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CHAPTER 1 GENERAL INTRODUCTION 

 

1.1 Overview 
 

Scleractinian corals have a global distribution and dominate many tropical locations. In 

combination with other benthic organisms, coral communities have formed biogenic 

reefs which can stretch over thousands of kilometres. These coral reefs provide habitat 

and food for many marine organisms and have been regarded as one of the most 

productive ecosystems on the planet (Sorokin 1993). Coral dominated reefs support 

many traditional cultures through subsistence fishing and, more recently, provide 

millions of dollars to many countries through tourism and extractive practices. 

However, increasingly, coral reefs are under threat from anthropogenic influences, 

which has led to the demise of many reefs globally (Hoegh-Guldberg 2004; Wilkinson 

2004; Wilkinson and Souter 2008).  

 

Reports of coral condition in the early 1990s suggested that anthropogenic stressors 

such as nutrient pollutants, excessive sedimentation and over-exploitation of marine 

resources were the greatest threats to coral reefs (Wilkinson 1999). At that time global 

climate change, resulting in mass coral bleaching episodes (loss of symbiotic 

zooxanthellae, refer to section 1.5.1), was not considered a threat to coral reefs and 

marine biodiversity (Wilkinson and Buddemeier 1994; Wilkinson 1999). However, 

following the 1997-1998 mass coral bleaching event, researchers from the United 

Nations Global Task Force were convinced that global climate change poses a greater 

threat to coral reefs than direct anthropogenic impacts (Wilkinson 2000). Additionally, 

Bythell et al. (1993) proposed that biologically driven disturbances, such as those 

induced by disease, caused greater coral mortality than that resulting from physical 

disturbance such as hurricane events. 

 
Along with the increased occurrence of coral bleaching during the 1990s, coral 

disease/syndrome outbreaks have increased in frequency and intensity, resulting in the 

loss of many reef-building coral species. For example, over the past three decades 

Caribbean reefs have suffered an 80% decline in coral cover caused by the combination
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of large scale bleaching events and several recent disease epizootics (Hoegh-Guldberg 

1999; Sutherland et al. 2004; Weil 2004; Wilkinson and Souter 2008). Monitoring of 

coral reefs throughout the world indicates that coral disease is not restricted to coastal 

regions, with reports of epizootic outbreaks within remote locations, such as the outer 

reefs on the Great Barrier Reef (GBR) and other isolated reef systems within the 

northern hemisphere (Cervino et al. 1998; Richardson 1998; Hoegh-Guldberg 1999; 

Wilkinson 2000; Sutherland et al. 2004; Willis et al. 2004). 

 

Coral bleaching and disease/syndromes have not been restricted to tropical locations.  

Coinciding with the higher than normal sea surface temperature anomaly during the 

1997-98 El Niño Southern Oscillation (ENSO) event, increased levels of bleaching were 

observed at the Solitary Islands Marine Park (SIMP), northern New South Wales 

(NSW) Australia, with loss of symbiotic algae noted in many acroporids and 

pocilloporids (H. Malcolm personal communication.; S.D.A. Smith unpublished data). 

Results from a coral bleaching monitoring program (established in 2000), revealed that 

many colonies of acroporids and dendrophyllids displayed signs of mortality similar to 

reports of coral disease outbreaks on tropical coral reefs (Edgar et al. 2003). In situ 

observations of affected coral colonies revealed that the phenotype of recent coral tissue 

mortality was similar to “white syndrome” affecting hard corals throughout the GBR 

(Willis et al. 2004) and plague disease affecting massive corals at St Lucia in the 

northern hemisphere  (Nugues 2002).  

 

Investigations within the SIMP between 2002 and 2003 identified a spreading 

disease/syndrome [hereafter called Australian subtropical white syndrome (ASWS), see 

Chapter 3] affecting many common hard corals on reefs across eastern Australia. 

Quantitative data indicated hard coral cover had declined during this period due to loss 

of the affected coral species (Dalton 2003). More recently, Godwin (2007) found clear 

differences in the bacterial communities associated with apparently healthy coral tissue 

at the disease margin and on recently exposed coral skeleton. Bacteria closely related to 

the known pathogens Vibrio harveyi and Roseovarius crassostreae were found in 

association with the disease margin, which suggests a different aetiology to previously 

described white diseases/syndromes observed affecting tropical coral communities (see 

Sutherland et al. 2004; Willis et al. 2004). 
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1.2 White diseases/syndromes 
 
A proliferation of disease outbreaks have been reported in the literature displaying 

similar characteristics, and are therefore difficult to separate. These syndromes include 

white band disease, Type I and II, White plague Type I, II and III, white spot, stress-

related necrosis, patchy necrosis, shut-down reaction and more recently white 

syndrome. Comparing reported outbreaks of these diseases is problematic because all 

these conditions have similar visible signs, which include a sharp distinct boundary 

between apparently healthy coral tissue and freshly exposed coral skeleton. Unlike 

black band disease and other cyanobacterial diseases observed in hard coral, white 

diseases/syndromes display no obvious microbial mat associated with the margin of 

tissue loss. However, in an attempt to review what is known about diseases affecting 

hard corals that are similar to ASWS, reported white disease/syndrome outbreaks will 

be presented with distinct characteristics of each affliction highlighted.  

 

1.2.1 White band disease, Type I and Type II 

White band disease (WBD) was first observed by Gladfelter et al. (1977) affecting 

Acropora corals in St. Croix, U.S. Virgin Islands. Characterised by a white band of bare 

coral skeleton appearing at the base of branching Acropora corals and advancing 

towards the tips at a rate of a few millimetres per day (Gladfelter 1982), WBD 

progressively destroyed a large proportion of Caribbean reef-building corals in the late 

1970s and early 1980s (Goreau et al. 1998). Up to 95% mortality was noted in 

Acropora cervicornis within 10 years of the initial report (Aronson and Precht 1997, 

2001). 

 

Ritchie and Smith (1998) reported that WBD could take two forms, Type I which was 

first reported by Gladfelter et al. (1977), and Type II which is distinguished from Type I 

by a line of bleached area progressing in front of necrotic tissue. Both conditions have 

been observed to affect A. cervicornis and A. palmata in the western Atlantic; however, 

only Type II has been observed in the Bahamas. The etiology of WBDs remain 

unknown, although gram-negative rod-shaped bacteria aggregations have been found in 

coral tissue affected by WBD Type Ι. In WBD Type II, bacteria from the genus Vibrio 

have been observed in the surface mucus layer of the bleached margin, although 
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application of Koch’s postulates has not resulted in the confirmation of the causative 

agent for both diseases (Rosenberg and Ben-Haim 2002). 

    

The first reported outbreak of white disease in the Indo-Pacific was during the early 

1980’s when Antonius (1985) reported that WBD affected massive coral species, 

however, he added that the disease was not contagious or infectious and may be caused 

by environmental stress rather than a pathogen. There has been a general consensus in 

the literature that white band disease is confined to Acropora spp. and that spreading 

white lesions affecting massive corals and corals from other genera, termed white 

plague.   

 

1.2.2 White plague, Type II and Type III  

Dustan (1977) observed progressive coral tissue loss (white plague) in massive and 

plate-forming coral populations on Key Largo, Florida. Infected corals were observed 

with a spreading band (up to 3 mm day-1) similar to WBD, which led to colony 

mortality within months. However, distinction between white plague and WBD at this 

point was only by the coral species affected, as no epizootiology had isolated the 

infecting agents. During the 1980s, Dustan and Halas (1987) revealed that colonies of 

Montastraea annularis showed signs of tissue loss, again identifying the disease as 

white plague, which previously affected four different hard coral species within the 

same region.   

 

In 1995, a prolific plague epizootic affected 17 coral species in the Florida Keys 

(Richardson et al. 1998a, b). Termed plague Type II, the affected colonies exhibited a 

sharp line between apparently healthy tissue and a thin margin of bleached tissue 

grading into exposed coral skeleton (Richardson et al. 1998b). The rate of tissue loss 

through individual colonies appeared faster (up to 2 cm day-1) compared to previous 

reports, with coral mortality extending over 400 km of the Florida Reef Tract within 

two years (Richardson 1998; Richardson et al. 1998a, b). Epizootiological studies 

(including Koch’s postulates) of plague Type II revealed the presence of a previously 

unknown bacterium from the genus Sphingomonas as the causal agent (Richardson et 

al. 1998b). However, Denner et al. (2003), following detailed polyphasic taxonomic 

characterisation, described a single pathogen that was gram negative and obligatory 
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aerobic (Aurantimonas coralicida), as the causative agent of white plague Type II on 

Caribbean scleractinian corals.  

 

In 1999, another plague epizootic (plague Type III), was observed affecting M. 

annularis and Colpophyllia natans colonies throughout the Caribbean. Characteristics 

were similar to white plague; however, the disease was more virulent with mortality 

rates of up to 10 cm day–1 observed in massive corals (Richardson and Aronson 2000). 

Currently, no pathogen has been isolated from coral tissue affected by white plague or 

plague Type III. Bythell et al. (2004) noted that plague Type III could be distinguished 

from the other plague diseases because tissue loss begins at the centre of affected 

colonies, with a rapid rate of tissue degradation extending through the coral colony. In 

contrast, the disease lesion associated with plague Type II extends from the base and 

progresses towards the apex of infected corals.  

 

1.2.3 Shut down reaction 

Antonius (1981) identified an extremely virulent disease that caused a rapid pattern of 

tissue loss on infected corals, which he termed “shut down reaction”. Antonius 

conducted experiments exposing healthy corals to infected tissue resulting in similar 

signs, suggesting that an infectious disease was causing coral mortality (Richardson 

1998).   

 

Madl and Yip (2002) discussed the virulence of “shut down reaction”, indicating that 

corals under sublethal abiotic stress caused by elevated seawater temperatures, 

sedimentation or chemical pollution, coral tissue suddenly disintegrated at the margins 

of injuries. Characterised by tissue sloughing-off in thick strands and exposing the coral 

skeleton, average rates of spread of 10 cm h-1 have been reported. “Shut down reaction” 

is extremely contagious, with infection transmitted by floating strands of dissolved, 

contaminated tissue, producing an onset of tissue mortality on neighbouring colonies. 

Coral species usually affected include star corals (Dichocoenia stokesii), pilar corals 

(Dendrogyra cylindrus) and boulder corals (Montastraea annularis) (Madl and Yip 

2002).    
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1.2.4 White syndrome of the Great Barrier Reef  

White syndrome (WS) is a collective term used to describe conditions which result in 

the progressive loss of tissue, exposing the coral skeleton of affected corals throughout 

the GBR (Willis et al. 2004). As indicated by Willis et al. (2004), white syndrome may 

encompass conditions reported from the Caribbean, including white band diseases, 

white plagues, shut down reaction and white pox (Patterson et al. 2002) and patchy 

necrosis (Bruckner and Bruckner 1997). Summer disease surveys conducted in January 

2003 at the northern and southern sectors of the GBR identified a minimum of 17 coral 

species/categories from 4 families displaying WS symptoms (Willis et al. 2004). Mean 

prevalence of WS was three times higher on the southern sector reefs compared to the 

northern locations. Additionally, Bruno et al. (2007) found that patterns of WS 

occurrence across the entire GBR was positively related to the frequency of warm 

temperature anomalies and high coral cover. 

 

1.3 Coral bleaching 
 

Coinciding with the ENSO warm temperature anomaly, mass coral bleaching during 

1997-98 was the most geographically extensive and severe event in recorded history 

(Wilkinson et al. 1999). Coral bleaching was reported in 60 countries including reef 

sites in the Pacific Ocean, Indian Ocean, Red Sea, Persian Gulf and the Caribbean. The 

Indo-Pacific region was the most severely impacted with reported coral mortality 

reaching 70-80% at some sites in the Western Pacific, including areas within the GBR. 

Some corals can recover from bleaching and may even become inhabited by more 

stress-tolerant zooxanthellae (Buddemeier and Fautin 1993), but see Goulet (2006). 

However, other corals may have endured significant physiological and metabolic stress, 

and will be more susceptible to the impacts of future stress events (Wilkinson et al. 

1999). 

 

During the summer of 2002, mass coral bleaching was reported in the GBR, affecting 

641 reefs, including inshore, mid-shelf and outer-shelf reefs spanning a total of 1450 km 

of the Queensland coast (GBRMPA 2003). In situ and aerial surveys indicated that the 

2002 bleaching event was more severe than the 1998 episode (Berkelmans et al. 2004). 

Results from ecological surveys indicated that bleaching at reef sites were highly 

variable with increased severity noted at central inshore locations (GBRMPA 2003). 
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Generally, most reefs appear likely to recover with minimal mortality. However, several 

inshore coral reef communities suffered severe mortality with losses of over 80% 

recorded (GBRMPA 2003). More recently, severe bleaching occurred during early 

summer 2005-2006 throughout the southern GBR. Bleaching was observed at Heron 

Island (23.4ºS, 151.9ºE) between November 2005 and January 2006 with branching 

Acropora and Pocillopora spp. dominating the southern side of the island most affected 

(Weeks et al. 2008; personal observations). More severe bleaching was reported around 

Great Keppel Island (23.1ºS, 150.9ºE), during which time over 80% of corals bleached, 

with 39% bleaching related mortality (GBRMPA 2007; 2008; Weeks et al. 2008). 

Fortunately, severe bleaching was restricted to this southern sector of the GBR, with 

only low level bleaching reported throughout the central and northern sectors 

(GBRMPA 2008; Weeks et al. 2008). 

 

Bleaching can occur at a local scale, or at broader geographic scales that may involve 

entire reef systems and geographic realms (Berkelmans and Willis 1999; Wilkinson 

2000; Berkelmans et al. 2004). The impact of bleaching on coral reef communities is 

also highly variable and can range from mild seasonal bleaching (Stimson 1997; Fitt et 

al. 2000; Hardman et al. 2004), to spatially extensive bleaching resulting in localised 

mass mortality of coral reef communities (McClanahan 2000; Aronson et al. 2002) and 

long-term changes in population dynamics and community structure (Hughes 1994; 

Hughes and Connell 1999). Furthermore, mass coral bleaching events may not affect 

individual reefs or entire reef regions uniformly (Berkelmans and Oliver 1999; 

Berkelmans et al. 2004). Differences in bleaching susceptibility within and between 

species further hinder of ability to adequately predict the ecological consequences 

resulting from repeated bleaching episodes (Marshall and Baird 2000; Loya et al. 2001). 

It is therefore important that future studies examine the impacts of bleaching events 

across different spatial and temporal scales to quantify patterns of coral reef resistance 

and resilience to bleaching stressors. 

 

1.3.1 Bleaching in subtropical east Australian reefs 

Following the 1997-98 ENSO event, increased levels of pigmentation loss was observed 

in corals at subtropical reefs along the east coast of Australia. Bleaching stress was 

reported within the SIMP and within the lagoon at Lord Howe Island (LHI). Bleaching 
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was noted in many of the dominate coral species at these locations including acroporids 

and pocilloporids at LHI and in acroporids, pocilloporids and dendrophyllids located on 

island associated reefs within the SIMP (Kitchener 1998; Edgar et al. 2003). Recent 

studies within the SIMP have indicated that no severe bleaching event occurred during 

summer 2002, however, low level bleaching was noted (Dalton 2003).  

 

1.4 Study locations along subtropical eastern Australia 
 

Subtropical island associated reefs along the east coast of mainland Australia are 

dominated by hard corals, which are cemented to hard rocky substratum. In contrast, at 

LHI a fringing reef has formed over geological time, which is the southernmost limit of 

true coral reef development (Veron 2000a). These reefs are composed of a unique mix 

of tropical, subtropical and temperate corals, in which many are at their most southern 

distribution. High species diversity along this seascape is attributed to the mixing of the 

dominant western boundary current (East Australian Current, EAC) and the northward 

flowing counter current. It has been suggested that owing to the influences of these 

currents, benthic communities within this region are dynamic over small temporal and 

spatial scales (Harriott et al. 1999). A brief description of each location selected for this 

study is presented below.  

 

1.4.1 Flinders Reef   

Located 5.5 km north of Moreton Island Southern Queensland, Flinders Reef (26.5ºS, 

153.5ºE, Fig. 1.1) is a small sandstone platform reef covering approximately 10 hectares 

in area and supports a diverse array of tropical and subtropical marine organisms; 

including many coral species which dominate the benthos between 4-10 m depth 

(Harrison et al. 1998). Hard coral cover has been reported to be as high as 76% on the 

leeward side, with approximately 119 coral species present (Veron 1993; Harrison et al. 

1998). Thirty six coral species that have been recorded at Flinders Reef are at their 

southernmost geographical limits (Veron 1993; Harrison et al. 1998). 
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1.4.2 The Solitary Islands Marine Park 

The Solitary Islands Marine Park is located between 29.6°S and 30.3°S (Fig. 1.1) on the 

east coast of Australia and contains benthic communities dominated by scleractinian 

corals (Harriott et al. 1994). This region represents the most southern distribution of 

hermatypic coral communities on the mainland of eastern Australia (Veron 1993). 

Ninety corals species have been identified within the marine park, with coral cover 

exceeding 50% on some island reefs (Harriott et al. 1994). Of the 90 coral species 

observed within the SIMP, 77 are essentially tropical species, with a further 11 species 

considered subtropical as they are typically rare or absent from tropical reefs (Veron, 

1993; Harriott et al., 1994). One coral species occurring in the SIMP, Coscinaraea 

mcneilli, is a temperate water specialist restricted to southern Australia (Veron, 1993).  

The combination of tropical, subtropical and temperate coral species present at the 

SIMP is partly attributed to the biogeographic overlap of different coral faunas. 

 

 

Figure 1.1: Map of eastern Australia showing the locations where coral disease, 
bleaching and benthic community composition was determined using in situ belt 
transects and videotape transects. 
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1.4.3 South West Rocks 

South West Rocks (SWR; 30.5°S, 153.1ºE, Fig. 1.1) is located at the mouth of the 

Macleay River, 35 km northeast of Kempsey NSW. Little research has been completed 

on the hard-bottom benthic communities associated with reefs at this latitude. 

Underwood et al. (1991) completed surveys on reefs adjacent to the mouth of the 

Macleay, finding that the sublitoral assemblages were dominated by shallow fringing 

habitats (macoralgae dominated) with Pyura and turfing habitats extending to deeper 

depths. No corals were observed during in this study.  However, scleractinian corals 

have been previously observed inhabiting island reefs to the south of SWR. Coral cover 

on the eastern side of Black Rock was estimated to be of similar percentage to reefs 

within SIMP.  Turbinara spp. and Pocillopora damicornis dominated this reef with over 

43% cover noted by Harriott et al. (1999). In contrast at Fish Rock, which is located 2.5 

km to the north east of Black Rock, coral cover was less than 5%. There is a significant 

decline in coral species richness associated with SWR reefs compared to the SIMP. 

Harriott et al. (1999) identified eight zooxanthellate species, all of which have been 

described as subtropical and temperate species due to their high-latitude dominance. 

 

1.4.4 The Lord Howe Island Marine Park  

Lord Howe Island (31.5°S, 159.1ºE, Fig. 1.1) represents an emergent portion of a large 

volcanic seamount, along with the orientation of the island and the dominant mountains 

present, provides shelter to the western side of the island, which has facilitated the 

formation of a fringing coral reef.  Whilst coral diversity is lower at LHI than the atoll 

reefs to the north (Middleton and Elizabeth Reefs), this region is located where many 

tropical coral species are at their lower range of thermal tolerance and temperate 

macroalgae at their upper limits, providing a unique mix of assemblages throughout the 

region (Harriott et al. 1995). This region is influenced by the EAC which sweeps 

southwards along the east coast of Australia from northern Queensland, providing water 

temperatures above 17°C. This has enabled corals to exist in a region that would 

otherwise be inhospitable to many tropical coral species. In addition, many tropical 

marine invertebrate and vertebrate species are transported from northern locations to 

these reefs, creating a unique combination of tropical, subtropical and temperate 

communities. The diversity of the coral communities at LHI is relatively high for this 

latitude, with a total of 83 scleractinian coral species having been recorded (Harriott et 

al. 1995). 
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1.5 Coral holobiont 
 

Environmental stressors can destabilise the unique association between corals and their 

algae symbiont resulting in bleaching. Additionally, anthropogenic stressors have been 

shown to cause a shift in the microbial consortium associated with the coral mucus, 

resulting in disease. This association between coral and microorganisms has developed 

over geological time, forming a functional unit (holobiont), together contributing to the 

high productivity of coral reefs and other marine systems. The association with corals 

and the symbiotic zooxanthellae has been studied extensively (Sorokin 1982; Sutton and 

Hoegh-Guldberg 1990; Rowan 1998; Baker 2003; Knowlton and Rohwer 2003; Ulstrup 

and Van Oppen 2003; Little et al. 2004; Chen et al. 2005b; Goulet 2006; Visram and 

Douglas 2006); however, recent investigations have identified a suite of other 

microorganisms including bacteria, fungi and endolithic algae that act within the coral 

holobiont system to the advantage of the coral host and the associated microbes, 

although their significance to the system are poorly understood. Therefore, it is 

appropriate to discuss these relationships further.  

 

1.5.1 Zooxanthellae 

Zooxanthellate corals have a mutualistic endosymbiotic association with dinoflagellates 

microalgae (zooxanthellae, genus Symbiodinium), and it is this association that has 

enabled the extensive structural formation of many coral reefs. Zooxanthellae are 

single-celled microalgae that are located intracellularly within the gastrodermal tissue of 

the host coral. Similar to terrestrial plants, zooxanthellae contain chloroplasts, which 

enables photosynthesis and results in the production of organic material. Through 

translocation, zooxanthellae provide up to 95% of organic material (sugars, amino acids, 

complex carbohydrates and small peptides) to the host for respiration (Muscatine 1990).  

There are further benefits that are provided by zooxanthellae to the host, including: i) 

removal of dissolved excretory products; ii) production of oxygen; and iii) enhancement 

of calcium carbonate production. In addition to the supply of nutrients (ammonia and 

phosphates) from the host, the coral provides the symbiont with a stable, well 

illuminated environment and protection from predation.    
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1.5.2 Bacterial association 

Marine bacteria are ubiquitous in the marine environment and colonise all marine 

habitats from deep sea hydro-vents to estuarine environments. Scleractinian corals are 

colonised by a consortium of naturally occurring bacteria, which maintain different 

associations with the host organism, including symbiont, commensal and opportunistic 

(Ducklow and Mitchell 1979; Rohwer et al. 2002). The mucus layer of corals provides a 

source of nutrients for microorganisms in regions where nitrogen and phosphates are 

limited (Ducklow and Mitchell 1979). Additionally, corals digest microorganisms that 

are trapped in the mucus layer. It has been suggested that the normal microbiota 

associated with healthy corals protects the host from invading potentially pathogenic 

microbes (Ritchie and Smith 2004). Coral species maintain a unique bacterial 

community, which may change during stress conditions (e.g., temperature change, 

scarring from predation and salinity variation) (Rosenberg et al. 2007).  During stressful 

events, some of these naturally associated bacteria may become pathogenic due to 

favourable conditions or changes in the host’s ability to regulate bacterial populations.  

Some of these bacteria may initiate disease, such as black band disease (Antonius 1985; 

1988; 1995; Carlton and Richardson 1995), white plague type II (Richardson 1998; 

Walker et al. 2000; Denner et al. 2003; Pantos et al. 2003) and bleaching of massive 

and branching scleractinian corals by bacteria from the genus Vibrio (Kushmaro et al. 

1996; Ben-Haim et al. 2003b; Geffen and Rosenberg 2005). 

 

It has been previously shown that the abundance of microbes associated with coral 

mucus layer is generally an order of magnitude higher than in the adjacent water 

column. Furthermore, the microbial community is distinct within the mucus layer of 

corals compared to the surrounding water and adjacent substrate (Ducklow and Mitchell 

1979; Paul et al. 1986). Additionally, bacterial communities vary between coral species, 

but the composition of the bacterial associate is consistent within species over large 

geographical scales (Rohwer et al. 2002). This indicates that different coral species have 

through mechanisms such as the release of specific antibacterial compounds, acquired 

specific bacterial communities over geological time.   

 

It has been speculated that coral-associated bacteria benefit the coral by fixing nitrogen, 

breaking down waste products, and cycling basic nutrients back to the photosynthetic 

algal symbionts (Shashar et al. 1994; Lesser et al. 2004). Bacteria may also ward off 
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other potentially harmful microbes by producing antibiotics or by just occupying the 

available space (Rosenberg et al. 2007). Relative to disease studies, it would be helpful 

to know if a normally associated microbe could become pathogenic when corals are 

stressed or environmental conditions change. 

 

1.5.3 Endolithic associates 

The calcareous structure formed by scleractinian corals provides a unique habitat which 

is colonised by endolithic algae, bacteria and fungi. Algae from the genus Ostreobium 

dominate this low light environment and are able to maintain required photosynthesis 

for adequate respiration and other energy-dependant processes. Fine and Loya (2002) 

found that during bleaching events and subsequent increases in available photosynthetic 

active radiation to the Ostreobium algae, these endolith’s produced increased amounts 

of photo-assimilates that were translocated to the bleached coral. This resource in the 

absence of normal photosynthetic products, may contribute to the survival of corals 

during extended periods of zooxanthellae loss. 

 

 
Heterotrophic fungi have also been observed within the carbonate skeleton of live corals 

(Le Campion-Alsumard et al. 1995). Septate fungal hyphae have been observed boring 

into the coral skeleton, residing within pore spaces, growing inside the filaments of 

endolithic algae and inside coral tissue. Fungal endoliths may act as opportunistic 

predators on coral tissue. Le Campiono-Alsumard et al. (1995) suggested that when 

environmental stresses cause a change in the balance of the coral-fungal system, 

increased fungal attack may result, weakening and damaging corals that may be already 

stressed. 

 
With increased concern regarding diseases of corals, limited attention has focussed on 

the coral-fungal interaction as a potential mechanism for disease outbreaks in 

hermatypic corals. Changes in environmental conditions may lead to increased 

susceptibility of corals to fungal parasitism, which may weaken the coral, making them 

more vulnerable to other pathogens (Golubic et al. 2005). 
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1.6 Coral resistance and resilience to stress 
 
West and Salm (2003) defined resistance in hard corals as the ability of individual 

corals to resist bleaching or to survive after they have been bleached.  Reef resilience 

has been defined as the ability to return to previous state of diversity and abundance 

through growth and reproduction of surviving corals and through successful larval 

recruitment. Additionally, Hughes et al. (2003) defined resilience as the ability of coral 

reefs to recover from natural and anthropogenic disturbance. In order to understand the 

likely responses of coral reefs to disturbances including recovery, a knowledge of coral 

species composition, population dynamics, and variation among habitats in the absence 

of extreme disturbance, and an understanding of coral species response to different 

stressors such as bleaching, predatory outbreak, disease, sedimentation, increased 

nutrients and pollution is required. By understanding these processors we may be able to 

identify potential areas that could be resistant or resilient to natural and anthropogenic 

stresses and pinpoint regions that may be under threat. 

 

1.7 Research aims  
 
The aims of this thesis were to: i) determine the prevalence of Australian subtropical 

white syndrome throughout subtropical locations along the east coast of Australia; ii) 

determine if there is any correlation between elevated seawater temperature and disease 

prevalence and virulence (rate of disease progression through infected corals); iii) 

investigate possible mechanisms of disease transmission through the coral community; 

iv) understand the effects of coral bleaching on subtropical corals; v) monitor eastern 

Australian subtropical benthic communities to highlight latitudinal trends and vi)  

determine if ASWS, bleaching and other stressors are impacting on benthic community 

structure within the SIMP. 

 

Chapter Two of this thesis details the coral species affected by progressive mortality 

and the mean prevalence of disease was determined at one island associated reef within 

the SIMP. Seasonal patterns of disease occurrence and the rate-of-spread of disease 

through affected colonies were determined. This chapter was submitted and 

subsequently published in Coral Reefs, 2006. 
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In Chapter Three, progressive mortality affecting subtropical corals was systematically 

described and compared with previously reported diseases/syndromes affecting corals 

from northern locations and subsequently named Australian subtropical white syndrome 

(ASWS). Additionally, aquarium and in situ experiments were conducted to determine 

the mode of transmission of ASWS through affected coral populations and the effect 

temperature has on disease virulence (rate of disease progression through infected 

corals). This chapter was published by Marine and Freshwater Research, 2010. 

 
Chapter Four provides information on the spatial and temporal patterns of ASWS 

prevalence at three subtropical eastern Australia locations. Disease prevalence data 

collected during repeated summer and winter surveys were analysed to explore 

seasonal, location and family effects. Disease prevalence data was also compared with 

coral cover data to explore patterns of disease occurrence. Monitoring tagged corals 

over four years showed that tissue loss caused by ASWS followed seasonal patterns and 

transmission was observed in situ. This chapter has been published as a chapter in a peer 

reviewed book produced by the NOVA Science Publishers, 2010.  

 
In Chapter Five, in situ temperature data was compared with satellite-derived sea 

surface temperature data to determine if bleaching hotspot warning charts could 

adequately predict severe bleaching events along the northern NSW coastline. 

Bleaching data collected during coral stress belt transects provides an indication of 

subtropical coral family bleaching susceptibility. A subtropical bleaching model is 

proposed that predicts the coral bleaching threshold.  

 

In Chapter Six, two common subtropical species, Turbinaria mesenterina and 

Pocillopora damicornis, were studied to determine the photosynthetic efficiency of in 

hospite zooxanthellae exposed to bleaching conditions. Components of non-

photochemical quenching were studied using the pulse amplitude modulating (PAM) 

fluorometer to explore the acclimation potential of T. mesenterina exposed to bleaching 

conditions. 

  
Finally, replicated videotape transects were completed at subtropical reefs from 26.5ºS 

to 31.5ºS between 2004 and 2007 to determine latitudinal pattern of benthic and coral 

composition and monitor for change in coral cover within the SIMP that may be 

associated with coral bleaching events and ASWS epizootic. 




