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Foreword 
Keeping fish for display is an ancient tradition dating back nearly 5,000 years and is now a global pastime. 
The aquarium hobby has been transformed over the past 20 years with the emergence of accessible, 
plug-and-play technologies for keeping marine life in aquaria. The technology continues to improve every 
year, and this has given hobbyists the confidence to move from traditional freshwater displays to the 
more complex marine reef systems. 

The transition to marine aquariums has given rise to mini-reef displays that feature living rock adorned 
with vibrant corals and complemented by invertebrates and colourful fish. Keeping a mini-reef is an 
outstanding means of learning about marine species, their interactions with the habitat and with other 
marine creatures. In many cases, it is the hobby leading science when it comes to the propagation of 
many coral species. All of this stimulates an interest in the sea and a love for the marine environment 
that lends its collective weight to conservation. 

However, the popularity of mini-reef systems has increased global market demand for a much broader 
range of marine species, including corals. Many of the countries that supply the marine aquarium trade 
have poorly resourced oversight of their fisheries that often operate among geographically dispersed 
traditional village communities where options for income generation are few. Fisheries management and 
enforcement can be ineffective or even absent. Provenance is veiled in opaque and complex supply 
chains and little is known of the losses incurred en route to international markets. 

Australia has historically provided around 20% of the corals to the global marine aquarium market. The 
corals are overwhelmingly sourced from wild catch fisheries that are managed by dedicated and 
adequately resourced government agencies, guided by science and assessed for export eligibility against 
Commonwealth environmental legislation. The rigour of the process ensures licenced private commercial 
use of a common resource is done with minimal environmental effect. 

The quality of the science is the key. The Australian coral fisheries operate in some of the most iconic 
reef environments on the planet, including the Great Barrier Reef. As custodians of this World Heritage 
Area, Australia ensures extractive activities are managed for sustainability based on the best available 
science. 

As an association of licence holders collecting corals on the Great Barrier Reef, we strongly endorse this 
approach. Our members are heavily invested in the fishery through licences, infrastructure and 
equipment. We employ many people in regional centres along the Queensland coast and we share a love 
and deep respect for the ocean. 

It was our pleasure to instigate this project and our members made a substantial financial contribution to 
it in addition to the provision of innumerable samples to researchers. The findings assert that the 
fisheries are low impact activities, but that environmental pressures will continue to create challenges. 
As an industry, we will continue to collaborate with scientists and managers to fill knowledge gaps and to 
adapt as new knowledge comes to light. 

Lyle V. Squire 
President, Pro-vision reef 
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Executive Summary 
Australia’s aquarium fisheries are high value (>$20 million), small-scale fisheries, which are critically 
reliant on continued exports of CITES-listed corals. However, widespread and accelerating degradation of 
coral reef ecosystems is leading to considerable public and political scrutiny regarding the sustainability 
of ongoing coral harvesting. The purpose of this study, conducted by coral reef researchers working in 
close collaboration with fisheries managers and Australian coral fisheries licensees, was to provide 
unprecedented information on the stock size and structure for select high value and critically important 
coral species across northern Australia (in Western Australia, Northern Territory and Queensland). This 
project greatly improved knowledge regarding the vulnerabilities of commonly harvested corals to 
fisheries exploitation versus environmental pressures, with relevant information being rapidly 
incorporated into harvest strategies that will help to ensure the sustainability and viability of Australia’s 
aquarium coral fisheries. 

The objectives and outcomes of this project were: 
1) To establish the distribution and abundance of commercially important coral species in areas of 
concentrated fishing across northern Australia; 
2) Improve the accuracy of species identifications across the industry through extensive genotyping of 
major harvest corals, both to refine species-level taxonomy and explore genetic structure among widely 
distributed coral;  
3) Establish abundance and turnover of representative commercially important inter-reefal corals, which 
is fundamental to establishing baselines and sustainable harvest levels; 
4) Establish a cost-effective industry based long-term monitoring program; and  
5) Contribute Environmental Risk Assessments (ERA) in NT and WA to establish vulnerability of major 
target species.  

This project represented an effective collaboration between coral reef scientists and Australian coral 
fisheries licensees and mangers across Western Australia, Northern Territory and Queensland. A total of 
246 video transects (50m2) were completed during the course of this study, providing unprecedented 
information on the stock size and structure of harvested coral species across a broad range of fishery 
habitats. Moreover, a large number of corals (>1,400) were provided by Australian coral fisheries for 
important and timely research on the reproductive biology among major harvest coral species, as well as 
genetic structure and vulnerability to environmental change. This research centred mainly on six focal 
study species (Duncanopsammia axifuga, Catalaphyllia jardinei, Euphyllia glabrescens, Micromussa 
lordhowensis, Homophyllia australis, and Trachyphyllia geoffroyi, considered to be particularly important 
to the viability of Australian coral fisheries. 

Our results show that the current standing biomass of select coral species in areas with highly 
concentrated and sustained fisheries pressure, and also in the aftermath of very significant extrinsic 
pressures (most notably widespread coral bleaching and cyclones) is substantial, especially compared to 
current limits and reported harvest levels. Simply comparing the total biomass of harvested species 
versus standing biomass in major fishing areas does not, however, accurately represent potential 
fisheries impacts, nor the harvestable biomass of aquarium corals. Importantly, harvesting of most 
species is extremely selective, either taking only certain colours, size or shapes of corals. This selectivity 
for specific morphs may reduce risk of over-exploitation or localised depletion of species, but the 
consequences of selective targeting on the population structure is unknown. Moreover, fishery reliance 
on particular coral types means that in situ surveys of species abundance may greatly overestimate 
harvestable biomass, and will ultimately need to be constrained to just those morphs that are actually 
harvested. 

Genetic sequencing of major focal species confirmed that C. jardinei, D. axifuga, and T. geoffroyi each 
represent single, widespread species, albeit with strong genetic structure at the largest scales examined 
(e.g., between Queensland and Western Australia). There is however, considerable uncertainty regarding 
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the taxonomy of corals within the family Lobophyllidae (including, H. australis and M. lordhowensis), 
which are among the most important Australian aquarium corals. Though reportedly harvested from a 
wide range of locations, there is increasing evidence that H. australis and M. lordhowensis are mainly (if 
not exclusively) harvested from the southern GBR, while similar corals harvested in outer jurisdictions 
may represent new and undescribed species.  

The foremost contribution of this study to Australian coral fisheries is to provide new and unprecedented 
data on the distribution, abundance, biology and vulnerability of major target species, which greatly 
increases confidence in assessing the risk posed by commercial fisheries, thereby contributing to long-
term sustainability and viability of these important, intensive and highly selective fisheries. Until now, 
the lack of rigorous data on the biology and vulnerability of major target species has undermined the 
surety of ecological risk assessments, as well as greatly constraining effective management of Australian 
coral fisheries. This study has provided a way forward for industry-based sampling and monitoring 
programs that will greatly increase the information and data on which to base future risk assessments, as 
well as leading towards robust determination of sustainable harvest limits for species of concern that are 
critically important to the continuation and viability of Australian coral fisheries. 

Some of the concern regarding the sustainability of Australian coral fisheries is generated, not by direct 
evidence of increasing or over exploitation, but by widespread and sustained declines in the abundance 
of corals caused by fisheries independent pressures, and especially environmental change. Experimental 
tests of temperature sensitivity and bleaching susceptibility for six coral species (H. australis, M. 
lordhowensis, C. jardinei, T. geoffroyi, D. axifuga, and E. glabrescens) confirmed that these species are 
vulnerable to elevated temperatures. In particular, H. australis, M. lordhowensis, E. glabrescens and C. 
jardinei exhibited high rates of mortality (>80%) when exposed to prolonged temperature stress, 
suggesting that sustained and ongoing environmental change could undermine the sustainability and 
viability of Australian coral fisheries. 

While this study has greatly advanced the understanding and management of Australia’s coral fisheries 
there is a lot more that needs to be done, especially given accelerating environmental change that is 
threatening wild coral stocks, and ongoing changes in the international demand for aquarium corals. 
Importantly, we need to expand upon the results of this study to consider other coral species that are 
increasing in importance for this industry (e.g., Acropora corals), and that are also particularly vulnerable 
to ongoing and accelerating environmental change. The increasing pressures facing coral reef 
ecosystems globally will continue to raise questions about the sustainability and morality of coral 
harvesting, necessitating increased information on wild populations of harvested coral populations and 
species, which can be used to develop harvest strategies that will ensure the long-term sustainability and 
improve social licence for this industry. Reducing pressure on wild stocks (e.g., by increasing captive 
breeding and mariculture of high risk species) is also prudent given increasing extrinsic threats to the 
industry. 

Keywords 

Aquarium fisheries; coral reefs; Scleractinia; Western Australian Marine Aquarium Fish Managed Fishery 
(MAFMF); Northern Territory Aquarium Fishery (NTAF); Queensland Coral Fishery (QCF). 
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1. Introduction 
Coral reefs are economically and ecologically significant ecosystems (Moberg and Folke 1999; Albert 
et al. 2015; Grafeld et al. 2017; Spalding et al. 2017), which are extremely vulnerable to increasing 
and emerging anthropogenic pressures, including direct extractive and destructive activities (e.g., 
fishing and shipping), coastal development and modification (leading to sedimentation, 
eutrophication and pollution), as well as global climate change (Bruno and Valdivia 2016; Wear 2016; 
Hughes et al. 2017a). Accordingly, there has been sustained and widespread degradation of coral reef 
ecosystems. Even seemingly well-managed coral reef ecosystems, such as Australia’s Great Barrier 
Reef (GBR), exhibit conspicuous evidence of significant and sustained degradation (De’ath et al. 2012; 
Mellin et al. 2019), linked to the increasing incidence and severity of major disturbances. The 
degradation of coral reef ecosystems is largely manifest as overall declines in the abundance of 
habitat-forming and reef-building corals, combined with corresponding increases in the abundance of 
other, more ephemeral substrate colonisers, such as fleshy seaweeds. On the GBR, rigorous recurrent 
monitoring (albeit in very specific habitat-types) revealed a 50% decline in average coral cover from 
1985-2012 (De’ath et al. 2012). These declines were further exacerbated in recent years due to 
recurrent years of mass coral bleaching and extensive coral loss in shallow water environments 
caused by marine heatwaves (Hughes et al. 2017b; Hughes et al. 2018a). Marine heatwaves are now 
the foremost cause of mass coral bleaching and elevated coral mortality (Hughes et al. 2018a; 
2018b), threatening the population viability of vulnerable coral species and undermining the 
ecological integrity and function of reef ecosystems. Climate-induced coral bleaching, as well as other 
causes of coral mortality, may also directly undermine the sustainability and viability of harvest 
fisheries (Rhyne et al. 2014; Albert et al. 2015), which collect corals from the wild, mainly for home 
and public aquaria (Harriott 2003; Rhyne et al. 2012). 

International ornamental and aquarium coral fisheries involve the annual trade of hundreds of 
thousands of small coral pieces worth millions of dollars (Bruckner 2000; Wood et al. 2012). An 
increasing portion of the coral sold comes from aquaculture, but the majority is still collected from 
the wild (Bruckner 2000; Rhyne et al. 2012, 2014). While heavily regulated and limited (Harriott 
2001), sustained and ongoing coral harvesting adds to the increasing threats and pressures on coral 
populations and communities, including large-scale and recurrent disturbances, such as outbreaks of 
crown-of-thorns starfish (Pratchett et al. 2014), cyclones (Fabricius et al. 2008; Torda et al. 2018) and 
climate-change induced mass coral bleaching (Hughes et al. 2017b; Hughes et al. 2018b). The total 
biomass of coral removed through direct harvesting is negligible compared to reef-scale levels of 
coral biomass and rates of carbonate production and coral replenishment (Harriott 2003). However, 
widespread and accelerating degradation of coral reef ecosystems is placing increasing pressure on 
coral fisheries, leading to greater public and political scrutiny regarding the sustainability of coral 
harvesting (Ferse et al. 2012; Rhyne et al. 2014; Albert et al. 2015). It is also possible that specific 
species may be over-exploited where harvesting is concentrated on relatively uncommon or highly 
vulnerable species (Bruckner 2000). Importantly, aquarium corals are mostly selected based on 
appearance, especially colour, as well as their amenability to harvesting, transport and maintenance 
within aquaria, rather than rigorous fisheries assessment of their vulnerability (or resilience) to 
exploitation (sensu Fujita et al. 2014). 

The principal concern(s) relating to coral harvesting relate to the potential overexploitation and 
localized depletion of highly vulnerable or ecologically-important coral species (Bruckner 2000; 
Harriott 2003; Atkinson et al. 2008; Garrabou et al. 2017), and especially where harvested corals are 
simultaneously being impacted by fisheries-independent threats, including rapid and accelerating 
environmental change (Ferse et al. 2012; Montero-Serra et al. 2019). Notably, many of the most 
highly prized and heavily targeted coral species are heavily calcified coral species with large fleshy 
polyps (e.g., Micromussa lordhowensis), which are presumed to be slow-growing and long-lived 
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(Bruckner 2000). These traits would make these corals vulnerable to over-exploitation (Fujita et al. 
2014) and as such, scientists have been advocating for increased monitoring of targeted coral species 
in areas of concentrated harvesting, combined with increased research into the biology (especially 
rates of colony growth and population turnover) of these species, for several decades (Harriott 2003). 
While there has been extensive research on growth and other biological traits of scleractinian corals 
(Pratchett et al. 2015; Madin et al. 2016), there has been very limited progress in addressing these 
apparent knowledge gaps for most of the major coral species targeted by international ornamental 
and aquarium coral fisheries (e.g., Homophyllia australis). Moreover, it is largely unknown if or how 
these corals are vulnerable to environmental changes (mainly increased incidence of marine 
heatwaves, but also ocean acidification) linked to anthropogenic climate change (Pratchett et al. 
2020). 

All zooxanthellate organisms are susceptible to temperature-induced bleaching at some level 
(Buddemeier and Fautin 1993), and very severe marine heatwaves can cause comprehensive 
bleaching and mortality across a wide range of different coral species (e.g., Hughes et al. 2018b; 
Vargas-Angel et al. 2019). There are however, apparent taxonomic differences in the susceptibility 
and responses of corals to increasing temperature (Marshall and Baird 2000; Loya et al. 2001; 
Grottoli et al. 2014; Hoey et al. 2016). Among common, widespread and well-studied coral taxa, the 
rank order of bleaching susceptibility (based on the proportion of colonies that bleach or die) appears 
to be fairly conserved among geographic locations (e.g., McClanahan et al. 2004), whereby Acropora 
spp. are often among the first to bleach and experience the highest mortality rates (Baird and 
Marshall 2002; Pratchett et al. 2013), but have been seen to be resistant to bleaching in some 
locations (Guest et al. 2012; Chou et al. 2016). Conversely, other corals, such as Turbinaria spp. are 
rarely observed to bleach (e.g., Marshall and Baird 2000) and appear particularly capable of 
withstanding thermal stress. There are many coral taxa for which we know very little about 
temperature sensitivity and bleaching susceptibility, mostly because they do not occur on shallow 
carbonate reefs, where in situ studies of coral bleaching are predominantly conducted (e.g., Hughes 
et al. 2017b; Gilmour et al. 2019). This includes many of the coral taxa that are collected for the 
aquarium fishery, especially those from non-reefal environments. 

1.1 Australian coral fisheries 
In Australia, state-based fisheries (e.g., Queensland Coral Fishery) are managed by each of the 
relevant state government fisheries management authorities (e.g., Queensland Government 
Department of Fisheries), though there is critical oversight by the Australian Government 
Department of Environment and Energy (DOEE), especially in regard to conservation of, and 
international trade in, endangered species. All hard corals, including reef-building (order Scleractinia) 
corals, black corals (order Antipatharia), blue corals (family Helioporidae), organ pipe corals (family 
Tubiporidae), and fire corals (family Milleporidae) are listed in Appendix II of the Convention for the 
International Trade in Endangered Species (CITES). Species listed in Appendix II are not considered to 
be facing imminent danger of extinction, but are thought to be potentially threatened by over-
exploitation (Dee et al. 2014). This means that the 183 parties to the Convention (including Australia) 
are committed to ensuring that any exports of these organisms are only permitted if the export (and 
thereby the direct harvesting) will not be detrimental to the survival of the species. The Australian 
Government Department of the Environment and Energy is Australia’s CITES Management Authority 
and CITES Scientific Authority, and issues Wildlife Trade Operation (WTO) approvals for each 
jurisdiction and fishery separately (Western Australian Marine Aquarium Fish Managed Fishery, 
Northern Territory Aquarium Fishery, Queensland Coral Fishery, and Coral Sea Aquarium Fishery), 
subject to certain conditions, including effective demonstration that the fishery has no detrimental 
effects (Non-Detriment Findings: NDF) on the viability and local persistence of targeted species. WTO 
assessments are generally conducted with specific consideration of Ecological Risk Assessments 
(ERA), which assess the specific threat of fisheries activities (both direct and indirect) on each major 
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target species (see Extension and Adoption). WTO approvals are issued for a specified period and can 
be retracted at any time. 

Harvest limits (output controls) across all Australian coral fisheries use weight-based quotas (Table 
1.1), which is appropriate and justified (e.g., Atkinson et al. 2008). However, it is difficult to reconcile 
the potential ecological impacts of coral harvesting without clear understanding of the size and 
number of coral colonies (or fragments) that are being removed. Moreover, international trade 
records and limits are based on numbers of corals, not weight (e.g., Rhyne et al 2009). There is also 
very limited data on size-weight relationships (Longnecker et al. 2015), which would allow necessary 
conversions and interpretation of harvest limits, and the size and weight of coral colonies vary greatly 
across the range of corals harvested (Pratchett and Messmer 2017). 

1.1.1 Western Australian Marine Aquarium Fish Managed Fishery 

Coral harvesting is permitted in Western Australian waters under the authority of the Western 
Australian Marine Aquarium Fish Managed Fishery (MAFMF), managed by the Western Australia 
Government Department of Primary Industries and Regional Development (DPIRD), Government of 
Western Australia. The MAFMF was originally issued a Declaration of an Approved Wildlife Trade 
Operation (WTO) in 2005, with renewals issued in 2008, 2011, 2013, and 2016. There was a 
temporary lapse in the WTO in October 2011, at which time the Commonwealth Government 
Department of the Environment (DOTE) requested more detailed information to support the 
necessary NDF ruling. In response, the MAFMF implemented a formal harvest strategy with 
precautionary catch limits for all CITES listed target species. The WTO was reissued in 2013 with 
species-specific limits imposed (at 50% of 2010 catch levels) for Duncanopsammia axifuga, Euphyllia 
ancora, Euphyllia glabrescens, and Trachyphyllia geoffroyi. Given particular concerns about 
Catalaphyllia jardinei (and a lack of rigorous data on stock size or structure) there was a ban on 
harvesting of this species throughout 2012 and 2013 (Government of Western Australia 2013). The 
current WTO was issued in October 2019, and is valid until October 14th, 2022. 

The MAFMF is a low volume, high value fishery, that operates from the Northern Territory border in 
the north to the South Australian border in the south, with fishing effort spread over a total gazetted 
area of 20,781 km2. Hard and soft corals are primarily targeted by the MAFMF in the tropical waters 
off Exmouth and the Dampier Archipelago (DPIRD 2018). Most of the coral species targeted by the 
MAFMF (including Duncanopsammia axifuga, Euphyllia ancora, Trachyphyllia geoffroyi, Euphyllia 
glabrescens, and Catalaphyllia jardinei) are harvested from relatively turbid intertidal and/ or inter-
reefal habitats. The MAFMF is primarily a dive-based, hand-collection fishery, which places inherent 
constraints on fishing effort, due to restrictions posed by tides and weather, and also diving limits. 
The MAFMF is managed through input controls, with limited entry to the fishery, permanent closed 
areas and gear restrictions, as well as output controls in the form of catch limits (Individual 
Transferrable Quota) for key species. 

The Western Australian Marine Aquarium Fishery dates back to the 1960s, where collection of 
marine aquarium fish was authorised on Professional Fishing Licences. In 1986, the number of 
commercial licences that allowed for collection of marine aquarium fish species was limited to 20, 
though this was increased to 25 in 1991. The MAFMF was formally established in 1995, at which time 
14 Managed Fishery Licences (MFL) were granted (DPIRD 2018). Since 2007, only MFL holders in the 
MAFMF are permitted to collect coral (and live rock) for the aquarium trade. There are currently 12 
MAFMF licences, though only six licences originally permitted harvesting of hard corals and soft 
corals with an annual Total Allowable Commercial Catch (TACC) of 7,500kg (across all species) 
implemented in 2007. The TACC was increased to 15,000 kg following an ERA and revision of the 
harvest strategy in 2017 (DPIRD 2018). Allowances for increases in the TACC were staged over several 
years (with full 15,000 kg available in 2019/20) as part of a gentlemen’s agreement between the 
DPIRD and industry to comply with WTO/NDF conditions. A portion of the additional ‘new quota’ (the 
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additional 7,500kg) was allocated across all 12 MAFMF licences, thereby increasing the number of 
licensees permitted to harvest coral. All 12 licensees are permitted to take fish, coral, live rock, algae, 
seagrass and invertebrates for live ornamental display purposes. 

1.1.2 Northern Territory Aquarium Fishery 

The Northern Territory Aquarium Fishery (NTAF) is a small-scale, multi-species fishery, which 
operates with oversight from the Northern Territory Department of Primary Industry and Resources 
(NT Fisheries). The relevant NT Aquarium Fishing/Display Fishery licence, is limited to 12 licenses 
(only 11 currently granted), and enables the collection, sale and display of aquarium species. For the 
purpose of license conditions, the definition of coral and associated benthic species includes all coral 
and associated benthic species (including sea fans, anemones, corallimorphs and sponges) and live 
rock. Since 2010, there has been an increasing focus on the collection of corals, with a subsequent 
broadening of the range of species collected and the areas where they are harvested (DPIR 2019a). A 
re-assessment of the NTAF was undertaken in late 2019, as part of the necessary process to seek 
renewal of the WTO, which expires on December 5th, 2022. 

NT Aquarium Fishing/Display fishery licensees may harvest from all inland, estuarine and marine 
waters to the outer boundary of the AFZ in NT waters, which includes an area of 523,946 km2 of 
marine habitat. Harvesting is however, prohibited in a number of designated protected areas, 
Aboriginal sacred sites, aquaculture farm leases and sanctuary zones. Extrinsic limits on fisheries 
effort (due to tides, weather and dangerous marine animals) are also considered to be much more 
restrictive than for other jurisdictions (Queensland and Western Australia). The main management 
control used to limit catch of hard corals, giant clams and live rock in the fishery is the NDF harvest 
levels set in the WTO (Table 3.1). Overall taxon-specific harvest levels (based on WTO NDF Harvest 
levels) are distributed among individual licences based on catch levels for the licence in the 5 years 
prior to 2019-20 (DPIR 2019b). These Interim Harvest Levels (IHL) can be bought, sold, leased or 
transferred on an annual basis upon written application to the NT Director of Fisheries. 

Regulation of NT Aquarium Fisheries began in the 1970s with development of C-Class licences 
(allowing for collection, trading or culturing of aquarium species), which were later (1993) split into 
three different licences, leading to the NT Aquarium Fishing/Display Fishery licence permitting the 
collection, display and sale of aquarium species. A cap (12 maximum) on the number of NT Aquarium 
Fishing/Display Fishery was imposed in 2001. Concerns regarding the sustainability of coral 
harvesting within NT have been raised since 1994, when there was a provisional ban placed on coral 
collection (DPIR 2019a). There have since been several major reviews of the fishery, culminating in 
major changes in the fisheries management in 2019 (DPIR 2019a), including i) implementation of 
electronic logbook returns (to be submitted within 5 days of returning to port) that facilitate 
reporting of all CITES listed species by weight, ii) refinement of WTO NDF Harvest limits for all taxa, 
allocated based on Interim Harvest Levels (IHL) applied to individual licences, iii) appointment of an 
Aquarium Fishery Management Advisory Committee, and iv) mandatory adoption of Vessel 
Monitoring Systems (VMS). 

1.1.3 Queensland Coral Fishery 

The commercial Queensland Coral Fishery (QCF) is largely a diver-based, hand-collection fishery 
operating within permitted zones (including general use, habitat protection and most conservation 
zones) in the Great Barrier Reef Marine Park (GBRMP). The risk posed by the fishery to wild stocks of 
reef corals is considered negligible (e.g., Harriot 2001), based on the high turnover of corals, the large 
extent of coral reef habitats within the GBRMP, and existing protection from harvesting within 
extensive no-take areas. The combined area of reef habitat within the GBRMP is estimated to be 
24,000km2 (~7% of the entire area of the Park), and ~33% is closed to fishing (Fernandes 2005). There 
have however, been concerns raised regarding localised depletion of specific coral species in areas of 
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concentrated fishing activity (Jones 2011), as well as the threat posed by extrinsic disturbances (such 
as cyclones, outbreaks of crown-of-thorns starfish and mass coral bleaching) that have resulted in 
widespread and sustained declines in the overall cover and abundance of corals within the GBRMP 
(De’ath et al. 2012). The current WTO was issued in June 2018, based on outcomes of the 2013 ERA 
workshop (which found that there were no high risk species, though 17 species were considered to 
be at moderate risk, and 63 species at low risk; Roelofs 2018) and will expire on June 18th, 2021. 

The QCF is managed using both input (effort) and output controls. The current Total Allowable 
Commercial Catch (TACC) is 200,000 kg per annum, which is split between specialty coral (30%) and 
other coral (70%). The quota split was originally intended to reflect those corals (speciality corals) 
that were collected and primarily sold live as aquarium species (e.g., Catalaphyllia jardinei and 
Trachyphyllia geoffroyi) versus the relatively fast-growing corals (Acroporidae and Pocilloporidae) 
that were traditionally collected for curios, as well as dead corals collected as aquarium habitat 
(McCormack 2005). There are currently no species-specific quotas imposed, though the fishery is 
considered to be highly selective (e.g., McCormack 2005) and marked changes in the reported catch 
of specific target species within specific coral catchment areas trigger specific management 
responses. Fishing effort in the QCF is becoming increasingly diffuse and widespread, though there 
remain some specific areas of concentrated fishing effort (e.g., near Mackay), mostly related to the 
restricted distribution of some heavily targeted coral species, mostly Homophyllia australis. 
Widespread species tend to be collected in specific areas closest to the major landing locations for 
each distinct operator (e.g., Cairns, Mackay or Yeppoon), though many of the operators are 
extremely mobile and will periodically travel vast distances to obtain specific species necessary to 
complete export shipments of diverse coral stock. Much of the coral is harvested from deeper water 
(>10 m) or in shallow turbid environments (Harriot 2001, Jones 2011). There are a maximum of 59 
commercial licences endorsed for the QCF (Table 3.1). 

Coral has been harvested on the Great Barrier Reef (GBR) since the 1930s, and up until 1980s 
commercial harvesting was focussed on fast growing branching corals (Acroporidae and 
Pocilloporidae) that were sold as curios. During this formative period, coral harvesting was restricted 
to designated coral collection areas. The QCF commenced as a licensed fishery on 1 July 2006, which 
allowed for roving harvests of all licence holders. From 2009/10 to 2017/18 the total reported annual 
catch has been between 74 and 99 tonnes, with a maximum of 35 tonnes of specialty coral and 64 
tonnes of other coral reported in 2013/14 (Heaven 2018). In 2018/19, the total reported catch 
increased to 111 tonnes, comprising 43 tonnes of specialty coral and 67 tonnes of other coral (QDAF 
2019). This coincided with the highest reported levels of annual fishing effort (1,201 fishing days), 
which was >20% higher than the previously reported fishing effort (QDAF 2019). 

1.1.4 Coral Sea Aquarium Fishery 

Coral Sea Aquarium Fishery (CSAF) allows for harvesting of limited coral species (family Acroporidae) 
within the Coral Sea Marine Park (CSMP) located in Commonwealth waters between the Great 
Barrier Reef and eastern margin of Australia’s Exclusive Economic Zone (EEZ). Management of the 
CSAF is undertaken by the Australian Fisheries Management Authority (AFMA) and involves input 
(limited concessions and extensive spatial closures) and output controls (annual catch triggers, rather 
than strict total annual quotas), with the harvest strategy recognising the low fishery effort, as well as 
large extent and limited accessibility to the CSMP. There are currently just two operators that are 
permitted to operate within the CSAF. 

Fishing activities in CSMP were spatially restricted with new zoning implemented on July 1, 2018, and 
there are also significant input controls. The current annual catch trigger is 40,000 kg and the CSAF is 
restricted to harvesting corals from the family Acroporidae, which are considered to be particularly 
resilient to overfishing (AFMA 2017). Most crucially, Acropora corals are relatively fast growing, often 
recruit in high densities, have high rates of natural mortality and are relatively short-lived. These life-
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history characteristics result in rapid population turnover, which would confer generally high 
resilience to moderate levels of exploitation (AFMA 2017). The CSAF is included here to provide a 
comprehensive overview of Australian coral fisheries, though none of the major focal species of this 
project are currently permitted to be harvested from within the CSMP. 

Table 1.1. Current status of Australian coral fisheries operating across northern Australia. Most coral 
harvested is kept and sold live for the marine aquarium industry. Current quotas do not necessarily 
reflect contemporary harvest levels. 

Fishery No. licences Annual TACC  
(hard corals) 

Major target species  
(hard corals) 

Additional quota 

Western 
Australian Marine 
Aquarium Fish 
Managed Fishery 

12 15,000 kg Duncanopsammia axifuga 
Euphyllia ancora 
Trachyphyllia geoffroyi 
Euphyllia glabrescens 
Catalaphyllia jardinei 

i) 60,000 kg of 
live rock 

ii) 2,400 
individual giant 
clams 

Northern 
Territory 
Aquarium Fishery 

11 (8 active) Taxon-specific 
harvest levels, 
mostly 40kg 
for individual 
species and 
160kg for 
species groups 
(e.g., Acropora 
spp.).  

Euphyllia paraancora 
Euphyllia ancora 
Heliofungia actiniformi 
Duncanopsammia axifuga 
Acanthastrea echinata 

i) 6,000 kg of live 
rock 

ii) 280 Tridacna 
clams 

Queensland Coral 
Fishery 

59 (32 
active) 

200,000 kg, 
with 30% 
(60,000 kg) for 
specialty hard 
coral 

Acropora spp. 
Micromussa lordhowensis 
Homophyllia australis 
Catalaphyllia jardinei 
Euphyllia glabrescens 
Trachyphyllia geoffroyi 
Duncanopsammia axifuga 

140,000 kg of live 
rock, including 
fast-growing 
(ornamental) 
corals 

Coral Sea 
Aquarium Fishery 

2 40,000 kg but 
limited to 
Acroporidae 

Acropora spp. 40,000 kg of live 
rock 

 

Australia’s coral fisheries (the Western Australian Marine Aquarium Fish Managed Fishery, the 
Northern Territory Aquarium Fishery, the Queensland Coral Fishery and the Coral Sea Aquarium 
Fishery) are individually and collectively subject to considerable scrutiny and political pressure. This is 
because coral harvesting represents the most direct and preventable (albeit fairly minor) cause of 
coral loss across iconic reef ecosystems, such as the Great Barrier Reef and Coral Sea Marine Park. 
Moreover, scientific studies and established monitoring programs are consistently and regularly 
reporting that overall cover and abundance of corals is in decline (e.g., De’ath et al. 2012; Mellin et 
al. 2019; Gilmour et al. 2019), at least in shallow, clear-water (mostly offshore) locations (see below). 
Recorded coral loss has been attributed to outbreaks of crown-of-thorns starfish, cyclones, coral 
bleaching, and general degradation of environmental conditions that have undermined the growth 
and vitality of reef corals (De’ath et al. 2012; Gilmour et al. 2019). In general, near shore 
environments are considered to be the most degraded (owing to proximity to coastal processes and 
exposure to land runoff), but ongoing scientific research and monitoring, and our corresponding 
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understanding of the cause(s) of coral loss, is mainly restricted to clear water and shallow (<12m 
depth) reef environments. As such, little is known about changes in the abundance or health of corals 
from deeper waters, inter-reefal habitats or inshore, turbid environments.  
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2. Objectives 
The overarching objectives of this project were to:  

1) Establish the distribution and abundance of commercially important coral species in selected inter-
reef habitats;  
2) Improve the accuracy of species identifications across the industry;  
3) Establish abundance and turnover of representative commercially important inter-reefal corals;  
4) Establish a cost-effective industry based long-term monitoring program; and  
5) Undertake consistent Environmental Risk Assessments (ERA) in NT and WA to establish 
vulnerability of major target species.  
 
The specific objectives were further subdivided into three components to establish sustainable 
harvest limits and vulnerabilities of major target species:  

i) Establish the abundance and turnover of select, commercially important coral species in areas of 
concentrated fishing across northern Australia - Improved understanding of the biology and ecology 
of harvested corals is fundamental for establishing baselines and sustainable harvest levels and to 
defend Non-Detriment Findings (NDF), necessary for the continued international trade in these CITES 
listed species. Most importantly, we need to obtain rigorous scientific measures of stock abundance 
to establish species-specific levels of harvesting that might be sustainable. Complementary changes 
in the nature and accuracy of catch reporting will then be required to implement necessary reforms 
within current management frameworks, thereby ensuring sustainability of ongoing harvesting as 
well as better responding to emerging and increasing extrinsic pressures.  

ii) Refine species-level taxonomy (where required), to better establish what is being harvested - A 
significant limitation to understanding the sustainability of coral fisheries across northern Australia is 
the limited taxonomic resolution, and often contradictory names that are used to report coral 
harvests and exports. Our focus will be on poorly studied corals (mainly, Catalaphyllia, 
Duncanopsammia, Euphyllia, Homophyllia, Micromussa, and Trachyphyllia) which are often 
harvested from non-reefal habitats, and are also of high value (due to either the inherent demand for 
brightly coloured corals or restricted geographic range or area of harvest) and are an extremely 
important component of live coral exports. Discrepancies in the taxonomic identification between 
aquarium collectors and coral taxonomists will be resolved using morphological and molecular 
analyses. Improved understanding of taxonomy and species recognition is also a critical component 
of improved catch reporting and compliance, serving to establish relevant categories for fisheries 
management.  

iii) Explore species-specific vulnerability to extrinsic pressures on coral stocks, mostly related to 
environmental change - The increasing incidence and severity of large-scale disturbances linked to 
accelerating environmental changes (Hughes et al. 2017b) could undermine the sustainability of 
ongoing coral harvesting independent of fishery effort or take. Importantly, large-scale monitoring on 
the GBR has reported a 50% decline in live cover of scleractinian corals over the last 27 years (De’ath 
et al. 2012). Similarly, in Western Australia there have been reported declines in coral cover around 
Dampier (Moustaka et al 2019) and Exmouth Gulf (Depczynski et al 2013). However, there is often 
little taxonomic overlap between the ornamental coral fishery and coral assemblages studied in 
shallow reef environments, and there is limited understanding of the potential risk posed by large-
scale disturbances (e.g., climate change) to corals found in non-reef habitats. Explicit experimental 
studies, will therefore, be conducted to test for taxonomic variation in the susceptibility of important 
harvested corals to ocean warming and coral bleaching. We also tested for regional differences in 
bleaching susceptibility, using common garden experiments to compare bleaching responses of coral 
species that occur across sample locations in Western Australia, Northern Territory and Queensland.  
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3. Methods 
3.1 Abundance and turnover of commercially important coral 
species 
3.1.1 Study species 

This project was necessarily restricted in taxonomic scope, and priority species were selected based 
on i) their importance to coral fisheries (and especially exports) across Western Australia, Northern 
Territory and Queensland, and ii) perceived risk to over-fishing and/ or fishery independent threats, 
as identified during Ecological Risk Assessments (ERA) conducted in Queensland (Roelofs 2018), 
Western Australia (DPIRD 2018), and Northern Territory (DPIR 2019), as well as the Stewardship 
Action Plan (SAP) for the QCF (Donnelly 2013). Importantly, there are several distinct groups of corals 
that are consistently targeted across all three State-based fisheries, including Euphyllia species, and 
Duncanopsammia axifuga, though the greatest overlap in species of importance occurs between 
Western Australia and Queensland. The specific species used in each of the different components of 
this study (as described below) varies in accordance with the availability of biological material and 
specific contributions from licensed collectors in different regions. For the most part, we were 
interested in 6 species (Table 31, Figure 3.1) and considered other closely related species (from 
families Euphylliidae and Lobophylliidae; Table 3.2), as appropriate. 

Table 3.1. Major study species: These six coral species, which are generally readily distinguished in 
collections and field surveys, and are disproportionately represented in catches, were the 
predominant (though not exclusive) focus of research into growth, reproduction, abundance, stock 
structure, and vulnerability to bleaching. 

Family Genus Species 

Dendrophylliidae Duncanopsammia  axifuga 

Euphylliidae Catalaphyllia jardinei 

Euphylliidae Euphyllia glabrescens 

Lobophylliidae Micromussa (Acanthastrea) lordhowensis 

Lobophylliidae Homophyllia (Scolymia) australis 

Merulinidae Trachyphyllia geoffroyi 
 

The focal study species (Table 3.1) represent only a small proportion of the coral species that are 
harvested across northern Australia. Moreover, there are critical knowledge gaps (as identified 
during respective ERAs; see Extension and Adoption) that constrain effective species management 
across a broad range of different coral species that are important in maintaining the viability of the 
fisheries, and meeting export demand for Australian coral. However, it was not possible to cover all 
industry research and species priorities during this project, and it was always expected that 
additional and significant scientific research and monitoring would be warranted even after the 
completion of this project. 
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Figure 3.1. Major study species: A) Duncanopsammia axifuga, B) Catalaphyllia jardinei, C) Euphyllia 
glabrescens, D) Micromussa lordhowensis, E) Homophyllia australis, and F) Trachyphyllia geoffroyi. 
All photographs taken by Ciemon F. Caballes ©2020. 
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Table 3.2. Ecological risk levels for major focal species (and their closest relatives) as established 
during most recent Ecological Risk Assessments (ERA) conducted in Queensland (QLD) in 2013 
(Roelofs 2018), Western Australia (WA) in 2014 (DPIRD 2018) and Northern Territory (NT) in 2019 
(DPIR 2019a). We standardised risk levels across all ERAs - Negligible risk (Neg), Low risk (Low) 
and Moderate risk (Mod). Where species were not assessed (or not harvested) the risk level was left 
blank. All species are listed as per latest and verified nomenclature, following Hoekema and Cairns 
(2020a), with comments on phylogenetic relationships, including synonymised species (Syn), and 
change in genera (Orig). “*” indicate the focal species of this study. See also Extension and 
Adoption.  

Family/ Species QLD (2013) WA (2014) NT (2019) Affinities 

Dendrophylliidae 
    

*Duncanopsammia axifuga Mod Low High 
 

Euphylliidae 
    

*Catalaphyllia jardinei Low Neg  
  

Euphyllia cristata Mod Neg 
  

Euphyllia fimbriata Mod 
   

*Euphyllia glabrescens Mod Neg Mod 
 

Euphyllia paraglabrescens 
  

Mod 
 

Fimbriaphyllia ancora Mod Neg Mod Orig. Euphyllia 
Fimbriaphyllia divisa Mod 

  
Orig. Euphyllia 

Fimbriaphyllia paraancora Low Neg High Orig. Euphyllia 
Fimbriaphyllia paradivisa Low 

  
Orig. Euphyllia 

Fimbriaphyllia yaeyamaensis 
   

Orig. Euphyllia 
Lobophylliidae         

Acanthastrea echinata 
  

Mod 
 

Acanthophyllia deshayesiana Mod    
Cynarina lacrymalis Mod Neg High 

 

Goniopora diminuta 
  

High Orig. Micromussa 
*Homophyllia australis Mod Neg 

 
Orig. Scolymia 

Homophyllia bowerbanki Mod 
  

Orig. Acanthastrea  
Syn. Acanthastrea hillae 

Lobophyllia vitiensis Low  Low Orig. Scolymia 
Micromussa pacifica 

    

*Micromussa lordhowensis Mod Neg 
 

Orig. Acanthastrea 
Micromussa amakusensis Mod 

  
Orig. Acanthastrea 

Merulinidae 
    

*Trachyphyllia geoffroyi Mod Neg   
 

 

3.1.2 Study sites 

To limit the geographical scope, and maximise feasibility of this study, we pre-selected sites in areas 
with concentrated fisheries activity to initiate monitoring of coral growth and survivorship relative to 
ongoing harvesting. In Western Australia, coral harvesting is concentrated in Karratha, and to a lesser 
extent in Exmouth (Figure 3.2). Accordingly, our research was conducted across three readily 
accessible locations within the vicinity of Karratha. Field sampling was conducted predominantly in 
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intertidal habitats, and took advantage of the lowest annual tides to run transects, tag and collect 
corals during tidal exposure. However, in-water sampling was undertaken near Exmouth. 

 

 
Figure 3.2. Catch and distribution of hard (scleractinian) corals taken by Western Australian Marine 
Aquarium Fish (MAF) Managed Fishery in northern Western Australia. Data is for total catch 
averaged annually for the period 2003 – 2013, showing concentration of effort near Karratha, and to 
a lesser extent near Exmouth. Source: DPIRD (2018). 

 

In Queensland, spatial representation across major fishery areas was achieved mainly by working 
with distinct license holders operating in the northern versus southern GBR. Specific locations of 
interest were provisionally set as i) traditional harvest locations within the central GBR close to 
Cairns, and ii) inshore habitats between Mackay and Yeppoon, reflecting the disproportionate 
number of licence holders operating within this area and apparent concentration of effort for specific 
coral species (Figure 3.3). More specifically, we focussed on two distinct 36 nautical mile boxes (I16 
and P25; Figure 3.3), as stipulated by the Queensland Government Department of Agriculture and 
Fisheries (QDAF) for logbook reporting by the Queensland Coral Fishery. These specific fishery areas 
represent key fishery locations across several of the focal study species (including H. australis, T. 
geoffroyi and C. jardinei). These study areas did however, each pose significant, but distinct, 
impediments to fishery-independent research and monitoring; at mid-shelf locations in the northern 
GBR, corals are generally harvested from inter-reef locations in depths that are beyond the effective 
working limits (>12m) of research diving. At inshore locations off Mackay, meanwhile, sampling is 
constrained by large tides, strong currents, and generally poor visibility. This limited opportunities to 
conduct sampling, though we did manage to conduct extensive sampling (>50 transects) in nearby 
locations, located further offshore. 
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Figure 3.3. Catch distribution of Catalaphyllia jardinei for the Queensland Coral Fishery. Data is for 
total catch annual catch in the reporting period 2017-2018, and excluding confidential data from all 
locations where this species was harvested but <5 boats were operating (white boxes), showing 
concentration of catch from boxes I16 (off Cairns) and P25 (off Mackay). Source: QDAF (2019). 
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The Northern Territory aquarium fishery is dominated by a small number of licensees, who willingly 
provided required samples as well as conducting independent sampling at sub-tidal locations. These 
transects allowed for quantification of abundance, but not biomass, of potential harvest species. 
Additional requirements for genetic material, reproductive samples, and bleaching experiments were 
met from existing stock or new collections, as available. It is apparent that there are two distinct 
habitat-types from which corals are harvested, generally distinguished as i) near shore reefs with high 
tidal flows and turbid conditions and ii) clear water offshore reefs. As expected, these two habitats 
and distinct environments support very different coral fauna, and both need to be considered to 
understand fisheries activities and vulnerabilities in NT. 

3.1.3 Stock size and structure 

Field-based sampling to establish the stock size and structure of major harvest species, and species of 
concern, was undertaken in pre-selected areas of concentrated fisheries effort, as described above 
(Section 3.1.2). All sampling was conducted during the course of the current project, from March 
2016 to July 2020. Where possible and often with support of industry, we quantified the local 
abundance of focal coral species within specific study areas using replicate 50 ´ 1m belt transects. 
Transect length was assured by deploying a fiberglass measuring tape (or 50 m string line) to the 
relevant substrate within specific habitats. A 1-m wide path was then surveyed along the length of 
the transect line, mostly following video recordings taken along the entire length of each transect 
(Figure 3.4). All corals that were subject to harvesting were recorded within the area of each 
transect, recording the number of distinct colonies of each species as well as estimating their size. 
The goal was to estimate the abundance and size-structure of specific coral species within specified 
habitats. Colony size of specific focal species (Table 3.2) and closely related species (e.g., family 
Euphylliidae and Lobophylliidae) was estimated based on the maximum and perpendicular diameter.  

 

 

Figure 3.4. Video transect protocol developed in conjunction with aquarium industry representatives 
to document size and abundance of major target species along 50 ´ 1m belt transects. The PVC jig 
(with 1m scale bar) is attached to a GoPro (Hero 4) held by a diver, who swims along the transect 
line at a maximum of 10m per minute. 

 

A total of 246 video transects (50m2) were surveyed during the course of this study, providing 
unprecedented information on the stock-size and structure of harvested coral species within 
12,300m2 of fishery habitat across all three jurisdictions (Western Australia, Northern Territory and 
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Queensland). There were a disproportionate number of transects run in Western Australia, and 
especially intertidal habitats near Karratha (Table 6.3), owing to the relative ease of sampling in these 
locations, and collaborations between researchers, managers and industry that greatly increased 
efficiency and effectiveness of sampling in this location. Similarly, researchers collaborated with 
licensees to greatly increase the sampling intensity in subtidal habitats in Queensland (in both Cairns 
and Mackay regions). In all, the majority of transects (181 out of 246) were run by researchers and/ 
or managers, albeit in habitats where licensees targeted the main study species. There were 
however, a number of transects (65 transects) provided by licensees that were conducted completely 
independently, and entirely at their own expense.  

Table 3.3. Extent and distribution of in situ video transects completed (in each state and territory) to 
provide an indication of abundance and biomass of focal coral species. The biomass was calculated 
based on the size (maximum and perpendicular diameter) of each coral colony, and then averaged 
across replicate transects in each location. 

State Region No. of transects Notes 

Western Australia  130  
 Karratha 112 Intertidal 

  Exmouth 12 Subtidal 

  Dampier 6 Subtidal 

Northern Territory 18  
   Various 18 No scale reference 

Queensland  98  
 Cairns 35 Subtidal 

 Mackay 60 Subtidal 

  Keppels 3 Subtidal 
 

To convert two-dimensional size estimates into biomass, we explicitly assessed size and weight 
relationships for specific coral species based on colonies harvested by licensed coral collectors. A 
total of 2,585 corals (mostly intact colonies of freshly harvested corals, with little or negligible 
substrate attached) were measured across the six focal study species (Table 4.1). This included all 
corals that were provided for dedicated studies on the reproductive biology, genetic structure and 
bleaching susceptibility (described below). However, these data were supplemented by additional 
opportunistic sampling conducted during access to aquarium coral facilities in Western Australia and 
Queensland. For each coral, we measured two perpendicular diameters (which were then averaged) 
and recorded the wet (but drained) weight. All corals (as selected by licensed coral collectors in 
Queensland, Northern Territory and Western Australia) were generally small (<30cm diameter, and 
<2 kg weight), especially for H. australis, which almost always occurs as solitary polyps (Huang et al. 
2016). However, even specimens of colonial species, such as M. lordhowensis, which can grow to 
>1m diameter, were mostly harvested as small colonies or fragments, up to 200mm average 
diameter. For larger corals (e.g., M. lordhowensis), measurements were based on the overall colony 
as it was originally collected, though we did want to minimise the amount of additional substrate 
attached to corals. As such, corals were often weighed only after excess carbonate had been 
removed, during trimming (see Pratchett and Messmer 2017). The relationship between diameter 
and weight was expressed using a two-parameter power function, which was subsequently applied 
to diameter measurements from video transects to estimate species-specific biomass. 
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3.1.4 Coral Growth 

Growth of focal coral species was measured in the field by individually tagging select colonies using 
UV-stabilised plastic cattle tags. Where possible tags were attached to hard substrate within the 
immediate vicinity of the focal coral (e.g., using galvanised nails hammered into carbonate 
pavement), but many of the corals were growing over soft substrate. In these instances, tags were 
directly attached to the coral colony using cable ties. On each sampling occasion, all tagged colonies 
were photographed from 1 m above and perpendicular to the surface of the colony. A scale bar was 
placed on or adjacent to the surface of each colony when photographed (Figure 3.5). The maximum 
and perpendicular diameter of each coral was also recorded in situ. Measuring the growth of corals in 
their natural habitats is complex, owing to high rates of partial mortality (Tan et al. 2018), which 
means that corals can effectively increase and decrease in size. Growth was therefore, estimated 
based on changes in the mean radius, which provides an estimate of the net change in colony area 
that is independent of colony size (Meesters et al. 1996; Pratchett et al. 2015), both by comparing 
direct measurements of colony diameter in the field, as well as precise estimates of the horizontal 
planar (projected) area of colonies (excluding regions of tissue loss) using the software package 
ImageJ (http://rsbweb.nih.gov/ij/). 

 

 

Figure 3.5. Individually tagged coral (Duncanopsammia axifuga) in the intertidal habitat near 
Karratha, which was followed through time to estimate growth and mortality. 

 

A total 174 individual corals were tagged, across 4 different species, exclusively within intertidal 
habitats in Western Australia (Table 3.4), ranging in size from 9-700 mm diameter. The approximate 
position of each coral was recorded using GPS fixes, while individually numbered tags (Figure 3.5) 
allowed for reliable identification of individual corals. The species considered in this study were 
selected based on their local abundance in specific, accessible habitats. Notably, Homophyllia 
bowerbanki was considered herein even though it is not one of the focal species of this study, 
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because there is a complete lack of scientific knowledge about the natural growth rates of corals 
within this family (Lobophylliidae).  

While this study was conducted exclusively in intertidal habitats, similar protocols could be used to 
document the growth of corals in sub-tidal environments, though the specific position of individual 
corals would need to be recorded with reference to permanent landmarks or fixed markers (e.g., 
stainless steel stakes hammered into the carbonate matrix), owing to limitations of using GPS in and 
under water. Arrangements were made (including the necessary permit approvals) to allow for 
extensive tagging of coral colonies in sub-tidal habitats, but licensees were reticent to undertake 
necessary tagging mainly because they rarely re-visit locations with high densities of focal organisms 
on requisite timeframes (within 1- year). However, as for transect sampling materials, necessary tags 
and scale features were distributed to many licensees to allow future studies of coral growth in key 
locations, especially on the Great Barrier Reef. 

Table 3.4. Size and identity of coral colonies that were individually tagged to measure 
annual growth based on monthly mean changes in colony radius. All corals were located 
within intertidal habitats in Western Australia.  

Species n Initial size range 
Diameter (mm) 

Duncanopsammia axifuga 52 38-630 

Euphyllia glabrescens 39 9-222 

Trachyphyllia geoffroyi 46 58-700 

Homophyllia bowerbanki 37 12-110 
 

3.1.5 Reproductive Biology 

To establish the reproductive biology, and most critically, the minimum size of reproductive maturity 
for focal study species, we asked industry representatives to provide freshly collected entire and 
intact coral colonies inside of 1-month prior to the predicted annual spawning in each location. We 
specifically requested samples at the smaller end of the size range that is normally collected, 
including (where possible) the smallest colonies detected within each location. 

All reproductive samples (representing small whole colonies) were preserved in 10% seawater 
formalin solution and then decalcified using formic acid solution. Colonies were initially placed in 5% 
formic acid solution for 24 hours, which was then refreshed with increasing strength (up to 10%) 
formic acid solution every 1-2 days. Once decalcified, tissue samples were placed back into 10% 
seawater formalin for storage prior to dissection. Decalcified samples were dissected around the oral 
disk of polyps to target mesenteric tissues that represent reproductive sections of the polyp (both 
laterally and longitudinally) in order to maximize the chance of detecting gametes. These sections 
were transferred to 70% ethanol solution before being processed at the James Cook University 
Histology Laboratory. Samples were mounted and then 5 sections per sample (7 microns thick) were 
taken at different depths across the polyp tissue to give a good representation of the whole 
specimen. Sections were then mounted onto glass slides and stained with Mayer’s haematoxylin 
(staining nuclei blue) and Young’s eosin-erythrosin (staining cytoplasmic components red). 

Slides were examined under a microscope to record the occurrence and developmental stages of 
oocytes and spermaries. The presence of planula larvae from the slides was used to determine the 
reproductive mode. Ex situ observations during the spawning season were also conducted to 
characterise the reproductive mode of target species. The general maturity based on gravid or empty 



 

 18 

samples were recorded. The sexuality of gravid samples was identified as female, male or 
hermaphroditic based on whether they contained only oocytes, only spermaries, or both oocytes and 
spermaries, respectively. When located, gametes were graded based on developmental stages 
adapted from Szmant-Froelich et al. (1985) and Baird et al. (2011). Size at reproductive maturity was 
assessed by determining the minimum size at first reproduction (MSFR) and by estimating the 
diameter of the coral at which 50% were reproductively mature (D50). This was done using the ‘gonad 
mature’ function in the ‘sizeMat’ package (Torrejon-Magallanes 2020) in R (R Core Team 2020), 
where Bayesian regression was performed and a sample from the posterior distribution of a logit 
regression model using a random walk Metropolis algorithm was generated. 

3.2 Refined species-level taxonomy 
A significant constraint to the effective management of coral fisheries across northern Australia is the 
limited taxonomic resolution, and often contradictory names are used in reporting what corals have 
been harvested and exported. For example, up to 218 different coral taxa (nominally referred to as 
“species”) are recorded among annual exports from the Queensland Coral Fishery. Most of these 
species are not well resolved; either identified only to genera, or known only by “trade names”. 
Added to this, there have recently been major advances in understanding the phylogenetic affinities 
of scleractinian corals (e.g., Huang et al. 2011; Arrigoni et al. 2014a, 2019) and necessary changes in 
nomenclature. For example, many of the major coral species harvested by Australian coral fisheries 
have been reassigned to different genera or families in recent years following increased molecular 
sampling and analyses (Table 3.2). Of particular importance to this study, is the recent emergence of 
several new species of corals (often cryptic species) with large solitary polyps (Arrigoni et al. 2014b, 
2016), suggesting that there may be multiple species of Lobophylliidae currently attributed to H. 
australis, which is widely harvested in Queensland, but also collected in Western Australia and the 
Northern Territory. It is also possible that other coral species reported to occur over large geographic 
ranges, but with widely disparate morphologies in different locations (e.g., C. jardinei and T. 
geoffroyi) may represent multiple species. 

Tissue samples (for molecular analyses) were taken from individual and intact coral colonies provided 
by licensed coral collectors from Western Australia, Northern Territory and Queensland (Table 6.5). 
Tissue samples were taken from live corals and preserved in ethanol. Samples were then stored at -
10oC before being sent to respective genetics laboratories. Tissue samples for all species except T. 
geoffroyi were sequenced at King Abdullah University of Science and Technology, in Saudi Arabia, 
following Arrigoni et al. (2019). Trachyphyllia geoffroyi samples meanwhile, were sequenced at the 
National University of Singapore, following Huang et al. (2011). Total DNA was extracted form coral 
tissues using DNAeasy kits, following Arrigoni et al. (2014). Analyses of phylogenetic relationships 
were tested using a single nuclear (ITS2) marker. This marker (ITS2) is relatively robust and definitive 
in describing species boundaries among Lobophylliidae spp. (Arrigoni et al. 2014a, b), and was readily 
aligned using the ClustalW algorithm. Sequence data for individual samples, where provenance is 
based mainly on the collector, was compared with available sequence data from GenBank. 
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Table 3.5. Identity and provenance (State and Business – see Table A.1) of all genetic samples 
analysed to clarify taxonomic identity and where necessary, explore species boundaries. Additional 
samples have been provided since preliminary analyses were completed, to further resolve species 
boundaries. 

Nominal Species 
Queensland    NT    WA   Total 

CM UCA CDU GBRM MA ACF  

Catalaphyllia jardinei 23  9 11   43 

Duncanopsammia axifuga 26  15   43 84 

Trachyphyllia geoffroyi 20 26    35 81 

Micromussa lordhowensis  17  28   45 

Homophyllia australis  45 18 19 21 10 113 

Total 69 88 42 58 21 88 366 
 

Total genomic DNA was extracted using the DNeasy Blood and Tissue kit (Qiagen Inc., Valencia, CA, 
USA) from coral tissue preserved in ethanol following Huang et al. (2011). For all coral samples, we 
amplified and directly sequenced ITS2 markers. Maximum likelihood (ML) was then used to construct 
phylogenetic trees for all samples of each nominal species, along with existing sequences of known 
identity and origin that represent each species (Table 3.5). Select outgroups (as relevant for each 
taxonomic group) were also selected and used to assess genetic variability within each group. 

3.3 Species-specific vulnerability to extrinsic pressures  
Despite extensive field-based sampling to assess taxonomic variation in bleaching susceptibility 
among reef-building corals (e.g., Loya et al. 2001), there is limited knowledge of temperature 
sensitivity and bleaching susceptibility for most aquarium coral species. As such, dedicated 
experimental studies were conducted in the Marine Aquarium Research Facility (MARFU) at James 
Cook University. Licensed coral collectors provided a total of 257 distinct corals (mostly whole 
colonies or individual polyps, but sometimes fragments) across 6 different nominal species, which 
were transported to Townsville within 1-2 weeks of collection (Table 3.6). Where possible, samples of 
each coral species were obtained from Western Australia (WA), Northern Territory (NT), north 
Queensland (NQ) and central Queensland (CQ) (Table 3.6). All corals were mounted on ceramic discs, 
which were coded to distinguish individual corals and their provenance. Corals were randomly 
assigned to one of 12 different tanks across four different treatments (Figure 3.6), with 3 replicate 
tanks per treatment. 

To test the bleaching responses and temperature sensitivity of the different corals, corals within the 
“heated treatments” were subject to gradual warming (1.0°C change per week) until the temperature 
reached a maximum of 32°C. The reason for using prolonged heating to relatively high maximum 
temperatures was intended to explicitly assess interspecific and regional variation in bleaching 
susceptibility, based on the time until individual corals exhibited bleaching. Temperatures in control 
tanks started at 25.6°C, and varied between 25.1-27.5°C through the course of the experiment. Given 
most of the study species come from turbid inshore or deeper inter-reefal habitats, it was possible 
that bleaching susceptibility would be moderated by the light environment. To test this, we further 
divided corals into high and low light treatments, whereby the maximum light intensity (measured 
using a Li-Cor portable light meter during peak irradiance) was 208.0 (± 10.6 SE) and 48. 7 (± 2.8 SE) 
µmol.m-2.s-1, respectively (Pratchett et al. 2020).  
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All colonies were acclimated to experimental conditions (ambient temperature and low light) for a 
minimum of 1-week before being subjected to high light and/ or experimental warming. The day that 
warming was initiated (April 9th 2018) was set as Day 1, and corals were subjected to experimental 
conditions until Day 75, at which time experimental tanks with high temperatures were reduced to 
ambient temperatures over 72 hours. We then continued to monitor all surviving colonies until Day 
150. Corals were inspected every 1-2 days to record survival, and scored for colour (following Siebeck 
et al. 2006) every 1-2 weeks. This provided a non-intrusive method to assess changes in coral health 
over the course of the study. Survival of individual coral colonies was recorded as the sum of the 
proportion of time a coral survived during the heating experiment plus the proportion of time the 
coral survived post treatment; i.e. corals that survived to day 75 (end of heating experiment) were 
assigned a survivorship of 1.0, and corals that survived to day 150 (end of study period) were 
assigned survivorship of 2.0. Changes in colour were based on changes in colour saturation 
(measured on a 6-point scale), between initial records taken on Day 1 versus Day 75 (or the last 
record of colour hue taken prior to mortality). Bleaching was defined as a change in colour saturation 
of 2 units or more, following Siebeck et al. (2006). 

To test for species-specific differences in temperature sensitivity, we modelled changes in colour 
(whereby, corals often expel zooxanthellae and “bleach” when exposed to elevated temperatures or 
other environmental stress) and survival in corals as a function of ‘Temperature’ and ‘Light’ using 
linear mixed effects models (Bates et al 2015). ‘Species’, ‘Temperature’, and ‘Light’ were included as 
fixed effects. We also included the individual ‘Tank’ where the corals were placed as a random effect 
to account for the non-independence of replicates tested within the same aquarium. ‘Region’ was 
not included as a factor since some species were only sourced from one locality. Alternative models 
were compared using Akaike’s information criterion corrected for small sample sizes (AICc). Post hoc 
comparisons were conducted for survival data using the Tukey method in the R package emmeans. 
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Figure 3.6. Select images of experimental colonies to indicate inter-specific differences in 
responses of the six coral species (H. australis, M. lordhowensis, C. jardinei, T. geoffroyi, D. 
axifuga, and E. glabrescens) with exposure to increasing temperature and high levels of light 
intensity. All photographs by D. Pratchett. 
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To better resolve differences in survival among corals, we obtained nonparametric estimates of the 
shape of the survivorship curves for each coral species under the two temperature treatments using 
Kaplan–Meier product-limit analysis. The Kaplan–Meier model is based on estimating conditional 
probabilities at each time point when an event occurs, and taking the product limit of those 
probabilities to estimate the survival rate at each point in time (Kaplan and Meier 1958). To test 
whether survival trends were significantly different for each treatment, survival probabilities were 
compared using the Log-rank test, which takes into account both individuals that died during the 
course of the experiment and individuals that were still alive at the end of the study. To assess 
interspecific and regional variation in the tolerance of corals to temperature and light treatments, 
standardised mean differences (SMDs), using Hedges’ G, as an effect size metric. 

Table 3.6. Identity and provenance (region) of corals used in controlled bleaching 
experiment to test for inter-specific differences in susceptibility to elevated temperature 
and light. Source region: NT = Northern Territory (Darwin), NQ = North Queensland (Cairns), 
CQ = Central Queensland (Mackay), WA = Western Australia (Karratha). Corals were equally 
distributed among the four treatments. 

Species NQ CQ NT WA TOTAL 

Homophyllia australis  17   17 

Micromussa lordhowensis  18   18 

Catalaphyllia jardinei 18 20   38 

Trachyphyllia geoffroyi 18 23  15 56 

Duncanopsammia axifuga 18 19 20 21 78 

Euphyllia glabrescens 18 16  16 50 

Total 72 113 20 52 257 
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4. Results and Discussion 
4.1 Abundance and turnover of commercially important coral 
species 
4.1.1 Size-weight relationships 

The mean size (diameter) and weight of corals collected was lowest for H. australis, averaging 52.0 
mm (with a maximum of 91.2mm average diameter) and 69.1g across colonies (almost invariably 
single polyps) collected in all three jurisdictions (though see section 4.2, which suggests that only 
corals harvested in Queensland are truly H. australis). The largest corals harvested were D. axifuga 
(averaging 98.6 mm average diameter and up to maximum of 302.5 mm) and M. lordhowensis 
(averaging 97.3 mm average diameter and up to maximum of 206 mm), though colonies of M. 
lordhowensis were on average much heavier than those of D. axifuga (Figure 4.1). Interspecific 
variation in the weight of corals was analysed using ANCOVA, where coral size (diameter) was an 
obvious and significant co-variate (ANCOVA; F1,5= 21,838, p<0.01). However, even after accounting 
for coral size (diameter), there were significant differences in weight among species (ANCOVA; F1,5= 
249.7, p<0.01), but also the interaction between species and diameter was highly significant 
(ANCOVA; F5,2514= 19.773, p<0.01). To compare among species, we used Tukey’s post-hoc tests, with 
adjusted p values to account for all possible pairwise comparisons. This showed that the standardised 
weight (accounting for diameter of corals considered) was highest for C. jardinei (2.92), which was 
significantly higher than for H. australis (difference = 0.74, p = <0.01), D. axifuga (difference = 0.64, p 
= <0.01), and E. glabrescens (difference = 0.57, p = <0.01), but was not significantly different from 
that of T. geoffroyi (difference = 0.23, p = 0.54) or M. lordhowensis (difference = 0.23, p = 0.05). 

 

Table 4.1. Size and weight of corals (mostly intact colonies of freshly harvested corals, with little or 
negligible substrate attached), which were measured to determine species-specific diameter-weight 
relationships for each of the six major study species. The majority of corals measured were from 
Queensland (N = 1986), though some colonies were sourced from Western Australia (D. axifuga, E. 
glabrescens, and what was presumed to be H. australis) and Northern Territory (Euphyllia 
glabrescens and what was presumed to be H. australis). 

 

Although there were marked interspecific differences in the specific relationship between diameter 
and weight (Figure 4.2), which prevented pooling of all major target species, the relationship was 
well represented using a two-parameter power function across all six major target species. The 
relationship between diameter and weight was particularly strong for C. jardinei and D. axifuga (r2 ³ 

Species N 
Diameter (mm)  Weight (g) 

Average (SE) Range  Average (SE) Range 

Catalaphyllia jardinei 43 57.03 (3.44) 29.1-104.5  166.19 (33.97) 17-985 

Duncanopsammia axifuga 219 98.59 (2.92) 25.5-302.5  229.47 (20.65) 10-2750 

Euphyllia glabrescens 265 67.48 (1.89) 18.0-168.0  171.76 (14.45) 5-1530 

Homophyllia australis 473 51.97 (0.56) 11.0-91.2  69.15 (2.06) 3-448 

Micromussa lordhowensis 685 97.27 (1.35) 27.9-206.0  314.06 (11.26) 10-1952 

Trachyphyllia geoffroyi 900 72.25 (0.71) 25.0-162.1  220.42 (6.75) 8-1695 

Total 2585 77.05 (0.65) 11.0-302.5  244.17 (4.86) 3-2750 
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0.92), even though there was relatively limited data for C. jardinei (Table 4.1). For other species (E. 
glabrescens, H. australis, M. lordhowensis and T. geoffroyi) the predicted relationship tended to 
underestimate the weight of larger samples (Figure 4.2), and there were some notable outliers for E. 
glabrescens and M. lordhowensis. This suggests that there may be fundamental changes in growth 
processes among corals that are at or above the upper limit of corals measured in this study. 
Importantly, the mass of corals is reflective of the amount of carbonate skeleton that has been 
deposited (Pratchett et al. 2015) which may increase disproportionately to coral diameter if or when 
corals start growing vertically. In massive colonial corals, such as M. lordhowensis, vertical growth 
(i.e. thickening of the colony skeleton) is often very negligible among smaller colonies, and only 
becomes apparent once the coral has reached a threshold size in terms of horizontal planar area. This 
means that there may be altogether different growth functions for corals that are above or below the 
threshold size for vertical thickening (Pratchett et al. 2015). A disproportionate focus on smaller 
corals (as seems to be the case when collecting such corals from the wild) will therefore, likely 
underestimate the weight of larger corals. This issue will be also most pronounced for colonial 
species that grow predominantly by the addition of new polyps (M. lordhowensis and D. axifuga) as 
opposed to somatic growth of individual polyps (H. australis, T. geoffroyi and C. jardinei).  

 

Figure 4.1. Size distribution for corals harvested by Australian coral fisheries, based 
on average geometric diameter and weight. Plots show median (bold line), 25th and 
75th percentile range (box), 5th and 95th percentile range (error bars), and mean 
value (solid black circle). 
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Additional bias in the recorded versus predicted weight of corals may arise due to the amount of 
carbonate material attached to harvested corals that was either part of the underlying substrate or 
represents remnant skeleton following declines in the effective size of the colony (e.g., following 
temporary or partial smothering of the coral by sediment). Collectors aim to minimise the amount of 
substrate collected with harvest corals, or remove it during post-harvest processing (Pratchett and 
Messmer 2017). Even corals that are not normally or firmly attached to the underlying substrate may 
be “trimmed” following collection to improve the shape and appearance of corals. There is also 
strong incentive to minimise the amount of excess carbonate (both due to quota ramifications and 
shipping costs) though there are occasional colonies (by virtue of their particular shape) where it is 
not possible to effectively remove excess carbonate. This will result in some corals that are heavier 
than expected for their size (diameter), and may explain observed outliers in the current data (Figure 
4.2).  

Despite potential biases, the relationship between diameter and weight was highly significant (at 
least across the weight range of corals considered) for all 6 target species, providing an effective tool 
for estimating mass based on the diameter of corals in the wild. The expected (isometric) relationship 
between diameter and weight of corals has a slope (exponent) of 3, given that mass should increase 
with changes in colony size in three dimensions (Dornelas et al. 2017). Except for C. jardinei (Slope = 
2.921; 95% CI: 2.659–3.182; p = 0.543), the relationship between diameter and weight for all target 
species examined were allometric (where the slope was significantly different from and less than 3): 
D. axifuga (Slope = 2.276; 95% CI: 2.186–2.366; p < 0.001), E. glabrescens (Slope = 2.350; 95% CI: 
2.259–2.441; p < 0.001), H. australis (Slope = 2.165; 95% CI: 2.044–2.286; p < 0.001), M. lordhowensis 
(Slope = 2.533; 95% CI: 2.465–2.600; p < 0.001); and T. geoffroyi (Slope = 2.688; 95% CI: 2.626–2.751; 
p < 0.001). This may suggest that corals grow allometrically, as suggested by Dornelas et al. (2017), 
whereby there are inherent physiological constraints on the capacity to maintain growth rates as 
corals attain larger sizes (e.g., as the ratio of surface area to volume declines). Alternatively, the 
allometric growth recorded in this study may be attributable to limited vertical growth exhibited by 
colonies that grow predominantly along the substrate. For example, most large colonies of D. axifuga 
that were observed, both in collections and in the wild (Figure 6.5) were very flat and had similar 
vertical dimensions to other much smaller colonies. 
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Figure 4.2. Species-specific diameter (average of maximum and perpendicular diameter 
measurements) and weight relationship for six target species fitted with a two-parameter power 
equation: Weight (W) = Intercept * Diameter (D) ^ Slope. Blue lines are 95% confidence intervals. 

 

4.1.2 Stock-size and structure 

A total of 2,839 corals (including the six focal species of major harvested corals and other related 
target species) were recorded across all transects (n = 246 transects), corresponding with a mean 
density of 11.5 (±2.62SE) corals per transect (per 50m2). The abundance of targeted corals on 
individual transects was extremely variable (cv = 3.6), ranging from no (0) harvestable corals, which 
was recorded on 29 (11.7%) transects, up to 372 distinct corals on a single transect. The mean 
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density of major target species was greatest in Queensland (18.11 colonies per transect ± 2.1SE, n= 
98), compared to Western Australia (7.71 ± 1.11SE, n = 130), and Northern Territory (3.44 ± 1.49SE, n 
= 18). The abundance of harvestable corals was also much more variable in Queensland (cv = 3.8, 
range = 0-372), compared to Western Australia (cv = 1.9, range = 0-93), and Northern Territory (cv = 
1.03, range = 0-25).  

Aside from differences in the overall abundance of targeted coral species on transects surveyed in 
each different region (or jurisdiction) there were marked differences in the composition of coral 
assemblages, even accounting for some uncertainty regarding the specific identity of corals surveyed 
in some jurisdictions. The transects run in the Northern Territory had particularly low abundance and 
diversity of target coral species, limited mainly to colonial corals that resembled M. lordhowensis 
(Table 4.2; Figure 4.3). This data poorly reflects the broad range of corals currently harvested from 
the Northern Territory (including D. axifuga, E. glabrescens, T, geoffroyi, but not C. jardinei or M. 
lordhownesis; DPIR 2019b), but is attributable to the limited number and extent of surveys, relative 
to the broad range of different environments and habitats (including reef environments located for 
offshore) from where coral is harvested. Given apparent discrepancies with catch records, it is likely 
that the colonial Micromussa recorded in video transects (recorded as M. lordhowensis) is actually 
Acanthastrea echinata or M. amakusensis, but it was very difficult to discern specific species on these 
video recordings. It is also possible that there are errors and inconsistencies in the catch data for 
these species, necessitating careful genotyping of corals sampled across a range of habitats to resolve 
the species identity of major harvest species. 
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Table 4.2. Number of corals and estimated biomass (± standard error based on the number of transects 
where species was present) of corals using measurements from 50m2 video transects. Total Biomass is the 
sum across all transects per species in each region. No biomass data is provided for the Northern Territory, 
because we were unable to reliably estimate the size of corals on video transects without scale bar. Mean 
abundance and biomass is based on only those transects where coral species were actually recorded, 
whereas the coefficient of variation (cv) captures variability due to both numerical abundance and 
presence/ absence. It is important to acknowledge that determination and discrimination of coral species 
was particularly difficult in some areas (especially where there was poor visibility), and high abundance of 
some species in areas where not reported to be harvested will need to be confirmed with targeted 
collections and genotyping. 

Region: Species Colonies 
(Measured) 

Colonies per 
Transect Biomass (kg) 

Transect ± SE 
Biomass 

Total (kg) 
Mean ± SE cv 

Northern Territory 62 (0) 3.8 ± 1.0 1.0 - - 

Acanthastrea echinata 36 (0) 4 ± 1.5 1.1 − − 
Euphyllia sp. 9 (0) 2.3 ± 1.3 1.1 − − 
Micromussa sp. 17 (0) 5.7 ± 2.2 0.7 − − 

Queensland 1775 (1775) 8.1 ± 2.1 3.8 54.8 ± 12.1 5369.7 
Acanthastrea echinata 22 (22) 3.1 ± 0.9 0.8 1.5 ± 1 10.4 
Acanthophyllia deshayesiana 172 (172) 6.6 ± 1 0.7 0.3 ± 0.1 7.9 
Catalaphyllia jardinei 836 (836) 52.3 ± 26.7 2.0 324.9 ± 151.7 5198.1 
Cynarina lacrymalis 28 (28) 1.4 ± 0.2 0.5 0.1 ± 0 1.4 
Duncanopsammia axifuga 3 (3) 1.5 ± 0.5 0.5 0.2 ± 0.2 0.4 
Euphyllia glabrescens 55 (55) 3.1 ± 0.8 1.1 1.9 ± 0.8 34.3 
Euphyllia sp. 24 (24) 8 ± 3.6 0.8 5.5 ± 2.8 16.6 
Fimbriaphyllia ancora 21 (21) 1.3 ± 0.2 0.5 1 ± 0.5 15.8 
Fimbriaphyllia divisa 3 (3) 1 ± 0 0.0 3.8 ± 3.1 11.4 
Homophyllia australis 280 (280) 5.4 ± 0.7 0.9 0.3 ± 0.1 14.2 
Homophyllia bowerbanki 22 (22) 1.8 ± 0.3 0.6 2.8 ± 1.3 33.7 
Lobophyllia vitiensis 19 (19) 2.1 ± 0.5 0.7 0.2 ± 0.1 2.0 
Micromussa lordhowensis 42 (42) 2.3 ± 0.4 0.7 0.6 ± 0.2 10.5 
Trachyphyllia geoffroyi 248 (248) 13.8 ± 2.1 0.7 0.7 ± 0.1 13.0 

Western Australia 1002 (1000) 4.7 ± 0.6 1.9 2.7 ± 0.3 355.6 
Acanthastrea echinata 229 (229) 3.4 ± 0.3 0.7 2.4 ± 0.3 161.0 
Duncanopsammia axifuga 229 (229) 6.9 ± 1.8 1.5 3.3 ± 1.5 109.1 
Euphyllia glabrescens 178 (178) 6.6 ± 1.5 1.2 0.7 ± 0.3 18.2 
Euphyllia sp. 36 (36) 1.8 ± 0.2 0.5 0.8 ± 0.2 15.0 
Fimbriaphyllia ancora 170 (170) 21.3 ± 12 1.6 4 ± 2.5 32.0 
Homophyllia australis 12 (12) 1.3 ± 0.2 0.5 0.1 ± 0 0.6 
Homophyllia bowerbanki 36 (36) 2.1 ± 0.5 1.0 0.8 ± 0.2 13.6 
Micromussa lordhowensis 3 (3) 1.5 ± 0.5 0.5 0.2 ± 0.1 0.3 
Trachyphyllia geoffroyi 109 (107) 3.5 ± 0.6 1.0 0.2 ± 0 5.7 
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Figure 4.3. Number of colonies per transect for each focal species for each state. Plots show 
median (bold line), 25th and 75th percentile range (box), 5th and 95th percentile range (error 
bars), and mean value (solid black circle). Four data points for C. jardinei from Queensland 
transects are not shown: Mackay (67, 77 colonies per transect), Keppels (258, 370 colonies per 
transect). Unidentified colonies of Micromussa sp. recorded in Northern Territory were assumed 
to be M. lordhowensis for the purposes of this analysis, but this will need to be verified. The 
identity of M. lordhowensis recorded in Western Australia is also questionable. 

 

In Queensland, the dominant coral recorded on video transects was C. jardinei, though densities 
were highly varied (occurring on 16.3% of transects; cv = 2.0) and overall abundance was greatly 
influenced by the very high densities of colonies (69-370 colonies) on a just four transects conducted 
in the southern GBR (Figure 4.3). The next most abundant coral was H. australis, which was recorded 
on 53.1% of transects and was consistently found in moderate abundance (5.4 colonies per transect 
± 0.7SE) across all transects where it was recorded (cv = 0.9). Trachyphyllia geoffroyi was recorded on 
18.4% of transects, but was relatively abundant (13.8 colonies per transect ± 2.1SE) where it was 
recorded. Both E. glabrescens and D. axifuga were recorded on only a very small number of transects 
(2 out of 40), though E. glabrescens was abundant where it occurred (Figure 4.3). Notably, M. 
lordhowensis was rarely recorded during surveys in Queensland (Figure 4.3), reflecting low 
abundance in areas where surveys were conducted Reported catches of M. lordhowensis are greatest 
in the southern GBR (DEEDI 2012), and it is likely that stock estimates would be greatly increased 
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given sampling in the Keppel region. For example, the combined take of M. lordhowensis reported for 
2009-2011 was 66kg in the Cairns Coral Collection Area, compared to 1,750kg in the Keppel Coral 
Collection Area and 3,136kg in all other areas outside of these collection areas (DEEDI 2012). 

In Western Australia, coral assemblages surveyed on video transects (n = 130 transects, across 
intertidal and subtidal habitats) were numerically dominated by D. axifuga, E. glabrescens and T. 
geoffroyi (Figure 4.3). Notably, densities of D. axifuga (cv = 3.3, recorded on 25.4% of transects), E. 
glabrescens (cv = 3.3, recorded on 20.8% of transects) and also T. geoffroyi (cv = 2.0, recorded on 
23.8% of transects) were highly variable among transects. Densities of colonies were much lower, but 
also even more variable for Micromussa (cv = 8.4; presumed to be M. lordhowensis, but this is very 
difficult to distinguish from Homophyllia bowerbanki on video recording in intertidal habitats, where 
there is often a layer of muddy or murky water covering the corals), and also colonies nominally 
regarded as H. australis (cv = 4.1). Overall, these nominal species (M. lordhowensis and H. australis) 
were only recorded on 2 and 9 transects (out of 130), respectively. These data confirm that major 
target species of aquarium corals are very patchily distributed, but can be extremely abundant in 
specific habitats. While species that are abundant only in specific habitats or locations will be more 
vulnerable to exploitation (and more vulnerable to localised disturbances), especially where corals 
are concentrated in specific habitats that are easily accessible and subject to high fisheries pressure, 
the high overall abundance of these different corals would suggest that the currently low and 
increasingly diffuse fisheries effort in Western Australia (DPIRD 2018) poses a very limited threat to 
wild stocks.  

Regional differences (between Queensland and Western Australia) in the relative availability of 
different coral species were even more apparent when comparing in situ biomass (Figure 4.4), 
estimated based on the diameter of colonies recorded on all video transects. Note, no biomass data 
could be obtained for the Northern Territory, because the lack of any scale bar in video recording 
prevented effective estimates of coral size, and therefore mass. For species with no diameter-weight 
relationship data, the relationship for the species with the closest growth form was used to calculate 
the biomass (Table 4.1). The combined biomass of all corals considered herein (Table 4.2) was 
summed for each transect (50m2) and averaged per species for each region. It is important to note, 
that there were other potential target species that occurred on transects (most notably, high 
densities of Cycloseris cyclolites occurred on transects surveyed in the northern GBR), but given their 
limited importance or concern, were not considered in these analyses. Average biomass of major 
target species of aquarium corals in Queensland (54.79kg ±12.13SE) was much higher than in 
Western Australia (2.73kg ±0.3SE), though the data from Queensland was heavily skewed by 
transects which were conducted in expansive beds of C. jardinei in the southern GBR, resulting in 
extreme (up to 1,802kg per transect) estimates of biomass for this species (Figure 4.4).  

The overall biomass of corals considered was substantially higher in Queensland (5370kg) compared 
to Western Australia (356kg), and was dominated by C. jardinei, which accounted for >98% of overall 
biomass recorded in Queensland. Compared to C. jardinei (5198.1kg), the total biomass of other focal 
coral species recorded in Queensland was negligible: H. australis (14.1kg) and T. geoffroyi (13.0kg). In 
Western Australia, A. echinata (161.2kg) and D. axifuga (109.2kg) contributed most to the overall 
biomass of aquarium corals recorded on all transects (130 transects with a combined area of 
6,500m2), accounting for 45.3% and 30.1%, respectively. Although abundant and widespread, T. 
geoffroyi contributed relatively little to the biomass of corals recorded in Western Australia. 
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Figure 4.4. Distribution of biomass data, showing sum total per state (Top) and biomass of each 
focal species for each state. Four data points for C. jardinei from Queensland transects are not 
shown: 854, 1100, 1434 and 1802kg. Plots show median (bold line), 25th and 75th percentile range 
(box), 5th and 95th percentile range (error bars). 

The harvestable biomass estimates obtained in this study provide important, and unprecedented, 
reference points for assessing the sustainability of current harvest limits. In Queensland, where there 
are no specific quotas or limits on individual species, the current TACC for all speciality coral species 
(which includes all major species considered in this study) is 60,000 kg, though the maximum 
recorded harvest level of specialty hard coral is just 43 tonnes (QDAF 2019). Based on the combined 
biomass of the key focal study species and their relatives of 54.8kg per transect (per 50m2), the total 
annual quota for specialty hard corals (60,000 kg) would be contained in an area of just 5.47 
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hectares. Even if aiming to remove only 1% of harvestable biomass per year, the required harvest 
area is just 547 hectares. For C. jardinei, for which the average harvestable biomass was 325.6 kg per 
transect (restricted to only those transects where it occurred), the maximum annual harvest (which 
peaked at 2,210kg in 2010/11) occurs in just 340m2. Indeed, the maximum recorded biomass of C. 
jardinei approached 40kg per m2, though only small portions of these large and very dense colonies 
would ever be harvested. In Western Australia, where the biomass estimates were much more 
moderate, the current harvest limits (which are also very moderate compared to Queensland) were 
nonetheless represented by relatively small areas of habitat. For D. axifuga, for example, the 2014-
2016 NDF level of 550kg (see Section 11.1), would be contained in just 0.83 hectares of habitat with 
mean biomass recorded here. The next step in this research is to characterise and map the specific 
habitat types that support high abundance and biomass of aquarium corals (e.g., Fisk 1983), to 
thereby estimate that absolute stock size of each species. 

4.1.3 Growth and survivorship 

Individual tagging of 174 coral colonies in intertidal habitats in Karratha has provided vitally 
important and largely unprecedented data on growth and survivorship rates of commonly harvested 
aquarium corals. For example, corals in the families Lobophylliidae and Euphylliidae are under-
represented in published studies of coral growth (Pratchett et al. 2014), and the lack of species-
specific growth data greatly constrains rigorous and robust assessment of fisheries vulnerability 
(Donnelly 2013). Of the four species studied (D. axifuga, E. glabrescens, H. bowerbanki, and T. 
geoffroyi), growth was greatest for D. axifuga, where the radius of colonies increased at an average 
rate of 1.02 mm ± 0.25SE per month, or 12.28mm per year (Table 4.3; Figure 4.5), reflecting the 
average extent of horizontal growth that occurs along the colony margin. This is roughly equivalent 
to the average annual rate of colony extension recorded for foliaceous Turbinaria corals (Harriot 
1999), which makes intuitive sense given many of the colonies considered in this study had a thick 
base resembling foliaceous or plate corals (Figure 4.5), rather than arborescent branching corals, 
which can grow very quickly (Pratchett et al. 2015). Growth rates of D. axifuga may however, be 
much higher among smaller corals, and for colonies exhibiting the more open branching, sprawling 
morphology, given the lower investment in carbonate skeleton among these corals. 

Table 4.3. Estimated annual growth rates for tagged colonies based 
on extrapolation of average monthly rates of radial extension (mm). 

Species n Annual Growth  
(mm) 

Duncanopsammia axifuga 30 12.28 ± 2.97 

Euphyllia glabrescens 27 8.64 ± 2.77 

Homophyllia bowerbanki 43 0.80 ± 2.09 

Trachyphyllia geoffroyi 18 -0.03 ± 1.25 
 

Coral growth can be measured in numerous different ways, depending on the specific growth form 
and growth processes of different corals (Pratchett et al. 2015). However, expressing growth as radial 
extension captures the predominant growth processes exhibited by colonial corals, where polyps are 
added at the periphery of the colony. As such, the rate of radial extension should be independent of 
colony size (but nonetheless vary greatly within and among species, mostly depending on their 
specific investment in carbonate deposition and skeletal density), and can be compared among corals 
of vastly different size and shape (Pratchett et al. 2015). Radial extension rates of D. axifuga and E. 
glabrescens were comparable, and much greater than recorded for H. bowerbanki and T. geoffroyi 
(Table 4.3; Figure 4.5). The average growth rate recorded for H. bowerbanki was very low (equating 
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to <1mm per annum) even when compared with generally low rates of radial extension recorded for 
corals with massive (hemispherical) growth forms (Pratchett et al. 2015). However, there was 
apparent variation in growth rates recorded among different colonies (Figure 4.5), possibly linked to 
the high incidence of partial mortality (and often very high levels of injury) recorded for this species 
(Table 4.4). Notably, maximum growth rates recorded for colonies of H. bowerbanki with no partial 
mortality were 2.43mm per month (29.1mm per year). 

Partial mortality (or tissue loss due to localised injuries) can be highly prevalent among colonial corals 
(Pisapia et al. 2015) and effectively reduces the amount of live coral tissue. In some instances, the 
overall level of partial mortality (due to severe acute injuries or accumulation of frequent small 
injuries) is sufficient to offset sustained growth, resulting in net declines in colony size. Moreover, 
colonies may invest energy into repairing injuries, which will detract from energy available to sustain 
growth (Babcock 1988). In this study, it was apparent that the coral with the lowest incidence of 
partial mortality (D. axifuga) exhibited the highest overall growth rates (Figure 4.5, whereas H. 
bowerbanki had the highest incidence of partial mortality and the lowest recorded growth rate 
(except for T. geoffroyi). Even so, the maximum radial extension rate for colonies of each species was 
higher for D. axifuga (equivalent to 59.6mm per year) compared to E. glabrescens (42.0mm per year), 
H. bowerbanki (29.2mm per year) and T. geoffroyi (10.4mm per year) suggesting that differential 
growth rates are not entirely attributable to differential susceptibility to partial mortality. 

 

 

Figure 4.5. Monthly growth rates of individually tagged corals within intertidal habitat in 
Western Australia. Plots show median (bold line), 25th and 75th percentile range (box), 
5th and 95th percentile range (error bars), and mean value (solid black circle). Solid 
jitter points are “healthy” intact colonies, while outline circles are colonies with partial 
mortality. Points below zero indicate colonies that had negative growth (shrinkage).  

In this study, we recorded very low (essentially negligible) rates of colony growth for T. geoffroyi 
(Figure 4.5). While there was evidence of some partial mortality (Table 4.4) this was extremely 
limited. Most individuals of T. geoffroyi encountered and sampled in this study were relatively small 
and monocentric, which meant that any injuries incurred would likely result in whole colony 
mortality, rather than independent loss of distinct polyps (which can occur in larger colonial corals), 
which effectively reduces coral size. It was also very rare to find completely dead T. geoffroyi, though 
many of the corals were not re-located (up to 27%) which might be attributable to removal by coral 
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collectors or physical movement of corals (noting that these corals are rarely attached to the 
underlying substrate), which may or may not have survived. Overall, it is difficult to explain the 
consistently low growth rates we recorded for T. geoffroyi other than simply acknowledging that 
these corals grow very slowly, at least in the habitat considered herein. 

Survivorship of all coral species considered herein was generally high (>60-70%), and even higher 
(>90%) if we exclude corals that could not be physically re-located. Definitive rates of whole colony 
mortality (where corals were found, but were completely dead) were extremely low (£3%), and it is 
not known whether corals that could not be located had been displaced (e.g., dislodged by large 
waves, or quickly eroded following whole colony mortality) or potentially subject to harvesting 
(though there is very limited fishery effort and licensees were asked not to collect tagged corals). 

Table 4.4. Condition of corals during survey months showing proportion of colonies that were healthy 
live corals (LC), colonies with partial mortality (PM), dead coral (DC), and colonies that were not 
located during re-visitation (NL) or colonies at sites that were not re-visited (NV). 

Species / Survey Month 
Condition 

LC PM DC NL NV 

Duncanopsammia axifuga (n = 52)     

2016-Apr 73% 0% 0% 0% 27% 

2017-Jan 62% 8% 4% 27% 0% 

2018-Aug 23% 0% 0% 10% 67% 

Euphyllia glabrescens (n = 39)     

2016-Apr 51% 0% 0% 0% 49% 

2017-Jan 85% 3% 0% 3% 10% 

2018-Aug 31% 15% 0% 44% 10% 

Homophyllia bowerbanki (n =46)     

2016-Apr 61% 0% 0% 0% 39% 

2017-Jan 70% 15% 0% 15% 0% 

2018-Aug 50% 39% 2% 7% 2% 

Trachyphyllia geoffroyi (n=37)     

2016-Apr 51% 0% 0% 0% 49% 

2017-Jan 73% 0% 0% 27% 0% 

2018-Aug 24% 3% 3% 22% 49% 
 

4.1.4 Reproductive biology 

Histological analyses of reproductive samples (Figure 4.6) show the distribution of oocytes and 
spermaries within the coral gonads. Sexuality of focal species was determined based on the presence 
of ovaries and spermaries and whether these are found in the same individual (hermaphroditic) or in 
different distinct colonies (gonochoric). Across six focal species examined, the predominant form of 
sexuality encountered was hermaphroditism (Table 4.5). Given simultaneous occurrence of both 
oocytes and spermaries (Figure 4.6), this study confirms that both E. glabrescens and M. 
lordhowensis and T. geoffroyi are hermaphroditic, as has been reported previously (Table 4.5). We 
also show, for the first time, that H. australis is also hermaphroditic. Catalaphyllia jardinei was 
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previously reported to be gonochoric (Willis et al. 1985), but we found simultaneous occurrence of 
both oocytes and spermaries in several colonies, showing that this coral can be hermaphroditic. 

 

 

Figure 4.6. Representative histological images of focal species gonads (O = oocyte, 
S = spermary, P = planula). 
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Table 4.5. Sexuality and reproductive mode of target species based on literature and based on 
assessment of histological slides and spawning observations as part of this study. Sources: 1Willis 
et al. 1985; 2Fan et al. 2006; 3Wilson and Harrison 2003; 4Baird et al. 2009. 

Species 
Sexuality Reproductive Mode 

Literature This Study Literature This Study 

Dendrophylliidae         

Duncanopsammia axifuga gonochoric1 
stable 
gonochoric spawner1 spawner 

Euphylliidae         

Catalaphyllia jardinei gonochoric1 hermaphroditic spawner1 spawner 

Euphyllia glabrescens hermaphroditic2 hermaphroditic brooder2 brooder 

Lobophylliidae         

Homophyllia australis ? hermaphroditic ? spawner 

Micromussa lordhowensis hermaphroditic3 hermaphroditic spawner3 spawner 

Merulinidae         

Trachyphyllia geoffroyi hermaphroditic4 hermaphroditic spawner4 spawner 
 

Within hermaphroditic species (all but D. axifuga), a high proportion of female colonies were found 
within samples from earlier months (before October). These findings support the early onset of 
oogenesis compared with spermatogenesis. Oocytes are expensive and time consuming to produce, 
and so are typically detected more than 6 months prior to spermaries within the same colony 
(Fadlallah 1983). For this reason, a large proportion of the colonies classified as female in the earlier 
sampling periods of this study demonstrate a shift to hermaphroditism with the onset of 
spermatogenesis. D. axifuga was the only gonochoric species encountered, and demonstrated a 
51:39 ratio of male to female colonies (Table 4.6). Sex ratios that favour male colonies have been 
repeatedly recorded in gonochoric coral species (e.g., Glynn et al. 2012). Spermatozoa are far smaller 
than oocytes, and are easily diluted in the environment once released, posing a significant problem 
when considering the low population density of many corals (Oliver and Babcock 1992; Rapuano et 
al. 2017). Given their small size relative to oocytes, and resulting low expense of production, a 
greater number of sperm can be produced to maximize the chance of gamete encounters and 
successful fertilization (Oliver and Babcock 1992). Therefore, we typically see a higher proportion of 
male colonies in gonochoric populations, while in hermaphroditic species this is represented by a 
greater production of sperm when compared with oocytes within colonies (Hall and Hughes 1996). 

Reproductive mode (which is generally divided into those coral species that spawn unfertilised 
gametes versus those that have internal fertilisation and brood planulae; Baird et al. 2009) was 
determined based on the presence or absence of planula larvae within the mesenteries. Except for E. 
glabrescens, which is a brooder, all focal species were found to be broadcast spawners. The 
reproductive mode of H. australis was previously unknown, and is questionable in light of subsequent 
genetic sequencing for corals collected in Western Australia, which do not appear to be H. australis 
(see section 4.2). However, Baird et al. (2009) do suggest that reproductive mode is generally 
conserved among families of corals, and similar (largely comprised of a single, solitary polyp) corals in 
the family Lobophylliidae (Lobophyllia vitiensis and Cynarina lacrymalis) are also broadcast spawners. 
Ex situ spawning in outdoor aquaria by M. lordhowensis and E. glabrescens further confirmed the 
contrasting reproductive modes of these two corals, with M. lordhowensis releasing relatively large 
gamete bundles, while copious amounts of planula larvae were released through the mouth and 
through the tentacles of E. glabrescens. It is widely known that E. glabrescens is a brooder (Richmond 
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and Hunter 1990; Fan et al. 2006), but this is interesting given most Euphyllia species are spawners 
(Baird et al. 2009). 

The timing of spawning or planulation in corals is strongly influenced by environmental factors, such 
as temperature, daylength, and lunar cycles. Broadcast spawning can be highly synchronized, with 
the majority of populations releasing gametes over a few consecutive nights following the full moon 
during the summer months. Brooding species release planula larvae during the week following the 
full moon (at any time of the day) for several consecutive months, often around the time of the 
seasonal peaks for broadcast spawning species. Extensive histological analyses (measurement of 
oocyte area) of H. australis samples from Queensland have shown that this species may spawn 
before the peak spawning season for most broadcast spawning species (Figure 4.7). This explains the 
absence of gametes in all H. australis samples collected from Queensland in November. 

 

 

Figure 4.7. Monthly variation in oocyte size, measured as area (μm2). Plots show 
median (bold line), 25th and 75th percentile range (box), 5th and 95th percentile 
range (error bars), and jitter points (circles). Different letters indicate significant 
differences based on Tukey’s post hoc test. 

 

Size at reproductive maturity (expressed as D50 in fisheries science) is estimated by modelling the 
relationship between whole colony size (diameter) and the proportion of sexually mature (gametes 
present). The reliability of these results depends on having reasonable sample sizes of mature and 
immature individuals (Table 4.6). Given the general lack of small and non-reproductive corals, size at 
reproductive maturity could only be reliably estimated for C. jardinei, D. axifuga, and H. australis 
(Figure 4.8). These data show that C. jardinei matures at a larger size (99mm; 95% CI = 81 – 120 mm); 
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compared to D. axifuga (83mm; 95% CI = 72 – 94 mm) and H. australis = 63mm (95% CI = 56 – 75 
mm). The size-specific onset for reproduction was particularly striking for D. axifuga, where virtually 
all colonies >80mm diameter were reproductively mature. The number of small and immature corals 
was too low for E. glabrescens, M. lordhowensis, and T. geoffroyi to reliably estimate size at 
reproductive maturity (D50). However, the minimum size at first reproduction (MSFR) is reported 
(Table 4.6), which shows the smallest size of colonies in which we recorded gametes (Table 4.6). The 
MSFR has limited value in terms of predicting the size of reproductively mature corals, but has 
important implications in terms of the size of colonies being harvested by the coral collectors. 

Table 4.6. Sexuality and reproductive mode of target species based on literature and based on 
assessment of histological slides and spawning observations as part of this study. Samples were 
collected prior to spawning. MSFR = minimum size at first reproduction, based on reproductively 
mature sample with smallest diameter; Oocyte D = mean oocyte diameter as measured from 
histological slides. 

Species N 
Gonad Samples % Sexuality MSFR Oocyte D 

Empty Gravid H F M (mm) (μm) 

Catalaphyllia jardinei 31 12 19 5 95 0 41.2 108 ± 27 

Duncanopsammia axifuga 70 29 41 10 39 51 50.0 168 ± 47 

Euphyllia glabrescens 50 0 50 56 36 8 26.0 211 ± 56 

Homophyllia australis 108 57 51 41 51 8 36.3 97 ± 31 

Micromussa lordhowensis 35 4 31 97 3 0 31.5 400 

Trachyphyllia geoffroyi 86 10 76 46 54 0 30.0 123 ± 30 
 

The minimum size at first reproduction recorded across the six coral species is very small (30-50mm), 
based on the smallest colonies that had gametes (Table 4.6). By comparison, Hall and Hughes (1996) 
showed that minimum reproductive size for fast-growing branching corals (including Acropora 
hyacinthus) were often >80mm dimeter, whereas the colonies of slower growing massive coral, 
Goniastrea retiformes were reproductive from 27.6mm diameter (or 6cm2). It is also possible that 
smaller reproductive corals will not actually spawn (Okubo et al. 2007). Okubo et al. (2007) compared 
gametogenesis and spawning among different sized fragments of the spawning coral, Acropora 
formosa, and showed that while the smallest fragments (50mm long) did develop oocytes, these 
were ultimately resorbed, whereas only larger fragments (>100mm long) spawned. 
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Figure 4.8 Estimated size (diameter) at reproductive maturity for C. jardinei, D. axifuga, and H. 
australis. Black dashed lines show the size at which 50% are predicted to be reproductively mature. 
Fitted lines are shown with 95% confidence interval bands. 

 

4.2 Refined species-level taxonomy  
Extensive genetic sequencing (molecular analyses) of scleractinian corals is leading to widespread 
revisions of taxonomy and nomenclature (e.g., Arrigoni et al. 2014a, b; Huang et al 2016). Of specific 
relevance to this project is the establishment of the Indo-Pacific coral family Lobophylliidae (Arrigoni 
et al. 2014a), which includes many of the genera and species formerly regarded as family Mussidae, 
as well as some species previously considered to belong to the families Faviidae and Pectinidae. The 
family Lobophylliidae, characterised by irregular and lobate teeth, which vary in size within and 
among septa, includes 12 genera, including Acanthastrea, Micromussa and Homophyllia (Table 4.7). 
Given the recent revision of this diverse group, and incomplete genetic sampling of species, there are 
still some species affinities that are yet to be completely resolved. For example, Huang et al. (2016) 
maintained that the large solitary corals, placed in the genus Acanthophyllia Wells 1937, were 
indistinguishable from Cynarina, based on the size of septal teeth and development of septal lobes, 
as originally suggested by Veron and Pichon (1980). However, Hoeksema and Cairns (2020c) 
recognise Acanthophyllia as a valid genus, following consistent differences in the morphometrics of 
Acanthophyllia deshayesiana and Cynarina lacrymalis (Darus et al. 2016; Table 4.7), though there is 
yet to be any molecular (genetic) analyses to confirm or refute the validity of Acanthophyllia 
deshayesiana. 
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Table 4.7. Major groups (genera) of corals in the family Lobophylliidae, with specific importance to 
coral fisheries across northern Australia, and recent changes in their taxonomic status and relevant 
sources; 1Arrigoni et al. 2014a; 2Arrigoni et al. 2016; 3Budd et al. 2012; 4Huang et al. 2016; 
5Hoeksema and Cairns 2020c; 6Darus et al. 2016. 

Current Nomenclature Old species Explanation (and source) 

Micromussa   

Micromussa amakusensis Micromussa amakusensis Valid (monophyletic) group1 

Micromussa lordhowensis Acanthastrea lordhowensis Monophyletic with M. amukensis2 

Micromussa pacifica Scolymia cf. australis New species2 

Acanthastrea   

Acanthastrea echinata Acanthastrea echinata Valid (monophyletic) group1 

Acanthastrea hemprichii Acanthastrea hemprichii Valid (monophyletic) group1 

Homophyllia   

Homophyllia australis Scolymia australis Type species for resurrected genus3 

Homophyllia bowerbanki  Acanthastrea hillae Monophyletic with H. australis2 

Homophyllia bowerbanki Acanthastrea bowerbankii Indistinguishable from H. hillae2 

Lobophyllia   

Lobophyllia vitiensis Parascolymia vitiensis Monophyletic with L. corymbosa4 

Cynarina   

Cynarina lacrymalis Cynarina lacrymalis Valid (monophyletic) group1 

Acanthophyllia  Considered to be valid genus5 

Acanthophyllia deshayesiana Cynarina lacrymalis Not synonymous with C. lacrymalis6 

 

Preliminary genetic sequencing of 366 distinct coral colonies provided by licensed coral collectors 
across northern Australia has confirmed the monospecific status of C. jardinei, D. axifuga and T. 
geoffroyi, despite sampling multiple morphs across widely separated locations (Table 4.8). Moreover, 
the newly sequenced corals were closely related (and intermixed) with existing sequences for the 
same nominal coral species already contained within GenBank. In contrast, there was striking and 
surprising diversity apparent within samples that were nominally considered to be Homophyllia 
australis, which has revealed a new and undescribed species of Lobophylliidae, currently being 
harvested as Homophyllia australis/ Lobophyllia vitiensis in Western Australia and the Northern 
Territory (Figure 4.9). 

Table 4.8. Summary of findings from phylogenetic analyses, using a single nuclear 
(ITS2) marker. Genetic differences within nominal species were compared to 
relevant outgroups, and mostly showed that there was a single consistent grouping 
for each nominal species. The only exception was H. australis. 

Nominal species WA QLD NT No. species 

Catalaphyllia jardinei  43  1 species 

Duncanopsammia axifuga 43 41  1 species 

Homophyllia australis/ Lobophyllia vitiensis 10 82 21 3 species 

Micromussa lordhowensis  45  1 species 

Trachyphyllia geoffroyi 35 46  1 species 
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To better resolve the distribution of H. australis, as distinct from other similar corals (e.g., Lobophyllia 
vitiensis) that are considered to be much more widespread, we sequenced a total of 113 monocentric 
Lobophylliidae corals collected from a range of different locations and habitats, including Western 
Australia, the Northern Territory and also both inshore and offshore GBR, Queensland. Maximum 
parsimony analysis revealed three distinct genetic lineages, or species; i) Homophyllia australis which 
was restricted to samples from the GBR, Queensland, and only collectors that were operating in the 
southern GBR, ii) Micromussa pacifica which was also recorded only among the samples provided 
from the GBR, Queensland, and iii) an undescribed species which is strongly differentiated from both 
H. australis and M. pacifica and includes all samples that were provided from both Western Australia 
and the Northern Territory. Given the limited extent of sampling in Western Australia (n = 10) and 
the Northern Territory (n = 21) we cannot confidently assert that neither H. australis and M. pacifica 
occur within these jurisdictions, though it is clear that the majority of monocentric Lopophyllidae 
corals currently harvested and sold in these locations are neither H. australis or L. vitiensis. 
Subsequent sequencing of carefully selected samples collected in Western Australia have further 
confirmed that these corals, while belonging within the family Lobophylliidae, do not have close 
phylogenetic affinities with either Homophyllia or Micromussa, and likely belong in an altogether 
different genus (Figure 4.9). These corals can be distinguished based on morphological features, as 
described in our Identification guide to commonly harvested aquarium corals (section 12.2), though it 
does require careful examination of bleached skeletons (Figure 4.9). 

 

Figure 4.9. Maximum likelihood (ML) phylogenetic tree of Micromussa, Homophyllia, Australophyllia, 
and closely related genera based on the ITS2 locus (231 bp). The newly obtained sequence for 
specimen 1444 clusters with the WA material previously analyzed in the same well supported 
lineage. Branch support is based on ML bootstrap analysis. 

 

For monophyletic groups and confirmed species (C. jardinei, D. axifuga and T. geoffroyi), genetic 
sequencing nonetheless provides new insights into the genetic structure and putative levels of gene 
flow among distinct wild stocks. For T. geoffroyi, which occurs throughout the Indo West-Pacific 
(Hoeksema and Cairns 2020b), we compared the genetic structure of corals from Western Australia, 
northern GRB (near Cairns) and southern GBR, based on proportional representation of different 
haplotypes (Figure 4.10). All samples belonged to a single species and 7 distinct haplotypes were 
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detected. There were some shared haplotypes between all three populations/ regions. The GBR 
populations were most similar and genetically distinct from individuals sampled from Western 
Australia. In all, individuals sampled from Western Australia were much more diverse than all 
individuals sampled on the GBR, even combining populations from the northern and southern GBR 
(Figure 4.10). Accordingly, analysis of molecular variance (AMOVA) revealed that there was greatest 
variation within populations (75.7% of variation), rather than among populations (25.3%). Most 
notably, pairwise fixation indices (Fst) for population differentiation showed that there was 
essentially no difference between populations in the northern versus southern GBR (Fst = 0.04), 
though GBR populations were distinct from those sampled in Western Australia (Fst = 0.38), as 
computed using Arlequin version 3.5. 

 

 

Figure 4.10. Network based on ITS2 haplotypes (240bp) calculated using Median-Joining. The area 
of each circle is proportional to haplotype frequency and is colour-coded according to populations. 
Each hash mark is one mutational step away from the next one (excluding insertions/deletions). 
Small red circles indicate branch splits. Pie charts (on map) show haplotype assignments according 
to populations sampled in each distinct location around Australia. 
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4.3 Species-specific vulnerability to extrinsic pressures  
A total of 257 small (< 60mm diameter) corals were used in controlled experiments to test the 
temperature sensitivity and bleaching susceptibility of commonly harvested aquarium corals from 
across northern Australia. Of these, 128 (49.8%) corals exhibited declines in colour saturation 
through the course of the experiment, with bleaching (where declines in colour saturation were > 2) 
recorded for 74 corals (28.8%). All six species exhibited bleaching at some level (Figure 4.6). The 
incidence of bleaching was consistently higher for corals subject to experimental warming (35.6%), 
though 16.67% of the colonies maintained at ambient temperatures also bleached. The overall 
incidence of bleaching (across all treatments) was greatest for M. lordhowensis (38.9%, n = 18) and E. 
glabrescens (38.0%, n = 50). Lower incidence of bleaching was recorded for C. jardinei (26.3%, n = 38) 
and T. geoffroyi (23.2%, n = 56), and particularly for H. australis (14.6%, n = 17) and D. axifuga 
(11.5%, n = 78). For E. glabrescens, it was notable that only colonies collected from the GBR (northern 
and southern GBR) exhibited bleaching (even when exposed to high light at ambient temperatures), 
whereas none of the colonies from Western Australia exhibited major colour loss even when exposed 
to elevated temperature. For D. axifuga, bleaching incidence ranged from 10-17% with no obvious 
difference among regions.  

Variation in the extent of colour loss recorded among corals was influenced by ‘Species’, 
‘Temperature’, ‘Light’, and the interaction between ‘Temperature’ and ‘Light’ (Table 4.9). Based on 
standardised mean differences, elevated temperature resulted in significant colour change for C. 
jardinei, T. geoffroyi, and D. axifuga, while high light intensity accounted for significant colour loss in 
M. lordhowensis and D. axifuga (Figure 4.12). For E. glabrescens, the median level of colour loss was 
greatest in the high temperature and high light treatment, but bleaching was recorded across all 
treatments (Figure 4.12). For H. australis, the incidence of bleaching was low across all treatments 
(Figure 4.12). For M. lordhowensis, C. jardinei, T. geoffroyi and D. axifuga, bleaching (declines in 
colour saturation > 2) was more prevalent and more pronounced for corals subject to warming, but 
the extent of colour loss was exacerbated by exposure to high light (Figure 4.12).  

Table 4.9. Linear mixed-effects model (LMM) results for (a) survival and (b) colour change predicted 
as a function of ‘Species’, ‘Temperature’, ‘Lighting’, and their interaction effects. All models include 
the tank as the random effect. Shown below are the degrees of freedom (df), maximum log-likelihood 
(LL), Akaike's information criterion corrected for small sample sizes (AICc), AICc weight (wAICc), and 
the adjusted R2 (adj R2). Only models with ΔAICc<2 are shown, in addition to the saturated and null 
models, and are ordered by increasing AICc. 

Model df LL AICc wAICc adj R2 

a) Colour change      

Species + Temperature + Light + (1 | Tank) 10 -421.3 863.5 0.347 0.229 

Species + Temperature * Light + (1 | Tank) 11 -420.7 864.5 0.207 0.229 

(1 | Tank) 3 -432.5 871.1 0.008 0.131 

Species * Temperature * Light + (1 | Tank) 26 -410.0 878.2 0.000 0.253 

b) Survival      

Species * Temperature + (1 | Tank) 14 -177.3 384.3 0.922 0.535 

Species * Temperature * Light + (1 | Tank) 26 -179.3 416.8 0.000 0.555 

(1 | Tank) 3 -232.4 471.0 0.000 0.080 
 



 

 44 

 

Figure 4.11 Inter-specific differences in the effect of light intensity and temperature on colour change 
and the effect of high temperature on survival, based on Hedge’s G (i.e. effect size). Red dashed line 
indicates zero effect, while points to the left of this line suggest a negative treatment effect on colour 
change or survival. 

This study adds greatly to the otherwise limited information on the bleaching susceptibility of coral 
species that are harvested from the marginal reef environments across Northern Australia, and all six 
species of coral (H. australis, M. lordhowensis, C. jardinei, T. geoffroyi, D. axifuga, and E. glabrescens) 
considered herein, did exhibit bleaching when exposed to elevated temperature and/ or high light 
conditions. This contradicts the prevailing rhetoric that aquarium corals are generally immune to 
extreme environmental conditions, and are intentionally selected based on their resilience to a range 
of different conditions. For example, aquarium corals from the Northern Territory are often 
marketed as “Territory tough”, given the extreme tidal fluctuations, and associated temperature 
fluctuations and turbidity, to which these corals are exposed in nearshore habitats (Wolstenholme et 
al. 1998). 

While bleaching is commonly recorded among scleractinian corals exposed to elevated temperatures, 
there are marked interspecific differences in their responses to environmental stress (Loya et al. 
2001; Dandan et al. 2015) and the ultimate measure of a corals sensitivity to changing environmental 
conditions is survival (Hughes et al. 2018b). In this study, eighty-five (out of 257; 33.1%) corals 
survived to the end of the experiment (150 days). Survivorship was lower (21.3%) among corals 
subject to warming, than for corals maintained at ambient temperatures (57.8%). However, there 
was also marked interspecific variation in the survival of corals between the two temperature 
treatments. The best model (based on wAICc) for explaining variation in survivorship accounted for 
the interaction between ‘Species’ and ‘Temperature’, but did not include light levels (Table 4.9). Post 
hoc pairwise comparisons showed that there were significant differences in survival between corals 
subject to warming versus ambient temperatures for H. australis (p < 0.001), M. lordhowensis (p < 
0.001), C. jardinei (p = 0.028), and E. glabrescens (p < 0.001); but not for T. geoffroyi (p = 0.791) and 
D. axifuga (p = 0.270).  
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Figure 4.12 Boxplots showing species-specific colour change response to temperature and light 
intensity treatments. Plots show median (bold line), 25th and 75th percentile range (box), 5th and 
95th percentile range (error bars), and jitter points (coloured circles) pooled across temperature 
treatments for each light treatment. 
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Survivorship of the different coral species varied both in extent and timing. For H. australis and M. 
lordhowensis, survival declined sharply from day 1 to day 75, during the treatment period for corals 
subjected to warming (Figure 4.13). Importantly, many colonies of H. australis died without exhibiting 
prior bleaching. For C. jardinei and E. glabrescens, there were also significant differences in survival 
with respect to temperature treatments, though this difference was most pronounced after the 
recovery period, on Day 150. For C. jardinei, differences in survival between temperature treatments 
were limited (92% versus 81%) during the treatment period, from day 1 to day 75, but overall 
survivorship (at day 150) was much lower for corals subjected to warming (19%) compared to 
colonies maintained at ambient temperatures (75%) (Figure 4.13). There was no difference in survival 
of T. geoffroyi or D. axifuga with respect to temperature treatments (Figure 4.13). For D. axifuga, 
<50% of corals survived 50 days and there was ongoing mortality throughout the subsequent 
treatment and recovery period (Figure 4.13). Survival of T. geoffroyi was much higher than for D. 
axifuga, but there were sustained levels of mortality throughout the experiment both for corals 
exposed to elevated temperatures and those maintained at ambient temperatures (Figure 4.13).  

Given interspecific differences in both bleaching and survivorship, H. australis was arguably the most 
sensitive to elevated temperature, whereby all colonies subjected to warming had died within 60 
days, even though they rarely exhibited bleaching prior to mortality. Conversely, T. geoffreyi 
exhibited a high incidence of bleaching, but low levels of mortality when exposed to elevated 
temperature. Rather than losing colour, tissues of H. australis would retract in response to warming 
(Figure 4.6) and once there was only a very small area of tissue remaining, the colony would 
inevitably and quickly die. Comprehensive mortality, without preceding evidence of bleaching, 
observed for H. australis would suggest that we overestimated the resilience of this species 
(collected exclusively from the southern GBR, where maximum summer temperatures are generally 
<29°C) and the temperature treatment was too extreme (sensu Leggat et al. 2019). Similarly, the 
moderate incidence of coral bleaching recorded for C. jardinei belies their temperature sensitivity, as 
tissues would often detach from the underlying skeleton when subjected to elevated temperature 
(Figure 4.6). In some instances, the free-living tissue persisted ex situ and retained its colour intensity 
for the duration of the experiment, though survivorship was low. Moreover, the persistence of free-
living tissues of C. jardinei is likely to be an experimental artefact, as they would likely be very 
vulnerable to smothering or predation once dislodged in the wild. 
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Figure 4.13 Species-specific Kaplan-Meier-estimated survival probabilities under 
two temperature treatments. P-values for the log-rank test comparing survival curves 
between ‘Ambient’ and ‘Hot’ treatments are shown. Dashed line indicates 
termination of experimental treatments and start of recovery period at 75 days.  
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5. Conclusions 
5.1 Abundance and turnover of commercially important coral 
species 
Output controls used to manage Australian coral fisheries are invariably based on the mass (weight) 
of harvested corals (Table 3.1). In Western Australia, for example, the latest revised TACC (across all 
hard corals) is 15,000kg (DPIRD 2018). To assess the relevance of these harvest limits in terms of wild 
stocks, it was first necessary to establish species-specific diameter-weight relationships for focal 
study species, which could then be used to estimate the mass of all individual corals surveyed during 
in situ sampling (video transects) based on the projected size (diameter) of each coral. While size-
weight relationships are fundamental in determining both harvestable biomass of scleractinian corals 
and production (where growth rates are known), the only currently available data are for arborescent 
and corymbose Acropora (Longnecker et al. 2015) that are harvested to make lime in Papua New 
Guinea. The diameter-weight relationships established as part of this study will greatly advance field-
based studies of stock size and structure, though they do encompass only a limited size range of 
corals (as collected by Australian coral fisheries). Further field-based sampling of larger corals that 
are not normally harvested in their entirety, but also encompassing a much broader range of 
different corals species is important. Despite extensive coral fisheries throughout the world, which 
often require reporting of the individual (or collective) weight of corals, it is unfortunate that these 
data have never been utilised to explore size-weight relations of harvested corals. 

Having established size-weight relationships and thereby estimating biomass of corals in situ, this 
study provides the first estimates of harvestable biomass, albeit for a limited range of the extensive 
range of coral species that are targeted by Australian coral fisheries. Assessments of the stock status 
of harvested corals, while critically important for effective management, is very rarely conducted for 
aquarium fisheries anywhere in the world (Fujita et al. 2013). This is partly because traditional 
surveys of coral assemblages focus on measuring live coral cover, as an indicator of ecosystem 
function and condition (e.g., Johns et al. 2014) rather than the number or biomass of corals. 
Moreover, most of the corals harvested by global aquarium fisheries do not actually come from 
shallow, clear-water reef systems (e.g., Ferse et al. 2012). Accordingly, in situ estimates of stock size 
and structure need to be conducted with specific regard to the particular fishery. Our results show 
that the current standing biomass of select coral species in areas with highly concentrated and 
sustained fisheries pressure, and also in the aftermath of very significant extrinsic pressures (most 
notably widespread coral bleaching in both Western Australia and Queensland; Hughes et al. 2017b, 
Gilmour et al. 2019) is substantial, especially compared to current limits and reported harvest levels. 
Simply comparing the total biomass of harvested species versus standing biomass in major fishing 
areas does not, however, accurately represent potential fisheries impacts, nor the harvestable 
biomass of aquarium corals. Importantly, harvesting of most species is extremely selective, either 
taking only certain colours, size or shapes of corals (Donnelly 2013). In terms of the environmental 
impact, this selectivity greatly reduces risk of over-exploitation or localised depletion. However, 
fishery reliance on particular coral types means that in situ surveys of species abundance may greatly 
overestimate harvestable biomass, and will ultimately need to be constrained to just those 
individuals that are likely to be harvested. 

While high levels of coral abundance and biomass recorded across Queensland and Western 
Australia (relative to current limits and reported harvest levels) point to limited risk of fisheries 
depletion, these data do not necessarily reveal the extrinsic vulnerability of coral species to fisheries 
exploitation. Importantly, the vulnerability of species to fisheries exploitation (even if normally large 
and abundant; e.g., Myers and Worm 2005; Andrews et al. 2006) is dependent on key demographic 
rates (e.g., rates of reproduction, replenishment, growth and mortality) or population turnover. For 
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corals, there is widespread concern that many of the larger, massive corals (e.g., M. lordhowensis) 
are extremely long-lived and slow-growing, and therefore highly vulnerable to fisheries depletion 
(Bruckner 2000). However, these concerns are predicated on assumed knowledge regarding the 
demography and turnover of such corals (though there is relevant data that suggests that massive 
corals grow more slowly than branching corals; Pratchett et al. 2015), and there is in fact very little 
data on demography and turnover for several of the key focal species. This study partly redresses this 
knowledge gap, presenting new data on the growth and survivorship of four corals species (D. 
axifuga, E. glabrescens, H. bowerbanki, and T. geoffroyi), as well as documenting reproductive mode 
and size at first reproduction for six coral species (C. jardinei, D. axifuga, E. glabrescens, H. australis, 
M. lordhowensis, and T. geoffroyi).  

Growth rates recorded in this study (expressed as average annual rates of radial extension) were very 
low, especially for H. bowerbanki (0.80mm; -43.56-29.16mm) and T. geoffroyi (-0.03mm; -12.72-
10.44mm), which are concerning. These growth rates were partly constrained by a high incidence 
and severity of partial mortality, possibly reflecting a period of elevated environmental stress and 
disturbances (see Tan et al. 2018). Also, the specific intertidal habitat where these measurements 
were taken may represent marginal habitat for these species, such that corals can persist (and grow 
well in some years) but have limited energy available for growth, and possibly also reproduction 
(though this was not measured for these specific individuals), at other times. Notably, the size of T. 
geoffroyi monitored in this study was relatively small (31.6mm: 10.5-48.2mm) and may reflect 
environmental constraints on growth in these habitats, whereas these corals get much larger 
(>150mm diameter) in other locations, such as the southern GBR. While fisheries management needs 
to take into account environmental pressures on wild stocks, which will vary both spatially and 
temporally, we caution against using the provisional growth estimates obtained in this study to 
assess the risk to these corals in other habitats, especially for T. geoffroyi, which can be found in a 
broad range of environments. Measuring growth rates of heavily harvested coral within habitats 
representative of where these corals are commonly harvested (e.g., sub-tidal habitats on the GBR) is 
a key priority for better understanding the vulnerability of these corals of ongoing harvesting. 

Variation in the reproductive mode of different corals species may also influence vulnerability to 
fisheries exploitation. For example, brooding corals (e.g., E. glabrescens) have more restricted larval 
dispersal and will be much more vulnerable to localised depletion (Noreen et al. 2009), compared to 
spawning corals, where there is much greater rates of larval production and capacity for larval 
dispersal to replenish areas following localised depletion (Ayre and Hughes 2004). Most of the corals 
considered in this study (C. jardinei, D. axifuga, H. australis, M. lordhowensis, and T. geoffroyi) were 
found to be spawners (Table 4.5). Moreover, all corals appear capable of spawning at very small 
sizes. If, however, spawning corals have a relatively restricted distribution, as might be the case for H. 
australis, then opportunities for larval input from other source populations will be constrained. Also, 
large-scale perturbations have the capacity to supress replenishment of spawning corals at regional 
scales (Hughes et al. 2019). Measuring rates of replenishment, based on settlement rates or local 
densities of juvenile corals, will therefore, contribute greatly to understanding the resilience of coral 
populations to fisheries exploitation and increasing environmental pressures (Section 10.1.2). 

5.2 Refined species-level taxonomy  
Genetic sequencing has greatly improved the accuracy and consistency of taxonomic classification 
across a broad range of organisms (e.g., Torstom et al. 2014; Victor 2015), including hard 
(scleractinian) corals (Kitahara et al. 2016). At the higher taxonomic levels, genetic sequencing is 
revealing, and correcting, errors in the grouping of species to families and genera, to better reflect 
their phylogenetic affinities and ancestry (Benzoni et al. 2012; Arrigoni et al. 2014a; Kitahara et al. 
2016). However, more refined examination and sequencing of individual species groups is also 
revealing many new coral species that were formerly regarded as local variants of widespread and 
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highly variable species (Stefani et al. 2011; Schmidt-Roach et al. 2013; Arrigoni et al. 2016), as was 
the case for nominal colonies of H. australis considered in this study. Indeed, genetic sequencing is 
focussing attention on morphological differences that are readily apparent among even well studied 
groups of corals (e.g., Pocillopora and Stylophora), once groups are clearly differentiated (Schmidt-
Roach et al. 2014), leading to a proliferation in the discovery of new (mostly cryptic) coral species. 
We had expected, therefore, that striking regional differences in the size, and growth form of C. 
jardinei, and to lesser extent T. geoffroyi, as well as contrasting growth forms (plating versus 
branching) of D. axifuga might actually reflect cryptic speciation in these groups. Our provisional 
sequencing, based on just one nuclear (ITS2) sequence, could possibly be too coarse or too conserved 
to reveal cryptic species in C. jardinei, D. axifuga, and T. geoffroyi. However, our findings are 
generally consistent with previous studies that detected limited genetic structure among disparate 
specimens of D. axifuga (Arrigoni et al. 2104c) and T. geoffroyi (Huang et al. 2011, 2014). 

While there is a scarcity of rigorous scientific studies, and substantial knowledge gaps, regarding the 
natural biology and ecology of harvested coral species from non-reefal environments, the taxonomy 
of these corals is fairly well established. This is probably not surprising, given that many studies on 
the molecular biology of scleractinian corals source specimens through the aquarium industry (e.g., 
Bollati et al. 2020). There is however, considerable uncertainty regarding the taxonomy of H. australis 
and M. lordhowensis, which are among the best-known of the exported Australian aquarium corals. 
The taxonomy of corals within the family Lobophyllidae (including Acanthastrea, Acanthophyllia, 
Homophyllia, Lobophyllia, and Micromussa) has been subject to several major revisions in a short 
space of time (Huang et al. 2011, Arrigoni et al. 2014a, b) and is still likely to yield some major 
surprises. Resolving the taxonomy, and thereby the real distribution, of these two important corals 
(H. australis and M. lordhowensis) is a major priority for Australian coral fisheries, and especially 
Queensland, given it is very likely that the centre of abundance for these corals is located in the 
southern GBR. 

Resolving the taxonomy of harvested coral species is also important for aligning domestic harvest 
records with international import and export records. It was recently advised, for example, that 
Acanthophyllia deshayesiana (while a valid and verified species; Hoeksema and Cairns 2020c) would 
no longer be accepted as a valid name for Australian coral exports, given it is not recognised by the 
UK and EU. This issue reflects the level of subjectivity involved in species taxonomy when based 
solely on morphological characteristics; Huang et al. (2016) suggested that A. deshayesiana are 
indistinguishable from Cynarina lacrymalis, though Darus et al. (2016) report clear and consistent 
differences in the morphology of these two species, based on samples from Indonesia. Importantly, 
however, there is yet to be any genetic sequencing to confirm or refute the affinity of these species, 
though this is now underway. 

5.3 Species-specific vulnerability to extrinsic pressures  
Much of the concern regarding the sustainability of Australian coral fisheries is generated, not by 
direct evidence of increasing or over-exploitation, but by widespread and sustained declines in the 
abundance of corals caused by fisheries independent pressures, and especially environmental change 
(De’ath et al. 2012; Gilmour et al. 2019). On the Great Barrier Reef, for example, rigorous long-term 
monitoring across 214 reefs has revealed major declines in coral cover from 28.0% in 1985 down to 
13.8% in 2012 (De’ath et al. 2012). Since 2012, sustained coral loss has been further exacerbated by 
major tropical storms (Madin et al. 2018), outbreaks of crown-of-thorns starfish (Pratchett et al. 
2014), and most importantly, unprecedented incidence and severity of mass coral bleaching (Hughes 
et al. 2017b, 2018b). Similarly, reefs in Western Australia are increasingly subject to heatwaves and 
coral bleaching (Depczynski et al. 2013) and coral cover on most reefs is at or near the lowest levels 
on record (Gilmour et al. 2019). It must be acknowledged however, that these data come mainly 
from shallow, open-water coral reef environments (Hughes et al. 2017b; Gilmour et al. 2019), and it 
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is largely unknown whether the reported incidence of major disturbances and corresponding declines 
in the abundance of corals are generally applicable in a wide range of different habitats where 
aquarium corals are harvested, including intertidal, nearshore turbid and mid-shelf inter-reefal 
environments. 

Given the general lack of information pertaining to the bleaching susceptibility of coral species that 
are important target species for aquarium fisheries in Queensland, the Northern Territory and/ or 
Western Australia, this study conducted experimental tests of temperature sensitivity and bleaching 
susceptibility for six different coral species; H. australis, M. lordhowensis, C. jardinei, T. geoffroyi, D. 
axifuga, and E. glabrescens. All six coral species exhibited bleaching to a greater or lesser extent. 
Most notably, M. lordhowensis, C. jardinei, D. axifuga and T. geoffroyi exhibited significant colour loss 
(or bleaching) when exposed to elevated temperatures, and bleaching was exacerbated by high light 
intensity for M. lordhowensis and D. axifuga. Even more alarming however, were the high levels of 
coral mortality (>80%) recorded for H. australis, M. lordhowensis, E. glabrescens and C. jardinei when 
these corals were subjected to elevated temperatures. Moreover, there are many other coral species 
(mainly, Acropora spp.) that are important components of aquarium coral exports (Dee et al 2014; 
Barton et al. 2017), which are even more susceptible to environmental change (Baird and Marshall 
2002; Pratchett et al. 2013; Hughes et al. 2018b; Burt et al. 2019). This shows that sustained and 
ongoing environmental change (Hughes 2003) is likely to impact on the health and abundance of at 
least some fisheries target species and increasingly undermine the sustainability and viability of 
Australian coral fisheries. However, further research is required to establish the specific vulnerability 
(or resilience) of specific coral species, as outlined below (see Section 10.1.3). 
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6. Implications  
The foremost contribution of this study to Australian coral fisheries is to provide new and 
unprecedented data on the distribution, abundance, biology and vulnerability of major target species 
(Catalaphyllia jardinei, Duncanopsammia axifuga, Euphyllia glabrescens, Homophyllia australis, 
Micromussa lordhowensis, and Trachyphyllia geoffroyi), which greatly increases confidence in 
assessing the risk posed to these species by commercial fisheries, thereby contributing to the long-
term sustainability and viability of the relevant fisheries. Explicit demonstration of sustainability is 
fundamental to the continuation of Australian coral fisheries, both to meet Australian government 
(EPBC Act 1999) and State government (e.g., Queensland’s Fisheries Act 1994) commitments to 
ecological sustainable development in the use of natural resources, and also to satisfy NDF 
requirements necessary to secure ongoing WTO and export approvals. Previous independent 
assessments have consistently concluded that Australian coral fisheries are operating well within 
sustainable limits (e.g., Oliver and McGinnity 1985; Harriott 2001; Cartwright et al. 2002) and 
reported harvest levels have not dramatically changed since these assessments were completed. 
Nonetheless, these previous assessments did highlight possible concerns regarding localised fisheries 
depletion (see also Jones 2011) and the vulnerability of specific species to over-exploitation 
(Bruckner 2000, Harriott 2001). There have also been repeated calls for much more rigorous data on 
the distribution, abundance and biology of major target species, for establishing sustainable harvest 
limits of individual species (Bruckner 2000, Harriott 2001). Added to this, there have been some 
notable changes in the nature of Australian coral fisheries (changing demand and selectivity for 
species), as well as dramatic increases in the fishery independent threats (e.g., climate-induced coral 
bleaching) that bring into question the current sustainability of coral harvesting in Australia, and 
globally (Jones 2011; Rhyne et al. 2014; Albert et al. 2015). 

In the absence of biological and ecological data necessary to determine sustainable harvest limits of 
major target species for Australian coral fisheries (especially given the broad range of different 
species that are targeted), fisheries management authorities rely on a combination of fisheries catch 
and effort data and trends, precautionary harvest levels, and ERAs, to permit ongoing coral 
harvesting and seek WTO approvals. However, the lack of rigorous data on the biology and 
vulnerability of major target species also undermines the surety of ERAs (despite the input of 
relevant experts), which are an important foundation of recurrent environmental assessments of 
Australian fisheries, as required by the EPBC Act. For example, there have been persistent concerns 
about the risk of over-exploitation for D. axifuga, given it is very rarely reported in established coral 
monitoring programs (e.g., Johns et al. 2014) and is therefore, regarded as to be rare (e.g., Atkinson 
et al. 2008; see Section 11.1). However, this study conducted sampling in the specific areas of 
concentrated fishing activity for D. axifuga (and other major target species) in Western Australia and 
confirms that this species can be very abundant in certain habitats.  

It is widely recognised that the lack of relevant data pertaining to the biology and vulnerability of 
fisheries target species represents a considerable constraint to effective management of Australian 
coral fisheries, especially given that there is limited overlap in the species and habitats used by coral 
fisheries versus well-established monitoring programs (e.g., AIMS LTMP). However, the burden of 
undertaking necessary research, and demonstrating ongoing sustainability of fisheries operations, 
will increasingly fall to commercial fisheries (Dayton 1998; Fitzpatrick et al. 2011). Accordingly, this 
study has provided a way forward for industry-based sampling and monitoring programs that will 
greatly increase the information and data on which to base future risk assessments, as well as leading 
towards robust determination of sustainable harvest limits for species of concern that are critically 
important to the continuation and viability of Australian coral fisheries. 
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The best way for Australian coral fisheries to demonstrate that recent and future harvesting are not 
having any detrimental effect on wild stocks of harvested coral species, nor the structure and 
function of coral reef ecosystems, is to show that the abundance (or biomass) of target species in 
areas of concentrated fishing effort is relatively stable or unchanged over years to decades. 
Moreover, temporal trends in the abundance and stock structure of harvested corals in fished areas 
should be compared with suitable reference locations where fishing is prohibited (e.g., established 
no-take areas) or temporarily suspended (i.e. industry established reference locations). This will 
require a considerable commitment to appropriate data collection, as well as extensive prior 
planning to develop necessary sampling designs. Ideally, surveys should be conducted in both fished 
and unfished areas annually or biannualy to account for extrinsic (non-fishery related) causes of coral 
loss, such as climate induced coral bleaching and cyclones. The payoff for increasing information and 
confidence regarding stock size and structure, would be possibly increased harvest limits, especially if 
it can be shown that the biomass of target coral species in fished areas is above 40-60% of the 
unfished biomass in suitable reference locations (e.g., QDAF 2017). Rigorous demonstration of 
relevant patterns and trends will likely require further collaboration with researchers and fisheries 
managers, though commercial fisheries operating in each region (WA MAFMF, NTAF and QCF) can 
take a lead role in acquiring the necessary information and data streams.  

Further implications of this study, specific to each fishery (and as discussed with relevant fisheries 
managers in each State), are discussed below. 

6.1 Western Australian Marine Aquarium Fish Managed Fishery 
The Western Australia Marine Aquarium Fishery (MAFMF) is currently in an expansion phase, 
whereby increasing information (albeit largely anecdotal to this point) regarding the distribution and 
abundance of major target species (e.g., D. axifuga) is reducing the perceived risk of over-
exploitation. The current study largely reaffirms information provided during recent ERAs, and will 
likely serve to further relax precautionary harvest limits currently placed on species of greatest 
concern (See Section 11.1). For D. axifuga, which was recorded on >25% of transects and had an 
average biomass of 3.3kg ±1.5SE across these transects, the 2014-2016 NDF level of 550kg would be 
contained in area of just 0.83 hectares. The maximum biomass of this species on a single transect was 
47.2kg, or just under 1kg per m2. Recorded biomass (and densities) for E. glabrescens and T. geoffroyi 
also suggest that there is significant capacity for increases of current harvest levels and limits. 

6.2 Northern Territory Aquarium Fishery 
The Northern Territory Aquarium Fishery (NTAF) is the only Australian coral fishery that has 
introduced (and only very recently) species-specific NDF harvest limits across all target coral species, 
which are set by default at 40kg per species per annum (DPIR 2019b). Since July 1st 2019 the NDF 
harvest limits for each nominal species have been managed by dividing the total allowable catch 
among individual licences, based partly on their previous catch history. However, the NTAF has also 
introduced electronic logbooks and requires weight-based reporting for all CITES listed species, which 
enabled temporary closures to be implemented in 2018 when reported catches of individual species 
approached NDF harvest limits. Species-specific harvest limits are the best way to individually 
manage the diverse range of coral species that are targeted by Australian aquarium fisheries, but 
does place increased importance on the ability to readily distinguish and identify different coral 
species, especially for compliance. While this study has shown that the current nomenclature is fairly 
stable across most major groups (e.g., Dendrophylliidae and Euphylliidae, where the latter now 
includes Catalaphyllia) there are critical questions relating to the taxonomy and nomenclature of key 
target species within the family Lobophylliidae (including, Lobophyllia, Homophyllia and 
Acanthastrea). Most importantly, further samples and genetic testing will be needed to resolve the 
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identity and variability among monocentric corals, currently reported as Lobophyllia (Scolymia) 
vitiensis. 

6.3 Queensland Coral Fishery 
The Queensland Coral Fishery (QCF) is Australia’s largest coral fishery (in terms of both the number of 
operators and also the total annual reported catch), but operates over a vast area. The large area of 
marine habitat, with a considerable portion (~33%) closed to fishing, significantly moderates any 
effect that coral harvesting might have on the GBR ecosystem as a whole (Harriott et al. 2001). 
However, persistent concerns do remain about the potential overexploitation of specific species and 
in specific areas. This study does little to allay concerns of localised depletion, especially given limited 
relevant data on the abundance of M. lordhowensis in areas of concentrated harvesting for this 
species (Jones 2011). Moreover, genetic sequencing suggests H. australis might be endemic to the 
GBR (or at least the south-west Pacific), as suggested previously for M. lordhowensis (see Atkinson et 
al. 2008). If so, localised depletion may threaten not only local concentrations of these species, but 
the entire species. 

To manage localised concentrations of fishing effort, and potential localised depletion of specific 
species in these locations, the QCF implemented a targeted Performance Management System 
(PMS), to explicitly monitor catch and effort trends and implement appropriate management 
responses (as required) to prevent over-exploitation in defined areas. Notably, there is not currently 
any specified limits on the TACC of individual species, other than overarching limits for all speciality 
coral (60,000kg). The PMS will be further refined during the development of a new harvest strategy 
for the QCF, whereby specific efforts will be taken to reduce annual harvests of high risk species. 
There are also proposals to establish fisheries closures that encompass areas with high densities of H. 
australis, which might then provide spawning stock to ensure replenishment in surrounding areas 
that are open to fishing, but could also serve as appropriate reference locations for explicitly testing 
whether fisheries impacts are apparent for this species. Above all the results of this study will 
contribute directly to the next ERA in 2020/21. 
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7. Recommendations 
7.1 Further development 
The research presented in this report was necessarily focussed on a restricted range of the coral 
species, whereas marine aquarium fisheries across northern Australia target a broad range of 
different coral species. Moreover, the market demand for different coral species is ever-changing, 
with technical advances in marine aquarium systems and changes in the capacity to keep different 
types of coral (Delbeek 2001), as well as priority and premium prices given to corals or colour morphs 
that are new to the industry. Accordingly, the research and information needed to support Australian 
coral fisheries is vast and rapidly evolving (Jones 2011). Aside from simply expanding the coverage of 
coral species for which we have basic information on distribution, abundance, turnover and 
vulnerability necessary for developing robust and defensible species-specific harvest limits and 
management strategies, there are many questions about biology and sustainability that are unique or 
specific to certain types or groups of corals. Further research and sampling is needed to: i) build upon 
baseline information presented herein to test for temporal changes in stock size and structure 
(ideally comparing trends in heavily fished areas to comparable reference locations with negligible or 
no fishing), ii) further assess the vulnerability of major harvest species to increasing environmental 
change, and other unanticipated pressures on wild stocks, iii) explore opportunities for captive 
breeding to both reduce reliance on wild stocks, but also select for highly desirable colours and/ or 
morphologies, and increase genetic diversity (potentially leading to new and valuable phenotypes), 
and iv) further resolve species boundaries and distribution limits of poorly resolved species groups, 
especially monocentric Lobophyllidae corals. 

7.1.1 Assessing temporal trends 

Aside from major results and findings arising, the key contribution this project makes to ongoing 
improvements in sustainability and management of Australian coral fisheries relates to the 
development and establishment of protocols for monitoring stock size and structure into the future. 
Most notably, video transects (50 ´ 1m belt transects marked with a fiberglass tape and filmed using 
a waterproof camera attached to 1m scale bar; Figure 4.4) provide a readily tractable method for 
documenting the abundance and biomass (when combined with data on species-specific diameter 
and weight relationships) of corals across most (but not all) environments in which they occur and 
are harvested. There was an initial reticence on the part of many licensees to undertaking video 
transects, both due to concerns about the confidentiality and misuse of information arising, as well 
as the need to commit limited time underwater to running transects, rather than actively harvesting, 
(especially given very limited opportunities for fishing, due to extended periods of bad weather in 
Queensland over the last two years). The proposed transect protocols are also ineffective for 
sampling in areas with very strong current and/ or very poor (<1m) visibility, further limiting the 
opportunities to obtain useful data from such environments. As such, the most efficient and effective 
method for sampling involved researchers working alongside licensees, whereby the licensees 
facilitated access to relevant field sites while continuing to fish (albeit with some concessions made 
to facilitate the necessary research), while necessary sampling was undertaken by the research team. 
This approach resulted in a disproportionate number of transects from intertidal habitat in Karratha. 
However, there were some important contributions to the data collected by licensees working 
independently, who were greatly underwhelmed by the effort required to obtain the necessary 
information. Video transects will be particularly useful, and even more effortless, for documenting 
the size and abundance of corals (e.g., Acropora) that grow in shallow clear-water reef environments.  

Although video transects are very effective for documenting the stock size and structure of corals, 
there is considerable image processing required to extract the necessary information pertaining to 
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the size and abundance of individual species. It is likely therefore, that relevant expertise will need to 
be contracted to facilitate necessary processing of video transects. Nonetheless, extensive sampling 
can be undertaken by licensees independent of any involvement or oversight by external scientists or 
managers, whereby video transects can be run at regular intervals and in a range of different 
environments. If so, the resulting video files can be stored indefinitely and only processed if and 
when the need arises. Importantly, if protocols that were developed for this project are followed 
exactly (see section 12.1), all necessary information will be contained within the video file to allow 
for future processing. 

The benefit of having extensive video transects from a wide range of locations and over an extended 
period is that it will allow examination of temporal trends in stock size and structure, showing that 
either: i) ongoing fishing is having negligible effects on wild stocks or ii) that any declines in the 
condition and status of wild stocks are independent of fishing activity and attributable to extrinsic 
factors (e.g., environmental change, see section 10.1.3). The power of these analyses will be greatly 
improved if temporal trends in stock size and structure can be compared among locations with 
different levels of fishing effort, ideally including reference locations that are closed to fishing. 
Indeed, comparisons between areas that have been subjected to sustained fishing effort and 
comparable areas contained within established no-take areas, or relevant reference locations that 
have been subjected to little or no fishing, represent an immediate and obvious opportunity to build 
on collaborations between Australian coral fisheries and researchers, and thereby explicitly test for 
effects of fishing as opposed to extrinsic pressures on major harvested coral species or species of 
concern. 

7.1.2 Vulnerability to increasing environmental change 

Increasing incidence and severity of marine heatwaves, caused by accelerating global warming 
(Hobday et al. 2016, Oliver et al. 2018, Skirving et al. 2019) represents the greatest threat to corals 
that are highly susceptible to temperature-induced bleaching and mortality (Hughes et al. 2017b, 
2018a; Skirving et al. 2019), and the threat posed by climate change will only get worse in coming 
decades. While most studies that assess the incidence and severity of mass coral bleaching are 
conducted in shallow open-water reef environments (Hughes et al. 2017b; Gilmour et al. 2019), the 
current study highlighted the potential vulnerabilities of important target species for aquarium 
fisheries in Queensland, Northern Territory and Western Australia, whereby H. australis, M. 
lordhowensis, E. glabrescens and C. jardinei were particularly susceptible to experimentally-imposed 
temperature stress. However, experimental studies are highly constrained in their capacity to assess 
how corals respond to elevated temperatures in the wild (Camp et al. 2018), and results from these 
preliminary experimental studies do need to be verified and validated by assessing the bleaching 
incidence and survivorship of major target species in their natural environment. In situ bleaching 
assessments can be readily carried out using video transect protocols as described above, where 
licensees should conduct video transects whenever and wherever high incidence of bleaching is 
recorded.  

Aside from mass coral bleaching, which is the most obvious effect of changing environmental 
conditions among coral population and communities, corals may exhibit a wide range of responses to 
changing environmental conditions. Most importantly, Hughes et al (2019) showed that recent mass-
bleaching in the GBR not only lead to extensive coral loss in the worst affected parts of the reef, but 
that there was widespread suppression in rates of coral recruitment, measured by deploying 
settlement tiles before and after the bleaching. At the scale of the entire GBR, overall levels of coral 
recruitment had declined by close to 90%, from a mean of 43.1 corals per tile (±1.5SE) in 1996-2016 
down to 4.9 corals per tile (±0.2SE) in 2016-2017 (Hughes et al. 2019), which will greatly constrain 
the recovery of coral populations in the aftermath of the bleaching. This widespread recruitment 
failure of corals on the GBR is partly attributed to the loss of corals that died due to extreme 
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bleaching, though the spatial extent of observed effect was much greater than the extent of severe 
bleaching, suggesting that even if corals survived and did not bleach, they exhibited a compromised 
reproductive output in 2016-17. For corals that are subject to fisheries exploitation, such declines 
(90%) in population replenishment will likely result in long-term declines in stock size and 
significantly undermine sustainability of harvesting. Measuring coral recruitment on settlement tiles 
(sensu Hughes et al. 2019) is a significant and costly undertaking, but useful information on 
population replenishment may be obtained by carefully and systematically assessing densities of 
smaller corals on natural substrates (e.g., Hoey et al. 2011; Pratchett et al. 2017; Evans et al. 2020). 
Information on changes in population replenishment of major target species will not only provide 
insights into the extrinsic pressures posed by environmental change, but will broadly assess the 
capacity of coral populations to recover from localized disturbances or fisheries depletion. 

7.1.3 Opportunities for captive breeding 

Regardless of the current sustainability of Australian coral fisheries, there is a major imperative to 
reduce the reliance on wild collection fisheries and increasingly develop intensive land-based 
mariculture to partially meet growing international demand for Australian aquarium corals (Delbeek 
2001, Harriott 2001; Arvedlund et al. 2003). Land-based mariculture is an obvious way to add value 
to existing harvest fisheries, building on fragmentation (asexual propagation) of colonial corals 
collected from the wild, which is already widespread (Arvedlund et al. 2003). However, 
fragmentation is not viable for many of the high value corals harvested in Australia, and captive 
breeding (sexual propagation) will greatly increase potential production for new corals, as well as 
providing opportunities to breed selectively and potentially generate new and novel phenotypes 
(Delbeek 2001; Arvedlund et al. 2003). 

Culturing corals in captivity could become increasingly important in the future, not only to meet 
market demand, but also to conserve corals that may go extinct in the wild. This will mitigate the 
ecological impacts of the coral fishery by significantly reducing wild harvest, while maintaining the 
economic benefits from the industry (Dee et al. 2014). This body of work has contributed significantly 
in improving our knowledge of the reproductive biology of coral species targeted by the aquarium 
industry. We now know the sexuality and reproductive mode of these corals and this vital 
information can be used to identify candidate species for captive breeding through sexual 
propagation. Our ability to accurately predict the timing of gamete release for broadcast-spawning 
species (e.g. Homophyllia australias, Micromussa lordhowensis) has also improved significantly 
(Foster et al. 2018; Wolstenholme et al. 2018); which, in addition to data on size-at-sexual-maturity, 
will be valuable in selecting species to propagate and deciding the size and time to collect colonies 
for broodstock. Recent advances in aquarium technology now make it possible to closely simulate 
natural conditions (lighting, temperature, lunar cycles) so that the timing of spawning can be 
artificially altered for broadcast spawning corals in captivity (Craggs et al. 2017). Alternatively, the 
availability of ready-to-settle larvae from brooding species (e.g. Euphyllia glabrescens) for an 
extended period of time makes it a good candidate for propagation (Nietzer et al. 2018), although 
further studies are needed on settlement preferences and post-settlement growth. 

Realistically, captive-bred corals are likely to supplement, rather than completely replace wild 
harvest, though captive breeding does have significant potential to significantly alleviate the impacts 
of collection on coral reefs. For this to succeed, however, it will require a consumer base that is 
willing to pay a price premium for captive-raised corals and considerable prior investment to develop 
effective and viable mariculture systems. Importantly, dedicated closed systems for large-scale sexual 
propagation require considerable investment and maintenance, but are a necessary step towards 
developing viable captive breeding, if not further exploring the reproductive biology of high value 
coral species. 
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7.1.4 Genetic sampling and sequencing 

This study has highlighted a critical need for increased sampling and sequencing of Lobophyllidae 
corals, to resolve both species boundaries and distribution limits of each species. More specifically, 
systematic sampling of monocentric Lobophyllidae corals (including both H. australis and M. pacifica, 
but also L. vitiensis, Cynarina lacrymalis and Acanthophyllia deshayesiana) from a broad range of 
locations and habitats (e.g., inshore versus offshore locations) on the GBR, Queensland. Given the 
lack of genetic sequencing among some of the lesser studied species (e.g., A. deshayesiana) it is quite 
possible that this research will reveal further new species. However, the primary goal of this research 
is to establish the distribution limits of each species. Further sampling and sequencing of 
monocentric Lobophyllidae corals from a broad range of locations in Western Australia and Northern 
Territory is also required to explicitly test for the presence of H. australis, M. pacifica and L. vitiensis, 
while also obtaining necessary voucher specimens to formally describe the newly discovered species. 
Similarly, explicit sampling and sequencing is required for putative colonies of Micromussa 
lordhowensis from Western Australia, which are yet to be formally assessed, though there are 
definite questions regarding their species affinity (Arrigoni et al. 2016). 
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Extension and Adoption 
Ecological risk assessments 
Australian (Commonwealth) Government legislation (specifically, the Environment Protection and 
Biodiversity Conservation Act 1999 and the Environment Protection and Biodiversity Conservation 
Amendment (Wildlife Protection Act) Act 2001) require that fisheries management agencies (State 
based management authorities) must demonstrate (through periodic ecological assessments) 
compliance with objectives of ecological sustainable development. These requirements are 
particularly important where harvested species are intended for export, and subject to the 
Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES), as is the 
case for all hard (scleractinian corals). In lieu of limited specific data on the population status and 
fisheries impacts on many target species, the sustainable harvest of individual species or taxa is often 
assessed using the ERA framework, following Fletcher (2005). 

A key component of this project involved contributions to development and/ or refinement of ERAs 
in Queensland (Roelofs 2018), the Northern Territory (DPIR 2019a) and Western Australia (DPIRD 
2018). While full details of the ERA procedures and outcomes are published in stand-alone 
documents (ibid), which cannot be reproduced in their entirety herein, we have combined key 
outcomes and commentary as it pertains to the specific focal coral species considered in this study. 
Species-specific information arising from this project is provided alongside this existing risk ratings 
(scores are presented along with colour coding of overall risk level: green – low, yellow – moderate, 
red – high), with comments on suggested changes in risk ratings, where relevant. 

Catalaphyllia jardinei  
(Elegance or wonder coral) Fishery Risk  Comments 

 

QCF 3 Widely distributed and can be very abundant in 
certain habitats, with large colonies in southern GBR. 
Localised depletion apparent in areas of sustained 
harvesting over many years/ decades. 

MAFAF 2 Can be common in sheltered coastal waters with 
sandy or muddy substrate. Potentially vulnerable to 
localised depletion such that daily limit (5kg) applies. 
Doubling of 2014-2016 NDF level (180 kg) not 
considered to materially affect risk rating 

NTAF - Not assessed 

This study confirmed that C. jardinei has very high abundance and biomass in specific habitats (approaching 
40kg per m2). However, most corals are harvested as relatively small and discrete colonies, from areas with 
fairly moderate abundance and biomass. Preliminary genetic sampling (based on the ITS marker) suggests 
that there is no difference (and potentially high levels of genetic exchange) among these seemingly 
disparate populations. The risk posed by fisheries exploitation on the viability and persistence of this species 
is therefore, considered to be negligible. However, experimental studies of their temperature sensitivity do 
raise concerns about the risk posed by increasing incidence and severity of marine heatwaves, which may 
threaten wild stocks, especially in low latitudes. The capacity for this species to recover from localised 
disturbances (including localised fisheries depletion) is also unknown, and research on the natural 
replenishment (e.g., settlement rates and habitat requirements) and growth rates of this species should be 
prioritised, both to inform fisheries management and assess viability of captive breeding and rearing. 
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Duncanopsammia axifuga 
(Whisker coral) Fishery Risk  Comments 

 

QCF 2-6 Considered to be rare, but collectors report it to be very 
common in appropriate habitats. Many pieces are 
harvested, but their combined weight is low (e.g.,  6,286 
pieces - 1,016kg in 2010-11) 

MAFAF 3 Can be extremely abundant. Generally attached to hard 
substrate but proliferates over surrounding soft bottom 
habitat. Doubling of 2014-2016 NDF level (550kg) not 
considered to materially affect risk rating  

NTAF 12 Coral is widespread, but catch consistently above 
specified NDF limit (80kg)  

This study confirmed industry assertions that D. axifuga can be very abundant in some habitats, especially in 
Western Australia. The broad size range and high abundance of D. axifuga within intertidal habitats surveyed 
in Western Australia suggests that this species will be extremely resilient to fisheries exploitation, especially 
given the relatively small size (~50mm diameter) at which they start reproducing, as well as consistent 
growth and high survival of adult colonies. Genetic sequencing confirms that D. axifuga is monospecific 
throughout Queensland and in Western Australia. Moreover, experimental studies of their temperature 
sensitivity suggest that D. axifuga will be relatively resilient to changing environmental conditions. At current 
harvest levels (and limits) the risk posed by fisheries exploitation to wild stocks of D. axifuga is considered 
negligible. Local resilience of this species will be further enhanced by harvesting fragments from larger 
colonies (which can be readily fragmented), rather than taking entire small colonies, as suggested in the QCF 
Stewardship Action Plan (Donnelly 2013) 

 

Euphyllia glabrescens  
(Torch coral; golden torch) Fishery Risk  Comments 

 

QCF 2-6 Very common in specific habitats (inshore reefs), though 
only specific colour morphs and smaller colonies are 
harvested. There are concerns regarding lack of recent 
recruitment in some areas. 

MAFAF 2 Most common on deep reefs. Does occur in intertidal 
habitats, where it withstands high temperatures in tidal 
pools. Doubling of 2014-2016 NDF level (320 kg) not 
considered to materially affect risk rating. 

NTAF 6 Largely grows in somewhat inaccessible areas, though 
NDF limit (80kg) was exceeded in 2018-19. 

This study confirms that E. glabrescens is monospecific, and occurs in a wide range of different habitats, often 
in reasonably high abundance. Colonies monitored in intertidal habitats in Western Australia exhibited high 
survivorship and moderate growth, though this species does appear to be susceptible to environmental 
change, with high rates of bleaching and mortality when subject to experimental warming. Their specific 
reproductive mode (brooding larvae) does mean that new colonies will really only establish within the 
immediate vicinity of reproductive adults, such that localised depletion will have lasting effects on population 
replenishment. At current harvest levels (and limits) the risk posed by fisheries exploitation to wild stocks of E. 
glabrescens is considered negligible, though the fishery is most reliant on specific colour morphs. As such, the 
research priority for this species is to explore whether highly desirable colours have a genetic basis, which will 
be readily achieved using selective breeding experiments. 
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Homophyllia australis 
(Saucer, doughnut or button coral) Fishery Risk  Comments 

 

QCF 12 Occurs in a wide range of locations and habitats, but 
highest densities and best colonies (based on size, colour 
and shape) occur in relatively turbid habitats. High 
harvest levels (>10,000 per year) in areas of concentrated 
fishing effort may pose a risk of localised depletion 

MAFAF 1 Uncommon, but very conspicuous. Inherent limits on 
catches (due low abundance and diving limits) are  
reflected in low harvest levels (averaging 6kg from 2003-
2013)  

NTAF 4* Recognised as vulnerable to cyclones and bleaching 
events. Average harvest level is low (10kg) compared to 
proposed NDF limit (80kg)  

Homophyllia australis is easily confused with other similar coral species, especially Micromussa pacifica. While H. 
australis is widespread (with verified occurrences on offshore reefs of the GBR and Coral Sea), it is generally 
uncommon outside of the area where harvesting is concentrated. In this area, recorded densities were low, but 
consistent across a wide range of habitats. Genetic sequencing of corals collected from Western Australia and 
Northern Territory show that button corals collected in these jurisdictions are neither H. australis or L. vitiensis, 
but an undescribed species of monocentric Lobophylliidae. Given their apparent scarcity or restricted 
distribution, and small size of colonies, the risk posed by fisheries exploitation is considered moderate. 
Experimental studies suggest that H. australis is very sensitive to environmental changes, and the capacity for this 
species to recover from localised disturbances (including localised fisheries depletion) is also unknown. Research 
on the abundance, replenishment and growth rates in key habitats should be prioritised to inform fisheries 
management, while the capacity to produce offspring of specific colours is key to the viability of captive breeding. 

*ERA risk rating based on 2019 assessment for Lobophyllia (Scolymia) vitiensis (current limit of 80 kg) 

Micromussa lordhowensis 
(Starry cup coral) Fishery Risk  Comments 

 

QCF 2-6 Widespread and sometimes common, though majority of 
colonies are brown/ green (which are not harvested). 
Readily fragments during collection, and often retain only 
a portion of the initial colony. Large quantities and 
weights are routinely harvested (>2,000kg), mainly in 
southern GBR 

MAFAF - Not assessed. Reported to be harvested, though only in 
low numbers 

NTAF - Not assessed. Never knowingly harvested from NT, 
though small quantities of Acanthastrea sp (no species 
identity recorded) are reported.  

Micromussa lordhowensis is a massive colonial coral that can attain very large sizes, though most of the 
colonies/ pieces harvested are <0.5kg and there remain questions about how fast this coral grows. We 
recorded moderate growth rates for a closely related species (M. bowerbanki), representing the first ever 
growth rates recorded for Lobophylliidae corals, though the relevance to M. lordhowensis is unknown. The 
broader geographical distribution and taxonomic identity of this species is also unclear, and genetic 
sequencing of nominal species from Western Australia and Northern Territory should be prioritised. This 
species appears to be highly susceptible to environmental change, potentially explaining why it is most 
abundant on high latitude reefs (e.g., Lord Howe Island; Arrigoni et al. 2016). Current data suggest that M. 
lordhowensis is generally uncommon, which combined with their extrinsic vulnerability, suggests that there is a 
moderate risk from fisheries exploitation. Explicit sampling needs to be conducted in major harvest areas to 
provide more robust estimates of stock size, and also assess the proportion of colonies of different colours. 
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Trachyphyllia geoffroyi 
(Nudibranch or brain coral) Fishery Risk  Comments 

 

QCF 1-9 Widely distributed and can be abundant in certain 
habitats (inter-reefal habitats with ephemeral algae). 
Sustained harvesting over many years has anecdotally 
resulted in limited size and abundance in some areas. 

MAFAF 2 Occurs in variety of habitats with soft substrates, but 
most abundant in subtidal habitat with strong currents. 
Larger individuals are vulnerable to storms. Doubling of 
2014-2016 NDF level (450 kg) not considered to materially 
affect risk rating 

NTAF - Not assessed. Very low harvest levels (2 kg) in 2016-2019 

Trachyphyllia geoffroyi is confirmed to be widespread, and despite differences in size, shape and colouration 
(e.g., from the northern versus southern GBR), is a single species, albeit with strong genetic differentiation 
between Queensland and Western Australia. Densities of T. geoffroyi can be reasonably high, though colonies 
are generally small and contribute little to overall biomass of corals in any given location or habitat. Growth 
rates recorded in the field were extremely low, with negligible change in the size of corals over 1-2 years, 
though there was high survivorship (and minimal injuries) throughout this period. While T. geoffroyi readily 
bleaches when exposed to elevated temperatures it rarely succumbs to temperature stress and is much more 
resilient to environmental change than any of the other corals species examined, though given they are rarely 
attached, they may be particularly vulnerable to severe storm and cyclones. The risk posed by fisheries 
exploitation on the viability and persistence of this species is considered to be low. The slow growth recorded 
for these corals greatly increases their vulnerability to over-exploitation, and it is unknown to what extent 
localised fisheries depletion and effective reductions in mean coral size may undermine reproductive capacity 
and population viability. A key priority for future research is to measure growth rates in wide range of different 
environments, including subtidal environments where these corals can reach large sizes. 
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Project coverage 
A dedicated media release was issued on June 30th 2020, to coincide with the formal publication of 
the relevant journal article (included below). The media release was printed on a wide range of 
online media outlets, and had a large reach both nationally and internationally. 
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Project materials developed 
Video transect protocols 
This protocol was initially developed in close collaboration with Ryan Donnelly (form ProVision Reef) 
for the Queensland Coral Fishery and distributed, along with GoPro video cameras (purchased by 
Pro-Vision Reef with funding from the Queensland Government Gambling Community Benefit Fund), 
transect tapes and camera jigs at the 2017 Annual General Meeting of Pro-Vision Reef. Further 
details (and equipment) were distributed as requested throughout 2017, 2018 and 2019 to 
encourage industry contributions to documenting the stock size and structure of key harvest species 
at specified locations. The current version of the video transect protocol was presented at the most 
recent meeting with QCF licensees, held in Brisbane, Queensland in March 2019, in conjunction with 
QDAF harvest strategy meeting. 

 

 

 

 

FRDC Project 2014-029 

Vulnerability of commercially harvested corals to fisheries 
exploitation versus environmental pressures 

 

The objectives of this project are to: 
i) Refine species-level taxonomy (where required), to better establish what is being harvested and 
where, 
ii) Establish the abundance and turnover of select, commercially important coral species in areas of 
concentrated fishing across northern Australia, and  
iii) Explore species-specific vulnerability to extrinsic pressures on coral stocks, mostly related to 
environmental change and bleaching risk 

Six priority species were selected as the focus of this project. These species (Catalaphyllia jardineri, 
Duncanopsammia axifuga, Euphyllia glabrescens, Homophyllia australis, Micromussa lordhowensis, 
and Trachyphyllia geoffroyi) represent fairly readily distinguishable species that are also among the 
most heavily harvested individual species (by pieces). 

This project is critically dependent on the effective and ongoing relationship between researchers 
and industry, especially in areas where OH&S regulations prevent scientists from effectively 
undertaking required research in key areas where corals occur and are being harvested. 

The purpose of these video transects is to estimate the biomass of focal coral species (Catalaphyllia 
jardineri, Duncanopsammia axifuga, Euphyllia glabrescens, Homophyllia australis, Micromussa 
lordhowensis, and Trachyphyllia geoffroyi) based on the size and abundance of colonies that can be 
seen in replicate 50 x 1m transects. As a minimum, we need 20 transects in each of the key harvest 
areas for these species, specifically the 36-mile management boxes P25 and I16. 
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Equipment needed 
• GPS 
• Depth Gauge 
• 50m fiberglass tape 
• PVC camera jig 
• GoPro camera set to video mode. 

Protocol 

STEP 1 -  Before entering the water, briefly film GPS to record the exact position on the video. 
Alternatively, you can write the reef name and position on a slate and wave this in front of the 
camera before starting filming each transect. We cannot really use the video transect unless we 
know where it comes from, but no one other than the scientists processing the data will ever see this 
specific detailed information without your express permission. 

STEP 2 - At normal or representative collecting sites, lay out 50m transect tape to mark the transect 
path. Start by attaching the end of the transect to the substrate or hold it in position using a weight 
or temporary stake, then roll out the tape by swimming in approximately a straight line, though it is 
more important to stay parallel to depth contours, and remain within the specific habitat type where 
corals are harvested.  

STEP 3- Make sure the camera is firmly attached to the PVC jig and turned on. Before filming the 
transect, briefly place depth gauge in front of the camera to record depth of the transect. We 
recommend using GoPro (Hero 4) cameras, as provided, but you can use an underwater camera. Just 
be aware that you might need to adjust the distance between the camera and the horizontal bar of 
the jig, to ensure the entire 1m bar is visible when filming in water. 

STEP 4 - Swim slowly along the transect tape (aiming to finish the entire transect in approximately 7-
10 minutes) keeping the PVC measuring bar just above the substrate, and centered on the transect 
tape. It would help (but not necessary) if you point out any colonies of the focal species as you go, 
whereby you just carry a pointer, or point to it with your figure in front of the camera. 

STEP 5 - Stop the camera when you reach the end of the transect. Wind up the tape as you return to 
the initial starting point. 

STEP 6 - Do multiple (non-overlapping) transects in each site/ area. I’d suggest it is somewhat 
pointless to get everything setup and then do only one transect at a site, so do multiple transects 
(moving to a different area, depth or habitat within the same general area) on the same dive, by 
repeating steps 2-5. 

STEP 7 – Send us the data. Once you have recorded 3 or more transects, please send us the video 
files as soon as you can. If worried about security of information, the best way to do this is give us the 
memory card directly (e.g. at one of the industry working group meetings). Otherwise, you can post 
us the memory card and we will return it as soon as it is downloaded, or use file sharing software 
(e.g., Dropbox) and send it to us via the internet. 

Tips and tricks 

1. While you are welcome to use any 50m tape measure, we recommend Komelon brand tapes 
because the tape is negatively buoyant and drapes over the substrate when deployed (if there is not 
too much current or swell). We have distributed a large number of these tapes, and do still have a 
limited number that we can give to people committed to conducting video transects. 
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2. There is no need to secure the tape, other than at the start and end, and don’t worry if the tape is 
twisted, or twisting, during filming.  

3. The PVC jigs are intended to improve the quality and utility of the video recordings. Most 
importantly we use this to estimate the size of the individual coral colonies (so if you are too far 
above the substrate our estimate of the size will be greatly reduced). Make sure that when you 
initially mount the GoPro camera it is pointing to the center and just in front of the measuring bar (as 
shown in image below). The measuring bar (where there are white sections) can also provide a useful 
colour reference when filming bleached corals.  

 

4. The jigs are made from 20mm PVC pipe. Essentially there is a measuring bar (exactly 1m across, 
with markers indicating 10m intervals, marked using electrical tape of a contrasting colour) with a tee 
fitting in the middle that as another piece of pipe to allow the camera to be fixed ~70cm from the 
tee. I suggest you glue or screw all the connections on the PVC jig, and make sure the camera is 
carefully secured as well (we use a small fitting called a tripod mount, shown inset below, to attach 
the Go Pro to the jig). 

 

 

5. When filming transects, don’t focus on the camera but make sure the horizontal bar of the PVC jig 
is held at right angles to the direction of the transect, and flat and level with the substrate.  
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Identification guide to some commonly harvested aquarium corals 
A 23-page, full colour, guide to some commonly harvest aquarium corals, was prepared by Morgan 
Pratchett and Russell Kelley. This guide (version 1.1, May 2020) focusses on the species that mostly 
occur as mono-centric and free-living polyps, including Homophyllia australis, Acanthophyllia 
deshayesiana, and Trachyphyllia geoffroyi. This guide is specifically targeted at aquarium collectors, 
but also particularly relevant fisheries managers and compliance officers. The guide was used 
extensively during recent workshops aimed at increasing the capacity of Queensland fisheries patrol 
and compliance officers to recognise and distinguish important coral species targeted by the 
Queensland Coral Fishery. This guide can be embedded into the appendix of this report, but it is a 
very large file, and also currently subject to change, following resolved taxonomy of the unknown 
Lobohyllidae coral from Western Australia and the Northern Territory.  
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Scientific papers 
One scientific journal article that has been published thus far (appended below), which detailed the 
findings of the experimental bleaching experiment. Two additional papers will be submitted very 
shortly; i) presenting size-weight relationships and estimating harvestable biomass and ii) presenting 
the reproductive biology of the 6 focal study species. We also anticipate that there will be at least 
two more papers relating to the taxonomy and genetic structure of these corals. 
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James Cook University (JCU), ARC Centre of Excellence for Coral Reef Studies 

 Professor Morgan Pratchett 
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James Cook University (JCU), Marine Aquarium Research Facility (MARF) 

 Simon Weaver 

Department of Primary Industries and Regional Development (DPIRD), Government of Western 
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 Dr Stephen Newman 
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Brett Crisafulli 
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Queensland Department of Agriculture and Fisheries (QDAF) 

 Anthony Roelofs 
 Danielle Stewart 

Department of Primary Industry and Resources, Northern Territory Government 

 Dr Shane Penny 
 Mark Grubert 

Department of Biodiversity, Conservation and Attractions (DBCA), Government of Western Australian  

 Dr Shaun Wilson 
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King Abdulla University of Science and Technology (KAUST) 

 Professor Michael Berumen 
Dr Roberto Arrigoni 
Dr Francesca Benzoni 

National University of Singapore (NUS) 

Dr Danwei Huang 
Lufti Afiq Bin Rosli 
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Intellectual property and data sharing 
While specific details pertaining to location of fishing (collection) activities, as well industry-led or 
industry-supported stock assessments, are subject to commercial in confidence, the results and 
conclusions arising from this project are for the public domain; The report, project materials, and 
associated publications are intended for broad dissemination and promotion. All raw data (to the 
extent permitted by established contracts and agreements with fisheries managers and fishing 
sectors) will be available on the Tropical Data Hub.   
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thereby avoid any further delays in the delivery 
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now planned for July/ August 2020 (or as soon as 
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whole range of different methods (including 
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The findings and outcomes of these activities will 
be incorporated into journal articles directly 
arising from this research (to make all 
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as soon as we have the necessary information.  

 


