with studies on reef 

coral distribution patterns as observed on the slope in Panama (Wellington 1982). Low 

scleractinian cover in the deep zone can also be explained by sedimentation settling in 

deep zone and frequently being resuspended in the water column by strong waves and 

surges. This in turn reduces light available to corals therefore only corals which are 

adapted (large polyps) to living in areas prone to sedimentation have a higher chances of 

survival at this depth. 

Rubble is the dominant abiotic component in the deep zone (Figure 2.2c). Rock and dead 

coral with algae cover were next in importance, as much as 9.5% in BHT 5. BHT 4 is 

equally represented in all sites, with minor contributions from other BHTs (Figure 2.2d). 

2.5.3 Shallow coral family habitat assemblage

The dendrogram presented in Figure 2.3a is determined from the abundance of 15 coral 

families in the shallow zone including two soft corals (Alcyoniidae and Neptheidae) and 

one non-scleractinian family, Milleporidae. It shows that three coral family habitat 

assemblages (CFHAs) can be identified at 50% similarity, with 93% of transects (n=78) 

having CFHA 3 assemblage. CFHA 3 is therefore the dominant coral family assemblage, 

followed by CFHA 2 and CFHA 1 respectively.  
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Figure 2.3b is an abundance plot of the eight dominant coral families in the shallow zone, 

showing the percentage contribution of each family to each CFHA. It can be seen in that 

the dominant CFHA 3 is comprised largely of Acroporidae, followed by Pocilloporidae, 

Faviidae and Alcyoniidae (Figure 2.3b). Other coral families provide minimal 

contribution. A comparative look between the shallow BHTs (Figure 2.1) and the CFHAs  

(Figure 2.3b) with respect to coral abundance reveals the following: CFHA 3 is from 

BHTs 3 and 4 combined; CFHA 2 is from BHT 2; and CFHA 1 is from BHT 1.  

The generic composition of the coral families comprising CFHA 3 are presented in 

Figure 2.3c. In order of decreasing abundance, the seven coral genera contributing more 

than two percent to CFHA 3 are Acropora, Pocillopora, Montipora, Diploastrea, Porites,

Sinnularia and Echinopora. About four species of Porites of varying growth forms were 

observed, with P. cylindrica being dominant. Stylophora occurred in small amounts and 

occurred rarely in all sites. Seriatopora (Pocilloporidae) was not intercepted within the 

transects and was rarely occurred outside the transects.  



                         Benthic assemblage and coral community structure 

                                                                                           Page 28

a) Coral family habitat assemblage [CFHAs], (b) relative abundance of coral families in the three recognized 

genus composition and (d) CFHA site-transect contributions. 
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It can be seen in Figure 2.3d that CFH 3 is the dominant adult coral community and that it 

is equally distributed across the three sites. Site 3 has the highest CFHA diversity with all 

three CFHAs represented. 

2.5.4 Shallow coral family diversity 

To simplify and further elucidate the assemblage data, five coral family diversity indices 

were calculated and graphed (Figure 2.4). This was done since diversity indices are more 

informative than are abundance data. 

Site 2 has the lowest number of coral families (S), family richness (d), evenness (J') and 

diversity (H' loge) in comparison to Site 1 and Site 3 within the shallow zone (Figure 

2.4). However, it has the highest mean coral family abundance (N). This means that the 

high coral cover (by family) in Site 2 is unevenly distributed between the families present 

in the shallow zone, which in turn results in the dominance of one or two coral families. 

Figure 2.3b reveals the low evenness in distribution of coral families in each CRFHA and 

can be attributed to the dominance of coral families such as Acroporidae (CFHA 2 and 

CFHA 3) and Pocilloporidae (CFHA 1). 

The majority of the diversity indices dataset by site for the shallow zone met the 

homogeneity of variance and normality assumptions, so a multivariate ANOVA was used 

to determine if any differences existed between sites for all diversity indices. The results 

of the one-way MANOVA on the diversity indices with site as a fixed factor, using the 28 

transects as replicates are presented in Appendix 1.0a-e. 
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Figure 2.4: Coral family diversity indices by site from the shallow zone. Diversity 

indices plotted below are; S – Total number of coral families, N – Abundance of coral 

families (%), d – coral family richness, J' – coral family evenness and H' – Shannon-

Wiener coral family diversity. Standard error bars show variation in each diversity index 

and is calculated using the 28 transects surveyed at each site. 
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Overall, only the mean percentage cover of coral families (N) differed significantly 

between sites within the shallow zone (F2,81=14.189, p<0.001). Scheffe’s post-hoc testing 

results (Appendix 1.0e) on N showed the significant difference to lie between Sites 1 and 

3 (p=0.009), and between Sites 2 and 3 (p<0.001). In other words, Site 3 was 

significantly different to Sites 1 and 2 in having low mean coral cover by family (see 

Figure 2.4). Figure 2.1d attributes this low cover by family to the dominance of BHT 4 in 

Site 3 which has high abiotic cover (specifically rock and DCA). 
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2.5.5. Site distribution of selected coral genera in the shallow zone 

The mean abundance of selected coral families and genera are presented in Figure 2.5 

(only coral spat which can be reliably identified from the settlement study in Chapter 

three are included). An exception to this is the exclusion of the coral genus Seriatopora

which was not intercepted by the transect but was of rare occurrence elsewhere. The 

average abundance for each coral genus in this shallow zone is similar to the dominant 

CFHA 3 (see Figure 2.3c). Of the five selected coral genera, Acropora is dominant in all 

three sites in the shallow zone.  

The percentage covers of Acropora and Montipora were primarily responsible for the 

significant effect of site (Appendix 1.1c: Acropora: F2,81=3.328, p=0.041 and Montipora:

F2,81=7.031, p=0.002) on the spatial distribution of the six genera within the shallow zone 

(Appendix 1.1b:F10,156=2.804, Pillai’s trace p-value=0.003). However, a Scheffe’s post

hoc test showed no significant difference in Acropora cover between any of the sites and 

only for Montipora cover between Sites 2 and 3 (Appendix 1.1e and Figure 2.5). 
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Figure 2.5: Mean abundance of selected coral families and genera in the shallow zone. 

0

5

10

15

20

25

30

35

Acropora Montipora Pocillopora Stylophora Porites

Acroporidae Pocilloporidae Poritidae

M
ea

n 
%

 c
ov

er

Site 1
Site 2
Site 3
Mean

Note:                    indicates a significant difference (p<0.05) between the two sites with start & end points

2.5.6 Deep coral family habitat assemblage 

Twelve CFHAs were identified at a similarity of 50% in the deep zone (Figure 2.6a). Of 

these, CFHA 11 is dominant (69% of the 84 transects surveyed in the deep zone). Other 

clusters rarely occur with some CFHAs being recorded in as few as 1-5 transects. 

In looking at the dominant CFHA 11 assemblage from Figure 2.6b, it can be seen that 

average coral cover for a transect in this cluster is around 28%, with Acroporidae being 

the dominant family followed in order by Faviidae, Poritidae, Pocilloporidae and 

Alcyoniidae. Soft coral genera contributed less to CFHAs and are present in minute 

abundances in the deep zone. A detailed look at CFHA 11 generic composition by family 

is presented in Figure 2.6c. The figure shows that not all of the genera belonging to a 

dominant family (such as Acroporidae or Pocilloporidae) are dominant also. For instance, 
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it can be seen here that while Acropora is the dominant genus in the deep zone, the other 

main genus in the Acroporidae, Montipora, contributes less than the genera of less 

dominant families.  

CFHA 11 is the dominant assemblage across all sites, especially at Site 2. Site 3 however, 

has the highest diversity of CFHAs in the deep zone. Overall the deep zone generally 

exhibits CFH 11 assemblage. 
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Coral family habitat assemblage [CFHAs], (b) CFH assemblage, (c) CFHA 11 genus composition and (d) CFHA 

ons. 
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2.5.7 Deep coral family diversity 

Transects surveyed within the three sites of the deep zone had a minimum of one and a 

maximum of 11 coral families per transect. All sites however, had an average of six coral 

families represented in each (Figure 2.7). Mean percent of coral families (N) is lowest at 

Site 3 and Sites 1 and 2 each have around 33% coral family cover. Site 3 has the highest 

coral family richness and evenness. This means that the low coral cover in Site 3 is nearly 

evenly distributed between the low number of families present in the site. Site 2, which 

has the highest coral cover and number of coral families, has the highest coral family 

diversity.

A one-way MANOVA test using site as a factor showed that there is no overall site effect 

on the five diversity indices (Appendix 1.2b: F10,154=0.982, Pillai’s trace p-value=0.462). 

This result is further supported by the absence of any significant difference between any 

of the diversity indices between sites within the deep zone (Appendix 1.2c: p>0.05). 
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Figure 2.7: Coral family diversity indices from the deep zone. Diversity indices plotted 

below are; S – Total number of coral families, N – Mean percent of coral families, d – 

family richness, J' – family evenness, and H' – Shannon-wiener family diversity. Standard 

error bars show variation in each diversity index and is calculated using the 84 transects 

surveyed at each site. 
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Figure 2.8: Mean abundance of selected coral families and genera within the deep zone. 
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The mean abundance and dominance of coral genera in Figure 2.8 compared favourably 

with the CFHA 11 generic composition as shown in Figure 2.6c.  

Overall, there is a strong spatial effect by site on the distribution of the six dominant coral 

genera (Appendix 1.3b: F10,156=2.554, p=0.007) within the deep zone. Only the genus 

Acropora shows a significant difference between sites (Appendix 1.3c: F2,81=8.473,

p<0.001). A look at Figure 2.8 shows that both Sites 1 and 2 have significantly higher 

Acropora cover than has Site 3. This result is supported by Scheffe’s post hoc test results 

as outlined in Appendix 2.3e. Fewer, larger-sized massive helmet-shaped Porites colonies 

belonging to P. lobata and P. lutea are scattered within the deep zone. Some Porites

colonies have abrasions on their surfaces, and these could be attributed to grazing fish. 

Porites were second in abundance followed closely by Pocillopora and Montipora

colonies. Purplish-pink Stylophora colonies were rare. 

2.6 BLEACHING 

2.6.1 Environmental parameters 

During an El Nino event, SSTs are generally low. The inverse can be expected for a La 

Nina event, which occurs during the period October to April. Analyzed National Tidal 

Facility (NTF) data showed around 10C increase in SST every month from August 2001 

to May 2002 (Figure 2.9), with the highest SST recorded in February 2002. For the six 

month period, September to February, there was a total SST increase of 50C. Sea level 

rose by 0.02m (between August and September 2001) and remained around 1.17m till 

April 2002, before it significantly dropped to 1.09m in May 2002.  
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Figure 2.9: Environmental parameters during research period. 
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In comparison to previous months, wind speed was low during most periods of elevated 

SSTs after dropping from its maximum in December 2001 of 3.3m/s. Lowest wind speed 

of 2.3m/s recorded was during the months of February and March 2002. Hydrodynamic 

forces aside, this low wind speeds would have caused warm waters (high SST) to move 

slowly or stay around the reef. Synergistic influence of these environmental parameters 

combined (low wind speeds, increased sea surface and air temperatures) is noted here to 

result in bleaching. Low sea surface reflectance is another factor as is broad regional 

heating and current transport. 

2.6.2 Coral bleaching 

No bleaching was observed during the November 2001 survey (Table 2.0). However it 

was observed in the deep zone during the December 2001 survey, in which fungiid and 



Chapter 2.0                                          Benthic assemblage and coral community structure 

Vave, R.                                                                                                                  Page 39

acroporid colonies of Site 2, and a pocilloporid colony of Site 3 were partially bleached 

(30-70%), whilst the remaining hard and soft coral families were unaffected. Pocillopora

and Acropora colonies have been found in other studies to be easily susceptible to 

bleaching (Brown and Suharsono 1990, Jokiel and Coles 1990, Hueerkamp et al. 2001). 

Bleaching was observed only at Site 1 of the shallow zone with coral colonies exhibiting 

all three bleaching categories. Bleaching was recorded in all sites of the deep zone during 

the March 2002 survey. The coral colony worst affected by bleaching was Merulinidae of 

which 66% was severely bleached in the deep zone of Site 1. 

By April 2002, bleaching was only observed in the deep zone of Site 3: two massive 

colonies of Porites at Site 3 suffered partial bleaching. This could have meant recovery or 

death of previously bleached colonies. Soft corals belonging to the Alcyoniidae in Site 3 

had also bleached by this time. Marshall and Baird (2000) reported that poritid corals 

were less susceptible to bleaching and that mortality was rare.  
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impact on hard and soft corals during this study. (A “-” in the species column indicates that the coral could not 

s level). 

h Site Transect Category Family Genus species
% bleached 
of colony Bleaching category 

2 4 Scleractinia Fungiidae Fungia  - 30 Partially bleached 
2 7 Scleractinia Acroporidae Acropora  - 70 Partially bleached 
3 4 Scleractinia Pocilloporidae Pocillopora verrucosa 60 Partially bleached 

ow 1 1 Soft coral Alcyoniidae Sinnularia  - 20 Pale 
ow 1 1 Scleractinia Pocilloporidae Pocillopora eydouxi 40 Partially bleached 
ow 1 1 Scleractinia Acroporidae Montipora  - 90 Severely bleached 
ow 1 3 Scleractinia Pocilloporidae Pocillopora damicornis 30 Partially bleached 
ow 1 3 Soft coral Alcyoniidae Lobophyton  - 30 Partially bleached 
ow 1 4 Soft coral Alcyoniidae Lobophyton  - 30 Partially bleached 

1 2 Scleractinia Merulinidae Hydnophora rigida 10 Pale 
1 3 Scleractinia Pocilloporidae Pocillopora damicornis 10 Pale 
1 5 Scleractinia Pocilloporidae Pocillopora damicornis 10 Pale 
1 5 Scleractinia Pocilloporidae Pocillopora verrucosa 40 Partially bleached 
1 5 Scleractinia Dendrophylliidae Turbinaria reniformis 20 Pale 
1 5 Scleractinia Dendrophylliidae Turbinaria reniformis 70 Partially bleached 
1 5 Scleractinia Dendrophylliidae Turbinaria reniformis 70 Partially bleached 
1 6 Scleractinia Merulinidae Merulina ampliata 90 Severely bleached 
1 6 Scleractinia Agariciidae Pachyseris speciosa 90 Severely bleached 
2 2 Scleractinia Agariciidae Pachyseris speciosa 70 Partially bleached 
2 3 Scleractinia Pocilloporidae Pocillopora damicornis 30 Partially bleached 
2 4 Soft coral Alcyoniidae Sarcophyton  - 70 Partially bleached 
3 1 Scleractinia Poritidae Porites  - 60 Partially bleached 
3 2 Scleractinia Poritidae Porites  - 35 Partially bleached 
3 3 Soft coral Alcyoniidae Lobophyton  - 10 Pale 
3 1 Scleractinia Poritidae Porites  - 60 Partially bleached 
3 3 Soft coral Alcyoniidae Lobophyton  - 10 Pale 
3 5 Scleractinia Poritidae Porites  - 20 Pale 
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2.7 CONCLUSION 

2.7.1 Benthic habitat distribution 

Site 1 in the shallow zone has equal distribution of the two dominant benthic habitat 

types, BHT 2 and BHT 4. However, this pattern is not seen in Sites 2 (BHT 2 dominant) 

and Site 3 (BHT 4 dominant) within the same depth zone. The high coral covered BHT 2 

is more pronounced in Site 2 with minor contribution from BHT 4. The inverse is seen in 

Site 3 which has a higher abiotic and low scleractinian cover. The main abiotic 

component in the shallow zone for all BHTs is dead coral with algae, which is a suitable 

substrate for recruitment by most benthic species in coral reef communities. 

Although more benthic habitat types are observed in the deep zone, only BHT 4 is 

dominant and is characterized by high rubble and low coral cover. Other BHTs contribute 

little to the overall benthic community in the deep zone. Rubble in the deep zone can be a 

result of hydrodynamic processes fragmenting corals in the shallow reef crest. Because of 

its loose nature, it is deemed an unsuitable settlement and recruitment substratum for 

corals. The low coral cover in the deep zone is patchy in distribution and coral colony 

aggregations are observed on solid substrates such as reef rocks. Such aggregations are 

usually dominated by branching coral colonies, especially of Acropora and Pocillopora.

Single, massive coral colonies of Porites (either P. lutea or P. lobata) measuring several 

metres across are present within the deep zone, especially in Site 2. 

Patterns of high coral cover in the shallow zone and low coral cover in the deep zone 

have been reported in other studies (Wellington 1982) where they have been widely 
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observed in most reefs. High coral cover in the shallow zone can be attributed to high 

water flow rates which bring with them zooplankton (Sebens et al. 2003), maximum light 

and the ability for plant material to photosynthesize. The two dominant BHTs in the 

shallow zone have high and low scleractinian cover respectively, and although not tested 

in this study, it is possible that the two BHTs would be interspersed (Edmunds and Bruno 

1996).

The low number of Benthic Habitat Types (BHTs) and Coral Family Habitat 

Assemblages (CFHAs) within the shallow in comparison to the deep zone can be 

attributed to community structuring factors at play (for e.g., stable substrate availability, 

wave and current forces which cause mechanical damage to benthic organisms and 

transport larvae). Also important is the high adaptability of certain benthic categories and 

coral species (primary colonizers of empty space, regeneration through fragmentation, 

high light availability, and fast growth rate) to survival in this shallow depth.  The 

handful of BHTs and CFHAs present within the shallow zone, especially the dominant 

ones, is possibly as a result of the synergistic influence of the above mentioned 

community structuring factors and adaptive characteristics. 

BHTs in the shallow zone are more evenly distributed with the two dominant BHTs 

having high and low scleractinian cover respectively. Although not tested in this study, it 

is possible that the two BHTs when considered at site level or within the shallow zone as 

a whole are interspersed with each other, rather than completely separate. This was found 

to be the case in another study (Edmunds and Bruno 1996). Overall within the deep zone, 
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there is only one dominant BHT which has high rubble cover and very low scleractinian 

cover. Rubble is the dominant abiotic component within the deep zone and is a result of 

coral branches breaking in the shallow zone due to strong wave action.  Rubble is 

unstable and is constantly moved around by surge and wave action rendering it an 

unsuitable settlement and recruitment substrate. Therefore, most of the live scleractinian 

cover in the deep zone is only observed on stable substrates such as rocks.

2.7.2 Coral assemblage distribution 

A total of three and twelve CFHAs were observed within the shallow and deep zone 

respectively. CFHA 3 is dominant in the shallow zone and is comprised largely of 

Acropora (Acroporidae), Pocillopora (Pocilloporidae) and Montipora (Acroporidae) in 

order of decreasing abundance. CFHA 11 is dominant in the deep zone and is comprised 

of Acropora (Acroporidae), Diploastrea (Faviidae), Porites (Poritidae), Pocillopora

(Pocilloporidae) and Montipora (Acroporidae) in order of decreasing abundance. This 

shows that Acropora is the dominant coral species in both depth zones with higher 

percentage cover occurring in the shallow than deep zone. Also that the deep zone is 

more diverse in its CFHA and coral family composition. 

There is a two-fold difference in Acropora cover between the shallow and deep zone. In 

comparison to those in the shallow zone, Acropora colonies in the deep zone are mostly 

smaller in size (between 10 and 20cm diameter). They are also patchy in distribution 

rather than forming thickets or monospecific stands. Only one tabulate Acropora

hyacinthus was intercepted more than once, in Site 3, and it is about a metre across.  
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The dominance of coral species belonging to Acropora and Pocillopora can be a 

reflection of competitive interactions, plasticity in modes of reproduction, fast growth 

rate and recovery following a disturbance. Acropora thickets in the shallow zone have an 

overtopping and/or overgrowth ability which can aid its competitive exclusion; so it 

becomes a dominant contributor to adult coral abundance.

Bleaching in this study coincided with a period of low wind speeds and increased sea 

surface and air temperatures. It was noted to be more severe in the deep than shallow 

zone and this was attributed to the heavy rain during the research period that could have 

cooled surface waters where shallow zone corals are. Acropora and Pocillopora colonies 

were the first to bleach in December 2001, with other hardy, more bleaching-resistant 

coral species (e.g., massive Porites colonies) being affected two to three months later. 

Seven hard coral and one soft coral family had bleached between December 2001 and 

April 2002. Since bleaching affected less than 25% of all the coral colonies surveyed, 

these examples cannot be categorized as representing a “mass bleaching event”. Rather, 

they represent “low level”, or “background bleaching”. Bleaching started in the deep 

zone in December 2001, affected the shallow zone of Site 1 and the deep zone of all three 

sites in March 2002, and by April 2002 bleaching was only affecting the deep zone of 

Site 3. The only site in which bleaching affected both depth zones was in Site 1 during 

the March 2002 survey. The shallow zone of Sites 2 and 3 were not affected by bleaching 

across all four survey times. Overall, pocilloporids were affected more commonly in both 

depth zones. 
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High coral cover in the shallow zone can be caused by high water flow rates - the result 

of high wave action, or impact. The high flow rates and wave action caused high 

plankton capture and ingestion, and high sediment removal resulting in reduced mortality 

in the shallow zone.
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CHAPTER 3.0 

CORAL SETTLEMENT: SPAT IDENTIFICATION AND DISTRIBUTION 

PATTERNS

3.1 INTRODUCTION

Knowledge of coral settlement and recruitment are an essential prerequisite for ecological 

studies of coral populations and communities. It is now established that most corals 

spawn eggs and sperm for external fertilization and development; reproduction is usually 

seasonal, with breeding occurring during brief annual periods; many species participate in 

predictable mass spawning events; and brooded planulae of some species are produced 

asexually (Harrison and Wallace 1999).  

 

Global research into settlement and recruitment has increased exponentially over the last 

two decades following the recognition of its importance in coral reef dynamics. However, 

most of this research is largely confined to well studied systems with extensive funding 

and resources not available to developing countries. 

 

Corals are becoming an increasingly threatened resource. Numerous studies have been 

undertaken on corals ranging from the reproductive biology, growth rates and variation in 

coral species’ susceptibilities to bleaching. This has showed that sexual (including 

brooding and mass spawning) and asexual reproduction (fragmentation: Wallace 1985) 
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are both employed in corals. Sessile marine organisms, like terrestrial plants, demonstrate 

similar mating systems in exhibiting simultaneous hermaphroditism and gonochorism 

(Carlon 1999) which successively influence their distribution and abundance patterns on 

a spatial scale.  

 

“Mass spawning” is defined as the synchronous release of gametes in one evening 

between dusk and midnight, for the purpose of reproduction (Willis et al. 1985). A study 

by Babcock et al. (1986) showed that most corals on the Great Barrier Reef (GBR) 

spawned between the third to sixth nights following full moon, whilst those on the 

Western Australian reefs spawned between the eighth and ninth (Simpson 1985). A study 

by Mildner (1991) on Suva reef in Fiji observed mass spawning in at least nine 

scleractinians six nights following the full moon sighting (lunar night six) in October. 

Also documented was a split-spawning event for Acropora hyacinthus (lunar night one); 

three unidentified soft coral species and two Acroporids (lunar night five) in November 

of that same year. 

 

External fertilization of spawned gametes is followed by further development and 

maturation in the water column, which can take between four to seven days (Babcock and 

Heyward 1986) before settlement. This process enhances the coral species and/or larval 

dispersal potential (Oliver and Willis 1987). Brooded planulae on the other hand are 

capable of settling rapidly and usually within hours of release (Goreau et al. 1981).  
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Settlement is known to be affected by irradiance and light intensity (Falkowski et al. 

1990, Mundy and Babcock 1998), temperature variation and bleaching (Jokiel and Coles 

1977, Jokiel and Guinther 1978, Fadlallah 1983 and Mumby 1999), predation (Brock 

1979 and Sammarco 1980), algal composition (Potts 1977, Miller and Barimo 2001) and 

substratum irregularity (Brock 1979). Soft corals are known to also have an allelopathic 

effect on coral settlement (Maida et al. 1995). 

 

Coral larvae metamorphose in response to specific chemical cues and postpone 

metamorphosis in the absence of these cues (Morsel et al. 1994). Studies have shown that 

newly settled coral planulae, if stressed, can detach themselves from the substratum and 

develop back into their planktonic larval form (Richmond 1985). Settlement occurs once 

a suitable substrate is found, followed by skeleton accretion.  Settled coral larvae that 

have reached this stage in their growth on the substrate will be referred to as ‘spat’. 

 

Coral settlement is a good measure of the amount of coral larvae that have successfully 

settled on a reef, with little to no post-settlement mortality, which makes settlement to 

artificial substrata a good indicator of coral settlement. Previous studies tested artificial 

settlement substrates such as concrete slabs (Birkeland et al. 1981, Tomascick 1991 and 

Hunte and Wittenberg 1992), PVC cups (Bothwell 1982), sectioned corals (Rogers et al. 

1984), coral rubble fragments (Carlon and Olson 1993), ceramic tiles (Gleason 1996) and 

terracotta tiles (Babcock 1989). Settlement surfaces with high structural complexity or 

surface irregularity tend to have high coral spat densities (Carleton and Sammarco 1987). 
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There are also various attachment methods including the steel mesh rack (Harriot 1992, 

English et al. 1997), direct attachment (Mundy 2000) and the PVC pipe frames (Tougas 

and Porter 2002). Mundy (2000) compared the direct attachment and the steel mesh rack 

method and found no significant difference in their mean recruit densities.  

 

Settlement to any reef site has been shown in some studies to be influenced by adults 

from local and distant reef communities. This can be explained in terms of the long larval 

phase that some corals have, especially brooded larvae, which have a larger nutrient 

storage allowing them to remain in the water column for longer periods. It is in this 

timeframe that they are transported to more distant reefs. Depending on the source of the 

larvae, local community and population dynamics can have a profound effect on 

recruitment patterns. 

 

High settlement into grooves of plates is indicative of the cryptic preference which result 

in reduced mortality from predation (Wallace and Bull 1982). This is also demonstrated 

by the high settlement into the lower surfaces of plates (Gleason 1996, Heyward et al. 

2002). Settlement plates deployed at several depths have reported shifts in orientation of 

coral recruits from lower to vertical and upper plate surfaces with increasing depth 

(Birkeland et al. 1981, Rogers et al. 1984, Wallace 1985). Settlement on top of tiles has 

also been recorded (Fairfull and Harriot 1999). Depth and orientation of artificial 

settlement substrates were recently shown to have little effect (less than 6% difference) 

on settlement rates (Mundy 2000).  
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Suva’s coral reefs are impacted by some natural but mostly anthropogenic disturbances. 

Adult populations die out and recover with most corals being intermediately stressed; 

however, little is known about coral settlement densities, diversity and composition on 

these reefs.  

 

3.2 AIMS AND OBJECTIVES 

Little is known about coral larvae settlement densities and coral species diversity and 

composition on the reefs near Suva. This information is needed to provide an insight into 

coral population dynamics, and support prospects such as seeding, for recovery of the 

Suva reefs. Subsequently the specific aims of this chapter are to: 

1) Distinguish coral spat on artificial substrata (tiles); 

2) Determine the settlement abundance and distribution pattern by site, depth and 

between spawning seasons of (a) different coral spat species, (b) tile type and tile surface 

preference. 

3.3 METHODOLOGY 

In this study, two tile types which varied in texture and composition were compared and 

evaluated to determine if there was a relationship between substratum irregularity and 

coral spat densities.  
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Tile type A (hereafter referred to as Tile A) was a ceramic floor tile measuring 11 x 11 x 

0.5cm. It had a smooth, glazed surface on one side and an unglazed surface on the other. 

Tile type B (hereafter referred to as Tile B) was a Terracotta tile measuring 15 x 15 x 

1cm. It had grooves on one side of the tile giving it an irregular surface and was unglazed 

on both sides. Tiles were preconditioned by deploying the tiles at least four to seven days 

in advance of the predicted coral spawning date. This deployment allowed algae to settle 

on the tiles, so creating a biofilm. A biofilm is thought to provide the necessary chemical 

cues that signal suitable substratum for settlement to chemical receptors on the outer 

surface of the coral larvae (Carlon and Olson 1993). 

 

The predicted mass spawning dates for this study were based on a study by Mildner 

(1991) on Suva reef and was expected to be around the 5th and 6th nights following full 

moon as detailed in Table 3.0 below.  

 

Table 3.0: Predicted mass spawning dates. 

 Year 2001 2002 

Coral mass spawning Mass spawning Minor spawning 

Full moon* 3rd Oct 1st Nov 29th Mar 27th Apr 

Predicted spawning date 9th Oct 7th Nov 4th Apr 3rd May 

*Source: 2001 & 2002 Collins diary 
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3.3.1 Sampling design 

The experimental design is presented in Figure 3.0 below and was replicated in all three 

sites. 

Figure 3.0: Coral settlement experimental design which was replicated in all three sites 

and was deployed only at the beginning of the mass spawning events (October 2001 and 

March 2002). 

Site 1
Shipwreck

Rack 1 Rack 2

A1 A2 A3

Tile A
Ceramic

B1 B2 B3

Tile B
Terracota

Rack 3 Rack 4 Rack 5

Habitat 1: Crest
3-5m

Rack 1 Rack 2

A1 A2 A3

Tile A
Ceramic

B1 B2 B3

Tile B
Terracota

Rack 3 Rack 4 Rack 5

Habitat 2: Slope
10-14m

Site 2
Fish Patch

Site 3

 

Settlement was surveyed at depths of 3-5m (Habitat 1: Crest) and 10-14m (Habitat 2: 

Slope) successively, in all three sites on Suva Reef.  SCUBA was used to deploy 

settlement racks at both depths. The racks were then secured to the reef substratum by 

hooking them onto two 13-16cm metal rods which had been shaped into hooks, and 

hammered into the substrate.  

 

Three replicates of each tile type were attached to the steel mesh rack which was 

constructed in accordance with the Australian Institute of Marine Science (AIMS) 
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manual (English et al. 1997).  Two single Tile A types had their glazed surfaces placed 

back to back (thus exposing the unglazed surfaces) and were tied together using cable ties 

at two opposing corners before being tied to the mesh rack. Tile B types were attached 

individually to the mesh racks.  

 

Figure 3.1: Front view of tile setup on rack. 

Three replicates of Tile A were attached 

on the top portion of the steel mesh rack 

and three replicates of Tile B were 

positioned lower down, as shown in 

Figures 3.1 and 3.2. A spacing of at least 

0.5-1.0cm was ensured between similar 

tile types, and about 4-5cm between tile types. Each tile was attached to the mesh racks 

using two 200mm cable ties. 

 

Figure 3.2: Side view of tile-rack setup. 

Settlement racks were left out in the field for at 

least two months before being retrieved. This 

short time period allowed for settlement to occur, 

prevented algal overgrowth (Martin-Smith 1994, 

McClanahan 1997), and was not long enough for 

post-settlement mortality to start occurring.  
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When the tiles were retrieved, the top surface of each was marked by scraping a thin line 

across one corner with a knife or by pencilling a diagonal line at one corner. Marking the 

tiles ensured that surface orientation could be determined in the laboratory during 

analysis. Replicates of each tile type were placed in separate plastic bags with a label that 

stated site number, depth, rack number and tile number; also whether the tile had become 

detached or the rack had overturned [racks that had overturned and tiles that had detached 

or had cracked were not used in the analysis – Gleason 1996]. All of the bags containing 

tiles were transferred into a cooler containing ice. In the cooler, the tiles were positioned 

vertically with small gaps between them to prevent coral spat damage. Back at the 

university jetty, each tile was washed with a slow, steady stream of water to remove 

sediment mats (these mostly settled on the upper surfaces) before transferring the tiles to 

a freezer for subsequent bleaching and analysis. Freezing of the tiles prevented further 

growth of the spat. 

 

A few of the sites had either one rack missing, or cracked tiles. To balance the dataset, 

these racks were removed from the settlement dataset. One rack each was removed 

randomly from sites in which no rack had overturned or had tiles missing/cracked. 

Hence, only four racks were analyzed per site within a depth zone. 

 

The term ‘total coral spat density’ includes the spat abundance of the six genera that are 

abundant on reefs and were identified in Chapter 2, together with the unknowns.  
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3.4 DATA ANALYSIS 

Total coral spat density was later used as the dependent variable in MANOVA to 

determine differences (if present) between all assessable factors, such as spawning 

seasons, sites, depths, tile types and tile surfaces.  

 

3.4.1 Laboratory component 

The plates were carefully removed from the freezer and arranged in a rack before being 

placed in a container containing a bleach solution for 24 hours. The bleach solution was a 

mixture of a litre of water and 200 grams of 'Bluewater' pool chlorine granules. Tiles 

were later allowed to dry in the room at ambient temperature before being searched twice 

for coral spat (Harriot 1992).  

 

Tiles were placed on a tissue, on the stage of an Olympus SZ40 dissecting microscope, to 

prevent damage to coral spat from friction and abrasion. Fibre optics was used as the 

primary light source to illuminate the surface of the tiles. Tiles were initially scanned for 

coral spat at the lowest magnification (6.7x). Surface scanning of the tiles was conducted 

in a zigzag manner, moving down the tile after scanning a row in the field of view. The 

maximum length or diameter, of field of view at lowest magnification is 3.3cm. 

Individual coral spat found at this low magnification were circled with a pencil whereby 

their positions were marked. The tile types and surfaces (upper and lower) on which the 

larvae settled were noted. On completion of each 'spat hunt', the magnification was 

increased to 40x and an eyepiece graticule was used to determine the maximum diameter 
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of cross sections of the circled spat.  A conversion factor of one ocular unit being 

equivalent to 26.32μm was used to obtain measurements in micrometers (μm). This 

factor had been previously determined from an initial microscope calibration.  

 

Only coral spat belonging to three families could be reliably distinguished using skeletal 

structural features such as coenosteum type, septa type and the presence or absence of a 

columella (Table 3.1). The three families were Acroporidae, Pocilloporidae and Poritidae. 

Spat belonging to these three families could be identified further to genus level using 

corallite diameters (Table 3.2). The identification technique used here follows that used 

by Babcock et al. (2003). 

 

Spat which could not be reliably identified, either because they were too small or 

damaged were clumped in an “Unknown” category. Visual differences in the skeletal 

structure of the unknowns resulted in an arbitrary unknown category (see Figure 3.6 – 

Figure 3.9).  

 

Table 3.1: Key to differentiating coral spat to family level based on Babcock et al. 
(2003). 

 Acroporidae Pocilloporidae Poritidae 

Coenosteum Porous Solid Solid 

Septa Prominent Prominent Septa with 
teeth 

Collumelae Absent Present Absent 
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Table 3.2: Key to differentiating the genera of coral spat in three families using spat 

diameter (�m) based on Babcock et al. (2003). 

 
Family Genus Diameter range (μm) 

Acroporidae Acropora x < 850 

Montipora 850 < x < 1,375 

Isopora x > 1,375 

Pocilloporidae Seriatopora x < 450 

Stylophora 450 < x < 550 

Pocillopora x > 550 

Poritidae Porites 500 < x < 650 
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DEFINTIONS 

Family Acroporidae 

Spat belonging to the family Acroporidae have a porous coenosteum, prominent septa 

and lack a columella. An acroporid spat is shown in Figure 3.3 which also shows how the 

corallum diameter was measured. Spat from these three genera could be distinguished by 

differences in the size of the corallum at settlement. Montipora spat have the smallest 

corallum diameter, followed by Acropora, with Isopora spat having the largest diameter 

(Table 3.2). 

 

Family Pocilloporidae 

Spat belonging to the family Pocilloporidae have a solid coenosteum and prominent 

septa. The main distinguishing skeletal feature for spat in this family that allows it to be 

distinguished from those in the other two families is the presence of a columella (Figure 

3.4). The internal diameter of the primary corallite and not the corallum is measured in 

order to distinguish between the three (3) widely distributed genera: (a) Pocillopora; (b) 

Seriatopora; and (c) Stylophora. Spat in the genus Seriatopora have the smallest internal 

corallite diameter while Pocillopora spat have the largest (Table 3.2). 
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Family Poritidae 

Spat belonging to the family Poritidae have a solid coenosteum and lack a columella.  

The most prominent feature which distinguishes spat belonging to this family, from 

others, is that the septa have teeth (Figure 3.5). 

 

Unknown 

Spat that have been lumped in this category do not show sufficient skeletal features that 

will allow reliable identification using the characteristics used in identifying spat to the 

three main families Acroporidae, Pocilloporidae and Poritidae. Four spat in this category 

are shown in Figures 3.6 - 3.9. Unknown 1 (Figure 3.6) has a solid coenosteum but 

appears to have septa growing out of the coenosteum wall. Unknown 2 (Figure 3.7) has a 

solid coenosteum with septa at the mouth of the corallite and lacks a columella. Unknown 

3 (Figure 3.8) has what looks like septa rising vertically from the basal plate. Unknown 4 

(Figure 3.9) on the other hand is different from Unknown 1 in that it appears to have solid 

septa running down the inner wall of the coenosteum. Damaged spat were also included 

in this category. 

 

3.5 Photomicrography 

Photomicrographs of representative spat at the family taxonomic level only were taken 

and distinguishing features are noted. 
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Figure 3.3: Family Acroporidae 
 

   
 
 
Figure 3.4: Family Pocilloporidae 
 

   
 
 
Figure3.5: Family Poritidae 
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Figure 3.6: Unknown 1        Figure 3.7: Unknown 2 

             
Figure 3.8: Unknown 3        Figure 3.9: Unknown 4 
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3.6 RESULTS and DISCUSSION

Five hundred and ninety two coral spat were found on the 288 tiles deployed in both the 

major (October 2001) and minor (April 2002) spawning seasons. More spat were 

recorded in the 2001 major spawning season (n=483) compared to the minor spawning 

season (n=109). This 64% difference in total spat density between spawning seasons was 

significant (Appendix 2.0b: F1,572=174.464, p<0.001) while terracotta tiles appeared to 

have higher spat densities than had ceramic tiles in both spawning periods, settlement 

preference varied with depth and with tile surface aspect (Table 3.3). 

 

There was an interaction effect between spawning season and depth in regards to 

settlement density (Appendix 2.0b: F1,572=10.557, p<0.05 and Figure 3.10). During the 

major spawning season (October to December 2001), settlement was higher in the 

shallow zone, were as it was higher in the deep zone during the minor spawning (March 

to April 2002) (Figure 3.10). 

 

Spat belonging to the genus Acropora were the dominant contributor to spat abundance 

during the major spawning season. However, they were second lowest in abundance 

during the following minor spawning season, which was dominated by Pocillopora spat. 

Seriatopora spat were rare on both occasions.  
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Figure 3.10: Total spat density distribution by spawning season and depth (all sites 

combined). 
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3.6.1 Major spawning settlement 

Four hundred and eighty three individual coral spat were found on the 144 tiles deployed 

during the major (October – December 2001) spawning period. Fifty eight percent settled 

onto shallow zone plates with 42% settling onto deep zone plates (Table 3.3). There is 

more variability in total spat densities per rack by site in the shallow zone than in the 

deeper zone (Figure 3.11). A 2-way ANOVA using depth and site as fixed factors and 

total spat count as the dependent variable reported a significant interaction (Appendix 

2.1b: F2,282=3.270, p<0.05) and depth effect (Appendix 2.1b: F1,282=9.111, p<0.05) in 

total spat densities, with 16% more settlement in the shallow zone (Appendix 3.1a-b and 

Table 3.3). Figure 3.11 shows that Site 1 is responsible for the significant interaction 

effect, exhibiting a different settlement pattern in comparison to Sites 2 and 3. However, 

there was no significant difference in total spat densities between the three sites with 

depth zones pooled for each site (Appendix 2.1a and c: F2,282=2.075, p>0.05). There were 
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only small differences in coral spat densities both between and within sites, especially in 

the shallow zone (Table 3.3). 

 

Figure 3.11: Scatter plot showing depth and site effect on coral spat distribution for the 

major spawning settlement dataset.  
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abundance and percentages for the major spawning period, October-December 2001. 
Shallow zone  (3-5m) Deep zone (10-14m) Total 

at 279 58% 204 42% 483 100% 
86 31% 69 34% 155 32% 
119 43% 65 34% 184 38% 
74 27% 70 34% 144 30% 
122 44% 104 51% 226 47% 
84 69% 59 57% 143 30% 
38 31% 45 43% 83 17% 
157 56% 100 49% 257 53% 
108 69% 59 59% 167 35% 
49 31% 41 41% 90 19% 

ment 192 69% 118 58% 310 64% 
lement 87 31% 86 42% 173 36% 

169 61% 99 49% 268 55% 
125 45% 56 27% 181 37% 
44 16% 43 21% 87 18% 
47 17% 45 22% 92 19% 
33 12% 33 16% 66 14% 
4 1% 0 0% 4 1% 
10 4% 12 6% 22 5% 
21 8% 29 14% 51 11% 
21 8% 28 14% 51 11% 

n) 42 14% 31 15% 72 15% 

of racks  12 (72) 12 (72) 24 (144)  
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3.6.1.1 Major spawning-Shallow zone 

Two hundred and seventy nine coral spat settled onto the 72 tiles deployed in the shallow 

zone of the three sites during the major spawning season. Based on spat skeletal features, 

86% of these belonged to the six coral genera of Acroporidae, Pocilloporidae and Poritidae 

(in order of decreasing abundance). The remaining 14% belonged to other taxa (Table 3.3). 

Total coral spat density between sites within the shallow zone was significantly different 

(Appendix 2.2b: F2,132=5.471, p<0.01). Scheffe post-hoc testing revealed that the difference 

lay between Sites 2 and 3 only (Appendix 2.2d: p=0.007), with Site 2 having almost twice 

the spat density observed in Site 3 (Table 3.3). Spat belonging to the genus Acropora were 

the most abundant in each site and account for 61% of spat abundance in the shallow zone 

(Table 3.3, Figure 3.3.2a-c). Pocilloporids were second highest in abundance at 17% 

followed by the unknowns and then poritids (Table 3.3). 

 

There was 12% more settlement on terracotta tiles than on ceramic tiles and this difference 

was significant (Table 3.3 and Appendix 2.2b: F1,132=4.115, p<0.05). Not taking into 

account the tile type, it appeared that their was a strong preference for settlement to the top 

surface with an average of three spat settling on top surface and one onto the bottom 

surface (Appendix 2.2b: F1,132=37.031, p<0.001). However, the tile type-surface interaction 

effect was not significant (Appendix 2.2b: F1,132=0.568, p=0.453) indicating that a similar 

settlement pattern occurs for both surfaces of each tile type (Figure 3.12). 
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Figure 3.12:  Tile type-surface interaction within the shallow zone for major spawning 

2001.
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Eighty six coral spat settled onto Site 1 shallow zone plates with most belonging to the 

Acroporidae (55% of spat) followed by the Pocilloporidae (17% of spat).  

 

Site 2 had the highest coral spat abundance (n=119) and this was dominated by acroporids 

with Acropora spat accounting for 75% of the acroporid spat. Pocillopora and Stylophora 

spat were responsible for the high pocilloporid abundance. The highest Porites spat 

abundance within the shallow zone was observed in Site 2. Figure 3.13b shows that 

acroporid and pocilloporid spat settled more on the top than on the bottom surfaces of tiles.  

 

Site 3 had the lowest spat abundance within the shallow zone (Table 3.3). Sixty four 

percent of these comprised acroporids, with Acropora being most abundant. Pocillopora 

was the main contributor to pocilloporid spat numbers with very little contribution from the 



Chapter 3.0                         Coral settlement: Spat identification and distribution patterns 

Vave, R.                                                                                                                   Page 68

remaining two genera. Total coral spat settlement at Site 3 was not significantly different 

between tile types, but occurred twice as much on the top surface than on the bottom 

surface of tiles (Figure 3.13c). 
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ndance distribution by site within each depth zone for the three main coral families during the major spawning 
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(c) Major spawning, Shallow zone, Site 3
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(f) Major spawning, Deep zone, Site 3
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3.6.1.2 Major spawning-Deep zone 

Two hundred and four coral spat settled on the 72 tiles deployed in the deep zone of the 

three sites during the major spawning season of 2001. The spat abundance was almost 

evenly distributed between the three sites (Table 3.3) and the overall site effect was not 

significant (Appendix 2.3a: F2,132=0.083, p=0.921). There was little variation in spat 

densities between the two tile types for the six main genera and the unknowns (Figure 

3.13d-f) and no significant difference in total spat density between the two tile types for 

this depth zone (Appendix 2.3b: F1,132=0.063, p=0.802). However, there was a surface 

preference by the spat with the top surface being favoured (Appendix 2.3b: F1,132=4.037, 

p=0.047). All possible interactions between the three factors – site, tile type and surface – 

were not significant (Appendix 2.3b). As in the shallow zone, acroporid spat were the 

most abundant followed by pocilloporids, unknowns, and then poritids (Table 3.3). 

 

Sixty nine coral spat settled onto tiles within the deep zone of Site 1 with slightly more 

occurring on the top surface of the tiles. Pocilloporids had the second highest spat 

abundance after acroporids (n=34) which predominantly comprised Acropora.  

 

Sixty five coral spat settled onto tiles at Site 2 and they were evenly distributed between 

the two tile types. Settlement was also twice as high on the top surface of the tiles. 

Acroporid spat were the most abundant with equal contributions from Acropora and 

Montipora. Pocilloporid spat abundance was the second highest in abundance, with 

Pocillopora spat being the main contributors.  
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The highest coral spat abundance was observed in Site 3 (n=70) and this was dominated 

by spat belonging to the Acroporidae. There was also more settlement on ceramic than on 

terracotta tiles with slightly higher settlement on the top than on the bottom surfaces 

(Figure 3.13f).  

 

No Seriatopora spat were observed in the deep zone at any of the three sites (Figure 

3.13d-f). Stylophora spat were less abundant compared to the spat of other genera in the 

deep zone of the three sites. The most obvious explanation for this phenomenon is the 

lack of adult Stylophora colonies which could have been eliminated in the 2000 

bleaching as reported earlier in Chapter 2. 
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3.6.2 Minor spawning settlement 

One hundred and nine coral spat were counted on the 144 tiles deployed during the minor 

spawning (March – April 2002) period. Although 16% more spat were observed on the 

deep than shallow zone tiles, this difference was not significant (Appendix 2.4b: 

F1,282=1.841, p=0.176). Pooling the depth zones within each site and comparing total spat 

densities between sites from this spawning season also showed no significant difference 

(Appendix 2.4b: F2,282=1.841, p=0.161). In other words, total spat distribution on this 

small section of Suva Reef during this minor spawning season is very similar between 

sites.  However, there was an interaction effect between the factors of depth and site 

(Appendix 2.4b: F2,282=11.971, p=0.000). This means that the effect of depth is different 

in different sites. Site 2 had a higher settlement density in the shallow compared to the 

deep zones while there was higher settlement in the deep zones of sites 1 and 3 (Figure 

3.14).  

 

Figure 3.14: Depth-site interaction effect during minor spawning season, 2002. 
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coral spat abundance and percentages between depth zones for the minor 2002 spawning period. 
Shallow zone  (3-5m) Deep zone (10-14m) Total 

at 46 42% 63 58% 109 109 (100%) 
6 13% 36 57% 42 39% 
31 67% 11 17% 42 39% 
9 20% 16 26% 25 23% 
15 33% 24 38% 39 36% 
11 73% 14 58% 25 23% 
4 27% 10 42% 14 13% 
31 67% 39 62% 70 64% 
21 68% 28 72% 49 45% 
10 32% 11 28% 21 19% 

ment 32 70% 42 67% 74 68% 
lement 14 30% 21 33% 35 32% 

4 9% 4 6% 8 7% 
0 0% 1 2% 1 1% 
4 9% 3 5% 7 6% 
18 39% 28 44% 46 42% 
14 30% 24 38% 38 35% 
1 2% 2 3% 3 3% 
3 7% 2 3% 5 5% 
4 9% 4 6% 8 7% 

n) 20 43% 27 43% 47 43% 

umber of tiles) 12 (72) 12 (72) 24 (144) 
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3.6.2.1 Minor spawning-Shallow zone 

Forty six spat settled on tiles deployed in the shallow zone in the minor spawning season 

2002. Based on spat skeletal features, 57% of these were identified as belonging to six 

coral genera in three families with the remaining 43% belonging to other taxa (Table 3.4). 

Coral spat density distribution by site within the shallow zone was significantly different 

(Appendix 2.5b: F2,132=8.048, p=0.001) with Site 2 having higher spat densities than both 

sites 1 and 3 (Appendix 2.5d). There was 28% more settlement on terracotta than ceramic 

tiles. This difference however, was not significant (Appendix 2.5b: F1,132=3.686, 

p=0.057) and could be attributed to high variability in spat densities for each tile type. 

Appendix 3.5b and 3.5g shows a significant difference in tile surface settlement densities, 

with the top surface being preferred (Appendix 2.5b: F1,132=4.665, p=0.033). However, 

the tile type-surface interaction effect was not significant (Appendix 2.5b: F1,132=0.230, 

p=0.632) indicating that a similar settlement pattern is observed for both surfaces of each 

tile type. 

 

Unknown spat was most abundant (43%) within the shallow zone followed closely by 

pocilloporids (Table 3.4). Spat belonging to the genus Pocillopora were the main 

contributor to pocilloporid spat density. Acropora spat was the most abundant in 

acroporid. 

 

The shallow zone of Site 1 had the lowest settlement density during this minor spawning 

season (Table 3.4). Spat belonging to the family Pocilloporidae accounted for 50% of 

settlement in the shallow zone of Site 1 during the minor spawning season of 2002. Spat 
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from other families contributed around 17% each to the shallow zone Site 1 assemblage. 

There was more settlement on terracotta tiles than on ceramic tiles and this was 

predominantly on the upper tile surfaces. 

 

Thirty one spat settled on the 24 tiles deployed in the shallow zone of Site 2 during this 

minor spawning season. Spat belonging to the unknown category were dominant and 

accounted for 52% of the total for this site and depth. The next was pocilloporid spat at 

32%, comprising largely Pocillopora, with little contribution from Seriatopora and 

Stylophora. Across the shallow zone, Site 2 had more than 50% spat abundance for each 

family, totalling 67% of all settlement in the shallow zone for the minor spawning season. 

In other words, Site 2 had the highest spat abundance for each family in comparison to 

the other two sites within the shallow zone. This result can be attributed to a combination 

of factors: (a) possibly a high cover of adult coral colonies for these families at Site 2; (b) 

conditions at Site 2 are conducive to settlement or pose reduced post-settlement 

mortality; (c) less predation; and (d) Site 2 is less prone to disturbances such as 

sedimentation.  

 

Plates deployed at Site 3 shallow zone were dominated by spat from the family 

Pocilloporidae. There were no Porites spat. Site 3 had the second highest abundance of 

spat across the shallow zone sites. 
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ndance distribution by site within each depth zone during the minor spawning season (March – April 2002). 
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(c) Minor spawning, Shallow zone, Site 3
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Terracotta tiles had twice the spat abundance than had ceramic tiles. Settlement was 

predominantly on the top surfaces for both tile types. Most settlement on the top surfaces 

of both tile types was by all taxa. Porites spat are an exception to this settlement pattern, 

as they favoured bottom surfaces. 

 

3.6.2.2 Minor spawning-Deep zone 

Sixty three spat settled on the 72 tiles deployed in the deep zone for the three sites, during 

the minor spawning season of 2002 (Table 3.4). Spat density distribution pattern by 

genus is similar to that observed within the shallow zone for this spawning season with 

unknown spat being predominant, followed by pocilloporids (Table 3.4). Total coral spat 

density by site within this depth zone was significantly different (Appendix 2.6b: 

F2,132=6.615, p=0.002) with Site 1 having higher spat densities than sites 2 and 3 

(Appendix 2.6d). There was 24% more settlement on terracotta tiles than on ceramic tiles. 

However, this difference was not significant (Appendix 2.6b: F1,132=2.835, p=0.095) and 

could be attributed to high variability in spat densities for each tile type. There was a 

significant difference in tile surface settlement densities, with the top surface being 

preferred (Appendix 2.6b: F1,132=5.557, p=0.020). The tile type-surface interaction effect 

was not significant indicating that a similar settlement pattern is observed for both 

surfaces of each tile type (Appendix 2.6b: F1,132=2.129, p=0.147) . 

 

Fifty six percent (n=20) of the 36 coral spat which settled in the deep zone of Site 1 

belonged to the Pocilloporidae, particularly to the genus Pocillopora (Figure 3.15d). 

Acroporid and poritid spat were scarce. Overall, there does not appear to be any 
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difference in settlement between tile types, with higher settlement taking place on the top 

surfaces.  

 

Spat belonging to the unknown category were dominant and accounted for 72% of spat 

abundance in the deep zone of Site 2. A majority of the remaining taxa were not seen on 

either tile type. Those that successfully settled and survived appeared to prefer settling 

onto top surfaces with terracotta tiles having more spat than had ceramic tiles (Figure 

3.4.2e). 

 

A total of 16 spats settled on Site 3 deep zone plates and most were Pocillopora (37%). 

These were followed closely by unknown (30%) and Porites (18%) spat. Ninety four 

percent (n=15) of the total spat abundance for this site settled on terracotta tiles, with 

most (69%, n=11) settling on the top surface of the tiles. The only Acropora spat for this 

minor spawning season settled on a terracotta tile at this site.  
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3.7 CONCLUSION 

3.7.1 Spawning season effect 

Higher settlement density during the major spawning season was expected as literature 

abounds with reports of higher settlement during the summer or major spawning period 

in which most mass spawning corals participate (Great Barrier Reef: Babcock et al. 

1986). It was also during the major 2001 spawning period that sea surface temperature 

and tidal height were high and wind speeds were low. These are some of the 

environmental parameters that have been speculated to create conditions conducive to 

settlement with the major cue taken from the lunar phase. There were more unknown 

coral spat during the minor spawning season, and this phenomenon could indicate 

spawning of coral genera other than the six identified in this settlement study.  

 

Abundance of Acropora spat is highest during the major spawning season indicating that 

most of its species are mass spawners and spawn readily during the summer period. 

Pocilloporid spat (especially of the genus Pocillopora) were second highest in abundance 

during both spawning seasons with a higher proportion observed during the major 

spawning season. Its high abundance in both spawning seasons could indicate that it is a 

brooding coral: brooding corals usually undergo internal fertilization before releasing 

larvae, and are known to spawn larvae all year round (Harrison and Wallace 1990). Spat 

belonging to the genera Seriatopora and Stylophora have very low densities in both 

spawning seasons. These low densities could be an indication that these two genera may 

not be completely reliant on sexual reproduction (which occurs during mass spawning 
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seasons) but on asexual processes such as budding, fragmentation and regrowth. 

Although occurring in relatively small amounts, Porites spat were slightly more abundant 

during the major spawning season. 

 

3.7.2 Depth effect 

The only significant difference in spat densities between depth zones was during the 

major spawning period of 2001, with higher settlement in the shallow zone. This 

difference could be explained by low wind speeds which do not enable mixing of the 

water column, resulting in externally fertilized larvae from the surface settling easily to 

the shallow zone. Another possible reason for higher settlement to the shallow zone could 

be because of better light availability at the surface which is a requirement for 

scleractinian survival (they require light for photosynthesis and food production). 

 

3.7.3 Site effect 

After pooling the depth zones, the three sites showed no significant differences for both 

spawning seasons. In other words, settlement densities in sites located within a small 

spatial scale do not vary much. This low variation could be explained by similar levels of 

natural and anthropogenic forces acting on closely located sites which could result in near 

similar post-settlement survival rates. Another reason could be similar wave dynamics. In 

both depth zones, Site 2 had the highest settlement compared to sites 1 and 3 for both 

spawning periods. This high settlement rate could be attributed to there being a break in 

Suva Reef at Site 2, where the lagoon is linked to the outer reef site. It is possible that 
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larvae resulting from fertilization during a mass spawning event within the lagoon are 

carried out by currents through this reef passage and settle first at Site 2. 

 

3.7.4 Tile type and surface effect

The only significant difference in spat densities between tile types was found within the 

shallow zone of the major spawning season in which terracotta tiles were favoured over 

ceramic tiles. However, settlement was high on ceramic tiles within the deep zone of the 

major spawning season but was high for terracotta tiles at all other places. Terracotta tiles 

can therefore be said to be the preferred tile type for settlement studies in comparison to 

ceramic tiles. This preference could be attributed to the rough surface on terracotta tiles 

on which settling spat establish themselves by anchoring small sections onto crevices 

thereby taking a proper hold on the substrate. This anchoring reduces the chance of 

dislodgement by strong currents. On the other hand, the unglazed surfaces of ceramic 

tiles are smooth and they decrease the chance of a secure substratum attachment. Spat 

therefore have a higher risk of being scoured off ceramic tile surfaces. 

 

Settlement on the top surfaces of tiles in both spawning seasons and depth zones was 

high at all sites and seasons. One possible explanation could be because all 6 genera spats 

identified here prefer non-cryptic habitats which are exposed and therefore have more 

light available to the spat.  
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CHAPTER 4.0 

PATTERNS OF SEXUAL AND ASEXUAL CORAL RECRUITMENT 

4.1 INTRODUCTION 

Recruitment can be derived from either sexual or asexual processes. "Sexual coral 

recruitment" refers to sexually produced coral recruits and is the result of external 

fertilization from spawning corals, and also from brooding.  

 

"Asexual recruitment", on the other hand refers to products of asexual processes such as 

budding, fragmentation and re-growth. Offsprings are genetically identical to the parents 

in asexual recruitment processes. In budding, the parent colony develops a “side growth” 

which subsequently fragments to form several independent, fully functional cohorts. 

Fungiids belonging to Diaseris and some Fungia species are known to undergo budding 

(Yamashiro and Nishihira 1998, Veron 2000, Gilmour 2002). A study by Gilmour (2002) 

on the fungiid, Fungia fungites, showed that sedimentation caused budding to occur.  

Recruits from budding usually grow in close proximity to the parent colony until they are 

dispersed by currents to immediate locations, usually within metres of the parent colony. 

The dispersal abilities of budded recruits are therefore limited. This distance could be 

more in high-energy wave impacted areas. 

 

"Fragmentation" is different from budding in that the former involves the continued 

growth and therefore survival of a piece of coral that has broken off the adult coral 

colony. Recruits from fragmentation are severely one-sided and usually arise out of 
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mechanical forces such as strong currents or destructive practices including coral 

harvesting. Highsmith et al. (1980) and Bruckner and Bruckner (2001), in studying re-

attached Acropora palmata fragments, found that survival of fragments is strongly size 

dependent: larger fragment sizes exhibit high survivorship, which in turn contributes to 

recruitment within the area. Successful survival and continued growth of fragments have 

also been shown to be dependent on the site of origin and successful re-attachment of 

fragments (Raymundo 2001). Raymundo's (2001) study showed that Porites attenuata 

fragments from a marine reserve survived better in comparison to those from a degraded 

area. Re-attachment of fragments to living colonies of the same species (conspecifics) 

also resulted in better survival, in comparison to re-attachment of fragments near dead 

conspecifics. Branching corals such as Acropora, and larger pocilloporids including 

Pocillopora eydouxi, have been known to undergo fragmentation. Fragmentation is 

common in colonies present on the windward sides of reefs, especially on reef crests.  

 

“Re-growth” refers to coral colony growth from the dead skeleton of the same species. 

Re-growth is different from recruitment through sexual reproduction because the sexually 

produced recruit is a new and separate colony. Re-growths are usually evident on dead 

coral skeletons that have been dead for less than a year and have not been completely 

covered by filamentous algae.  

 

4.1.1 Differentiating between sexually and asexually produced coral recruits 

Recruits resulting from sexual reproduction can be differentiated from asexually 

produced recruits by the symmetry of the growth from the base of the colony. Sexually 
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produced recruits are more symmetrical in shape than are asexually produced recruits. 

However, this is only true for coral recruit colonies which are less than two to three years 

old. Gilmour (2002) used genetics to confirm whether a recruit was sexually or asexually 

produced. Some corals, such as Acropora palmata, depend on colony fragmentation as 

their main mode of propagation because of their reduced ability to undertake sexual 

recruitment (Bruckner and Bruckner 2001). 

 

These asexual and sexual processes contribute to net coral recruitment. The abundance 

and diversity of coral recruits have usually been observed to parallel adult coral colonies 

on the same reef and could explain monospecific stands of coral species. 

 

Different researchers (Bak and Engel 1979, Edmunds 2000) have used a variety of 

diameter size ranges to categorize coral recruits. However, most studies have used 

diameter size ranges of four centimetres (cm) and less to categorize recruits because of 

the ease in differentiating sexually produced recruits from asexual recruits. In this study, 

recruits are defined as primary polyps with intact colonies having diameters of less than 

four cm. As such, recruits include colonies of various ages and demographic stages 

depending on species and habitat characteristics. 

 

4.2 AIMS AND OBJECTIVES 

There were two components to the recruitment study. The first looked at overall 

recruitment distribution and was conducted simultaneously with community structure 

data collection. As a result, data collection was performed four times for all sites and 
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depth zones. The objective of this first component was to determine the recruit 

distribution by depth zone and site, in addition to identifying recruit family assemblages. 

The second component was a snapshot study carried out in December 2002 and was 

aimed at counting and identifying recruits to generic level; but it went further by 

assigning each recruit to a recruitment type, as described above. The objective of this 

second component was to determine which recruitment type is the main component and 

contributor to overall recruitment. The importance of this objective lay in subsequently 

identifying biological and ecological processes that, when impaired, will result in reduced 

recruitment rates. 

4.3 METHODOLOGY 

The same experimental design for collecting community structure data (Chapter 2) is 

used for this coral recruitment study including the same depth zones, sites and transects. 

The only difference is that each 20m transect for collecting community structure data is 

treated as a 20m x 5m belt transect, giving an area of 100m2.  

 

Part I of the recruitment study was undertaken during the four sampling times that were 

used to collect coral community structure data, and using the same transects. Here, coral 

recruits are counted and identified to genus and species level where possible. Cryptic 

areas and partially exposed crevices were also searched. 
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Part II of the study was undertaken only in December 2002. Coral recruits within the belt 

transects were not only counted but recruitment type and genus level identification was 

also attempted.  

 

4.4 DATA ANALYSIS 

The abundance of coral recruits was positively skewed (Bak and Meesters 1999) and 

normality could not be restored with transformations. Therefore, among-site comparisons 

were completed with a Kruskal-Wallis test (for density) and a �2-contingency table (for 

relative abundance of taxa). The abundance of common taxa were compared among sites 

for each depth zone using a �2-contingency table to determine whether the relative 

abundance of five selected taxa (Acropora, Montipora, Pocillopora, Stylophora and 

Porites) varied between sites. A similar comparison for depth effect was also conducted 

using the Mann-Whitney U test. 

 

Kruskal-Wallis tests were used on the recruitment type dataset as the data was severely 

non-homogeneous in its variance distribution. 

 

Primer 5 was used to construct the dendrograms for determining assemblage composition 

and involved square root transformation of the data prior to applying the group-average 

linkage technique. 
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4.5 RESULTS and DISCUSSION 

4.5.1 Part I: Total recruitment study 

4.5.1.1 Shallow zone coral recruitment 

Six hundred and eighty eight coral recruits were counted from across the three sites 

during four different sampling times in the shallow zone. This equates to about eight 

recruits per 100m2 transect. Of these, 665 were identified and belonged to 18 genera from 

ten coral families. Eighty eight percent of this 665 recruits belonged to five selected 

genera; Acropora, Montipora, Pocillopora, Stylophora and Porites. The remaining 

recruits could not be identified to genus or species level. The abundance of recruits by 

depth zone and site is listed in Table 4.0. A majority of the coral recruits belonged to 

Acropora and Pocillopora species, and they contributed 48% and 31% respectively to 

total recruitment in the shallow zone (Table 4.0). 

 

Site 3 contained 44% of the 688 recruits while Sites 1 and 2 contained 27% and 29% 

respectively. Of these, 56% of the recruits belonged to Acropora, followed by 

Pocillopora (36%) and Montipora (5%). Therefore Acropora is the dominant genus in 

the shallow zone recruit community. The mean recruit densities of the five genera for 

each site, based on the average from the four sampling times are presented in Figure 4.0. 

The large standard error bars for Acropora and Pocillopora recruits are indicative of the 

highly variable densities of these genera within the shallow zone. 

 

Since the data did not meet normality and homogeneity of variance assumptions, the non-

parametric Kruskal-Wallis test was employed to determine if there was a significant 
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difference in density between sites in the shallow zone, for each of the selected coral 

genera. The results show a significant difference for Acropora (Appendix 3.0a-b: 

�2=7.276, df=2, p=0.026) and Porites recruits (Appendix 3.0b: �2=12.769, df=2, p=0.026) 

between the different sites. For Acropora recruits, the significant difference lies between 

Site 3 against Sites 1 and 2 respectively, with Site 3 having the highest density of 

Acropora recruit (Figure 4.0). Porites recruit density on the other hand, was only found in 

Site 2 with none observed in Sites 1 and 3 (Figure 4.0). 

 

Figure 4.0: Shallow coral recruit densities of common genera across sites 

0

10

20

30

40

50

60

Acropora Montipora Pocillopora Stylophora Porites

Acroporidae Pocilloporidae Poritidae

M
ea

n 
nu

m
be

r o
f r

ec
ru

its
 p

er
 s

ite

Site 1
Site 2
Site 3

 

Taxa recruit distribution using contingency table analysis for the five genera revealed no 

dissimilarity between sites in the shallow zone (Appendix 3.1b: �2=15.111, df=8, 
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p=0.057).  In other words, the abundance distribution of coral recruits belonging to the 

five genera is similar between sites within the shallow zone. This similar distribution 

pattern can be seen in Figure 4.0 which shows that a majority of coral recruit densities for 

the five genera were almost similar between sites. Cramer's V and Contingency 

coefficient significance values both equaled 0.057 which supports the above notion and 

indicates that the taxonomic distribution of the five coral recruit genera is similar across 

the three sites in the shallow zone (Appendix 3.1c: Cramer’s V=0.113, p=0.057). Even 

so, the strength of this relationship is very weak as indicated by the low (close to zero) 

Cramer’s V value. 

Together the results mean that the distribution of recruits belonging to the five genera 

differs little between sites. This similarity could mean that forces shaping recruit 

communities within the shallow zone of this section of Suva Reef are similar across the 

three sites. Acropora, Pocillopora and especially Porites are the main influences on the 

variation in the taxa recruit distribution between sites (Figure 4.0). 

 

4.5.1.2 Shallow zone recruitment assemblage 

A total of six clusters or Coral Recruit Family Assemblages (CRFAs) were identified at a 

50% similarity cut-off (Figure 4.1a). CRFA 6 was dominant in that it comprised 69% of 

the 84 transects surveyed in the shallow zone. Other CRFAs comprised smaller 

percentages (Figure 4.2a-d). 

 

CRFA 6 is largely comprised of acroporids and pocilloporids and has a very low 

evenness in distribution of recruit families within its assemblage (Figure 4.1b). CRFA 6 
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also has the highest total recruit density in comparison to the recruit densities of other 

CRFAs. This high recruit density could reflect the availability of spaces for recruitment 

which, in turn, favour dense recruit assemblages. Acroporids and/or pocilloporids were 

also the main component of other CRFAs. A breakdown of CRFA 6 into its respective 

generic components reveals that not all acroporids and pocilloporids are equally 

represented (Figure 4.1c). For example, Montipora and Stylophora contribute less to the 

generic recruit abundance, in comparison to Acropora and Pocillopora.  

 

CRFA 6 is the dominant assemblage in all three sites of the shallow zone (Figure 4.1d). 

This result implies that coral family assemblage distribution on the studied section of 

Suva Reef is similar across the three sites which can be attributed to similar disturbance 

histories. 
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nt dataset from both depth zones. 

allow zone (3-5m) Deep zone (10-14m) 

us Site 1 Site 2 Site 3 Shallow Total Site 1 Site 2 Site 3 Deep Total Grand Total 
opora 83 97 148 328 141 140 83 364 692 
tipora 8 7 12 27 29 27 10 66 93 
toseris 0 0 0 0 0 1 2 3 3 
hyseris 0 0 0 0 2 2 0 4 4 
ona 1 2 0 3 1 6 2 9 12 
binaria 0 0 1 1 12 0 0 12 13 
lastrea 0 0 0 0 1 0 0 1 1 
hastrea 0 2 1 3 2 2 4 8 11 
oastrea 0 0 0 0 0 3 0 3 3 
inopora 5 4 0 9 3 3 1 7 16 
a 0 2 0 2 0 1 0 1 3 
tes 0 0 1 1 1 0 0 1 2 
iastrea 0 0 1 1 0 0 0 0 1 
ygyra 0 0 2 2 0 0 1 1 3 
gia 6 2 5 13 8 9 9 26 39 
nophora 3 2 2 7 6 8 4 18 25 
ulina 2 0 1 3 3 1 4 8 11 
epora 11 6 10 27 6 8 11 25 52 
axea 1 1 3 5 11 3 0 14 19 
pora 0 0 0 0 1 3 0 4 4 
illopora 48 63 100 211 29 32 33 94 305 
ophora 3 5 8 16 4 4 6 14 30 
tes 0 6 0 6 17 1 1 19 25 
dentified 14 2 7 23 7 7 5 19 42 

185 201 302 688 284 261 176 721 1409 
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ow coral recruit family assemblage dendrogram, (b) CR assemblage family composition, (c) dominant coral 

sition and (d) site-transect composition for each CRFA. 
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coral recruit family assemblage dendrogram, (b) CR assemblage family composition, (c) dominant coral recruit 

nd (d) site-transect composition for each CRFA. 
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4.5.1.3 Deep zone coral recruitment 

Seven hundred and twenty one coral recruits from 22 genera belonging to 11 families 

were counted from the 84 transects surveyed in the deep zone of the three sites with an 

average of nine recruits per 100m2.  Seventy seven percent of the 721 coral recruits from 

the deep zone were made up of the five selected coral genera. Site 3 has the lowest 

Acropora recruit count in comparison to that of Sites 1 and 2, but it has the highest 

Pocillopora and Stylophora counts (Figure 4.3). 

 

Figure 4.3: Mean abundance of five selected genera by site within the deep zone. 
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There were 558 individual recruits of the five selected genera in the three sites in the deep 

zone. Acropora recruits made up to 69% (n=385) of recruits in the deep zone, making it 
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the dominant contributor to the recruit community. Next was Pocillopora at 17% and 

Montipora at 12%. Site 3 had the lowest Acropora count in comparison to Sites 1 and 2, 

but had the highest Pocillopora and Stylophora counts.  

 

Out of the five genera, only Porites recruit density showed a significant difference 

between sites within the deep zone (Appendix 3.2b: �2=9.145, df=2, p=0.010 with Site 1 

being different from Sites 2 and 3. Porites recruit density was highest in Site 1 (Figure 

4.3).  

 

The recruit distribution of these five genera was dissimilar between sites in the deep zone 

(Appendix 3.3b: �2=33.030, df=8, p<0.001) and highly variable. In other words, there is a 

high dissimilarity in the recruit distribution from the five genera between sites within the 

deep zone indicating high variability. Variability in recruit distribution between sites can 

indicate (a) different environmental factors acting at each site, or (b) same environmental 

factors but acting at different levels in each site. A study has shown that despite sites 

being close to each other, their communities can be very dissimilar, something that can be 

attributed to different disturbance histories. 

 

4.5.1.4 Deep zone recruitment assemblage 

Twelve CRFAs were identified at a cut-off similarity of 50% (Figure 4.2a). CRFA 9 was 

represented in 43% of the 84 transects surveyed in the deep zone, followed by CRFA 6 

(15%), CRFA 7 (12%), CRFAs 4 (10%) and CRFA 8 (8%). The remaining CRFAs were 
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uncommon. Overall, there is a high variability in CRFAs: the many different clusters 

indicate a near even distribution of CRFAs where no one CRFA is dominant. 

Acroporids are the main contributors to most CRFAs, followed by pocilloporids (Figure 

4.2b). The highest average recruit density was seen in CRFA 7.  The dominant CRFA 9 

has one of the lowest total recruit densities, reflecting the low availability of suitable 

recruitment surfaces in the deep zone. This is because the deep zone benthic community 

is largely characterized by a high percentage of abiotics, particularly rubble. Recruits that 

settle on loose substrata such as rubble usually suffer high mortality due to the turnover 

of rubble by surge or wave action. Recruit abrasion by the shifting rubble will also reduce 

chances of the recruits' survival. 

 

Acropora and Pocillopora are the main contributor to CRFA 9 composition (Figure 4.2c). 

Other genera are present in very small amounts. CRFA 9 is largely represented in Site 3 

(Figure 4.2d). CRFA 6 is evenly represented across the 3 sites, while CRFA 7 was only 

observed in Site 1. CRFAs are more evenly distributed across Site 1, followed by Sites 2 

and 3. CRFA 9 is dominant in Sites 2 and 3, while CRFA 7 was dominant at Site 1. 

 

4.5.1.5 Bleaching in coral recruits 

Only four of the 688 recruits in the shallow zone exhibited partial bleaching and all 

belonged to the genus Acropora. Other recruits did not show any signs of bleaching at 

other times, depth and sites. Coral reef biologists have speculated that coral recruits are 

not easily affected by bleaching, or that they recover quickly from bleaching, because 
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they still can exchange their symbiotic zooxanthellae for a more resistant strain (Mumby 

1999).  

4.5.2 Part II: Recruitment types 

Two hundred and thirty four recruits were counted from the shallow (n=163) and deep 

zones (n=71) of the three sites. Sexually produced recruits contributed more than 50% to 

the total recruit abundance in both depth zones. Since sexually produced recruits are the 

main components of recruitment, this then means that factors affecting sexual 

reproduction in corals such as severe bleaching would result in reduced recruitment. 

Recruitment through asexual processes, although low, is an important but minor 

contributor to total recruitment. It can be speculated from Table 4.1 that asexual recruits 

largely belong to fast-growing, branching coral species such as Acropora and 

Pocillopora. Corals with massive growth-forms such as Diploastrea, Galaxea astreata 

and some Porites species appear to be only dependent on sexual reproduction for 

continued survival of the taxa (Table 4.1). 

 

4.5.2.1 Shallow zone recruitment type 

In the shallow zone, recruits from sexual reproduction were the main contributors to 

recruit abundance (Table 4.1), followed by recruits from regrowth. Acropora, 

Pocillopora and Millepora had regrowths in the shallow zone. Other recruitment types 

were uncommon and do not contribute much to structuring coral recruit communities in 

the shallow zone. Only sexually produced recruits showed a significant difference 

between sites within the shallow zone (Appendix 3.4b: �2=7.907, df=1, p=0.019) while 
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differences in other recruitment types were insignificant (p<0.05). Pocillopora and 

Acropora recruits comprised 56% and 22% of the sexually produced recruits (n=139) 

respectively. 
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mposition of recruitment type within each depth zone and site. 

Shallow (3-5m) Deep (10-14m)  
us Site 1 Site 2 Site 3 Shallow 

Total 
Site 1 Site 2 Site 3 Deep

Total 
Grand
Total 

nopora 0 1 0 1 0 0 0 0 1
nophora 0 0 0 0 2 0 0 2 2

0 1 0 1 2 0 0 2 3
eris 0 0 0 0 0 19 0 19 19 

0 0 0 0 0 19 0 19 19 
pora 11 1 0 12 4 1 0 5 17 
pora 6 0 0 6 0 0 0 0 6
lopora 0 1 1 2 3 0 0 3 5

17 2 1 20 7 1 0 8 28 
pora 8 7 16 31 9 9 2 20 51 

oastrea 0 0 0 0 1 0 0 1 1
a 0 0 0 0 0 1 0 1 1
gia 0 0 0 0 0 1 0 1 1
xea 0 1 0 1 0 0 0 0 1

nophora 0 0 0 0 1 2 0 3 3
phyllia 0 0 1 1 0 0 0 0 1

ulina 0 1 1 2 0 0 0 0 2
tipora 3 6 3 12 1 1 1 3 15 
lopora 26 10 42 78 3 10 0 13 91 
es 0 0 2 2 0 0 0 0 2
entified 6 1 7 14 0 0 0 0 14 

43 26 72 141 15 24 3 42 183 
0 0 2 2 0 0 0 0 2
60 29 74 163 24 44 3 71 234 



Chapter 4.0              Patterns of sexual and asexual coral recruitment 

Vave, R.                                                                                                                   Page   100

4.5.2.2 Deep zone recruitment type 

Recruitment in the deep zone is predominantly through (1) sexually produced recruits and 

(2) budding (Table 4.1). Acropora and Pocillopora are the main components of sexually 

produced recruits within the deep zone.  

 

Nineteen of the 71 recruits counted from the deep zone were budded recruits from a 

single Diaseris distorta individual. Diaseris distorta recruits are widely known to 

undergo budding (Veron 2000). Budded recruits were between 1 and 1.5cm in diameter 

and all were observed within an area of about 30cm in transect 4 of Site 2. Gilmour 

(2002) showed that larger polyped fungiids and fungiids exposed to low sediment 

conditions tend to produce the highest number of budded recruits. The deep zone of the 

three sites, although largely characterized by high rubble cover, is finely coated with 

sediment which may have created conditions conducive to recruitment through budding. 

 

A Kruskal-Wallis test reported a significant difference between sites within the deep zone 

for only the sexually produced recruits (Appendix 3.5c: �2=9.190, df=2, p=0.010). Site 3 

had a significantly lower abundance of sexually produced recruits in comparison to Sites 

1 and 2 (Table 4.1).  

 

4.5.2.3 Between depth zones comparison 

Of all the recruitment types, only sexually produced recruits showed a significant 

difference between depth zones (Appendix 3.6c: Mann-Whitney U=62.5, p<0.001). 

There was a three-fold difference in sexually produced recruit abundance with higher 
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abundance in the shallow zone (Table 4.1). As in the shallow zone, Acropora and 

Pocillopora, through sexual reproduction are the main contributors to recruitment. 

Budding is however the second main contributor to recruitment in the deep zone and can 

be attributed to the effect of sediment deposition (Gilmour 2002) and largely due to the 

budding of a few Diaseris distorta colonies. 

 

Overall, there was a significant difference in total recruitment between depth zones 

(Appendix 3.7c: Mann-Whitney U=84, p=0.001) with a high mean ranked recruit density 

for the shallow (μ=28) in comparison to the deep zone (μ=15). The high recruitment in 

the shallow zone is expected because of the presence of bare and coralline algae covered 

rocks, which make suitable settlement substrata. Topographic complexity or rugosity in 

the shallow zone can also help explain high recruitment levels: the crevices offer 

protection by preventing scouring and predation. In contrast, the deep zone is dominated 

by rubble and sand, and suitable settlement substratum is in short supply resulting in 

competition for space. Logically, coral recruits better adapted to living in the deep zone 

environmental conditions would thrive as there are (a) fewer predators and (b) that they 

are adapted to low light conditions etc.   
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4.6 CONCLUSION 

4.6.1 Part I: Total recruitment study 

Recruitment is slightly, but not significantly, higher in the deep zone. High recruitment to 

the deep zone despite the low availability of suitable substratum such as rock and can be 

explained by the dense aggregation of recruits where space is available. The no 

significant difference in total recruitment between depth zones is due to the high 

variability in recruit densities within a site and depth zone over the four sampling times. 

This is clearly indicated by the large standard error bars shown in Figures 4.0 and 4.3. 

More coral taxa are represented in the deep zone, where they are evenly distributed, in 

comparison to the shallow zone. 

 

The high number of CRFAs in the deep zone were approximately evenly distributed, in 

comparison to the few and less evenly distributed CRFAs in the shallow zone. This 

distribution pattern suggests that the dominance of any one CRFA within the deep zone is 

reduced. This explains how CRFA 9 was represented in only 43% of the 84 transects 

surveyed in the deep zone. Dominant CRFAs in the shallow and deep zone had high and 

low total recruit densities respectively and reflected (a) the availability of suitable 

substrates within each depth zone and (b) niche. Acropora is the main contributor to most 

CRFAs in both shallow and deep zone.  

 

4.6.2 Part II: Recruitment type study 

Sexually produced recruits are the main contributor to total recruitment in both depth 

zones. In the shallow zone, budding and fragmentation are the lowest contributors to 
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recruitment. In the deep zone, budding is second in contribution. The high cover of 

rubble or dead fragments (Raymundo 2001) and sand in the deep zone could explain the 

low re-attachment success and survivorship of fragments. Fragments were shown in 

(Ward 1995) to have high mortality and slower growth which could result in their low 

survival success. 

 

High variability and a low but even distribution of recruits within each site could explain 

differences in densities obtained from parts I and II of the recruitment study. Both parts 

of the study however concur that Acropora and Pocillopora are the main contributors to 

recruitment. This is true for most tropical reefs which are dominated by Acropora in the 

shallow zone. Porites was largely propagating itself through sexual reproduction and no 

Porites recruits were observed in other recruitment type categories. This is contrary to the 

finding by Guzman and Cortez (1989) in which Porites lobata was observed to fragment 

as a dispersal mechanism. 

 

In summary, the recruitment study showed that variability and dissimilarity in 

recruitment densities is low between closely situated sites. This fact could be attributed to 

similar disturbance histories within the study sites due to their close proximity. However, 

a different pattern emerges when comparing the taxa distribution or assemblages between 

depth zones. This comparison indicates that vertical position or depth (only true for 

closely positioned sites) is more important in structuring coral recruit assemblages than is 

horizontal position. Depth effect on recruitment can be explained by decreasing light 

intensity and affects the availability of suitable substrates for colonization.  
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CHAPTER 5.0 

RELATIONSHIP BETWEEN BENTHIC COMMUNITIES, CORAL COMMUNITY 

STRUCTURE, SETTLEMENT AND RECRUITMENT. 

5.1 INTRODUCTION 

Structuring factors in coral reef communities include soft corals hindering coral 

settlement (Maida et al. 1995), loose substrate that provides a poor settlement surface, 

negative effect of algae and density of its herbivorous fishes in relation to coral 

abundance (Martin-Smith 1994, McClanahan 1997).

In Chapter Two, the benthic community structure and abundance data on adult coral 

community was discussed. In Chapter Three, a coral settlement study was undertaken 

prior to the onset of two coral mass spawning events. Information on abundance of coral 

recruits that were visible (diameter <4cm) in the field was presented in Chapter Four, and 

distinctions between sexually and asexually produced recruits were identified.

5.2 AIMS 

The purpose of this chapter is to examine relationships between existing benthic 

components, adult coral community structures, coral settlement and coral recruitment on 

Suva Reef using data reported in previous chapters.
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5.3 METHODS 

Data synthesized in this chapter was presented in Chapter 2 (Benthic and coral 

community structure), Chapter 3 (Coral settlement) and Chapter 4 (Coral recruitment). 

5.3.1 Influence of benthic and abiotic factors on total coral recruitment 

Multiple linear regressions were used to determine the influence of benthic and abiotic 

factors on total coral recruitment. The six benthic categories used were (1) Macroalgae, 

(2) Non scleractinia, (3) Others, (4) Scleractinia, (5) Soft corals and (6) Sponges. The 

four abiotic factors were (1) Dead coral with algae, (2) rock, (3) rubble and (4) sand. The 

influence of benthic and abiotic factors were examined in separate regression analyses for 

(i) each site within a depth zone (n=28) and (ii) overall within a depth zone (n=84). 

As the number of independent variables (IV) that can be included in a regression model is 

determined by the number of samples (roughly = number of sites divided by ten), not all 

six benthic categories could be used in some of the analyses. For example, when doing 

site specific analyses (n=28) for a given depth zone. Therefore, only three IVs should be 

included in these analyses (28/10 = 2.8). The three IVs chosen for the analyses were 

selected based on biological importance and the absence of any significant correlations 

between them. When data was pooled across sites for each depth zone (n=84) which 

meant that all six IV categories could be included in these analyses. 
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Data from Chapter 2 (benthic community structure and adult coral abundance) and 

Chapter 4 (Coral recruitment) collected simultaneously in the field were used in these 

analyses. 

5.3.2 Relationship between adult coral abundance and recruitment abundance

Correlation analyses were used to determine the direction and strength of the relationship 

between adult and recruit abundance for Acroporidae (Acropora and Montipora), 

Pocilloporidae (Pocillopora, Seriatopora and Stylophora) and Poritidae (Porites). The 

results were used to assess the contribution of local adults to recruitment for the three 

selected families. 

5.3.3 Relationship between adult coral and spat abundance from settlement

As the data collected for adult coral abundance (line intercept transects from Chapter 2) 

and coral spat abundance (settlement tiles from Chapter 3) were obtained using different 

methods, no statistical analyses could be used to examine the relationship between mean 

abundance of adult corals and total number of coral spat settling on tiles for each site and 

depth zone. Instead, visual comparisons using graphs were used to look for similar 

patterns. 



Chapter 5.0                      Benthic, recruitment and settlement correlation and regressions 

Vave, R.                                                                                                                 Page 107

5.4 RESULTS AND DISCUSSION 

5.4.1 Influence of benthic and abiotic factors on total coral recruitment 

5.4.1.1  Shallow zone-Site One 

Benthic factors: The benthic habitat type (BHT) diversity of all sites within the shallow 

zone are displayed in Table 5.0. Diversity indices were calculated using the BHTs 

identified in Figures 2.1a-d in page 23 of Chapter 2. 

Table 5.0: Benthic habitat type (BHT) diversity in the shallow zone. 

S N J' H'(loge) 

Shallow-Site 1 2 28 0.811 0.562 

Shallow-Site 2 4 28 0.583 0.808 

Shallow-Site 3 2 28 0.996 0.691 

Complete shallow zone 4 84 0.581 0.805 

S – Number of benthic habitat types,      N – number of replicate transects, 
J’ – BHT evenness and,          H’(loge) – Shannon-Wiener BHT diversity 

Site 1 has the lowest BHT diversity (H’) within the shallow zone as it is comprised of 

only two BHTs (BHT 2 and 4) which are near evenly distributed as indicated by the high 

J’ value (see Table 5.0, Figure 2.1b, d in page 23 of Chapter 2). BHT 2 has high 

scleractinian cover (62%) while BHT 4 has high abiotic cover (51%) with eight percent 

more cover of BHT 2 (Figure 2.1b, d). 

Only Scleractinia, soft corals and sponges were tested in the multiple regression model 

and together did not significantly influence total coral recruitment (Table 5.1, Appendix 

4.0c: pmodel=0.090). However, Scleractinia alone had a significant negative influence on 
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the total recruitment of coral in the shallow zone of Site 1 (Figure 5.0, Appendix 4.0d: t=-

2.451, pScleractinia=0.022). The negative relationship of Scleractinia on coral recruitment 

can be attributed to (a) scleractinian cover (Figure 2.1b, d: 35-62% scleractinian cover) 

occupying suitable recruitment substratum thereby hindering recruitment and also (b) 

with the high scleractinian cover increasing likelihood of predation of coral larvae by the 

scleractinians themselves (Fabricius and Metzner 2004). The combination of Scleractinia, 

soft coral and sponge explains 23.3% of the variation in total coral recruitment (Appendix 

5.0b). Soft coral cover is low (~8-20%) in the shallow zone of Site 1 therefore allelopathy 

effect in hindering coral recruitment (Maida et al. 1995) could be low and not significant 

(Appendix 4.0d: psoft coral=0.978).

Figure 5.0: Relationship between Scleractinia and total recruitment abundance within the 

shallow zone of Site 1 (Spearmans r2=-0.377, n=28). 
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Abiotic factors: BHTs 2 and 4 abiotic composition are dominated by DCA followed by 

rock and rubble in order of decreasing abundance. No sand was recorded under the 

transects so sand was not included in the model. The three abiotic factors DCA, rock and 

rubble while explaining 21.5% of the variation in total coral recruitment did not have a 

significant influence on the level of recruitment (Appendix 4.1b-d: Pmodel=0.115,

PDCA=0.407, Prubble=0.065). This means that the abiotic factors DCA, rock and rubble are 

not important determinants and regulators of coral recruitment within the shallow zone of 

Site 1. Other factors that could influence the amount of coral recruitment are; abundance 

of adult corals and predation levels of larvae and spat. 

5.4.1.2  Shallow zone-Site Two 

Benthic factors: The shallow zone of Site 2 was the most diverse in terms of BHT 

composition, having four BHTs present in it, with BHT 2 being predominant (Table 5.0 

and Figure 2.1d in page 23 of Chapter 2). Although BHT 2 with high scleractinian cover 

was predominant, the combined effects of the three remaining BHTs present in shallow 

zone of Site 2 introduced a lot of variability. None of the three benthic categories 

examined (non-scleractinia, Scleractinia and others) had a significant influence on total 

coral recruitment (Table 5.1, Appendix 5.2c-d) suggesting (a) that it could have been 

influenced by other factors not measured here or (b) that the high variability in abundance 

of the three benthic factors being tested here due to the high BHT diversity nullifies any 

effect.
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Abiotic factors: The four BHTs exhibited in Site 2 had variable abiotic abundances and 

were comprised largely of DCA followed by rock cover (Figure 2.1c in page 23 of 

Chapter 2). No sand was found on any of the transects. The three IVs DCA, rock and 

rubble only explained 8.7% of the variation in total recruitment which was not 

statistically significant (Appendix 4.3b-c: F3,24=0.758, pmodel=0.529)). In other words, the 

percentage covers of DCA, rock and rubble had very little influence on total coral 

recruitment levels at the shallow zone of Site 2. 

5.4.1.3  Shallow zone-Site Three 

Benthic factors: The shallow zone of Site 3 had moderate BHT diversity and the highest 

evenness (J’) in comparison to other sites within the shallow zone (Table 5.0). It was 

dominated by BHT 4 assemblage with minimal contribution from BHT 2 (Figure 2.1d of 

Chapter 2 on page 23).  A large area of shallow zone Site 3 was therefore comprised of 

higher abiotic and low scleractinian cover, with patches of low abiotic and high 

scleractinian cover (Figure 2.1b of Chapter 2 on page 23). Sponge and Scleractinia were 

the IV selected for this analysis. However, neither had a significant influence on total 

recruitment in this site (Appendix 4.4c-d). Together they only explained roughly 2.1% of 

the variation in recruitment (Appendix 4.4b). Therefore, the low scleractinian cover in 

shallow zone-Site 3 appears to have little influence on coral recruitment. 

Abiotic factors: High covers of DCA and rock, with low rubble cover were common in 

the shallow zone of Site 3. Dominance of BHT 4 assemblage in this case meant large 

areas were comprised of DCA and rock, totalling around 50% abiotic cover. Only DCA, 
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rock and rubble were entered as IVs here while sand was excluded since it was zero for 

all transects. The three IVs combined explained only 10.2% of the variation in total coral 

recruitment which was not significant (Appendix 4.5b & 5.5c: F3,24=0.908, p=0.452). 

While DCA (pDCA=0.312) and rock (pRock=0.797) are good substrates for recruitment, 

multiple regression analyses show them here to have very little influence on total coral 

recruitment as shown by the p-values (Appendix 4.5) 
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of shallow zone multiple regression results for benthic and abiotic components in relation to total coral 

c categories Abiotic components 

rrelated IVs: Non scleractinia, soft coral & sponge
Non correlated IVs: DCA, rock & rubble (sand 
is zero)

d IVs: Scleractinia, soft coral & sponge Selected IVs: DCA, rock & rubble 
33 R2 = 0.215 
426, pmodel=0.090 F3,24=2.189, pmodel=0.115

cant IV coefficients Significant IV coefficients
tinia (pScleractinia=0.022) None 

rrelated IVs: Non scleractinia, others & Scleractinia
Non correlated IVs: DCA, rock & rubble (sand 
is zero)

d IVs: Non scleractinia, others & Scleractinia Selected IVs: DCA, rock & rubble
07 R2 = 0.087 
058, pmodel=0.981 F3,24=0.758, pmodel=0.529

cant IV coefficients Significant IV coefficients
None 

rrelated IVs: Sponge Non correlated IVs: Rubble
d IVs: Scleractinia & sponge Selected IVs: DCA, rock & rubble
17 R2 = 0.102 
220, pmodel=0.804 F3,24=0.908, pmodel=0.452

cant IV coefficients Significant IV coefficients
None 

rrelated IVs: Macroalgae, others, Scleractinia & sponge Non correlated IVs: Rubble (sand is zero)
d IVs: Macroalgae, others, Scleractinia & sponge Selected IVs: Rock & rubble
55 R2 = 0.138 
145, pmodel=0.341 F2,81=6.336, pmodel=0.003

cant IV coefficients: None Significant IV coefficients: Rock (prock=0.002)
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5.4.1.4 Complete shallow zone regression results 

Benthic factors: The shallow zone (pooling all three sites) is equally dominated by 

BHTs 2 and 4 with rare occurrences of BHTs 1 and 3. This high variability in assemblage 

distribution within the shallow zone would result in many factors exerting an influence 

on the variability in total coral recruitment and high variability in the independent factors 

themselves. 

A total of 84 transects were surveyed across the shallow zone allowing for all six benthic 

factors to be used in the multiple regression analysis. However, only macroalgae, others, 

Scleractinia and sponge were not significantly correlated with other IVs and could 

therefore be used. The combination of macroalgae, Scleractinia, others and sponge only 

explained 5.5% of the variation in total coral recruitment (Table 5.1, Appendix 4.6b), a 

relationship that was not significant (Appendix 4.6c: pmodel=0.341, Table 5.1). The 

absence of a significant relationship between total coral recruitment and these factors 

may be attributed to the high variability in all factors, or may be because the total coral 

recruitment in the shallow zone is dependent on another variable that was not measured 

in this study. These could include factors such as post-settlement mortality levels and 

pollution.

Abiotic factors: No sand was found on any of the transects in the shallow zone and it 

was therefore not included in the combined multiple regression model. Rock and DCA 

were significantly correlated with each other. Rock is considered a more important 

determinant of coral recruitment abundance because of the available recruitment 
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substratum that it provides and it was therefore included in the model with rubble. The 

combination of rock and rubble significantly explained 13.5% of the variation in total 

coral recruitment in the shallow zone (Appendix 4.7b-c: pmodel=0.003, Table 5.1). Of the 

two factors, only the abundance of rock had a significant influence on total coral 

recruitment (Appendix 4.7d: prock=0.002, Table 5.1), with total coral recruitment 

increasing with rock cover (Figure 5.1). This supports the finding by Connell et al. 

(1997) in which recruitment increased with the amount of free space available. 

Figure 5.1: Relationship between rock and total coral recruitment abundance within the 

shallow zone (Spearmans r2=0.207, n=84). 

706050403020100

Rock (%)

40

30

20

10

0

To
ta

l r
ec

ru
itm

en
t (

nu
m

be
r p

er
 tr

an
se

ct
)

5.4.1.5  Deep zone-Site One

Benthic factors: The benthic habitat type (BHT) diversity of all sites within the deep 

zone are displayed in Table 5.2. Diversity indices have been calculated using the BHTs 

identified in Chapter 2 (Figures 2.2a-d on page 24). The deep zone of Site 1 is shown in 

Table 5.2 to have the highest BHT diversity and evenness in comparison to other sites 
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within the deep zone. This means that the four BHTs represented in it are more evenly 

distributed in comparison to other sites within the deep zone. However, the predominant 

BHT 4 is largely comprised of abiotics followed by a small cover of Scleractinia (see 

Figure 2.2b of Chapter 2 on page 24). It can be seen in Table 5.3 that others, Scleractinia 

and sponge were not significantly correlated with other IVs in the deep zone of Site 1 and 

were therefore entered into the multiple regression model. These three factors combined 

were only able to explain 7.3% of the variation in total coral recruitment and did not have 

a significant influence on the level of recruitment (Appendix 4.8c: F3,24=0.625,

pmodel=0.605). It appears that a relationship exists between BHT diversity and benthic 

category or IV influence on total coral recruitment, with sites having high BHT diversity 

showing reduced IV influence on recruitment. 

Table 5.2: Benthic habitat type (BHT) diversity in the deep zone. 

S N J' H'(loge) 

Deep-Site 1 4 28 0.677 0.938 

Deep-Site 2 2 28 0.222 0.154 

Deep-Site 3 4 28 0.578 0.801 

Complete deep zone 6 84 0.439 0.787 

S – Number of benthic habitat types,      N – number of replicate transects, 
J’ – BHT evenness and,          H’(loge) – BHT Shanon-wiener diversity 

Abiotic factors: The abiotics DCA, rock and rubble showed significant correlations with 

other abiotic IVs except for sand (Table 5.3). Of these three abiotics, rubble is selected to 

accompany sand into the regression model due to its high abundance within the deep 

zone (Appendix 4.9a: mean rubble cover=52%) and more importantly its possible 

influence in determining recruitment counts because of the unstable coral recruitment 
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substratum that it provides. The factors rubble and sand combined were only able to 

explain 5.9% of the variation in total coral recruitment and this was not a significant 

effect (Appendix 4.9c: pmodel=0.469, Table 5.3). Different BHT assemblages present in 

deep zone of Site 1 means that there is a mosaic of assemblages each having different 

DCA, rock and rubble cover. Coral recruitment in an assemblage with very high rubble 

cover could be low and vice versa in areas containing assemblages with low rubble cover. 
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of deep zone multiple regression results for benthic and abiotic components in relation to total coral recruitment. 

thic categories Abiotic components
correlated IVs: Others, Scleractinia & sponge Non correlated IVs: Sand

cted IVs: Others, Scleractinia & sponge Selected IVs: Rubble & sand
0.073 R2 = 0.059 
=0.626, pmodel=0.605 F2,25=0.780, pmodel=0.469

nificant IV coefficients Significant IV coefficients
e None 
correlated IVs: Sponge Non correlated IVs: None

cted IVs: Scleractinia & sponge Selected IVs: Rubble
0.311 R2 = 0.582 
=5.649, pmodel=0.009 F1,26=36.219, pmodel=0.000

nificant IV coefficients Significant IV coefficients
ractinia Rubble 
correlated IVs: Macroalgae Non correlated IVs: None

cted IVs: Macroalgae & Scleractinia Selected IVs: Rubble
0.083 R2 = 0.008 
=0.1.139, pmodel=0.336 F1,26=0.211, pmodel=0.649

nificant IV coefficients Significant IV coefficients
e None 
correlated IVs: Macroalgae & Scleractinia Non correlated IVs: Sand

cted IVs: Macroalgae & Scleractinia Selected IVs: Rubble & sand
0.021 R2 = 0.024 
=0.867, pmodel=0.424 F2,81=0.995, pmodel=0.374

nificant IV coefficients Significant IV coefficients
e None 
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5.4.1.6  Deep zone-Site Two 

Benthic factors: The deep zone of Site 2 has only two BHTs (S) present in it and is 

largely dominated by BHT 4 (see Figure 2.2d of Chapter 2 in page 24) which explains the 

low evenness (Table 5.2). The low number (S) and evenness (J’) of BHTs in the deep 

zone of Site 2 explains the very low BHT diversity (Table 5.2). Since BHT 4 is 

predominant, its assemblage as shown in Figure 2.2b of Chapter 2 (page 24) will be 

widely represented across the deep zone of Site 2. BHT 4 assemblage is comprised of 

around 70% abiotics followed by 25% scleractinian cover, with very low contributions 

from other benthic categories. The combined effect of Scleractinia and sponge explained 

31% variation to the total coral recruitment in the deep zone of Site 2 and this proved to 

be a significant effect (Table 5.3, Appendix 4.10b-d: pmodel=0.009), with Scleractinia 

responsible for the significant effect (Appendix 4.10d: pScleractinia=0.002). A positive 

relationship is present between the scleractinian cover and total coral recruitment 

abundance (Figure 5.2).
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Figure 5.2: Scatter plot of scleractinian cover against total recruitment (DV) within the 

deep zone of Site 2, showing positive relationship (Spearmans r2=0.440, n=28). 
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Abiotic factors: BHT 4 is comprised of around 56% rubble with very low contributions 

from other abiotic components (Figure 2.2c of Chapter 2 in page 24). All of the abiotic 

IVs were significantly correlated with each other so only rubble was chosen because of 

its high abundance. Rock although a good settlement substrate was not selected because 

of its low abundance (Figure 2.2c in page 24 of Chapter 2). Rubble alone was responsible 

for 58.2% variation in the total coral recruitment and was statistically significant (Table 

5.3 and Appendix 4.11c: prubble=0.000). Figure 5.3 below shows a negative relationship 

between rubble and total coral recruitment indicating that higher rubble covers are 

associated with lower coral recruitment.  
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Figure 5.3: Rubble-recruitment relationship within the deep zone of Site 2 (Spearmans 

r2=-0.657, n=28). 
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5.4.1.7  Deep zone-Site Three 

Benthic factors: The deep zone of Site 3 is slightly diverse in the BHT assemblage it 

contains as reported in Table 5.2 and shown in Figure 2.2d of Chapter 2 (page 24). 

Unlike the deep zone of Site 1, it has a slightly higher contribution from BHTs 3 and 6 

which is very variable in its abiotic and Scleractinia cover (Figure 2.2d of Chapter 2). 

However, BHT 4 is still the predominant assemblage with high (~70%) abiotic and low 

(~25%) scleractinian cover. The combined effect of macroalgae and Scleractinia was 

only responsible for 8.3% variation in total coral recruitment and this effect was not 

significant (Table 5.3 and Appendix 4.12b-d: pmodel=0.336).
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Abiotic factors: All of the abiotic components were significantly correlated with each 

other, so only rubble was selected as an IV for the regression analysis. Rubble cover 

within the deep zone of Site 3 although high (Appendix 6.3a: mean rubble cover=59%) 

accounted for only 0.8% of the variation in total coral recruitment and this effect was not 

significant (Table 5.3, Appendix 4.13b-c: F1,26=0.211, pmodel=0.649). This could be 

attributed to variable rubble covers from other BHTs present within the deep zone of Site 

3 with associated variable recruitment abundances. Its overall effect was a low, non 

significant influence of rubble on recruitment. 

5.4.1.8 Complete deep zone regression results

Benthic factors: There are six BHTs represented in the deep zone across all three sites 

(see Figure 2.2a in page 24 of Chapter 2) which has a low evenness and slightly higher 

BHT diversity (Table 5.2). The influence of benthic categories from the dominant BHT 4 

on total coral recruitment is expected to be reduced and not significant because of the 

diverse assemblages present in the deep zone. 

Only macroalgae and Scleractinia were not significantly correlated with other IVs and 

were entered into the model which was able to explain a very low 2.1% variation in total 

coral recruitment. This model was not significant (Appendix 4.14b-c: F2,81=0.867,

pmodel=0.424) with neither of the benthic factors producing significant regression 

coefficients. 
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Abiotic factors: Rubble cover was highest for all BHTs in comparison to other abiotic 

factors within the deep zone (see Figure 2.2c in page 24 of Chapter 2). Sand which 

occurred in very low amounts within the deep zone was the only IV that was not 

significantly correlated with others. Together with rubble it was entered into the 

regression model and it explained only 2.4% variation in total coral recruitment, which 

was statistically not significant (Table 5.3, Appendix 4.15b-c: F2,81=0.995, pmodel=0.551).

In other words, the high abundance of rubble within the deep zone together with the very 

low sand cover were not really important determinants in causing variation to coral 

recruitment abundance. This also means that there are other factors not measured in this 

study which are responsible for determining coral recruitment in the deep zone. 
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5.4.2 Relationship between adult coral abundance and recruitment abundance 

5.4.2.1 Shallow zone

In Site 1, Acropora and Pocillopora were abundant in both the adult and recruit stage 

(Figure 5.5a, d). No Porites recruits were intercepted by transects despite adult Porites

colonies being present. None of the genera in Site 1 showed significant correlation 

between the adult and recruit stage (Table 5.4) implying that the abundance of recruits is 

not directly related to that of the adults and that recruitment may be either random or 

related to adult abundance over a much greater spatial scale (than that of the sites 

monitored in this study). 

The adult abundance for three (Acropora, Pocillopora and Porites) of the six genera in 

Site 2 was reflected in the recruit abundance (Figure 5.5b, e); with high adult abundance 

equating to high recruit abundance. However, all adult and recruit correlations are weak 

and none proved to be significant (Table 4.5). Montipora and Stylophora recruits were an 

exception to the high adult-high recruit pattern, showing low recruitment despite high 

adult abundances. This could mean that post-settlement mortality may have been higher 

for these two genera despite the high local adult availability. 

Almost similar distribution patterns were observed between the adults and recruits for the 

six genera in Site 3 (Figure 5.5c, f). However, no Porites recruits were intercepted by 

survey transects. All correlations were very weak and not significant (Table 5.4). 
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Overall across the shallow zone, correlations between abundance and distribution of adult 

and recruit stages for the six genera are weak (low correlation values) and not significant. 

In other words, for the six genera on this section of Suva Reef, there is a very weak 

relationship between adult abundance and recruitment at the spatial scale being 

considered here. Table 5.4 shows that a majority of the correlations are positive in nature. 

This means that high adult abundance is associated with high recruitment, but this is a 

very weak relationship since the Spearman’s coefficients are all low. What can be 

gathered from this statement is that distribution patterns between adults and recruits for 

these six genera are very variable and weaker than factors other than adult abundance that 

could be responsible for shaping coral recruitment populations (this could include natural 

and anthropogenically induced mortality, substratum availability, competition etc). 
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on between the adult and recruitment abundance for selected coral genera within the shallow zone. 
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n results for adult coral abundance against coral recruitment, for the six selected genera within the shallow zone.
Site One Site Two Site Three 

Spearman’s 
rho

Sig. (2-tailed) Spearman’s 
rho

Sig. (2-tailed) Spearman’s 
rho

Sig. (2-tailed) 

s. -0.317 0.100 0.049 0.805 0.210 0.283 

vs. 
t 0.260 0.181 0.331 0.086 0.038 0.850 

vs. 
it 0.139 0.481 0.230 0.239 -0.199 0.310 

vs. 
it - - - - - - 

vs. 
t -0.067 0.736 0.024 0.903 -0.046 0.815 

 - - 0.194 0.324 - - 

rrelation and significance values could be generated. This could be attributed to zero abundances in either the 
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5.4.2.2 Deep zone

In Site 1, there is an almost similar adult-recruit distribution pattern with high adult cover 

equating to high recruit abundance for a particular taxa (Figure 5.6). Acropora is an 

exception because of the low adult and high recruit abundance, which is exhibiting a lot 

of variability between transects within the four survey times. High recruit abundance that 

is associated with low local adult abundance can be explained by (a) high fertilization and 

subsequent settlement success followed by minimal post-settlement mortality and (b) 

seeding by adults of the same taxa from other reefs or from more distant locations along 

the same reef. The relationship between adult Acropora and its recruit is negative and 

weak (Table 5.5: Spearman’s rho=-0.280). Like the shallow zone of Site 1, relationships 

between adult and recruit abundance are very weak with all correlations not being 

significant (Table 5.5). The weakest correlation is between Pocillopora adult and recruit 

abundance (Table 5.5). 

Adult Acropora abundance is high in Site 2 and this is also reflected in the high recruit 

abundance (Figure 5.6 b, e). A similar distribution pattern between adults and recruits is 

seen. All correlations were weak and not significant, except for the genera Pocillopora,

which has moderate positive correlation (Spearman’s rho=0.405) and significant 

relationship between adult and recruit abundance (Table 5.5: p<0.05). 

In Site 3, the adult abundances for Acropora, Pocillopora and Stylophora were low in 

relation to its recruit abundance, except for Porites.
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on between the adult and recruitment abundance for selected coral genera within the deep zone. 
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n results for adult coral abundance against coral recruitment, for the six selected genera within the deep zone. 
Site One Site Two Site Three 

Spearman’s 
rho

Sig. (2-tailed) Spearman’s 
rho

Sig. (2-tailed) Spearman’s 
rho

Sig. (2-tailed) 

s. -0.280 0.148 0.251 0.199 -0.219 0.263 

vs. 
t 0.211 0.280 0.248 0.203 0.166 0.398 

vs. 
it 0.093 0.637 0.405 0.033* -0.119 0.546 

vs. 
it - - - - - - 

vs. 
t 0.284 0.143 0.183 0.351 -0.078 0.692 

 -0.144 0.465 0.155 0.431 -0.230 0.239 

orrelation and significance values could be generated. This could be attributed to zero abundances in either the 
ge, 
a significant correlation between adult and recruit abundance for that particular coral genera.
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5.4.3 Relationship between adult coral and spat abundance from settlement

5.4.3.1 Shallow zone

The distribution pattern for four out of the six coral genera was highly similar between 

the adults and spat within the shallow zone (Figure 5.7). These genera include Acropora,

Montipora, Pocillopora and Porites which show a positive relationship between adult 

abundance and the number of spat, indicating that an increase in adult coral cover is 

associated with higher settlement.  Seriatopora and Stylophora spat abundances are high 

in comparison to its low adult abundance within the shallow zone. This could imply; (a) 

seeding from other reefs or nearby locations on the same reef and (b) that although only a 

few colonies or low cover of Seriatopora and Stylophora are present, its fertilization 

success could be high in comparison to other taxa and this would equate to high 

settlement success. 

However, for the six genera studied here, a majority of the settlement is occurring during 

the major spawning (October to December) of 2001 and relatively less during the minor 

spawning season (March to April) of 2002 (Figure 5.7). Pocillopora is an exception in 

that there is considerable settlement during the minor spawning season, implying that it 

probably spawns all throughout the year, or in both spawning seasons. This would then 

mean that the remaining taxa studied here spawn only during the major spawning season. 
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on between the adult and settlement abundance for selected coral genera within the shallow zone. 
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on between the adult and settlement abundance for selected coral genera within the deep zone. 
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5.4.3.2 Deep zone 

The adult abundance patterns for the six selected genera are almost similar across the 

three sites within the deep zone (Figure 5.5a-c). In fact, adult abundance is almost 50% 

less than that occurring in the shallow zone despite similar adult abundance patterns 

between the shallow and deep zone. Also like the shallow zone, Seriatopora and 

Stylophora occur in very low abundances. The low abundance and patchy distribution of 

adult coral colonies in the deep zone can also explain the low spat abundance due to 

reduced successful fertilization as a function of adult coral spacing with each other. A 

similar pattern has also been observed for spawning and planulating corals (Morse 1999).

Settlement onto tiles within the deep zone is lower than that in the shallow zone; however 

the difference does not appear to be significant. From this, it can be concluded that 

provided suitable, natural settlement substratum such as bare rock is available in the deep 

zone, natural settlement and recruitment should be high. However, since rubble is the 

predominant abiotic substrate in the deep zone (Figure 2.2 in page 24 of Chapter 2), this 

in effect would limit and be a key factor in structuring coral settlement and recruitment 

and subsequently adult coral distribution. 
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5.5 CONCLUSION 

5.5.1 Influence of benthic and abiotic factors on total coral recruitment 

There was no consistent pattern in benthic and abiotic influence on total coral recruitment 

at all sites within each depth zone and also within each depth zone with all sites pooled. 

In instances where there was no significant benthic and abiotic influence, it is possible 

that factors causing a significant effect on total coral recruitment were not being 

measured in this study. These factors include grazing on corals by predators, coral 

survivorship (Miller et al. 2000), topographic complexity, Also, studies on small spatial 

scales are known to show higher variability (Connell et al. 1997) in diversity. 

In this study, there is an apparent negative relationship between BHT diversity and the 

significant influence of a benthic category, with sites exhibiting lower BHT diversity 

showing stronger and sometimes significant benthic category influence on total coral 

recruitment. The opposite pattern is also true where sites with high BHT diversity have 

benthic IVs with reduced or weaker effects on coral recruitment. An example is in the 

shallow zone of Site 1 which has the lowest BHT diversity in comparison to Sites 2 and 

3. However, its scleractinian cover was significantly influencing coral recruitment.  

BHT 2 with high scleractinian cover is predominant within the shallow zone of Site 2. 

Site 2 however also has the highest BHT diversity in comparison to Sites 1 and 3 within 

the shallow zone, which is due to three other BHTs. These BHTs have different 

assemblages which are all exhibited to some degree at Site 2. This then means that there 

is a lot of variability in benthic category and assemblage distribution which in turn means 
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varying effects of different assemblages on coral recruitment. For instance, BHT 2 which 

is predominant and has a high scleractinian cover could be negatively influencing 

recruitment by having taken up suitable recruitment substratum. BHTs 3 and 4 which are 

also present within the shallow zone of Site 2 have high abiotic cover and could be 

positively influencing coral recruitment where it is present. These opposite effects on 

coral recruitment by different benthic assemblages and categories could nullify each 

other out resulting in a no significant influence for most of the benthic IVs. R2 values 

from the model summary table of regression analyses explain the percentage influence 

that a set of IVs have on coral recruitment. In looking at the regression results, it can be 

seen that the lowest R2 value within the shallow zone when using benthic IVs is in Site 2 

which also had the highest BHT diversity. The opposite is true in which site 1 had the 

lowest BHT diversity but had the highest R2 value for its benthic IV combination. The 

same pattern is also observed within the deep zone where the lowest R2 value for benthic 

IVs is found in Site 1 (Table 5.4) which had the highest BHT diversity (Table 5.3). Still 

within the deep zone, Site 2 which had the lowest BHT diversity not only had the highest 

R2 value but also showed significant Scleractinia (benthic IV) and rubble (abiotic IV) 

influence on coral recruitment. 

Only Scleractinia in the shallow zone of Site 1 was found to be significantly influencing 

total coral recruitment. This relationship was later determined through correlation testing 

to be not only negative, but significant. This means that scleractinian cover was hindering 

total recruitment to the shallow zone of Site 1, possibly through having used up available 

recruitment substratum. At the beginning of this study, it was not known whether to 
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expect scleractinian cover to positively or negatively influence recruitment. The positive 

influence would be one in which moderate or high scleractinian cover also equates to 

high coral recruitment. This could happen if there is still available recruitment substratum 

but more importantly since higher scleractinian cover could mean more colonies or 

polyps per colony that will participate in mass spawning which will, after post-settlement 

mortality survive to become recruits in the field. The negative relationship as seen in this 

case is where scleractinian cover may have increased to such an extent that it is limiting 

coral recruitment due to low suitable recruitment substratum. External fertilization of 

spawned gametes may still occur within this site, however the resulting larvae travel 

elsewhere in search of free settlement space or die because there is no space available 

within the immediate vicinity. Site 1 also has a slightly high (ca. 8%) cover of soft corals 

which are known to employ allelopathy, where the soft coral smears the substratum 

around it with a chemical coating that prevents coral spat from settling onto it. None of 

the benthic IVs including Scleractinia which were entered into the regression models 

were found to be significantly influencing total recruitment to Sites 2 and 3 within the 

shallow zone. This also occurred when the three sites within the shallow zone were 

pooled for a complete shallow zone analysis. 

The data from this study shows no consistent pattern in a benthic or abiotic IV being 

influential either for all three sites across a particular depth zone and also within each 

depth zone. 
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5.5.2 Relationship between adult coral abundance and recruitment abundance

Most of the coral genera by site within each depth zone showed a weak but positive 

relationship between adult and recruit abundance (Table 5.4 and Table 5.5). The weak 

relationships indicate that the high adult-high recruit distribution pattern is not definitive 

and could be attributed to random settlement and mortality (Bak and Engle 1979). 

Weedy, branching corals such as those belonging to the genus Acropora are capable of 

recruiting through both sexual and asexual processes (fragmentation) which increases 

their recruitment potential. 

Connell (1973) and Grigg and Maragos (1974) found a positive correlation between 

recruit and adult abundance However, Bak and Engel (1979) found little correlation 

between either distribution and abundance of juvenile vs. adult corals, indicating that 

most settlement or mortality may be random. 

5.5.3 Relationship between adult coral and spat abundance from settlement 

Four of the six genera (Acropora, Montipora, Pocillopora and Porites) studied here show 

high adult abundance linked to high spat densities in the shallow zone, particularly during 

the major spawning season (October to December) of 2001. This implies a non random 

settlement pattern in the shallow zone and supports the idea that most of the spat on the 

tiles are from nearby coral colonies. Carlon (2002) showed through an experiment that 

coral larvae in the water column preferred to settle in areas where there is high adult 

abundance. Therefore in this study, high settlement to shallow zone can be attributed to 
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(a) high adult abundance for the four genera mentioned above and (b) availability of 

stable, suitable substrate such as rock.

The opposite pattern is observed in the deep zone, with low adult abundance and high 

spat densities.
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CHAPTER 6.0 

OVERALL SUMMARY 

6.1 SUMMARY OF MAJOR FINDINGS 

6.1.1 Community structure 

� Two dominant Benthic Habitat Types (one with high and the second with low hard 

coral cover) exist in the shallow zone. Only one BHT (with low hard coral cover) is 

dominant in the deep zone. Rubble (Abiotic) cover is very high in all sites of the deep 

zone, which limits the presence and further distribution of other benthic components 

that need a stable substratum. 

� The composition of dominant Coral Family Habitat Assemblages (CFHAs) in both 

depth zone is similar, with lower coral family abundances in the deep zone. Dominant 

CFHAs in both depth zones have high Acropora abundance. This is followed by 

variable covers of Pocillopora, Montipora, Diploastrea and Porites. Diploastrea and 

Porites covers are however higher in the deep zone where they were usually seen 

covering large areas. 

� The percentage cover of coral families (N) was the only diversity index which 

showed a significant difference between sites in the shallow zone, with Site 3 having 

the lowest coral family cover. The deep zone however, showed no significant 

difference in any of the diversity indices between sites, despite the Acropora cover 
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being significantly different between sites. Only Montipora cover showed significant 

difference between sites in the shallow zone. 

� Bleaching during the study period coincided with high sea surface temperatures 

(SSTs) and low wind speeds. Acroporid and pocilloporid coral colonies were the first 

to bleach, reinforcing previous reports of their high susceptibility to bleaching. 

� Bleaching first occurred in the deep zone and this is attributed in this study to the 

heavy rain which would have cooled surface waters, deferring bleaching impact on 

shallow coral colonies. Bleaching of less susceptible corals such as Porites occurred 

3-4 months after bleaching was first noticed in December 2001. 

6.1.2 Coral settlement 

� Settlement was significantly higher during the 2001 major spawning season and this 

was dominated by Acropora, followed by Pocillopora and Porites spat. The 2002 

minor spawning season is dominated by Unknown spat followed by Pocillopora spat. 

This implies that a majority of the six coral genera studied here spawned during the 

major spawning season and more importantly that other genera are mostly minor 

spawners. Pocillopora spawns in both spawning seasons and could be spawning 

throughout the year. 

� High settlement was recorded during the 2001 major spawning season and this 

coincided with warm sea surface temperature and low windspeeds. 



Chapter 6.0  Overall Summary 

Vave, R.                                                                                                                 Page  141

� There was no significant difference in spat densities between the shallow and deep 

zones, for both spawning seasons. Settlement was higher to the shallow zone during 

the major spawning season, and to the deep zone during the minor spawning season. 

� Site 2 of the shallow zone in both spawning seasons had the highest settlement in 

comparison to other sites. Deep zone spat distribution was variable. 

� Terracotta tiles which had coarser surface recorded higher settlement in comparison 

to ceramic tiles within the shallow zones of both spawning seasons, and was variable 

within the deep zone. 

� Regardless of tile type, more larvae settled onto the top surfaces of tiles within the 

shallow zone, for both spawning seasons. This situation could be attributed to high 

light requirements of spat. 

� Seriatopora and Stylophora spat were rarely encountered on tiles in both spawning 

seasons and this could be due to (a) low abundance of adult colonies, (b) adult 

colonies where present are not participating in spawning, or (c) these two genera are 

not so dependent on sexual reproduction for continued survival. 
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6.1.3 Coral recruitment 

� Recruitment was slightly higher to the deep than shallow zone. Recruits in the deep 

zone were observed to aggregate on available hard, stable substratum such as rocks, 

resulting in a clumped distribution pattern.

� The dominant Coral Recruit Family Assemblages (CRFAs) in the shallow and deep 

zone both showed Acropora and Pocillopora to be the dominant recruit genera, with 

higher abundances for both genera occurring in the shallow zone. 

� More Coral Recruit Family Assemblages (CRFAs) were observed in the deep zone 

where they are evenly distributed. In contrast, the shallow zone has fewer CRFAs 

which are unevenly distributed. 

� There was a strong similarity in taxa recruit distribution for the five genera 

(Acropora, Montipora, Pocillopora, Seriatopora, Stylophora and Porites) between

sites in the shallow zone and this was attributed to the high variability in recruit 

distribution. This is likely to be influenced by several factors including random 

settlement, post-settlement mortality and predation. It is also possible that factors 

responsible for shaping coral recruit distribution were acting at similar levels across 

the three sites in the shallow zone. 

� Bleaching in coral recruits was only observed in four of the 688 recruits observed 

within the shallow zone, with deep zone recruits being unaffected. 
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� The study on coral recruitment types showed sexually produced recruits contribute 

more than 50% to total recruitment in both depth zones. This result shows the 

importance of sexual reproduction to the continued survival of coral populations and 

highlights the importance of decreasing impacts of factors that negatively affect 

sexual reproduction such as severe bleaching. 

� Recruitment via re-growths was the second contributor by recruitment type in the 

shallow zone, followed by fragmentation. No recruitment through budding was 

observed in the shallow zone. 

� Budding was the second contributor to recruitment type within the deep zone and this 

was largely because of Diaseris sp.  budding. This was followed by re-growths with 

fragmentation being shown as having the least importance. 

6.1.4 Benthic, abiotic and adult coral influence on coral recruitment and settlement 

6.1.4.1 Community structure versus coral recruitment

� Un-correlated benthic and abiotic categories had variable influences on coral 

recruitment, most of which was not significant. A relationship appeared to exist 

between high benthic habitat type diversity and significant influence of a benthic or 

abiotic category on coral recruitment.

� Benthic and abiotic categories which turned out to have a significant influence on 

coral recruitment included Scleractinia and abiotic cover.
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� Scleractinia cover had two opposite, significant influences on coral recruit 

abundances. A negative relationship (shallow zone of Site 1) is attributed to the 

increasing scleractinian cover taking up space within the shallow zone, thereby 

reducing the available space available for settlement. Another factor is over-topping 

(growing over recruits) that reduces the amount of sunlight reaching recruits, 

resulting in death. Fabricius and Metzner (2004) also showed that scleractinian corals 

themselves feed on coral larvae. This removes a small percentage of successfully 

fertilized larvae and effectively reduces a portion of potential recruits. 

� A positive Scleractinia-recruit relationship was observed in the deep zone and this 

could be attributed to increasing Scleractinia cover which means that more coral 

colonies will be participating in spawning seasons. More eggs and sperm are 

produced, which might slightly increase fertilization success. 

� Abiotic influence on coral recruitment was variable with only rock (shallow zone) 

and rubble (deep zone) showing patchy influences. Recruitment was shown to 

increase with increasing rock cover (shallow zone of complete shallow zone) and 

decrease with increasing rubble cover (deep zone of Site 2). Rock cover in the 

shallow zone provided good, stable substrates for recruitment. Rubble was the 

dominant abiotic in the deep zone and was not a good substrata for recruitment, 

leading to higher mortalities for recruits in the deep zone.
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6.1.4.2 Adult coral abundance versus coral recruitment for selected genus

� Most of the coral genera by site within each depth zone showed a weak but positive 

relationship between adult and recruit abundance (Table 5.4 and Table 5.5). The weak 

relationships indicate that the high adult-high recruit distribution pattern is not 

definitive and could be attributed to random settlement and mortality (Bak and Engle 

1979). Weedy, branching corals such as those belonging to the genus Acropora are 

capable of recruiting through both sexual and asexual processes (fragmentation) 

which increases their recruitment potential. 

6.1.4.3 Adult coral abundance versus coral settlement for selected genus

� Four of the six genera (Acropora, Montipora, Pocillopora and Porites) studied show 

that high adult abundance correlated with high spat densities in the shallow zone, 

particularly during the major spawning season (October to December) of 2001. This 

implies a non random settlement pattern within the shallow zone of this study site and 

supports the idea that most of the spat on the tiles are from nearby coral colonies. 

6.2 IMPLICATIONS OF RESULTS 

6.2.1. Improvement of knowledge 

� This small scale spatial and temporal study on Suva Reef showed that (a) there 

was variable influence of benthic and abiotic categories on recruitment and that 

(b) weak correlation exists between high adult coral cover and high recruit 

abundances.
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� Two dominant assemblages (one with low and the second with high coral cover) 

co-occurred within the shallow zone, particularly in Site 2. Only one assemblage 

was dominant in the deep zone and this was characterized by high rubble and very 

low coral cover. 

� Acropora was the dominant spat genus during the major spawning settlement 

while Unknowns (spat that did not belong to the six genera of focus in this study) 

dominated the minor spawning season. Pocillopora was the second highest 

contributor to spat abundance. The Unknowns can therefore be said to primarily 

spawn during the minor spawning season, although a small number does spawn 

during the major spawning. 

� That sexually produced recruits are the major contributors to coral recruitment to 

the three sites and two depth zones studied here. 

6.2.2 Implication of results 

� It was determined from this study that coral recruitment is largely through sexual 

reproduction and that other types of recruitment (budding, overgrowth and 

fragmentation) contribute less in terms of recruit abundance. This knowledge can 

now be used to ensure continued successful reproduction by reducing 

anthropogenic impacts such as coral harvesting: ensuring that some adult coral 

colonies are left behind to participate in spawning activities, especially adult coral 
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colonies. As the curio trade is no longer active in Fiji, large colonies are not taken 

unless through live rock extraction. For uncommon or rare corals, a zero quota 

should be enforced as a precaution.

� The above recommendation is also supported by a finding that there is a weak 

relationship between the abundance of adult coral and recruits for most of the five 

genera studied here. If corals are over-harvested and only a few colonies remain, 

then this would mean that settlement and recruitment for this over-harvested 

genus can be affected.

� Coarse textured tiles (such as terracotta) and materials (such as cement blocks) 

make good substrates for settlement because the cryptic micro-habitats (crevices) 

will offer protection from predators. This knowledge will aid in selection of 

substrate type and surfaces for recruitment studies, where coral cover is low.

6.2.3 Future work:

� Replicate the same study but on a larger spatial and temporal scale to ascertain the 

existence of a relationship between low benthic habitat type diversity and 

significant benthic/abiotic category influence on coral recruitment.
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Appendix 1.0: ANOVA on shallow zone coral family diversity indices 

(a) Descriptive Statistics

6.46 1.50 28
6.18 1.70 28
6.21 1.52 28
6.29 1.56 84

57.493 17.123 28
66.775 14.751 28
43.546 17.277 28
55.938 18.855 84
1.3679 .3865 28
1.2436 .4111 28
1.4079 .3913 28
1.3398 .3979 84

.7900 .1037 28

.7550 9.183E-02 28

.7979 .1208 28

.7810 .1065 84
1.4411 .2853 28
1.3489 .2825 28
1.4361 .3162 28
1.4087 .2946 84

Site within shallow zone
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total

Number of coral
families (S)

Mean % of coral
families (N)

Family richness (d)

Family evenness (J')

Family diversity (H'loge)

Mean Std. Deviation N

(b) Multivariate Testsc

.998 6229.628a 5.000 77.000 .000

.002 6229.628a 5.000 77.000 .000
404.521 6229.628a 5.000 77.000 .000
404.521 6229.628a 5.000 77.000 .000

.301 2.769 10.000 156.000 .004

.705 2.947a 10.000 154.000 .002

.411 3.122 10.000 152.000 .001

.389 6.064b 5.000 78.000 .000

Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

Effect
Intercept

SITE

Value F Hypothesis df Error df Sig.

Exact statistica.

The statistic is an upper bound on F that yields a lower bound on the significance level.b.

Design: Intercept+SITEc.
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(c) Tests of Between-Subjects Effects

1.357
a

2 .679 .272 .762

7655.457
b

2 3827.729 14.189 .000

.411c 2 .206 1.308 .276
2.915E-02c 2 1.458E-02 1.295 .280

.150d 2 7.518E-02 .864 .425

3318.857 1 3318.857 1332.242 .000

262841.922 1 262841.922 974.355 .000

150.777 1 150.777 959.352 .000
51.230 1 51.230 4551.216 .000

166.690 1 166.690 1914.893 .000

1.357 2 .679 .272 .762

7655.457 2 3827.729 14.189 .000

.411 2 .206 1.308 .276
2.915E-02 2 1.458E-02 1.295 .280

.150 2 7.518E-02 .864 .425

201.786 81 2.491

21850.561 81 269.760

12.730 81 .157
.912 81 1.126E-02

7.051 81 8.705E-02

3522.000 84

292347.940 84

163.918 84
52.171 84

173.892 84

203.143 83

29506.018 83

13.141 83
.941 83

7.201 83

Dependent Variable
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H'loge
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H'loge
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H'loge
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H'loge
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H'loge
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H'loge

Source
Corrected Mode

Intercept

SITE

Error

Total

Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .007 (Adjusted R Squared = -.018)a.

R Squared = .259 (Adjusted R Squared = .241)b.

R Squared = .031 (Adjusted R Squared = .007)c.

R Squared = .021 (Adjusted R Squared = -.003)d.
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(d) Site Estimates

6.464 .298 5.871 7.058
6.179 .298 5.585 6.772
6.214 .298 5.621 6.808

57.493 3.104 51.317 63.669
66.775 3.104 60.599 72.951
43.546 3.104 37.371 49.722

1.368 .075 1.219 1.517
1.244 .075 1.095 1.393
1.408 .075 1.259 1.557

.790 .020 .750 .830

.755 .020 .715 .795

.798 .020 .758 .838
1.441 .056 1.330 1.552
1.349 .056 1.238 1.460
1.436 .056 1.325 1.547

Site within shallow zone
Site 1
Site 2
Site 3
Site 1
Site 2
Site 3
Site 1
Site 2
Site 3
Site 1
Site 2
Site 3
Site 1
Site 2
Site 3

Dependent Variable
Number of coral
families (S)

Mean % of coral
families (N)

Family richness (d)

Family evenness (J')

Family diversity (H'loge)

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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(e) Site Multiple Comparisons

Scheffe

.29 .42 .796 -.77 1.34

.25 .42 .839 -.80 1.30
-.29 .42 .796 -1.34 .77

-3.57E-02 .42 .996 -1.09 1.02
-.25 .42 .839 -1.30 .80

3.57E-02 .42 .996 -1.02 1.09
-9.282 4.390 .113 -20.229 1.664
13.946* 4.390 .009 3.000 24.893

9.282 4.390 .113 -1.664 20.229
23.229* 4.390 .000 12.282 34.175

-13.946* 4.390 .009 -24.893 -3.000
-23.229* 4.390 .000 -34.175 -12.282

.1243 .1060 .505 -.1399 .3885
.0000E-02 .1060 .931 -.3042 .2242

-.1243 .1060 .505 -.3885 .1399
-.1643 .1060 .306 -.4285 9.993E-02

4.000E-02 .1060 .931 -.2242 .3042
.1643 .1060 .306 9.9932E-02 .4285

3.500E-02 .836E-02 .470 3.5710E-02 .1057
.8571E-03 .836E-02 .962 7.8568E-02 6.285E-02
.5000E-02 .836E-02 .470 -.1057 3.571E-02
.2857E-02 .836E-02 .324 -.1136 2.785E-02
7.857E-03 .836E-02 .962 6.2853E-02 7.857E-02
4.286E-02 .836E-02 .324 2.7853E-02 .1136
9.214E-02 .885E-02 .508 -.1045 .2888
5.000E-03 .885E-02 .998 -.1916 .2016
.2143E-02 .885E-02 .508 -.2888 .1045
.7143E-02 .885E-02 .545 -.2838 .1095
.0000E-03 .885E-02 .998 -.2016 .1916
8.714E-02 .885E-02 .545 -.1095 .2838

(J) Site withi
shallow zone
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site within
shallow zone
Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Dependent Variable
Number of coral
families (S)

Mean % of coral
families (N)

Family richness (d)

Family evenness (J'

Family diversity (H'lo

Mean
Difference

(I-J) Std. Error Sig. Lower BoundUpper Bound
95% Confidence Interval

Based on observed means.
The mean difference is significant at the .050 level.*.
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Appendix 1.1: One-way MANOVA using Site as factor and 6 genus abundance as DVs 
for the shallow zone 

(a) Descriptive Statistics

20.161 9.659 28
14.689 8.908 28
13.207 12.883 28
16.019 10.918 84

6.014 9.162 28
12.254 13.791 28

2.661 3.005 28
6.976 10.397 84
7.157 4.682 28
9.311 7.197 28
8.907 7.238 28
8.458 6.473 84

.000 .000 28

.000 .000 28

.000 .000 28

.000 .000 84
3.571E-02 .189 28

.386 .969 28

.207 .511 28

.210 .650 84
3.646 5.066 28
1.779 5.211 28
2.657 3.269 28
2.694 4.609 84

Site within shallow zone
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total

Acropora

Montipora

Pocillopora

Seriatopora

Styllophora

Porites

Mean Std. Deviation N

(b) Multivariate Testsc

.848 86.242a 5.000 77.000 .000

.152 86.242a 5.000 77.000 .000
5.600 86.242a 5.000 77.000 .000
5.600 86.242a 5.000 77.000 .000

.305 2.804 10.000 156.000 .003

.715 2.811a 10.000 154.000 .003

.371 2.818 10.000 152.000 .003

.267 4.163b 5.000 78.000 .002

Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

Effect
Intercept

SITE

Value F Hypothesis df Error df Sig.

Exact statistica.

The statistic is an upper bound on F that yields a lower bound on the significance level.b.

Design: Intercept+SITEc.
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(c) Tests of Between-Subjects Effects

751.197a 2 375.599 3.328 .041
1327.182b 2 663.591 7.031 .002

73.390c 2 36.695 .873 .422
.000d 2 .000 . .

1.715e 2 .858 2.081 .131
48.902f 2 24.451 1.155 .320

21555.230 1 21555.230 190.967 .000
4088.048 1 4088.048 43.312 .000
6009.646 1 6009.646 142.978 .000

.000 1 .000 . .
3.688 1 3.688 8.949 .004

609.663 1 609.663 28.802 .000
751.197 2 375.599 3.328 .041

1327.182 2 663.591 7.031 .002
73.390 2 36.695 .873 .422

.000 2 .000 . .
1.715 2 .858 2.081 .131

48.902 2 24.451 1.155 .320
9142.792 81 112.874
7645.211 81 94.385
3404.594 81 42.032

.000 81 .000
33.377 81 .412

1714.565 81 21.167
31449.220 84
13060.440 84

9487.630 84
.000 84

38.780 84
2373.130 84
9893.990 83
8972.392 83
3477.984 83

.000 83
35.092 83

1763.467 83

Dependent Variable
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites

Source
Corrected Model

Intercept

SITE

Error

Total

Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .076 (Adjusted R Squared = .053)a.

R Squared = .148 (Adjusted R Squared = .127)b.

R Squared = .021 (Adjusted R Squared = -.003)c.

R Squared = . (Adjusted R Squared = .)d.

R Squared = .049 (Adjusted R Squared = .025)e.

R Squared = .028 (Adjusted R Squared = .004)f.
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(d) Site Grand Mean

16.019 1.159 13.713 18.325
6.976 1.060 4.867 9.085
8.458 .707 7.051 9.866

.000 .000 .000 .000

.210 .070 7.017E-02 .349
2.694 .502 1.695 3.693

Dependent Variable
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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(e) Site Multiple Comparisons

Scheffe

5.471 2.839 .163 -1.609 12.552
6.954 2.839 .055 -.127 14.034

-5.471 2.839 .163 -12.552 1.609
1.482 2.839 .873 -5.599 8.563

-6.954 2.839 .055 -14.034 .127
-1.482 2.839 .873 -8.563 5.599
-6.239 2.596 .061 -12.714 .236
3.354 2.596 .438 -3.121 9.829
6.239 2.596 .061 -.236 12.714
9.593* 2.596 .002 3.118 16.068

-3.354 2.596 .438 -9.829 3.121
-9.593* 2.596 .002 -16.068 -3.118
-2.154 1.733 .465 -6.474 2.167
-1.750 1.733 .602 -6.071 2.571
2.154 1.733 .465 -2.167 6.474

.404 1.733 .973 -3.917 4.724
1.750 1.733 .602 -2.571 6.071
-.404 1.733 .973 -4.724 3.917
.000 .000 1.000 .a .
.000 .000 1.000 .a .
.000 .000 1.000 .a .
.000 .000 1.000 .a .
.000 .000 1.000 .a .
.000 .000 1.000 .a .

-.350 .172 .131 -.778 7.782E-02
-.171 .172 .609 -.599 .256
.350 .172 .131 -7.782E-02 .778
.179 .172 .584 -.249 .606
.171 .172 .609 -.256 .599

-.179 .172 .584 -.606 .249
1.868 1.230 .321 -1.198 4.934

.989 1.230 .724 -2.077 4.056
-1.868 1.230 .321 -4.934 1.198

-.879 1.230 .775 -3.945 2.188
-.989 1.230 .724 -4.056 2.077
.879 1.230 .775 -2.188 3.945

(J) Site withi
shallow zone
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site within
shallow zone
Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Dependent Varia
Acropora

Montipora

Pocillopora

Seriatopora

Styllophora

Porites

Mean
Difference

(I-J) Std. Error Sig. Lower BoundUpper Bound
95% Confidence Interval

Based on observed means.
The mean difference is significant at the .05 level.*.

Range values cannot be computed.a.
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Appendix 1.2: ANOVA on deep zone coral family diversity indices
(a) Descriptive Statistics

6.74 2.36 27
6.96 1.84 28
6.36 1.91 28
6.69 2.04 83

34.270 20.156 27
33.346 10.457 28
25.889 16.629 28
31.131 16.437 83
1.7467 .6413 27
1.7261 .4963 28
1.8050 .6053 28
1.7594 .5773 83

.7589 .1866 27

.7618 .1057 28

.7946 .1191 28

.7719 .1402 83
1.4296 .4989 27
1.4596 .3240 28
1.4318 .3108 28
1.4405 .3814 83

Site within deep zone
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total

Number of coral
families (S)

Mean % of coral
families (N)

Family richness (d)

Family evenness (J')

Family diversity (H')

Mean Std. Deviation N

(b) Site Multivariate Testsc

.991 1747.312a 5.000 76.000 .000

.009 1747.312a 5.000 76.000 .000
114.955 1747.312a 5.000 76.000 .000
114.955 1747.312a 5.000 76.000 .000

.120 .982 10.000 154.000 .462

.883 .980a 10.000 152.000 .463

.130 .978 10.000 150.000 .465

.104 1.604b 5.000 77.000 .169

Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

Effect
Intercept

SITE

Value F Hypothesis df Error df Sig.

Exact statistica.

The statistic is an upper bound on F that yields a lower bound on the significance level.b.

Design: Intercept+SITEc.
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(c) Tests of Between-Subjects Effects

5.277
a

2 2.639 .631 .535

1172.846
b

2 586.423 2.236 .114

9.370E-02c 2 4.685E-02 .138 .872
2.192E-02d 2 1.096E-02 .551 .578
1.558E-02e 2 7.789E-03 .052 .949

3710.767 1 3710.767 887.271 .000

80609.771 1 80609.771 307.367 .000

256.805 1 256.805 754.278 .000
49.423 1 49.423 2487.045 .000

172.143 1 172.143 1155.959 .000

5.277 2 2.639 .631 .535

1172.846 2 586.423 2.236 .114

9.370E-02 2 4.685E-02 .138 .872
2.192E-02 2 1.096E-02 .551 .578
1.558E-02 2 7.789E-03 .052 .949

334.578 80 4.182

20980.733 80 262.259

27.237 80 .340
1.590 80 1.987E-02

11.913 80 .149

4051.000 83

102593.810 83

284.256 83
51.069 83

184.153 83

339.855 82

22153.579 82

27.331 82
1.612 82

11.929 82

Dependent Variable
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H')
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H')
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H')
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H')
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H')
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H')

Source
Corrected Model

Intercept

SITE

Error

Total

Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .016 (Adjusted R Squared = -.009)a.

R Squared = .053 (Adjusted R Squared = .029)b.

R Squared = .003 (Adjusted R Squared = -.021)c.

R Squared = .014 (Adjusted R Squared = -.011)d.

R Squared = .001 (Adjusted R Squared = -.024)e.
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(d) Site Grand Means

6.687 .225 6.241 7.134

31.169 1.778 27.631 34.707

1.759 .064 1.632 1.887
.772 .015 .741 .803

1.440 .042 1.356 1.525

Dependent Variable
Number of coral
families (S)
Mean % of coral
families (N)
Family richness (d)
Family evenness (J')
Family diversity (H')

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(e) Site Estimates

6.741 .394 5.958 7.524
6.964 .386 6.195 7.733
6.357 .386 5.588 7.126

34.270 3.117 28.068 40.473
33.346 3.060 27.256 39.437
25.889 3.060 19.799 31.980

1.747 .112 1.523 1.970
1.726 .110 1.507 1.946
1.805 .110 1.586 2.024

.759 .027 .705 .813

.762 .027 .709 .815

.795 .027 .742 .848
1.430 .074 1.282 1.577
1.460 .073 1.315 1.605
1.432 .073 1.287 1.577

Site within deep zone
Site 1
Site 2
Site 3
Site 1
Site 2
Site 3
Site 1
Site 2
Site 3
Site 1
Site 2
Site 3
Site 1
Site 2
Site 3

Dependent Variable
Number of coral
families (S)

Mean % of coral
families (N)

Family richness (d)

Family evenness (J')

Family diversity (H')

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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(f) Site Multiple Comparisons

Scheffe

-.22 .55 .921
.38 .55 .786
.22 .55 .921
.61 .55 .542

-.38 .55 .786
-.61 .55 .542
.924 4.368 .978

8.381 4.368 .165
-.924 4.368 .978
7.457 4.328 .233

-8.381 4.368 .165
-7.457 4.328 .233

2.060E-02 .1574 .991
5.8333E-02 .1574 .934
2.0595E-02 .1574 .991
7.8929E-02 .1559 .880

5.833E-02 .1574 .934
7.893E-02 .1559 .880

2.8968E-03 3.802E-02 .997
3.5754E-02 3.802E-02 .644

2.897E-03 3.802E-02 .997
3.2857E-02 3.768E-02 .685

3.575E-02 3.802E-02 .644
3.286E-02 3.768E-02 .685

3.0013E-02 .1041 .959
2.1561E-03 .1041 1.000

3.001E-02 .1041 .959
2.786E-02 .1031 .964
2.156E-03 .1041 1.000

2.7857E-02 .1031 .964

(J) Site within deep zon
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site within deep zo
Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Dependent Variable
Number of coral
families (S)

Mean % of coral
families (N)

Family richness (d)

Family evenness (J

Family diversity (H'

Mean
Difference

(I-J) Std. Error Sig.

Based on observed means.
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Appendix 1.3: One-way MANOVA using Site as factor and 6 genus abundance as DVs 
for the deep zone 

(a) Descriptive Statistics

6.943 6.449 28
8.464 6.860 28
2.418 3.067 28
5.942 6.211 84
3.975 6.158 28
3.064 3.123 28
1.668 1.961 28
2.902 4.203 84
5.236 8.725 28
3.746 2.391 28
2.396 2.108 28
3.793 5.425 84

.000 .000 28

.000 .000 28

.000 .000 28

.000 .000 84

.546 1.543 28

.332 1.049 28
2.500E-02 .132 28

.301 1.088 84
5.686 11.087 28
4.511 3.875 28
4.132 4.503 28
4.776 7.205 84

Site within deep zone
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total

Acropora

Montipora

Pocillopora

Seriatopora

Styllophora

Porites

Mean Std. Deviation N
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(b) Multivariate Testsc

.711 37.868a 5.000 77.000 .000

.289 37.868a 5.000 77.000 .000
2.459 37.868a 5.000 77.000 .000
2.459 37.868a 5.000 77.000 .000

.281 2.554 10.000 156.000 .007

.732 2.598a 10.000 154.000 .006

.347 2.640 10.000 152.000 .005

.282 4.400b 5.000 78.000 .001

Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root
Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

Effect
Intercept

SITE

Value F Hypothesis df Error df Sig.

Exact statistica.

The statistic is an upper bound on F that yields a lower bound on the significance level.b.

Design: Intercept+SITEc.
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(c) Tests of Between-Subjects Effects

553.930a 2 276.965 8.473 .000
75.622b 2 37.811 2.202 .117

112.952c 2 56.476 1.963 .147
.000d 2 .000 . .

3.847e 2 1.923 1.649 .199
36.750f 2 18.375 .348 .707

2965.486 1 2965.486 90.724 .000
707.600 1 707.600 41.210 .000

1208.404 1 1208.404 42.012 .000
.000 1 .000 . .

7.620 1 7.620 6.534 .012
1916.208 1 1916.208 36.332 .000

553.930 2 276.965 8.473 .000
75.622 2 37.811 2.202 .117

112.952 2 56.476 1.963 .147
.000 2 .000 . .

3.847 2 1.923 1.649 .199
36.750 2 18.375 .348 .707

2647.634 81 32.687
1390.818 81 17.171
2329.824 81 28.763

.000 81 .000
94.463 81 1.166

4272.062 81 52.742
6167.050 84
2174.040 84
3651.180 84

.000 84
105.930 84

6225.020 84
3201.564 83
1466.440 83
2442.776 83

.000 83
98.310 83

4308.812 83

Dependent Variable
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites

Source
Corrected Model

Intercept

SITE

Error

Total

Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .173 (Adjusted R Squared = .153)a.

R Squared = .052 (Adjusted R Squared = .028)b.

R Squared = .046 (Adjusted R Squared = .023)c.

R Squared = . (Adjusted R Squared = .)d.

R Squared = .039 (Adjusted R Squared = .015)e.

R Squared = .009 (Adjusted R Squared = -.016)f.
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(d) Site Grand Mean

5.942 .624 4.700 7.183
2.902 .452 2.003 3.802
3.793 .585 2.629 4.957

.000 .000 .000 .000

.301 .118 6.675E-02 .536
4.776 .792 3.200 6.353

Dependent Variable
Acropora
Montipora
Pocillopora
Seriatopora
Styllophora
Porites

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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(e) Site Multiple Comparisons

Scheffe

-1.521 1.528 .611 -5.332 2.289
4.525* 1.528 .016 .715 8.335
1.521 1.528 .611 -2.289 5.332
6.046* 1.528 .001 2.236 9.857

-4.525* 1.528 .016 -8.335 -.715
-6.046* 1.528 .001 -9.857 -2.236

.911 1.107 .714 -1.851 3.672
2.307 1.107 .121 -.455 5.069
-.911 1.107 .714 -3.672 1.851
1.396 1.107 .455 -1.365 4.158

-2.307 1.107 .121 -5.069 .455
-1.396 1.107 .455 -4.158 1.365
1.489 1.433 .585 -2.085 5.064
2.839 1.433 .147 -.735 6.414

-1.489 1.433 .585 -5.064 2.085
1.350 1.433 .643 -2.224 4.924

-2.839 1.433 .147 -6.414 .735
-1.350 1.433 .643 -4.924 2.224

.000 .000 1.000 .a .

.000 .000 1.000 .a .

.000 .000 1.000 .a .

.000 .000 1.000 .a .

.000 .000 1.000 .a .

.000 .000 1.000 .a .

.214 .289 .760 -.505 .934

.521 .289 .202 -.198 1.241
-.214 .289 .760 -.934 .505
.307 .289 .570 -.413 1.027

-.521 .289 .202 -1.241 .198
-.307 .289 .570 -1.027 .413
1.175 1.941 .833 -3.665 6.015
1.554 1.941 .727 -3.287 6.394

-1.175 1.941 .833 -6.015 3.665
.379 1.941 .981 -4.462 5.219

-1.554 1.941 .727 -6.394 3.287
-.379 1.941 .981 -5.219 4.462

(J) Site within deep
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site within deep
Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Site 1

Site 2

Site 3

Dependent Vari
Acropora

Montipora

Pocillopora

Seriatopora

Styllophora

Porites

Mean
Difference

(I-J) Std. Error Sig. Lower BoundUpper Bound
95% Confidence Interval

Based on observed means.
The mean difference is significant at the .050 level.*.

Range values cannot be computed.a.
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Appendix 2.0: ANOVA results comparing spawning season and depth zone settlement 

differences

(a) Descriptive Statistics

Dependent Variable: Total spat count

1.94 1.64 144
1.42 1.31 144
1.68 1.50 288

.32 .74 144

.44 .79 144

.38 .77 288
1.13 1.51 288

.93 1.19 288
1.03 1.36 576

Depth zone
Shallow zone
Deep zone
Total
Shallow zone
Deep zone
Total
Shallow zone
Deep zone
Total

Spawning season
Major spawning 2001

Minor spawning 2002

Total

Mean Std. Deviation N

(b) Tests of Between-Subjects Effects

Dependent Variable: Total spat count

263.375a 3 87.792 63.072 .000
608.444 1 608.444 437.125 .000
242.840 1 242.840 174.464 .000

5.840 1 5.840 4.196 .041
14.694 1 14.694 10.557 .001

796.181 572 1.392
1668.000 576
1059.556 575

Source
Corrected Model
Intercept
SEASON
DEPTH
SEASON * DEPTH
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .249 (Adjusted R Squared = .245)a.

(c) Spawning season Estimates

Dependent Variable: Total spat count

1.677 .070 1.541 1.814
.378 .070 .242 .515

Spawning season
Major spawning 2001
Minor spawning 2002

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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(d) Spawning season Pairwise Comparisons

Dependent Variable: Total spat count

1.299* .098 .000 1.106 1.492
-1.299* .098 .000 -1.492 -1.106

(J) Spawning seaso
Minor spawning 200
Major spawning 200

(I) Spawning season
Major spawning 200
Minor spawning 200

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
The mean difference is significant at the .05 level.*.

Adjustment for multiple comparisons: Bonferroni.a.

(e) Depth zone Estimates

Dependent Variable: Total spat count

1.128 .070 .992 1.265
.927 .070 .791 1.064

Depth zone
Shallow zone
Deep zone

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(f) Depth zone Pairwise Comparisons

Dependent Variable: Total spat count

.201* .098 .041 8.283E-03 .394
-.201* .098 .041 -.394 -8.283E-03

(J) Depth zone
Deep zone
Shallow zone

(I) Depth zone
Shallow zone
Deep zone

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
The mean difference is significant at the .05 level.*.

Adjustment for multiple comparisons: Bonferroni.a.
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Appendix 2.1: 2-way ANOVA results for major spawning season using depth and site as 

factors and total spat density as DV. 

(a) Descriptive Statistics

Dependent Variable: Total spat count

1.79 1.52 48
2.48 1.74 48
1.54 1.53 48
1.94 1.64 144
1.44 1.32 48
1.35 1.26 48
1.46 1.37 48
1.42 1.31 144
1.61 1.42 96
1.92 1.61 96
1.50 1.44 96
1.68 1.50 288

Site
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total

Depth zone
Shallow zone

Deep zone

Total

Mean Std. Deviation N

(b) Tests of Between-Subjects Effects

Dependent Variable: Total spat count

42.448a 5 8.490 3.960 .002
810.031 1 810.031 377.868 .000

19.531 1 19.531 9.111 .003
8.896 2 4.448 2.075 .127

14.021 2 7.010 3.270 .039
604.521 282 2.144

1457.000 288
646.969 287

Source
Corrected Model
Intercept
DEPTH
SITE
DEPTH * SITE
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .066 (Adjusted R Squared = .049)a.

(c) Depth zone Estimates

Dependent Variable: Total spat count

1.937 .122 1.697 2.178
1.417 .122 1.176 1.657

Depth zone
Shallow zone
Deep zone

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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(d) Depth zone Pairwise Comparisons

Dependent Variable: Total spat count

.521* .173 .003 .181 .860
-.521* .173 .003 -.860 -.181

(J) Depth zone
Deep zone
Shallow zone

(I) Depth zone
Shallow zone
Deep zone

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
The mean difference is significant at the .050 level.*.

Adjustment for multiple comparisons: Bonferroni.a.

(e) Site Estimates

Dependent Variable: Total spat count

1.615 .149 1.320 1.909
1.917 .149 1.623 2.211
1.500 .149 1.206 1.794

Site
Site 1
Site 2
Site 3

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(f) Site Multiple Comparisons

Dependent Variable: Total spat count
Scheffe

-.30 .21 .361 -.82 .22
.11 .21 .863 -.41 .63
.30 .21 .361 -.22 .82
.42 .21 .145 -.10 .94

-.11 .21 .863 -.63 .41
-.42 .21 .145 -.94 .10

(J) Site
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site
Site 1

Site 2

Site 3

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

Based on observed means.
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Appendix 2.2: ANOVA results for shallow, major spawning dataset 
(a) Between-Subjects Factors

Site 1 48
Site 2 48
Site 3 48
Ceramic 72
Terracotta 72
Top surface 72
Bottom
surface 72

1
2
3

Site

1
2

Tile type

1
2

Tile surface

Value Label N

(b) Tests of Between-Subjects Effects

Dependent Variable: Total spat count (incl. unknowns)

109.521a 11 9.956 4.816 .000
540.563 1 540.563 261.451 .000

22.625 2 11.313 5.471 .005
8.507 1 8.507 4.115 .045

76.562 1 76.562 37.031 .000
.514 2 .257 .124 .883
.125 2 6.250E-02 .030 .970

1.174 1 1.174 .568 .453

1.389E-02 2 6.944E-03 .003 .997

272.917 132 2.068
923.000 144
382.438 143

Source
Corrected Model
Intercept
SITE
TILETYPE
SURFACE
SITE * TILETYPE
SITE * SURFACE
TILETYPE * SURFACE
SITE * TILETYPE *
SURFACE
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .286 (Adjusted R Squared = .227)a.
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(c) Site Estimates

Dependent Variable: Total spat count (incl. unknowns)

1.792 .208 1.381 2.202
2.479 .208 2.069 2.890
1.542 .208 1.131 1.952

Site
Site 1
Site 2
Site 3

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(d) Site Multiple Comparisons

Dependent Variable: Total spat count (incl. unknowns)
Scheffe

-.69 .29 .068 -1.41 3.92E-02
.25 .29 .696 -.48 .98
.69 .29 .068 -3.92E-02 1.41
.94* .29 .007 .21 1.66

-.25 .29 .696 -.98 .48
-.94* .29 .007 -1.66 -.21

(J) Site
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site
Site 1

Site 2

Site 3

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

Based on observed means.
The mean difference is significant at the .05 level.*.

(e) Tile type Estimates

Dependent Variable: Total spat count (incl. unknowns)

1.694 .169 1.359 2.030
2.181 .169 1.845 2.516

Tile type
Ceramic
Terracotta

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(f) Tile type Pairwise Comparisons

Dependent Variable: Total spat count (incl. unknowns)

-.486* .240 .045 -.960 -1.206E-02
.486* .240 .045 1.206E-02 .960

(J) Tile type
Terracotta
Ceramic

(I) Tile type
Ceramic
Terracotta

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
The mean difference is significant at the .05 level.*.

Adjustment for multiple comparisons: Bonferroni.a.
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(g) Tile surface settlement Estimates

Dependent Variable: Total spat count (incl. unknowns)

2.667 .169 2.331 3.002
1.208 .169 .873 1.544

Tile surface
Top surface
Bottom surface

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(h) Tile surface Pairwise Comparisons

Dependent Variable: Total spat count (incl. unknowns)

1.458* .240 .000 .984 1.932
-1.458* .240 .000 -1.932 -.984

(J) Tile surface
Bottom surface
Top surface

(I) Tile surface
Top surface
Bottom surface

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
The mean difference is significant at the .05 level.*.

Adjustment for multiple comparisons: Bonferroni.a.

Appendix 2.3: ANOVA results for deep, major spawning dataset
(a) Between-Subjects Factors

Site 1 48
Site 2 48
Site 3 48
Ceramic 72
Terracotta 72
Top surface 72
Bottom
surface 72

1
2
3

Site

1
2

Tile type

1
2

Tile surface

Value Label N
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(b) Tests of Between-Subjects Effects

Dependent Variable: Total spat count (incl. unknowns)

12.500a 11 1.136 .645 .787
289.000 1 289.000 164.077 .000

.292 2 .146 .083 .921

.111 1 .111 .063 .802
7.111 1 7.111 4.037 .047
3.931 2 1.965 1.116 .331

.597 2 .299 .170 .844

.111 1 .111 .063 .802

.347 2 .174 .099 .906

232.500 132 1.761
534.000 144
245.000 143

Source
Corrected Model
Intercept
SITE
TILETYPE
SURFACE
SITE * TILETYPE
SITE * SURFACE
TILETYPE * SURFACE
SITE * TILETYPE *
SURFACE
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .051 (Adjusted R Squared = -.028)a.

(c) Site Estimates

Dependent Variable: Total spat count (incl. unknowns)

1.438 .192 1.059 1.816
1.354 .192 .975 1.733
1.458 .192 1.079 1.837

Site
Site 1
Site 2
Site 3

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(d) Site Multiple Comparisons

Dependent Variable: Total spat count (incl. unknowns)
Scheffe

8.33E-02 .27 .954 -.59 .75
-2.08E-02 .27 .997 -.69 .65
-8.33E-02 .27 .954 -.75 .59

-.10 .27 .929 -.77 .57
2.08E-02 .27 .997 -.65 .69

.10 .27 .929 -.57 .77

(J) Site
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site
Site 1

Site 2

Site 3

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

Based on observed means.
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(e) Tile type Estimates

Dependent Variable: Total spat count (incl. unknowns)

1.444 .156 1.135 1.754
1.389 .156 1.079 1.698

Tile type
Ceramic
Terracotta

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(f) Tile type Pairwise Comparisons

Dependent Variable: Total spat count (incl. unknowns)

5.556E-02 .221 .802 -.382 .493
-5.556E-02 .221 .802 -.493 .382

(J) Tile type
Terracotta
Ceramic

(I) Tile type
Ceramic
Terracotta

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
Adjustment for multiple comparisons: Bonferroni.a.

(g) Tile surface settlement Estimates

Dependent Variable: Total spat count (incl. unknowns)

1.639 .156 1.329 1.948
1.194 .156 .885 1.504

Tile surface
Top surface
Bottom surface

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(h) Tile surface Pairwise Comparisons

Dependent Variable: Total spat count (incl. unknowns)

.444* .221 .047 6.901E-03 .882
-.444* .221 .047 -.882 -6.901E-03

(J) Tile surface
Bottom surface
Top surface

(I) Tile surface
Top surface
Bottom surface

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
The mean difference is significant at the .05 level.*.

Adjustment for multiple comparisons: Bonferroni.a.

Appendix 2.4: ANOVA results Minor spawning season 2002 
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(a) Minor spawning Descriptive Statistics

Dependent Variable: Total spat count

.12 .39 48

.65 1.10 48

.19 .39 48

.32 .74 144

.75 1.06 48

.23 .56 48

.33 .56 48

.44 .79 144

.44 .86 96

.44 .89 96

.26 .49 96

.38 .77 288

Site
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total

Depth zone
Shallow zone (3-5m)

Deep zone (10-14m)

Total

Mean Std. Deviation N

(b) Tests of Between-Subjects Effects

Dependent Variable: Total spat count

16.059a 5 3.212 5.893 .000
41.253 1 41.253 75.696 .000

1.003 1 1.003 1.841 .176
2.007 2 1.003 1.841 .161

13.049 2 6.524 11.971 .000
153.688 282 .545
211.000 288
169.747 287

Source
Corrected Model
Intercept
DEPTH
SITE
DEPTH * SITE
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .095 (Adjusted R Squared = .079)a.

(c) Depth Estimates

Dependent Variable: Total spat count

.319 .062 .198 .441

.438 .062 .316 .559

Depth zone
Shallow zone (3-5m)
Deep zone (10-14m)

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval



Appendices

Vave, R.                                                                                                                  Page 187

(d) Depth Pairwise Comparisons

Dependent Variable: Total spat count

-.118 .087 .176 -.289 5.320E-02
.118 .087 .176 -5.320E-02 .289

(J) Depth zone
Deep zone (10-14m
Shallow zone (3-5m

(I) Depth zone
Shallow zone (3-5m
Deep zone (10-14m

Mean
Difference

(I-J) Std. Error Sig.a Lower BoundUpper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
Adjustment for multiple comparisons: Bonferroni.a.

(e) Site Estimates

Dependent Variable: Total spat count

.438 .075 .289 .586

.438 .075 .289 .586

.260 .075 .112 .409

Site
Site 1
Site 2
Site 3

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(f) Site Multiple Comparisons

Dependent Variable: Total spat count
Scheffe

1.11E-16 .11 1.000 -.26 .26
.18 .11 .253 -8.51E-02 .44

-1.11E-16 .11 1.000 -.26 .26
.18 .11 .253 -8.51E-02 .44

-.18 .11 .253 -.44 8.51E-02
-.18 .11 .253 -.44 8.51E-02

(J) Site
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site
Site 1

Site 2

Site 3

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

Based on observed means.

Appendix 2.5: ANOVA results for minor spawning shallow zone 
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(a) Between-Subjects Factors

Site 1 48
Site 2 48
Site 3 48
Ceramic 72
Terracotta 72
Top surface 72
Bottom
surface 72

1
2
3

Site

1
2

Tile type

1
2

Tile surface

Value Label N

(b) Tests of Between-Subjects Effects

Dependent Variable: Total spat count

15.639a 11 1.422 2.948 .002
14.694 1 14.694 30.466 .000

7.764 2 3.882 8.048 .001
1.778 1 1.778 3.686 .057
2.250 1 2.250 4.665 .033
1.014 2 .507 1.051 .352
2.542 2 1.271 2.635 .076

.111 1 .111 .230 .632

.181 2 9.028E-02 .187 .830

63.667 132 .482
94.000 144
79.306 143

Source
Corrected Model
Intercept
SITE
TILETYPE
SURFACE
SITE * TILETYPE
SITE * SURFACE
TILETYPE * SURFACE
SITE * TILETYPE *
SURFACE
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .197 (Adjusted R Squared = .130)a.

(c) Site Estimates

Dependent Variable: Total spat count

.125 .100 -7.329E-02 .323

.646 .100 .448 .844

.188 .100 -1.079E-02 .386

Site
Site 1
Site 2
Site 3

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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(d) Site Multiple Comparisons

Dependent Variable: Total spat count
Scheffe

-.52* .14 .002 -.87 -.17
-6.25E-02 .14 .907 -.41 .29

.52* .14 .002 .17 .87

.46* .14 .007 .11 .81
6.25E-02 .14 .907 -.29 .41

-.46* .14 .007 -.81 -.11

(J) Site
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site
Site 1

Site 2

Site 3

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

Based on observed means.
The mean difference is significant at the .05 level.*.

(e) Tile surface Estimates

Dependent Variable: Total spat count

.444 .082 .283 .606

.194 .082 3.254E-02 .356

Tile surface
Top surface
Bottom surface

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(f) Tile suface Pairwise Comparisons

Dependent Variable: Total spat count

.250* .116 .033 2.104E-02 .479
-.250* .116 .033 -.479 -2.104E-02

(J) Tile surface
Bottom surface
Top surface

(I) Tile surface
Top surface
Bottom surface

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
The mean difference is significant at the .05 level.*.

Adjustment for multiple comparisons: Bonferroni.a.

(g) Tile type Estimates

Dependent Variable: Total spat count

.208 .082 4.643E-02 .370

.431 .082 .269 .592

Tile type
Ceramic
Terracotta

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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(h) Pairwise Comparisons

Dependent Variable: Total spat count

-.222 .116 .057 -.451 6.741E-03
.222 .116 .057 -6.741E-03 .451

(J) Tile type
Terracotta
Ceramic

(I) Tile type
Ceramic
Terracotta

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
Adjustment for multiple comparisons: Bonferroni.a.

Appendix 2.6: ANOVA results for minor spawning deep zone
(a) Between-Subjects Factors

Site 1 48
Site 2 48
Site 3 48
Ceramic 72
Terracotta 72
Top surface 72
Bottom
surface 72

1
2
3

Site

1
2

Tile type

1
2

Tile surface

Value Label N
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(b) Tests of Between-Subjects Effects

Dependent Variable: Total spat count

16.688a 11 1.517 2.753 .003
27.563 1 27.563 50.010 .000

7.292 2 3.646 6.615 .002
1.563 1 1.563 2.835 .095
3.063 1 3.063 5.557 .020
2.792 2 1.396 2.533 .083

.292 2 .146 .265 .768
1.174 1 1.174 2.129 .147

.514 2 .257 .466 .628

72.750 132 .551
117.000 144

89.437 143

Source
Corrected Model
Intercept
SITE
TILETYPE
SURFACE
SITE * TILETYPE
SITE * SURFACE
TILETYPE * SURFACE
SITE * TILETYPE *
SURFACE
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .187 (Adjusted R Squared = .119)a.

(c) Site Estimates

Dependent Variable: Total spat count

.750 .107 .538 .962

.229 .107 1.721E-02 .441

.333 .107 .121 .545

Site
Site 1
Site 2
Site 3

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(d) Site Multiple Comparisons

Dependent Variable: Total spat count
Scheffe

.52* .15 .003 .15 .90

.42* .15 .025 4.15E-02 .79
-.52* .15 .003 -.90 -.15
-.10 .15 .790 -.48 .27
-.42* .15 .025 -.79 -4.15E-02
.10 .15 .790 -.27 .48

(J) Site
Site 2
Site 3
Site 1
Site 3
Site 1
Site 2

(I) Site
Site 1

Site 2

Site 3

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

Based on observed means.
The mean difference is significant at the .05 level.*.
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(e) Tile type Estimates

Dependent Variable: Total spat count

.333 .087 .160 .506

.542 .087 .369 .715

Tile type
Ceramic
Terracotta

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(f) Tile type Pairwise Comparisons

Dependent Variable: Total spat count

-.208 .124 .095 -.453 3.642E-02
.208 .124 .095 -3.642E-02 .453

(J) Tile type
Terracotta
Ceramic

(I) Tile type
Ceramic
Terracotta

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
Adjustment for multiple comparisons: Bonferroni.a.

(g) Tile surface Estimates

Dependent Variable: Total spat count

.583 .087 .410 .756

.292 .087 .119 .465

Tile surface
Top surface
Bottom surface

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

(h) Tile surface Pairwise Comparisons

Dependent Variable: Total spat count

.292* .124 .020 4.691E-02 .536
-.292* .124 .020 -.536 -4.691E-02

(J) Tile surface
Bottom surface
Top surface

(I) Tile surface
Top surface
Bottom surface

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
The mean difference is significant at the .05 level.*.

Adjustment for multiple comparisons: Bonferroni.a.
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Appendix 3.0: Kruskal-Wallis test results for site effect on the recruit abundance of five 

coral genera within shallow zone.

(a) Ranks

28 36.86
28 38.09
28 52.55
84
28 40.75
28 40.36
28 46.39
84
28 36.43
28 43.43
28 47.64
84
28 39.45
28 42.41
28 45.64
84
28 39.50
28 48.50
28 39.50
84

Site in the shallow zone
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total

Acropora

Montipora

Pocillopora

Styllophora

Porites

N Mean Rank

(b) Test Statisticsa,b

7.276 1.821 3.121 2.049 12.769
2 2 2 2 2

.026 .402 .210 .359 .002

Chi-Square
df
Asymp. Sig.

Acropora Montipora Pocillopora Styllophora Porites

Kruskal Wallis Testa.

Grouping Variable: Site in the shallow zoneb.
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Appendix 3.1: Chi-square results for site effect on the distribution of five coral genera 

within the shallow zone 

(a) Common coral recruit genus count * Site in shallow zone Crosstabulation

83 98 148 329
79.3 100.0 149.7 329.0

58.5% 54.7% 55.2% 55.9%

8 7 12 27
6.5 8.2 12.3 27.0

5.6% 3.9% 4.5% 4.6%

48 63 100 211
50.9 64.1 96.0 211.0

33.8% 35.2% 37.3% 35.8%

3 5 8 16
3.9 4.9 7.3 16.0

2.1% 2.8% 3.0% 2.7%

0 6 0 6
1.4 1.8 2.7 6.0

.0% 3.4% .0% 1.0%

142 179 268 589
142.0 179.0 268.0 589.0

100.0% 100.0% 100.0% 100.0%

Count
Expected Count
% within Site in
shallow zone
Count
Expected Count
% within Site in
shallow zone
Count
Expected Count
% within Site in
shallow zone
Count
Expected Count
% within Site in
shallow zone
Count
Expected Count
% within Site in
shallow zone
Count
Expected Count
% within Site in
shallow zone

Acropora

Montipora

Pocillopora

Styllophora

Porites

Common
coral recruit
genus count

Total

Site 1 Site 2 Site 3
Site in shallow zone

Total

(b) Chi-Square Tests

15.111a 8 .057
15.659 8 .048

.315 1 .575

589

Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

5 cells (33.3%) have expected count less than 5. The
minimum expected count is 1.45.

a.
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(c) Symmetric Measures

.160 .057

.113 .057

.158 .057
589

Phi
Cramer's V
Contingency Coefficient

Nominal by
Nominal

N of Valid Cases

Value Approx. Sig.

Not assuming the null hypothesis.a.

Using the asymptotic standard error assuming the null
hypothesis.

b.

Appendix 3.2: Kruskal-Wallis test results for site effect on the recruit abundance of five 

coral genera within deep zone.

(a) Descriptive Statistics

84 4.33 6.56 0 36
84 .79 1.47 0 10
84 1.12 1.56 0 8
84 .17 .49 0 3
84 .23 .97 0 8
84 2.00 .82 1 3

Acropora
Montipora
Pocillopora
Styllophora
Porites
Site in deep zone

N Mean Std. Deviation Minimum Maximum

(b) Test Statisticsa,b

3.302 4.310 .365 .181 9.145
2 2 2 2 2

.192 .116 .833 .914 .010

Chi-Square
df
Asymp. Sig.

Acropora Montipora Pocillopora Styllophora Porites

Kruskal Wallis Testa.

Grouping Variable: Site in deep zoneb.
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Appendix 3.3: Chi-square results for site effect on distribution of 5 coral genera within 

the deep zone

(a) Coral recruit genus count * Site in deep zone Crosstabulation

141 141 83 365
143.9 134.1 87.0 365.0

64.1% 68.8% 62.4% 65.4%

29 27 10 66
26.0 24.2 15.7 66.0

13.2% 13.2% 7.5% 11.8%

29 32 33 94
37.1 34.5 22.4 94.0

13.2% 15.6% 24.8% 16.8%

4 4 6 14
5.5 5.1 3.3 14.0

1.8% 2.0% 4.5% 2.5%

17 1 1 19
7.5 7.0 4.5 19.0

7.7% .5% .8% 3.4%

220 205 133 558
220.0 205.0 133.0 558.0

100.0% 100.0% 100.0% 100.0%

Count
Expected Count
% within Site in
deep zone
Count
Expected Count
% within Site in
deep zone
Count
Expected Count
% within Site in
deep zone
Count
Expected Count
% within Site in
deep zone
Count
Expected Count
% within Site in
deep zone
Count
Expected Count
% within Site in
deep zone

Acropora

Montipora

Pocillopora

Styllophora

Porites

Coral
recruit
genus
count

Total

Site 1 Site 2 Site 3
Site in deep zone

Total
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(b) Chi-Square Tests

33.030a 8 .000
33.489 8 .000

.318 1 .573

558

Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)

2 cells (13.3%) have expected count less than 5. The
minimum expected count is 3.34.

a.

(c) Symmetric Measures

.243 .000

.172 .000

.236 .000
558

Phi
Cramer's V
Contingency Coefficient

Nominal by
Nominal

N of Valid Cases

Value Approx. Sig.

Not assuming the null hypothesis.a.

Using the asymptotic standard error assuming the null
hypothesis.

b.

Appendix 3.4: Kruskal-Wallis test results on recruitment type distribution by site within 

the shallow zone 

(a) Descriptive Statistics

21 4.76E-02 .22 0 1
21 9.52E-02 .44 0 2
21 .95 1.69 0 5
21 6.62 4.49 0 21
21 2.00 .84 1 3

Fragmentation
Budding
Regrowth
Sexual recruits
Site within depth zone

N Mean Std. Deviation Minimum Maximum
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(b) Test Statisticsa,b

2.000 2.000 4.587 7.907
2 2 2 2

.368 .368 .101 .019

Chi-Square
df
Asymp. Sig.

Fragment
ation Budding Regrowth

Sexual
recruits

Kruskal Wallis Testa.

Grouping Variable: Site within depth zoneb.

Appendix 3.5: Kruskal-Wallis test result on recruitment type abundance difference 

between sites within the deep zone. 

(a) Descriptive Statistics

21 9.52E-02 .44 0 2
21 .90 4.15 0 19
21 .38 .92 0 3
21 2.00 2.12 0 7
21 2.00 .84 1 3

Fragmentation
Budding
Regrowth
Sexual recruitment
Site within depth zone

N Mean Std. Deviation Minimum Maximum
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(b) Ranks

7 12.00
7 10.50
7 10.50

21
7 10.50
7 12.00
7 10.50

21
7 13.64
7 10.36
7 9.00

21
7 10.93
7 15.93
7 6.14

21

Site within depth zone
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total
Site 1
Site 2
Site 3
Total

Fragmentation

Budding

Regrowth

Sexual recruitment

N Mean Rank

(c) Test Statisticsa,b

2.000 2.000 4.420 9.190
2 2 2 2

.368 .368 .110 .010

Chi-Square
df
Asymp. Sig.

Fragment
ation Budding Regrowth

Sexual
recruitment

Kruskal Wallis Testa.

Grouping Variable: Site within depth zoneb.

Appendix 3.6: Mann-Whitney test on recruitment type abundance difference between 

depth zones. 
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(a) Descriptive Statistics

42 7.14E-02 .34 0 2
42 .45 2.93 0 19
42 .67 1.37 0 5
42 4.36 4.28 0 21
42 1.50 .51 1 2

Asexual fragmentation
Budding
Regrowth
Sexual recruitment
Depth zone

N Mean Std. Deviation Minimum Maximum

(b) Ranks

21 21.48 451.00
21 21.52 452.00
42
21 21.00 441.00
21 22.00 462.00
42
21 23.24 488.00
21 19.76 415.00
42
21 29.02 609.50
21 13.98 293.50
42

Depth zone
Shallow (3-5m)
Deep (10-14m)
Total
Shallow (3-5m)
Deep (10-14m)
Total
Shallow (3-5m)
Deep (10-14m)
Total
Shallow (3-5m)
Deep (10-14m)
Total

Asexual fragmentation

Budding

Regrowth

Sexual recruitment

N Mean Rank Sum of Ranks

(c) Test Statisticsa

220.000 210.000 184.000 62.500
451.000 441.000 415.000 293.500

-.034 -1.000 -1.189 -4.008
.973 .317 .234 .000

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

Asexual
fragmentation Budding Regrowth

Sexual
recruitment

Grouping Variable: Depth zonea.
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Appendix 3.7: Mann-Whitney test on overall recruitment abundance difference between 

depth zones. 

(a) Descriptive Statistics

42 5.57 5.29 0 21
42 1.50 .51 1 2

Overall recruitment
Depth zone

N Mean Std. Deviation Minimum Maximum

(b) Ranks

21 28.00 588.00
21 15.00 315.00
42

Depth zone
Shallow zone
Deep zone
Total

Overall recruitment
N Mean Rank Sum of Ranks

(c) Test Statisticsa

84.000
315.000

-3.451
.001

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

Overall
recruitment

Grouping Variable: Depth zonea.
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Appendix 4.0: Shallow zone-site 1 (Benthic categories)

(a) Descriptive Statistics

6.61 3.635 28
49.450 15.0918 28

5.714 6.2799 28
.243 .7110 28

Total recruitment
Scleractinia
Soft corals
Sponge

Mean Std. Deviation N

(b) Model Summary

.482a .233 .137 3.377 .233 2.426 3 24 .090
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Sponge, Soft corals, Scleractiniaa.

(c) ANOVAb

82.999 3 27.666 2.426 .090a

273.679 24 11.403
356.679 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Sponge, Soft corals, Scleractiniaa.

Dependent Variable: Total recruitmentb.
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(d) Coefficientsa

11.532 2.284 5.050 .000
-.106 .043 -.441 -2.451 .022
.003 .104 .005 .028 .978

1.285 .924 .251 1.390 .177

(Constant)
Scleractinia
Soft corals
Sponge

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.

Appendix 4.1: Shallow zone-site 1 (abiotics)

(a) Descriptive Statistics

6.61 3.635 28
23.764 15.1818 28

5.157 8.3768 28
2.096 6.2926 28

Total recruitment
DCA
Rock
Rubble

Mean Std. Deviation N

(b) Model Summary

.464a .215 .117 3.416 .215 2.189 3 24 .115
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Rubble, DCA, Rocka.
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(c) ANOVAb

76.636 3 25.545 2.189 .115a

280.042 24 11.668
356.679 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Rubble, DCA, Rocka.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

3.949 1.462 2.701 .012
.078 .045 .327 1.727 .097
.071 .084 .163 .844 .407
.207 .107 .359 1.937 .065

(Constant)
DCA
Rock
Rubble

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.

Appendix 4.2: Shallow zone-site 2 (benthic categories)

(a) Descriptive Statistics

7.18 4.406 28
2.643 5.2847 28
8.014 7.5457 28

54.854 16.2765 28

Total recruitment
Non scleractinia
Others
Scleractinia

Mean Std. Deviation N

(b) Model Summary

.085a .007 -.117 4.656 .007 .058 3 24 .981
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Scleractinia, Others, Non scleractiniaa.
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(c) ANOVAb

3.754 3 1.251 .058 .981a

520.353 24 21.681
524.107 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Scleractinia, Others, Non scleractiniaa.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

5.952 3.638 1.636 .115
-.007 .179 -.009 -.042 .967
.006 .119 .011 .053 .958
.022 .058 .081 .376 .711

(Constant)
Non scleractinia
Others
Scleractinia

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.

Appendix 4.3: Shallow zone-site 2 (abiotics)

(a) Descriptive Statistics

7.18 4.406 28
14.968 17.2959 28

8.921 10.1759 28
.543 1.7894 28

Total recruitment
DCA
Rock
Rubble

Mean Std. Deviation N

(b) Model Summary

.294a .087 -.028 4.466 .087 .758 3 24 .529
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Rubble, DCA, Rocka.
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(c) ANOVAb

45.367 3 15.122 .758 .529a

478.740 24 19.947
524.107 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Rubble, DCA, Rocka.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

7.618 1.719 4.430 .000
-.032 .055 -.124 -.574 .571
.040 .094 .092 .425 .675

-.593 .513 -.241 -1.157 .259

(Constant)
DCA
Rock
Rubble

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.

Appendix 4.4: Shallow zone-site 3 (benthic categories)

(a) Descriptive Statistics

10.79 7.805 28
39.061 15.2191 28

.239 .7047 28

Total recruitment
Scleractinia
Sponge

Mean Std. Deviation N

(b) Model Summary

.132a .017 -.061 8.040 .017 .220 2 25 .804
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Sponge, Scleractiniaa.



Appendices

Vave, R.                                                                                                                  Page 207

(c) ANOVAb

28.504 2 14.252 .220 .804a

1616.211 25 64.648
1644.714 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Sponge, Scleractiniaa.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

10.532 4.295 2.452 .022
-.002 .102 -.005 -.024 .981
1.456 2.196 .131 .663 .513

(Constant)
Scleractinia
Sponge

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.

Appendix 4.5: Shallow zone-site 3 (abiotics)

(a) Descriptive Statistics

10.79 7.805 28
17.189 20.4256 28

4.118 7.8492 28
28.214 21.8559 28

Total recruitment
DCA
Rubble
Rock

Mean Std. Deviation N
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(b) Model Summary

.319a .102 -.010 7.845 .102 .908 3 24 .452
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Rock, Rubble, DCAa.

(c) ANOVAb

167.666 3 55.889 .908 .452a

1477.048 24 61.544
1644.714 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Rock, Rubble, DCAa.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

11.765 4.649 2.531 .018
-.103 .100 -.270 -1.033 .312 -.315 -.206 -.200
.027 .212 .027 .126 .901 .065 .026 .024
.024 .093 .068 .260 .797 .224 .053 .050

(Constant)
DCA
Rubble
Rock

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig. Zero-order Partial Part
Correlations

Dependent Variable: Total recruitmenta.

Appendix 4.6: Complete shallow zone (benthic categories) 

(a) Descriptive Statistics

8.19 5.822 84
.288 1.1965 84

8.781 7.6442 84
47.788 16.7058 84

.196 .6104 84

Total recruitment
Macroalgae
Others
Scleractinia
Sponge

Mean Std. Deviation N
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(b) Model Summary

.234a .055 .007 5.801 .055 1.145 4 79 .341
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Sponge, Scleractinia, Macroalgae, Othersa.

(c) ANOVAb

154.181 4 38.545 1.145 .341a

2658.771 79 33.655
2812.952 83

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Sponge, Scleractinia, Macroalgae, Othersa.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

10.690 2.231 4.793 .000
-.388 .548 -.080 -.709 .481
.003 .086 .004 .032 .975

-.056 .039 -.161 -1.433 .156
1.407 1.052 .148 1.337 .185

(Constant)
Macroalgae
Others
Scleractinia
Sponge

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.

Appendix 4.7: Complete shallow zone (abiotics) 
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(a) Descriptive Statistics

8.19 5.822 84
14.098 17.7520 84

2.252 6.0110 84

Total recruitment
Rock
Rubble

Mean Std. Deviation N

(b) Model Summary

.368a .135 .114 5.480 .135 6.336 2 81 .003
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Rubble, Rocka.

(c) ANOVAb

380.528 2 190.264 6.336 .003a

2432.424 81 30.030
2812.952 83

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Rubble, Rocka.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

6.290 .802 7.847 .000
.109 .034 .333 3.218 .002
.161 .100 .166 1.608 .112

(Constant)
Rock
Rubble

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.
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Appendix 4.8: Deep zone-site 1 (benthic categories)

(a) Descriptive Statistics

10.14 14.241 28
.546 1.6648 28

30.418 19.8679 28
.046 .2457 28

Total recruitment
Others
Scleractinia
Sponge

Mean Std. Deviation N

(b) Model Summary

.269a .073 -.043 14.546 .073 .626 3 24 .605
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Sponge, Others, Scleractiniaa.

(c) ANOVAb

397.474 3 132.491 .626 .605a

5077.954 24 211.581
5475.429 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Sponge, Others, Scleractiniaa.

Dependent Variable: Total recruitmentb.
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(d) Coefficientsa

14.459 5.469 2.644 .014
1.084 1.693 .127 .640 .528
-.150 .145 -.209 -1.035 .311

-7.663 11.673 -.132 -.656 .518

(Constant)
Others
Scleractinia
Sponge

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.

Appendix 4.9: Deep zone-site 1 (abiotics)

(a) Descriptive Statistics

10.14 14.241 28
51.561 28.4098 28

.111 .5858 28

Total recruitment
Rubble
Sand

Mean Std. Deviation N

(b) Model Summary

.242a .059 -.017 14.358 .059 .780 2 25 .469
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Sand, Rubblea.
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(c) ANOVAb

321.727 2 160.863 .780 .469a

5153.702 25 206.148
5475.429 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Sand, Rubblea.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

4.236 5.705 .742 .465
.119 .098 .238 1.214 .236

-2.206 4.765 -.091 -.463 .647

(Constant)
Rubble
Sand

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.

Appendix 4.10: Deep zone-site 2 (benthic categories)

(a) Descriptive Statistics

9.32 9.495 28
30.571 9.3786 28

.132 .6429 28

Total recruitment
Scleractinia
Sponge

Mean Std. Deviation N
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(b) Model Summary

.558a .311 .256 8.189 .311 5.649 2 25 .009
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Sponge, Scleractiniaa.

(c) ANOVAb

757.604 2 378.802 5.649 .009a

1676.503 25 67.060
2434.107 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Sponge, Scleractiniaa.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

-8.158 5.433 -1.501 .146
.568 .169 .561 3.361 .002
.914 2.464 .062 .371 .714

(Constant)
Scleractinia
Sponge

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.

Appendix 4.11: Deep zone-site 2 (abiotics)
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(a) Descriptive Statistics

9.32 9.495 28
51.629 17.2624 28

Total recruitment
Rubble

Mean Std. Deviation N

(b) Model Summary

.763a .582 .566 6.255 .582 36.219 1 26 .000
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Rubblea.

(c) ANOVAb

1416.953 1 1416.953 36.219 .000a

1017.154 26 39.121
2434.107 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Rubblea.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

30.988 3.789 8.178 .000
-.420 .070 -.763 -6.018 .000

(Constant)
Rubble

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.
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Appendix 4.12: Deep zone-site 3 (benthic categories)

(a) Descriptive Statistics

6.29 2.992 28
.093 .3780 28

21.568 14.7512 28

Total recruitment
Macroalgae
Scleractinia

Mean Std. Deviation N

(b) Model Summary

.289a .083 .010 2.977 .083 1.139 2 25 .336
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Scleractinia, Macroalgaea.

(c) ANOVAb

20.180 2 10.090 1.139 .336a

221.534 25 8.861
241.714 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Scleractinia, Macroalgaea.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

6.647 1.026 6.477 .000
2.008 1.518 .254 1.323 .198
-.025 .039 -.125 -.652 .520

(Constant)
Macroalgae
Scleractinia

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.
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Appendix 4.13: Deep zone-site 3 (abiotics)

(a) Descriptive Statistics

6.29 2.992 28
59.236 21.2932 28

Total recruitment
Rubble

Mean Std. Deviation N

(b) Model Summary

.090a .008 -.030 3.037 .008 .211 1 26 .649
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Rubblea.

(c) ANOVAb

1.950 1 1.950 .211 .649a

239.764 26 9.222
241.714 27

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Rubblea.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

5.538 1.724 3.212 .003
.013 .027 .090 .460 .649

(Constant)
Rubble

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.
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Appendix 4.14: Complete deep zone (benthic categories)

(a) Descriptive Statistics

8.58 10.050 84
2.331 5.5563 84

27.519 15.6758 84

Total recruitment
Macroalgae
Scleractinia

Mean Std. Deviation N

(b) Model Summary

.145a .021 -.003 10.066 .021 .867 2 81 .424
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Scleractinia, Macroalgaea.

(c) ANOVAb

175.633 2 87.817 .867 .424a

8206.783 81 101.318
8382.417 83

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Scleractinia, Macroalgaea.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

8.521 2.241 3.803 .000
-.261 .200 -.144 -1.303 .196
.024 .071 .038 .344 .732

(Constant)
Macroalgae
Scleractinia

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.
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Appendix 4.15: Complete deep zone (abiotics)

(a) Descriptive Statistics

8.58 10.050 84
54.142 22.8061 84

.285 1.1257 84

Total recruitment
Rubble
Sand

Mean Std. Deviation N

(b) Model Summary

.155a .024 .000 10.050 .024 .995 2 81 .374
Model
1

R R Square
Adjusted
R Square

Std. Error of
the Estimate

R Square
Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), Sand, Rubblea.

(c) ANOVAb

200.990 2 100.495 .995 .374a

8181.426 81 101.005
8382.417 83

Regression
Residual
Total

Model
1

Sum of
Squares df Mean Square F Sig.

Predictors: (Constant), Sand, Rubblea.

Dependent Variable: Total recruitmentb.

(d) Coefficientsa

10.145 2.839 3.573 .001
-.035 .049 -.080 -.729 .468
1.257 .985 .141 1.276 .206

(Constant)
Rubble
Sand

Model
1

B Std. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

t Sig.

Dependent Variable: Total recruitmenta.


