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Chapter 2
‘an assessment of the current biodiversity within…’ the Great Barrier Reef Region, Section 54(3)(b) of the Great Barrier Reef Marine Park Act 1975
< Photograph of nautilus on front cover, Copyright Chris Jones

2014 Summary of assessment
	Habitats to support species
	Information on the condition and trend of habitats is highly variable with some well known (for example shallower coral reefs) and others poorly known, particularly habitats in remote areas or deep waters (for example Halimeda banks). The habitats of the northern third of the Region are believed to remain in very good condition and are able to support dependent species. Habitats in the southern two-thirds of the Region — especially those inshore — have deteriorated, particularly seagrass meadows and coral reefs.
	Good,
Deteriorated

	Populations of species and groups of species
	There is only condition and trend information for a limited number of species and species groups; hence the assessment of some components is highly uncertain. Of those for which there is information, there have been significant declines in many, especially in the inshore southern two-thirds of the Region, and some iconic and cultural keystone species. For example, significant declines have been recorded in most hard corals and seagrasses, some fishes and sharks, dugongs, plus some seabird populations. There are four examples of species showing good recovery after past serious declines: humpback whales, estuarine crocodiles, loggerhead turtles and green turtles (southern stock). However, even these species have not recovered to their original numbers. The overall condition of the Region’s species appears to have deteriorated significantly and the assessment of ‘good’ is considered borderline with ‘poor’.
	Good, Deteriorated


Full assessment summary: see Section 2.5

Biodiversity

Outlook Report 2009: Overall summary of biodiversity
The Great Barrier Reef is one of the world’s best known and most complex natural systems and it continues to support extensive plant and animal biodiversity. This biodiversity is nationally and internationally important for the continued survival of many species.
The sheer scale of the ecosystem means monitoring has focused on a few key habitats and species or groups of species, generally those that are iconic (such as coral reefs, seabirds), commercially important (such as seagrass meadows, coral trout) or threatened (such as dugongs, marine turtles). There are few long-term monitoring programs established and the baseline from which to make comparisons is different for each group studied.
There is little detailed information about the status and trends of many habitat types within the Great Barrier Reef (for example the lagoon floor, shoals, Halimeda banks and the continental slope). However, there is some evidence of a small decline in coral reef habitat over recent decades. This may have already begun to affect species that depend on that habitat.
Populations appear to be intact for the vast majority of species or groups of species in the Great Barrier Reef ecosystem. Latitudinal and cross-shelf biodiversity appears to be being maintained; however inshore species and their habitats adjacent to the developed coast are under more pressure than those both offshore and further north. Populations of a number of ecologically significant species, particularly predators (such as sharks, seabirds) and large herbivores (dugongs), are known to have seriously declined. Declines in species or groups of species have been caused by a range of factors, some of which have been addressed with evidence of recovery of some affected species (e.g. humpback whales, the southern Great Barrier Reef green turtle stock).

[bookmark: _Toc381685698]Background
Key message: The Great Barrier Reef is one of the world’s most diverse marine ecosystems.
Biodiversity is the variety among all living things. It includes all natural variation, from genetic differences within a species to variations across a habitat or a whole ecosystem.
The Great Barrier Reef is one of the world’s most diverse and remarkable ecosystems, with a wide range of habitats and many thousands of different species. The Reef’s biodiversity is the basis of its Outstanding Universal Value recognised in its world heritage listing (Appendix 3).
This assessment focusses on the broad habitats that make up the Reef’s ecosystem, plus the species and groups of species these habitats support. The species and habitats assessed are consistent with those in the Great Barrier Reef Outlook Report 2009, with the addition of shorebirds. 


[bookmark: _Toc381685699][bookmark: _Ref381691131]Legacies and shifted baselines
Legacy impacts
Some activities previously undertaken within what is now the Great Barrier Reef Region (the Region) and on its islands have had severe and long-lasting impacts on its biodiversity (Figure 2.1). Most of these activities stopped before the area’s protection as a marine park and its recognition as a world heritage area, but their legacy remains. These past activities need to be considered when assessing the current condition and trends of affected habitats and species. 
The most significant legacy impacts were from large-scale commercial harvesting, especially of long-lived species such as dugongs, marine turtles, crocodiles and humpback whales. 
· Dugongs were harvested for meat, bones, hide and oil.1 Initially, the number of dugongs taken by commercial harvesting was so high that a scarcity forced a closure of the industry in 1890.2 Large harvests resumed between the 1930s and 1969.3
· It is estimated thousands of mature female green turtles were harvested2 from 1867 onwards1,4, primarily to supply meat and soup for export. The harvesting was focused in the Capricorn Bunker group, but occurred as far north as Raine Island.2 
· Hawksbill turtles were harvested commercially for many decades from 1871, primarily as a source of tortoiseshell. The harvesting concentrated in the northern Great Barrier Reef. By 1900, the hawksbill turtle had been already heavily exploited.2,5
· Historically, otter trawling caused hundreds of marine turtles to drown in trawl nets annually and contributed to population declines of some species (especially loggerhead turtles).6 Mandatory use of turtle excluder devices since the early 2000s has largely mitigated this impact.6,7,8,9,10 
· It is estimated that, historically, high intensity prawn trawling locally removed about 70 to 90 per cent of seabed animals.11 Although very few areas of the Region were fished so intensively, scientific evidence shows historical patterns and the amount of trawl fishing resulted in substantial effects and changes to seabed habitats and species at a Reef-wide scale.11,12,13 
· When hunting of humpback whales ceased in the 1960s1, the eastern Australian population was less than five per cent of that estimated earlier in the century.
Historical reductions in dugong, green turtle and hawksbill turtle populations have substantially affected those species’ ability to recover from more recent impacts.3,4,5 
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[bookmark: _Ref389059588]Figure 2.1 Past activities in the Region affecting its biodiversity
Source: Daley 20051, Daley et al. 20082, Limpus 20084, Limpus 20095, Burridge et al. 200311, Poiner et al. 199812, Pitcher et al. 200713, Daley and Griggs 200814, Roelofs 200415

[Photograph of a green turtle nesting. Caption: Past commercial harvesting of species such as green turtles seriously depleted their populations.]
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When looking at the Great Barrier Reef today, people tend to compare it with their own previous experiences. However, what is considered natural gradually shifts as changes in the environment accumulate — a ‘shifting baseline’. Such shifts are particularly an issue in marine environments where the technology to study the ecosystem has been developed only recently. In fact, much marine research has been conducted in ecosystems that are already degraded to some extent, and there is little understanding of how these ecosystems operated in the absence of human activity.16circa 1890
1915
1994
2012

On the Great Barrier Reef, most scientific research and monitoring began in the 1970s and 1980s, but there is increasing evidence of significant changes in the Reef well before then, some stretching back over the past 200 years. The lack of such long-term scientific data across a number of habitats and groups of species presents a significant challenge for assessing the true condition and trend of the ecosystem, including the risk of using a shifted baseline to make the assessment. For example, the first systematic surveys of subtidal reefs in the late 1960s began after an outbreak of crown-of-thorns starfish had affected coral reef habitats along much of the Great Barrier Reef.16 Understanding the significance of recent declines in coral reefs17,18 depends critically on the context of those past declines. 
[bookmark: _Ref381785009]Evidence for shifted baselines in the Great Barrier Reef has come from older people who remember how conditions were different19 or from observations recorded in images such as those of Stone Island near Bowen20 (Figure 2.2), journals and ship’s logs. Traditional Owners and many older people in the broader community19 consider that fish stocks and other marine resources have declined from the very considerable early bounty that was available on the Reef. Subsequent surveys suggest coral trout stocks on studied reefs were markedly depleted before widespread monitoring began.21 
[bookmark: _Ref388006401]Figure 2.2 Inshore coral reefs over time, Stone Island, offshore Bowen
Historical photographs of inshore coral reefs have been especially powerful in illustrating changes over time. The changes in the fringing reefs at Stone Island are typical of many inshore reefs. They largely took place before monitoring programs began — illustrating that modern assessments of the condition of coral reefs are likely to be based on an already shifted baseline. (2012 photograph copyright The University of Queensland, courtesy of Tara Clark)
[bookmark: _Toc381685700]Current condition and trends of habitats to support species
The Great Barrier Reef ecosystem consists of a wide variety of habitats from mangroves and seagrass meadows to coral reefs and open waters (Figure 2.3). Even within each of these habitats there is substantial variation, depending on a complex interplay of ecological factors. Variations of habitats across the continental shelf and beyond — from inshore, shallow water habitats to deep, offshore ocean habitats — are more pronounced than those along the length of the Reef.22 The overall condition of the Region’s biodiversity depends on maintaining the condition of all its habitats and the interconnections between them. Habitats for the conservation of biodiversity are one of the four criteria on which the Reef’s world heritage listing is based.23 
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[bookmark: _Ref380651932]Figure 2.3 Major habitats of the Great Barrier Reef Region
A wide variety of habitats make up the Great Barrier Reef ecosystem. The most pronounced variation is across the continental shelf from the inshore coastal habitats, such as mangroves and beaches, eastwards to the continental slope and deep ocean.

[bookmark: _Toc381685701]Islands 
Key message: Some islands have been affected by cyclones, pests, and the impacts of use.
The Great Barrier Reef ecosystem includes approximately 1050 islands, comprising coral cays, continental islands and mangrove islands. Of these, 70 Commonwealth islands are part of the Region, with the remainder under Queensland Government jurisdiction. The diversity of islands and the habitats they provide are attributes that contribute to the Reef’s Outstanding Universal Value.23
Several species of terrestrial plants and animals are endemic to Great Barrier Reef islands (such as Pisonia forests24).25 Islands also provide important nesting grounds for a number of marine species such as marine turtles and seabirds.26 There is limited new information and monitoring of the condition of most islands. Recent severe cyclones27, invasive pests28 and weeds29, marine debris, and changes driven by coastal development (see Section 6.4) have affected the condition of some islands. Islands are also considered vulnerable to climate change.25,30,31
[bookmark: _Toc381685702]Mainland beaches and coastlines
Key message: Some beaches and coastlines have been modified especially around urban centres and ports.
The beaches and coastlines of the Great Barrier Reef ecosystem stretch approximately 2300 kilometres along the mainland coast of Queensland. Sandy shores typically occur on the exposed coastline and are generally a highly dynamic habitat. They support a wide range of species including by providing nesting and staging grounds for shorebirds32 and marine turtles33. Muddy shores are generally adjacent to river mouths and estuaries in sheltered areas. They act as depositional areas for sediments and nutrients discharged from the catchment or transported along the coast. Rocky coasts are intermittently distributed, providing habitat for many sessile species such as oysters. Beaches and coastlines in the northern area remain relatively unaltered, except for marine debris brought in by currents and tides, and extreme weather events such as cyclones. Structures such as marinas, groynes and port infrastructure have heavily modified some coastline habitats at a local scale and affected local coastal processes. Sediment supply to some beaches is disrupted by artificial barriers to flow (for example dams and weirs) and mangrove forests have replaced beaches where fine sediments have increased.34
[bookmark: _Toc381685703]Mangrove forests
Key message: Mangrove forests remain relatively stable and abundance is being maintained.
Mangrove forests are an intertidal habitat of trees and shrubs covering an estimated 2070 square kilometres in and adjacent to the Region.34 The habitat occurs in sheltered areas where fine sediments accumulate and where there is inundation by seawater during the tidal cycle.35 The mangrove forests of the Great Barrier Reef are very diverse36,37,38, with the highest diversity in the far north.38 Mangrove forests are an integral part of the Reef ecosystem, providing essential structure and habitat for a range of terrestrial, marine and intertidal species. They play a critical role as: a source of primary production and carbon sequestration; nursery and breeding sites39; depositional areas for suspended sediments from the water; and physical barriers to storms and weather events.35,40,41 Mangrove habitats are dynamic, with some localised declines and some expansions.34 In contrast to international trends, the overall condition of mangrove forests in and adjacent to the Region is relatively stable and abundance is being maintained.34,35,40,41
[Photograph of mangroves. Copyright Chris Jones. Caption: Mangrove forests are habitat for terrestrial, marine and intertidal species]
[bookmark: _Toc381685704]Seagrass meadows
Key message: Many inshore seagrass meadows have declined since 2009.
Seagrass meadows are an important component of the Reef ecosystem. They are the main food source for dugongs and green turtles; provide nursery habitat for many commercial fisheries species42,43; are a major source of primary production44,45,46 and sequester significant amounts of carbon47. Seagrass meadows also contribute to trapping and stabilising large amounts of sediment48,49 and nutrient cycling50. 
Seagrass meadows grow in estuaries, shallow coastal waters, and in the lagoon — sometimes in association with coral reefs.51,52,53 Intertidal and shallow subtidal seagrasses (less than 15 metres deep) are estimated to cover approximately 5700 square kilometres.54 Deep-water seagrasses (deeper than 15 metres) are estimated to cover 40,000 square kilometres, although at these depths seagrass generally becomes very sparse (less than five per cent cover).53,55,56,57,58
The earliest ‘baseline’ for the condition and distribution of seagrass is from 1984 to 1988.42,59,60 However this baseline may be shifted as hindcast estimates of dugong populations prior to historical commercial harvesting (Section 2.2.1) suggest far more seagrass would have been needed to support larger dugong populations.3 
The Outlook Report 2009 noted the overall area of seagrass meadows was considered to have been relatively stable over the preceding 20 year period. Since then, monitoring of about 30 intertidal seagrass meadows along the central and southern coast indicates that their overall abundance has declined (Figure 2.4). Other indicators of the condition of seagrass meadows such as reproductive effort and nutrient status have also deteriorated. Shallow subtidal seagrass meadows are less extensively monitored, but many sites also show declines in abundance. Examples of intertidal and subtidal meadows declining include Mourilyan Harbour where seagrass meadows had been consistently present since 1993 but have now almost all been lost61, as well as substantial reductions in the meadows adjacent to Cairns52, Townsville62,63 and Gladstone64. Remaining seagrasses are highly vulnerable to further impacts as they have been reduced to small remnant patches and have few seed banks.65
These broadscale losses of seagrass are thought to be mainly due to a combination of acute disturbances (for example significant losses occurred between Cairns and Townsville in 2011 due to physical damage by cyclone Yasi63) and ongoing chronic impacts such as poor water quality65 and extended periods of cloud cover in the wet season (which limits growth through a reduction in light). Intertidal and subtidal seagrass meadows that have been relatively unaffected by disturbances since 2012 are showing early signs of recovery, beginning with the return of fast-growing pioneer species.65,66 A more diverse seagrass habitat generally takes a number of years to re-establish.51,63,67,68 
The abundance and condition of deep-water seagrass meadows is less studied, and few are routinely monitored. In a number of central and northern parts of the Region these meadows are dominated by pioneer species and can be highly seasonal or annual.69,70 A number of deep-water seagrass meadows affected by floods and cyclones are showing early signs of recovery.71
[image: ]
[bookmark: _Ref378062112]Figure 2.4 Seagrass abundance score for intertidal seagrass meadows, 1999–2013
Substantial declines in the abundance score of intertidal seagrass meadows have been recorded in the Region south of about Cooktown since 2007. Some recovery was observed during 2012-13. Source: McKenzie et al. 201465
[bookmark: _Toc381685705][bookmark: _Ref371590060]Coral reefs 
Key message: A series of disturbances has reduced coral cover in the southern two-thirds of the Region.
Key message: There are few indications of recent damage to deeper reefs.
Coral reefs are the cornerstone of the Great Barrier Reef ecosystem and its evolutionary history. Their species diversity, habitat value and natural beauty are major contributors to the Reef’s outstanding universal value as a world heritage area.23 The Great Barrier Reef is the world's largest coral reef ecosystem, ranging over 14 degrees in latitude and comprising more than 2900 separate coral reefs72. 
The overall status of coral reef habitats is generally measured by assessing the proportion of a reef covered by living coral — known as coral cover. For the Great Barrier Reef, the most comprehensive, long-term dataset on coral cover is derived from systematic monitoring of a series of reefs since 1985.18 Results from the monitoring program presented in the Outlook Report 2009 indicated the overall condition of coral reefs in the Region was relatively good, but likely to be declining slightly, especially in inshore areas. It was also reported that coral cover has undergone a wide range of changes, including dramatic increases and decreases on different reefs, and that there is no strong, consistent overall trend in the condition of coral reefs across the Great Barrier Reef. 
However, recent analysis of the long-term dataset shows hard coral cover has significantly declined over the past 30 years (Figure 2.5).18 Since 1986, though there have been some periods of recovery, the overall average hard coral cover in the Region is estimated to have declined from 28 to 13.8 per cent and the rate of decline has increased substantially in recent years.18 The decline has been most severe on reefs south of latitude 20 degrees (near Bowen) particularly since 2006. Since that time, hard coral cover has reduced from about 35 per cent to eight per cent in the southern third of the Region. Hard coral cover in the northern area has not shown similar declines and is in better condition.
[image: ]
[bookmark: _Ref371429356]Figure 2.5 Hard coral cover, 1986–2012
The solid line represents modelled coral cover based on the analysis of data collected from 214 reefs across the Region; while the dashed lines either side represent the associated standard errors. Average hard coral cover in the Region has declined significantly since monitoring began in 1986.18 Declines have been most severe in the south. Source: De’ath et al. 201218

The recent declines in coral cover are largely the result of a combination of cyclones, crown-of-thorns starfish outbreaks and mass bleaching events, with insufficient time for recruitment and growth between these disturbances (see Section 8.3.1).18,73 Elevated loads of nutrients, sediments and pesticides in land-based run-off are likely to have affected recovery periods in inshore areas.74,75,76,77 While coral reefs have a natural ability to recover from periodic disturbances, corals exposed to chronic pressures, such as poor water quality, are likely to have less resilience.78 For example, corals have been shown to be more susceptible to bleaching and disease in the presence of elevated nutrients.79,80,81 
There are early signs of regeneration of some reefs affected by cyclone Yasi in 2011. Surveys undertaken in 2013 recorded recovery from fragments and recruitment of new corals.82
Data from an inshore marine monitoring program, although over a shorter timeframe, indicates that on average, cover on inshore reefs has declined by 34 per cent since 2005.77 In addition, there are emerging signs of low coral cover on inshore reefs accompanied by low numbers of juveniles and slow rates of increase in cover during periods free from disturbances.83 
Assessments of coral reef condition over recent decades are almost certainly from a ‘shifted baseline’, with the condition of inshore reefs already substantially reduced before monitoring began. Changes in marine water quality associated with land use practices, such as increased nutrient and sediment loads in river run-off, have resulted in changes in coral colonies and communities over time.76,84,85,86,87 For example, evidence from Pelorus Island (in the Palm Island group, north of Townsville) suggests that, between the 1920s and the 1950s, coral composition changed in favour of those species better adapted to more turbid, muddy waters and in some places little live coral remained.76 There is evidence, including from historical photographs20 (Section 2.2.2) and anecdotal reports19, of other inshore reefs undergoing similar shifts. 
Since the Outlook Report 2009, there has been an increase in research on deeper coral reef habitats in the Region — those at depths greater than 30 metres. However, they remain poorly understood compared to their shallow-water counterparts.88 Mesophotic coral reefs (at depths of between 30 and 150 metres) are characterised by the presence of light-dependent corals in areas where there is limited light for photosynthesis.89,90 Modelling indicates mesophotic reefs are likely to be widespread along the Great Barrier Reef shelf edge91,92 and may add substantially to the known coral reef area in the Region. In fact, about 60 per cent (25,600 square kilometres) of the seabed where coral reefs are likely to grow is deep-water habitat.93 
Cold water coral reefs (below 150 metres) typically occur in depths where light does not penetrate and temperatures are between four and 14 degrees Celsius.94 They can form reefs or knolls and be hotspots of biodiversity on the deep seabed.95 Although no cold water coral reefs have been identified within the Region, there are locations potentially suitable for them.96 
There is no long-term data on the condition of deeper reefs; for most of the Region, it is unlikely there has been recent physical damage.92,95 However, the substantial damage recorded at Myrmidon Reef offshore from Townsville as a result of the category 5 cyclone Yasi in 201197,98, indicates that deeper reefs can also be affected by the physical damage of intense cyclones.
[bookmark: _Toc381685706]Lagoon floor
Key message: Reduced trawling effort and better management have reduced the area of lagoon floor being affected.
[bookmark: _Toc209848445][bookmark: _Toc212456416]The lagoon floor makes up about 210,000 square kilometres, approximately 61 per cent of the Region.99 It includes the non-reefal seafloor inside the outer barrier reefs, typically at depths of between 20 and 40 metres.34 The lagoon floor habitat is variable and includes some marine life that rises above the seafloor with sponges, sea-whips, gorgonians (sea fans) and interreefal gardens.100 The lagoon floor supports many species, such as nematodes and microbial communities, which are important elements of a healthy functioning ecosystem101. Larger organisms use the lagoon floor for food and shelter and as a nursery habitat. These include shellfish, crabs, prawns, sea urchins, sea stars, sea cucumbers, sponges, worms, fishes (including sharks and rays) and some marine turtles. The ecological importance of interreefal areas is recognised in the Reef’s world heritage listing.
While a large-scale study of the Region’s lagoon floor provided a comprehensive and extensive snapshot of the habitat13, there is no long-term monitoring. In recent years, the area affected by trawling has decreased (see Section 5.4.1).9,102 On a more local scale close to the coast, the lagoon floor is affected by dredging, disposal and resuspension of dredge material, land-based run-off and anchoring. 
[Photograph of a crinoid. Caption: The lagoon floor and shoals are not well studied]
[bookmark: _Toc381685707]Shoals 
Key message: Shoals are likely to be affected by physical damage from fishing activities, anchoring, vessel groundings and storms.
Shoals are submerged features on the seafloor away from obvious emergent coral reefs.103 They include continental rock, and Pleistocene reef edges.103 They are diverse and variable and attract and support many fishes and other species, such as gorgonians, sponges, algae, macroalgae and seagrasses.104,105,106 Based on limited studies to date,13,104,107 shoals are likely to be affected by physical damage from fishing activities, anchoring, vessel groundings and storms; however, there is no ongoing monitoring of shoals in the Region. 
[bookmark: _Toc381685708]Halimeda banks
Halimeda banks comprise large areas of the northern Great Barrier Reef, inshore of the Ribbon Reefs, and are also found further south (Figure 2.6).13 They have a thin top layer of living macroalgae — predominantly calcareous green algae (Halimeda species) which forms banks when it dies 108, typically up to 20 metres thick109,110. They are usually in waters deeper than 40 metres.111 The active calcification and accretion of Halimeda banks over thousands of years is recognised as one of the Reef’s attributes that contributes to its Outstanding Universal Value.23 
As reported in Outlook Report 2009, there remains limited information on the condition and trend of this habitat. Halimeda banks are isolated from land-based impacts and have a high level of protection from trawling through zoning.9 The future condition of Halimeda banks is likely to be affected by declining rates of calcification from changes in ocean chemistry112 and any changes in nutrient upwellings113 because of changes in ocean circulation. 
[image: ]
[bookmark: _Ref377977466]Figure 2.6 Locations of Halimeda banks
Areas in the Region containing known Halimeda banks are indicated. The banks are dominated by Halimeda algae, and provide habitat for a range of other species. Those in the north are particularly well developed. Source: Australian Institute of Marine Science 1988114, Drew and Abel 1988115, Orme and Salama 1988110, Pitcher et al. 200713, Hurrey et al. 2013116  
[bookmark: _Toc381685709]Continental slope
Key message: Much of the continental slope remains undisturbed.
The continental slope is a complex area composed of relic reefs, landslides, canyons and plateaux that extends down to more than 1000 metres.117,118 It comprises approximately 15 per cent of the Region or about 51,900 square kilometres.8 The continental slope supports many species, including some at-risk skates and rays.9,119 There has been little investigation of this remote habitat or the deep-water seabed habitats beyond and no ongoing monitoring.8 
A deep-water trawl fishery (from 90 to over 200 metres deep) has been operating in continental slope habitat in the south-eastern part of the Region for several decades, with high levels of fishing effort.9,120 Based on the amount of fishing effort and a lack of knowledge about habitats and associated species, trawling has been graded as presenting a precautionary high ecological risk in the area that includes these fishing grounds.9  
[bookmark: _Toc381685710]Open waters
Key message: Inshore open water habitats are degraded in the southern two-thirds of the Region.
The Region has a total water volume of around 7200 cubic kilometres.121 This open water habitat is critical to the healthy functioning of the whole Great Barrier Reef ecosystem. It provides connectivity between other habitats, from the coast to beyond the continental slope. Open water is dominated by microorganisms (plankton) and supports a range of other plants and animals such as invertebrates, fishes, reptiles and marine mammals. Inshore areas of open water have been degraded, particularly in the southern two-thirds of the Region. Elevated concentrations of nitrogen and suspended sediment are affecting the overall quality of this habitat122, especially inshore, for a range of dependent species. Offshore and northern open water areas are considered to be in better condition (see Figure 6.12). More information on the condition and trends in water quality of the open water habitat is provided in Chapters 3 and 6.
[Photograph of fish swimming. Copyright Chris Jones. Caption: Open waters connect the Reef’s habitats]
[bookmark: _Toc381685711]Current condition and trends of populations of species and groups of species
[bookmark: _Ref371585614]Key message: The Great Barrier Reef is home to many species of conservation concern.
The Region is home to thousands of species (Table 2.1). It provides particularly important habitat for species of conservation concern such as dugongs, whales, dolphins, seabirds, marine turtles, sharks and rays. Inscription of the Great Barrier Reef on the World Heritage List recognises the global significance of its species diversity, especially its endemic species.23 It is recognised that there are many new species yet to be discovered and named.13
[bookmark: _Ref377977867]Table 2.1 Species diversity of plants and animals 
Thousands of species make up the Great Barrier Reef ecosystem. Many have not been identified and described. For some, the number of species recorded is provided; for others the most up-to-date estimate is given.9,123,124 The sub-Antarctic fur seal, a threatened species, is rarely seen within the Region. The table includes the number of listed migratory species (M) and listed threatened species (T) under the Environment Protection and Biodiversity Conservation Act 1999.
	Plants and animals of the Great Barrier Reef
	Number of species recorded

	Mangroves
	39

	Seagrass
	15

	Marine macroalgae
	630

	Sponges
	at least 2500

	Soft corals and sea pens
	at least 150

	Hard corals
	411

	Echinoderms
	630

	Crustaceans
	about 1300

	Molluscs
	as many as 3000

	Worms
	at least 500

	Bony fishes
	1625

	Sharks and rays
	136 (M: 5, T:7)

	Sea snakes
	14 breeding species

	Marine turtles
	6 (M:6, T:6)

	Crocodiles
	1 (M:1, T:1)

	Seabirds
	20 nesting species (M:23, T:6)

	Shorebirds
	41 (M:30)

	Whales and dolphins
	more than 30 (M:10, T:4)

	Dugongs
	1 (M:1)



Some species in the Great Barrier Reef are classified as species of conservation concern. This means that they are protected by law or require special management. These include:
· Threatened species: Twenty-five marine species that occur in the Region are listed as ‘vulnerable’, ‘endangered’ or ‘critically endangered’ under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) and are therefore matters of national environmental significance. There are seven marine reptiles, five marine mammals, seven sharks and rays and six seabird species (Table 2.1). The Great Barrier Reef is vital to the recovery and survival of many of these.
· Migratory species: The Region supports 76 of the migratory species currently listed under the EPBC Act, making them matters of national environmental significance. This comprises six marine turtle species; 11 mammal species including dugongs and two inshore dolphins; five species of shark; 53 species of shorebirds and seabirds; and the estuarine crocodile (Table 2.1). The fact that these species move during their life histories — sometimes very large distances — means they may spend much of their time outside the Region and hence may be exposed to impacts well beyond the boundaries of the Region or Australia.
· [bookmark: _Toc209848450]Iconic species: These are well-known plants or animals, such as sea snakes, seahorses, Maori wrasse, whales and dolphins, which often need specific management in the Region.
· ‘At risk’ species or habitats: These are not necessarily protected by legislation, but are facing serious pressure and require special management. Examples include some coral reefs, giant clams, triton shells, seagrass meadows and some sharks and rays.
[bookmark: _Toc381685712]Mangroves
The Region’s mangrove forests are very diverse with at least 39 mangrove species and hybrids recorded.34,36,37,38 The diversity and abundance of mangrove species along the Great Barrier Reef coast are being maintained.34
[bookmark: _Toc381685713]Seagrasses 
Key message: Seagrass abundance has declined and community composition has changed in central and southern inshore areas.
The Great Barrier Reef is one of the most species-rich areas for seagrass in the world.125 Fifteen species (which is half of Australia’s total number of species) occur within the seagrass meadows of the Region.57,126,127 There is no record of species loss from the Region65,128; however, between 2007 and 2011 there were significant declines in abundance (Section 2.3.4) and shifts in species composition in the inshore southern two-thirds of the Region.52,63,66 The species composition of seagrass meadows changes as the habitat recovers from disturbance. Early recovery begins with fast-growing pioneer species and the species composition gradually becomes more diverse, dominated by longer lived, slow-growing foundation species (Figure 2.7).
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[bookmark: _Ref378062641]Figure 2.7 Species composition and abundance of seagrass, Cockle Bay, Magnetic Island, 2005–2013 
Fast-growing pioneer species are likely to be the first to colonise a disturbed area; however, as meadows grow over time in the absence of disturbances, the longer lived foundation species become more prevalent. Species composition is then likely to remain stable until the next cycle of disturbance and recovery. Source: Adapted from McKenzie et al. 201465

[bookmark: _Toc381685714]Macroalgae 
Key message: The diversity of macroalgae is being maintained and abundance has increased in some areas.
There are over 600 species of macroalgae recorded on the Great Barrier Reef.129 Algal communities are highly variable in species composition and abundance.130 Some are also highly seasonal.130 Forms of macroalgae include turf algae, fleshy macroalgae and crustose coralline algae. Macroalgae also form dominant cover in many non-reef areas such as parts of the lagoon floor.13 Macroalgae forms an extensive and important habitat covering between 25,000 and 30,000 square kilometres of the Region.116 Algal diversity is greatest off the coast of Gladstone, Rockhampton and Townsville and lowest in areas characterised by high turbidity and muddy sediments. 116 Thirty-six species of macroalgae are classified as ‘vulnerable’ or ‘vulnerable within a narrow range’.131
Some fleshy macroalgae are likely to benefit from increased nutrients from land-based run-off but this is likely to be detrimental to natural macroalgal community composition.132,133 Nutrients can cause a shift in the balance between macroalgae and corals (see Section 3.4.9).134 
In 2011 cyclone Yasi caused a short-term reduction in algal cover on inshore reefs in the central part of the Region with cover re-establishing or exceeding pre-cyclone levels in 2012.83 
The abundance of inshore macroalgae is considered to be generally stable, but some locally significant changes have been recorded in the Fitzroy region (Figure 2.8).83 Between 2005 and 2007 there was an increase in macroalgal cover in the Fitzroy area, partly as a result of the coral bleaching mortality event in 2006135; then in 2010 and 2011, declines in cover followed storm events and associated flooding of the Fitzroy River.83 From 2011, macroalgal cover increased again, probably as the loss of coral cover from the flooding created additional space for growth.83 
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[bookmark: _Ref377983921][bookmark: _Toc342308105][bookmark: _Toc358712550][bookmark: _Toc342300315]Figure 2.8 Regional trends in inshore macroalgae cover, 2005–2013
The abundance of macroalgae is stable at a Reef-wide scale, but there have been marked regional changes over the last decade. Solid blue curves represent predicted regional trend bounded by blue dashed lines depicting the 95 per cent confidence intervals of that trend. Data presented in graphs relate to macroalgae cover in inshore areas of mapped regions above. Source: Thompson et al. 201478

[bookmark: _Toc381685715]Benthic microalgae 
Key message: Some benthic microalgae are likely to have benefited from elevated nutrients.
Benthic microalgae are microscopic plants which grow on habitats comprising hard bottoms and sandy or muddy sediments. These algae play important roles in primary production and nutrient dynamics in the Region’s ecosystem.136 The biomass of benthic microalgae is typically several orders of magnitude higher than that of plants in the water column (phytoplankton).136,137 These species are little studied and understanding of their condition, distribution and trend has not improved significantly since the Outlook Report 2009. It is assumed they experience similar disturbances to those identified for the lagoon floor (Section 2.3.6). Some are likely to have benefited from elevated nutrient levels. 
[bookmark: _Toc381685716]Corals
Key message: The community composition of inshore coral reefs changed over the last century.
There are more than 400 species of hard coral138,139 and at least 150 species of soft corals, sea fans and sea pens140 in the Region. Coral diversity contributes strongly to the Outstanding Universal Value of the Great Barrier Reef World Heritage Area.23 Recent studies indicate deeper, mesophotic reefs have a higher coral diversity than previously thought.88,92 
In addition to the decline in hard coral cover described in Section 2.3.5, there is also evidence of changes in species composition on reefs. Evidence from Pelorus Island (in the Palm Island group, north of Townsville) indicates that the community composition of inshore coral reefs changed over the last century.76 Historically, the reefs were dominated by Acropora corals, thought to be characteristic of less polluted waters.76 However, between 1920 and 1955, the coral composition changed and either shifted to corals typical of more turbid, muddy waters or had little live coral.76 More recently, chronic impacts of poor water quality and outbreaks of disease have resulted in a loss of sensitive species in affected inshore areas and therefore reduced species diversity.78
Soft coral cover in inshore areas has been generally stable over the period 2005 to 2010 with some decline in 2011 in the central area caused by physical destruction of colonies by cyclone Yasi.83 Record flooding of the Fitzroy River in 2011 also killed almost all shallow-water soft corals (at or above two metres deep) on reefs inshore of Great Keppel Island and caused declines in deeper water.83
[bookmark: _Toc381685717]Other invertebrates
Key message: Invertebrates are likely to be affected by changing environmental conditions and fishing activities.
There are thousands of species of invertebrates (animals without backbones) in the Region. This biodiversity is nationally and internationally significant (including as part of the Reef’s world heritage listing). An estimated 30 per cent of Australia’s sponge species and more than 10 per cent of the world’s echinoderms (starfish, sea urchins and sea cucumbers) are found within the Region.141 Some groups, such as prawns, crabs and sea cucumbers, are important in fisheries. Fishing activities have reduced abundances of a number of invertebrate species, although no invertebrate species are currently assessed as ‘overfished’ in fisheries stock status reports.142 The black teatfish fishery was closed in 1999 following concerns for the long-term viability of the harvested stock and has not been reopened (see Section 8.3.3). There are some concerns about the sustainability of the sea cucumber fishery.143,144
Little is known about the condition and trends of most species. Some invertebrate species have been protected (for example tridacnid clams, helmet shell, triton shell). It is likely that deteriorating water quality and the changing condition of southern inshore habitats in the southern two-thirds of the Region has affected dependent invertebrates. 
Outbreaks of crown-of-thorns starfish continue to occur on the Great Barrier Reef (see Section 3.6.2). There is strong evidence to support a connection between human-related impacts (in particular, nutrients from land-based run-off) and outbreaks of crown-of-thorns starfish.145,146
[Photograph of shrimp. Caption: These commensal shrimp are one of the Region’s thousands of species of invertebrates.]
[bookmark: _Toc381685718]Plankton and microbes
Key message: Changes in water temperature and quality are likely to be altering plankton communities.
Although plankton and microbes play a vital role in the Great Barrier Reef ecosystem as the foundation of the food web and in many ecological processes, there remains little known about their condition and trend.147,148 Changes in water temperature and quality are likely to be altering plankton communities which, in turn, will be affecting higher trophic levels.147,148,149 For example, there is growing evidence that increases in nutrients cause shifts in phytoplankton populations, providing favourable conditions for the development of crown-of-thorns starfish larvae.146 
The condition and trend in phytoplankton abundance are monitored through indicators such as chlorophyll a, which is now recorded in the Region via remote sensing as well as in situ sampling.150,151,152,153,154,155,156,157 For the years 2010 to 2012, differences were recorded in the abundance and diversity of the phytoplankton between the northern third of the Region and areas further south, although there is not yet sufficient data to detect trends.157 
While there is still limited information about the condition and trend of zooplankton in the Region, there is now increased data collection158,159. 
[bookmark: _Toc381685719]Bony fishes
Key message: Reef fishes are likely to have been negatively affected by declines in habitats.
Key message: The abundance of some fished species has declined. 
There are about 1600 species of bony fish in the Region. This diversity of species is recognised in the world heritage listing of the Great Barrier Reef.23
Decades of research have improved understanding of fish biology and ecology, particularly commercial species, but very little is known about the status of most species.142 There is long-term monitoring of 214 species of coral reef fish populations160,161 (Figure 2.9). Fisheries-dependent monitoring provides some information on the trend of a number of species targeted by fishers162; however, there is limited fisheries-independent monitoring.
There has been no comprehensive analysis of the long-term trends in the populations of the coral reef fish species that are monitored. Populations of the coral reef fish species are likely to have been affected by the declines in their habitats163,164 especially in the southern two-thirds of the Region. 
Current understanding of fishing activities suggests targeted species are under significantly more pressure in the southern two-thirds of the Region (see Section 5.4). These patterns are likely to be similar for non-targeted fish species that interact with the fishery. The condition of northern populations of targeted and non-targeted species is not well known. 
Of the species targeted in fishing activities, decades of fishing pressure have reduced the size of individual fish, reduced abundances, and contributed to population declines — at least for the more heavily fished species.165 This is likely to have been exacerbated by extreme weather, reduced habitat availability and declining water quality.166 Selective fishing can also lead to potentially irreversible evolutionary changes in populations of targeted fish species.167,168 Zoning arrangements within the Region have been shown to affect the abundance and biomass of targeted species.169,170,171 The biomass of coral trout, one of the most commonly targeted reef fishes, is greater in no-take zones than in zones open to fishing165,172 (Figure 2.10). 

[image: ]
[bookmark: _Ref387997222]Figure 2.9 Abundance of some coral reef fishes, 1991–2013
Surgeonfish, butterflyfish and parrotfish are examples of how the number of some groups of reef fish changes in different areas of the Region over time. Fish abundance is derived by visual census of a total of fifteen 50 metre by five metre transects at each reef. Where possible three or more reefs were selected at inshore, mid-shelf and offshore positions across the continental shelf. Source: Australian Institute of Marine Science Long-term Monitoring Program 2008161 and 2014160
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[bookmark: _Ref387231255][bookmark: _Ref387231251]Figure 2.10 Biomass of coral trout in zones open and closed to fishing, 2006–2012 
There is more biomass of coral trout on reefs that are closed to fishing. The graph shows the biomass of coral trout (mean plus or minus one standard error) averaged from surveys of 28 pairs of reefs (one open to fishing, one closed to fishing in 2004) in five areas of the Great Barrier Reef. The data was collected using underwater visual census along transects on the reef slope of northeast flanks of each reef. Source: Australian Institute of Marine Science Long-term Monitoring Program160

Life history traits, habitat preferences and cumulative pressures mean that populations of some targeted species may be particularly vulnerable. The vulnerability of two species of threadfin salmon has been assessed as ‘high’.173 The vulnerability of grey mackerel has been assessed as ‘medium’, with concerns about the future sustainability of stocks in the Region.174 
Stock assessments undertaken as part of fisheries management provide an indication of the condition of some targeted species. The stock of snapper has been assessed as ‘overfished’ (where harvest may be exceeding sustainable levels and/or yields may be higher in the long term if the effort is reduced) for the past three years.142 The stock status of Spanish mackerel could be approaching ‘overfished’.175 In 2012, the stock status of coral trout moved from ‘sustainably fished’ to ‘uncertain’ due to low catches and catch rates.142 The ecological consequences of reduced fish populations and biomass, for example flow-on effects to other trophic levels, are largely unknown. The biology of some of these fishes (for example being long-lived, late maturing or forming aggregations for spawning) makes them vulnerable to depletion.176 In addition, fishing activity, including illegal fishing in zones closed to fishing, has contributed to population declines of some targeted fish species.171 


Zoning benefits biodiversity

Zoning, a system of spatial planning and management, is one of the key management tools for the Great Barrier Reef. The amalgamated Great Barrier Reef Marine Park Zoning Plan (Cth)177 and the complementary Marine Parks (Great Barrier Reef Coast) Zoning Plan (Qld)178 were implemented in 2004. They provide for a range of ecologically sustainable uses, principally by defining the activities that are allowed, those that are prohibited, and those requiring a permit in each of seven zones. Their design and implementation set a global standard for marine reserve networks179,180 and they are recognised as having a wide range of benefits for biodiversity, with flow-on benefits for uses of the Region21. 
There is strong evidence that fish populations benefit from the protection provided by the Marine National Park (green) Zone which is closed to fishing. There are consistently more and larger coral trout and other target fish species in zones protected from fishing.21,169,172,181 Increased reproduction in the no-take zone as a result of more and bigger fish appears to also benefit fish populations in the entire ecosystem.182 Importantly, the zones operate as a connected network; most reefs (both open and closed to fishing) are within the range of dispersal from a reef closed to fishing.21,183,184
The zoning arrangements appear to benefit overall ecosystem health and resilience. Areas closed to fishing have served as refuges for fish after acute disturbances such as coral bleaching and floods.165 Even highly vulnerable species, such as dugongs and marine turtles, may benefit from the zoning arrangements, despite the area of each zone being much smaller than the ranges of these species.21,185,186 
[image: \\UMPARRA\Outlook_Report\2014_Outlook_Report\4.The_Report_08-779 and 08-778 and 08-773\0. Graphic design, images, maps, diagrams, tables_08-778\3.Maps\00. FINAL MAPS BY CHAPTER\Chapter 2 maps\Zoning box - Map8_GDA94_Extract.jpg]The effectiveness of zoning depends critically on effective compliance — even a relatively small amount of illegal fishing can have ecologically serious impacts. There is evidence that some areas in zones closed to fishing may be significantly depleted due to illegal fishing,21 implying the ecological benefits of zoning could be greater still with better compliance. 
Given the major threat posed by climate change, the zoning network provides a critical and cost-effective contribution to enhancing the resilience of the Great Barrier Reef.

A network of zones is benefiting biodiversity 


[bookmark: _Toc381685720]Sharks and rays
Key message: One species of shark is likely to be near extinction or extinct in the Region.
Key message: The condition of most shark and ray species is unknown; many are considered at risk.
There are 136 shark and ray species known to inhabit the Region.9,187 Five are listed migratory species and seven are listed threatened species. Of the listed species:
· There have been significant range contractions and population declines recorded for the largetooth (previously called the freshwater), green and dwarf sawfish.
· The speartooth shark has now become extinct on the east coast of Australia.188
· The whale shark, shortfin mako, longfin mako and porbeagle shark are pelagic species for which there is no information on status and trends.
· The white shark and grey nurse shark are temperate species which are rarely sighted in the Region. A 2011 satellite tagging study revealed grey nurse sharks occupying deep-water habitats within the Region.189
While understanding of the life history traits of some of the Region’s shark and ray species has improved since 2009190, there is still limited information about the population status of many. There are concerns about the condition and vulnerability of a number of shark and ray species:
· Seventeen currently caught shark species have been assessed as particularly vulnerable to exploitation191, principally due to slow growth rates, slow maturity and low reproductive rates. 
· There is concern for some species or groups of species including the grey and whitetip reef sharks,192,193 hammerhead sharks194, as well as some sharks and rays that interact with fisheries.9,195,196 
· Species which use inshore, coastal and estuarine habitats almost exclusively or at specific times in their life cycles are the most affected by cumulative human-induced impacts.191,197,198 
· Green sawfish, the Australian blacktip shark, the pigeye shark and the blacktip reef shark are among the most vulnerable species that interact with the East Coast Inshore Fin Fish Fishery.196
· Exploitation presents a risk to a number of batoids (including rays, skates, stingrays, guitarfishes and sawfishes).199 Shark-like batoids are particularly vulnerable to incidental capture in nets set in inshore waters due to their body shape and preference for inshore habitats.200
· While the ecological risk of trawl fisheries to large sharks and rays has been significantly reduced through the introduction of mandatory excluder devices, many smaller species of sharks and rays remain in the bycatch of prawn and scallop trawlers (see Section 5.4.3).9,201
There is limited information on the distribution and habitat use of either the pelagic or deep-water shark species of the Region.191 Deep-water species of sharks and rays have lower growth rates, later age at maturity, and live longer than both shelf and pelagic species, meaning their populations will take longer to recover from exploitation or other factors causing declines.119
[bookmark: _Toc381685721]Sea snakes
Key message: A large number of sea snakes are caught as bycatch.
There are 16 species of sea snakes recorded in the Region with 14 species maintaining permanent breeding populations.202 In general, sea snake species richness declines from north to south.203 
While the broad distributions have been documented203,204, information about the distribution and abundance of individual sea snake species is limited, in part due to logistical difficulties associated with counting sea snakes.205 Hence, there is little information and no regular monitoring of population trends. 
The trawl fishery continues to interact with and cause mortality to sea snakes. Of the large number of sea snakes caught as trawl bycatch each year (estimated to be over 100,000), it is estimated that about 26 per cent die.204 Reduction in trawl fisheries effort (see Section 5.4) and management initiatives promoting the adoption of fisheye bycatch reduction devices are likely to have reduced impacts on some sea snakes. Two species of sea snakes, the ornate reef sea snake and the elegant sea snake, have been identified as being at high risk to the impacts of otter trawling, and two species, the spectacled sea snake and the small-headed sea snake, as at intermediate risk.9,204
[Photograph of a sea snake swimming. Copyright Matt Curnock. Caption: Sixteen species of sea snakes are recorded in the Region.]
[bookmark: _Toc381685722]Marine turtles
Key message: Nesting populations of most marine turtle populations are stable or increasing. Some are in decline and all are conservation dependent.
Six of the world’s seven species of marine turtle occur on the Great Barrier Reef, with globally significant nesting areas for four species: loggerhead, green, hawksbill and flatback turtles.206 The international importance of the Reef’s marine turtle populations, including the significance of Raine Island as a turtle rookery, is recognised in its world heritage listing.
Within the Great Barrier Reef, 38 islands are identified as being important nesting sites for marine turtles.207 Of these, Raine Island supports the world’s largest aggregation of nesting green turtles.208 Other important islands include Milman Island (hawksbill and green turtles), Moulter Cay (green turtles), Wild Duck Island (flatback turtles), Peak Island (flatback turtles) and the cays of the Capricorn Bunker Group (loggerhead and green turtles).4,5,6,209 Within the Great Barrier Reef there are two distinct genetic stocks of green turtles, a southern stock and a northern stock210, which experience different pressures. 
The number of nesting green turtles from the southern Great Barrier Reef stock increased at 3.8 per cent per year for the four decades up to 2008.4 In 2011 some 1020 marine turtles were reported stranded on the Region’s coast, 879 in 2012 and 483 in 2013 (Figure 2.11).211 Most were green turtles212 and stranded in response to reduced availability of seagrass, their primary food source.66 
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[bookmark: _Ref380584443][bookmark: _Ref377986153][bookmark: _Ref380584439]Figure 2.11 Marine turtle strandings, 2000–2013
Marine turtle strandings (dead or alive) in the Region in 2011 were about five times that of previous years. Higher than normal strandings were also recorded in 2012 and 2013. Only cases confirmed in the field by a trained person and later verified by an expert are graphed. Source: Department of Environment and Heritage Protection (Qld)213 and Department of Agriculture, Forestry and Fisheries (Qld) unpublished data214 

In the northern stock of green turtles, long-term data indicates that the number of nesting turtles at Raine Island has increased significantly since the mid-1970s; although the past two decades have seen a plateau and slight decline to the previously sustained increase in nesting numbers.215 Based on published data (to 2001)208, the average size of nesting females is decreasing, and the remigration periods for nesting are increasing which is consistent with a decrease in the proportion of older females returning to breed.4,208 These signs indicate the northern Great Barrier Reef stock of nesting females may be in the early stages of decline.4,208 There are also concerns about poor hatching success of eggs on Raine Island.
Milman Island, in the northern Great Barrier Reef, is the primary index nesting site for Torres Strait–northern Great Barrier Reef stock of hawksbill turtles. A ten-year study on Milman Island indicated an annual rate of decline of three per cent in the nesting population.216 A later study of foraging animals inhabiting the Howick group of islands, also in the northern Great Barrier Reef and within the same hawksbill turtle stock, found a similar decline between the late 1990s and the late 2000s, with some stabilisation between 2003 and 2008.217 
Wreck, Erskine and Tryon islands in the Capricorn group of islands and the Woongarra coast, just south of the Region, are key nesting locations for the eastern Australian loggerhead turtle stock. This stock continues to recover after declining by more than 80 per cent between 1970 and the early 2000s (Figure 2.12).6 Threats outside the Region may be affecting juvenile recruitment into the foraging population.6 
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[bookmark: _Ref380595454]Figure 2.12 Trends in loggerhead turtle nesting, Woongarra coast, 1967–2012
After a gradual decline in the loggerhead turtle nesting populations on the Woongarra coast, including Mon Repos Beach – a key nesting site for turtles that inhabit the Region – there is now evidence of recovery. Data for 1967 and 1968 are population estimates. Other data is derived from population census. Source: Limpus et al. 20086 and Limpus (personal communication)218 

Key nesting locations for the eastern Australian flatback turtle stock are Peak, Wild Duck and Avoid islands in the southern Great Barrier Reef. There has been no obvious trend in the size of the annual nesting population at these rookeries over three decades and the population is considered to be stable.209 However, there is no new published data since the Outlook Report 2009 and there continues to be virtually no data on the foraging population.209
A very small number of leatherback turtles are known to have nested on mainland beaches adjacent to the Region but no nesting has been recorded since 1996. The Region’s population is considered to be part of the south-west Pacific genetic stock, which has declined.219
There is no nesting of olive ridley turtles in the Region and there is virtually no data on the foraging animals that visit the Region.220 
For those marine turtle species that migrate outside the Region, there is a poor understanding of their activities and the impacts on them in those other places.
[bookmark: _Toc381685723]Estuarine crocodiles 
Key message: The estuarine crocodile population continues to recover steadily.
Estuarine crocodiles occur in most coastal waters of the Great Barrier Reef. They are also regularly reported at mid-shelf and some offshore islands.221 Although crocodiles once were extensively commercially harvested, their numbers in northern Queensland are now recovering following full protection under Queensland legislation since 1974.221 The most recent surveys conducted in 2009–10 in the southern two-thirds of the Region showed the population continues to steadily recover, with no southerly expansion of its range.222 The species’ recovery is limited primarily by the availability of suitable nesting habitat.223 
[bookmark: _Toc381685724]Seabirds 
Key message: Trends in seabird populations are highly variable between different species and locations.
Key message: There are declines in some seabird breeding areas and changes in key supporting resources
Islands and cays within the Great Barrier Reef support breeding populations of 20 seabird species.26 It is estimated that between 1.4 and 1.7 million seabirds breed throughout the Great Barrier Reef each year.224 This represents more than 25 per cent of Australia's tropical seabirds, more than 50 per cent of offshore–foraging black noddies and approximately 25 per cent of wedge-tailed shearwaters, brown and masked boobies and red-tailed tropic birds.224 The number of non-breeding birds (birds which use the Region for feeding but breed elsewhere) is estimated to be about 425,000, giving a total seabird population that may exceed two million.206 The global importance of the Reef’s seabird populations contributes to its outstanding universal value.23
In terms of variety of species, numbers of breeding adults and conservation significance, the four most important seabird areas in the Great Barrier Reef are Raine Island225, Michaelmas Cay226, the islands of the Capricorn–Bunker Group227 and the cays of the Swain Reefs.228 While there is regular monitoring at many of these sites229, long-term trend information is only available for a small number of islands, such as Michaelmas Cay, and for only a limited number of species. Fourteen seabird species regularly breed at Raine Island in the Region’s north making it one of the most important seabird rookeries in the Region.26 Information presented in the Outlook Report 2009 suggested there were declines in many seabird species at Raine Island; however, a review of the survey method and recent survey data indicate declines may not be evident in all species.230 Surveys of Raine Island conducted in July 2013 recorded the highest numbers of breeding pairs of lesser frigatebirds since surveys began in 1979.230 
Monitoring at Michaelmas Cay shows wide annual variation in seabird breeding numbers. It suggests there have been no significant long-term trends in the island’s breeding populations of common noddies, crested terns and sooty terns over the past 30 years (Figure 2.13).
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[bookmark: _Ref380584707]Figure 2.13 Mean number of observed seabird breeding pairs, Michaelmas Cay, 1984–2012
The number of seabirds breeding on Michaelmas Cay varies from year to year. There are no clear long-term trends. The data represents the average number of breeding pairs recorded during field observations of three seabird species: the common noddy, sooty tern and crested tern. Source: Queensland Coastal Bird Atlas, 2014231

Monitoring data collected from islands in the Capricorn–Bunker Group indicate the wedge-tailed shearwater population may have declined by nearly 40 per cent over the past 15 years while black noddy numbers have remained relatively steady.232 Despite a ten-year gap in the monitoring effort and limited recent surveys, these trends are cause for concern in the context of associated declines in New Caledonia232 and likely changes in key supporting resources and environmental conditions 232 as a result of factors such as climate change233,234.
The population of the brown booby nesting in the Swain Reefs may have declined between the 1980s and the 1990s as vegetation was lost from key breeding cays, principally from a series of cyclones in the area, and the habitat has only partially recovered.228,235 Gannet Cay (named for the boobies breeding on it) was a very important breeding island in the Swain Reefs and a sharp decline in breeding pairs was observed following almost complete vegetation loss in the mid-1980s228 (Figure 2.14). 
[image: ]
[bookmark: _Ref380743693]Figure 2.14 Number of observed brown booby breeding pairs, Gannet Cay, 1980–2013
The data represents the number of breeding pairs recorded during field observations. The number of brown boobies breeding at Gannet Cay in the Swain Reefs declined following the almost complete loss of vegetation in the mid-1980s. Source: Queensland Coastal Bird Atlas 2014231

[Photograph of a seabird and its chick. Caption: Brown booby and chick, Raine Island.]
[bookmark: _Toc381685725]Shorebirds
Key message: There are no population estimates for the Region’s shorebirds; there are declines Australia-wide.
At least 41 species of shorebirds are known to inhabit the Great Barrier Reef.236 A number of sites are known to provide important habitats for shorebirds, including the islands off False Orford Ness in Cape York, Pelican Island and nearby islands, Cairns foreshore, Cape Bowling Green, Burdekin River delta, Pioneer River to McEwan's Beach and Notch Point near Mackay, Shoalwater Bay and Broad Sound.237 
There are no population estimates for the Region’s shorebirds. Australia-wide declines of between 70 and 80 per cent have been recorded in the past 24 years238, including for populations that migrate through the Region.
[bookmark: _Toc381685726]Whales
Key message: There is little information on the condition of most whale populations; humpback whales are recovering strongly.
It is estimated that 15 species of whale inhabit the Region, either seasonally or throughout the year, and there is limited information on the condition of most of these, with the exception of the humpback whale and the dwarf minke whale.239 
The humpback whale is a listed threatened species which has been monitored since the 1980s. Its population is continuing to recover strongly after being decimated by whaling which stopped in the 1960s (Section 2.2.1). From an east Australian population as low as 500 animals when whaling ceased, numbers have grown consistently with an estimated annual recovery rate of between 10.5 and 12.3 per cent.240 The population was estimated to be more than 10,000 animals in 2007240 — about half of the estimated pre-whaling population size.240 The most recent 2010 survey provides no evidence that the rate of population growth is slowing significantly with an absolute population abundance in that year of over 14,500.241 

Dwarf minke whales visit the northern Region each winter — the only location in the world with predictable encounters with these whales. Dwarf minke whales are also reported in very low numbers further south in the Region.242 Being a relatively cryptic species, little is known of the population status of dwarf minke whales that migrate there. The population of dwarf minke whales that interact with visitors in the Region has been conservatively estimated to be 449 in 2006, 342 in 2007 and 789 in 2008.243 It is unknown whether this reflects actual abundance or only that part of the population that is more likely to interact.244 
[Photograph of a minke whale. Copyright Matt Curnock. Caption: Dwarf minke whales visit the Region each winter
[bookmark: _Toc381685727]Dolphins
Key message: Two inshore dolphin species are considered at risk and likely to be in serious decline.
There is estimated to be 18 species of dolphin in the Region. They are found throughout the Region with some species solely inhabiting inshore waters and others typically being found far from the coast. There is limited information or monitoring of the status of most species. 
While all dolphin species are protected in the Region, the Australian snubfin and Indo-Pacific humpback dolphins are considered the highest priority for management in the Region because of their small, localised populations, exposure to high levels of human activity, and suspected population declines.245 Recent research suggests the northern Australian population of Indo-Pacific humpback dolphin that occurs in the Region may be a distinct species.246 This new classification would have implications for its conservation status as the population would be smaller and more confined than under its current classification. 
There are no overall population estimates for the Australian snubfin or Indo-Pacific humpback dolphins in the Region.247 At a local scale, it is estimated that there are less than 100 Australian snubfin dolphins in Cleveland–Halifax Bays248 and about 70 in Keppel Bay–Fitzroy River249. An aggregation has also been recorded at Princess Charlotte Bay–Bathurst Bay on Cape York Peninsula250, but there has been no population census. There have been population estimates for Indo-Pacific humpback dolphins in Cleveland Bay (50 or less)248; the Capricorn coast (about 64); Keppel Bay (about 107); and Port Curtis (about 85)251. Populations of this species are also known to occur south of the Region in Great Sandy Strait252 and Moreton Bay253. There is almost no understanding of populations of these two species elsewhere in the Region, although there have been sightings. 
[bookmark: _Toc381685728]Populations of these inshore species are likely to be in decline throughout the Region. For populations to remain stable, modelling suggests that the snubfin dolphin population in Cleveland–Halifax Bays and Keppel Bay–Fitzroy River can sustain a human-related death rate of only one animal every four years254 and one animal every year respectively.249 The incidental deaths of two snubfin dolphins in Halifax Bay in 2011 and another in 2013 means the long-term viability of this population is at risk. There are similar concerns for Indo-Pacific humpback dolphins in Keppel Bay and Port Curtis where eight died of unknown causes in 2011.211 It is likely that changes in the population’s size will not be detectable over a short time period, unless they are very high (greater than 20 per cent per year). This could mean local populations of the two species could decrease to very low levels before a decline is detected.248 
Another inshore species, the Indo-Pacific bottlenose dolphin, has similar life history traits to the Australian snubfin and Indo-Pacific humpback dolphins.255,256 However, the Indo-Pacific bottlenose dolphin uses a wider range of habitats and may be more abundant,255,256,257,258 though there is limited information on the population status within the Region. 
The other 15 dolphin species in the Region are likely to be less susceptible to pressure. They generally occur further offshore and have less conservative life history traits. For example, the common bottlenose dolphin usually associate in large groups, display low site fidelity, and forage on large prey aggregations. Many of the species are rarely seen or only intermittently reported as stranded.259
Dugongs
Key message: While the northern dugong population remains stable, the population south of Cooktown has declined substantially.
The Region is home to a globally significant population of dugongs and provides essential habitat and connectivity between populations in the Torres Strait and the waters off south-east Queensland.260 The Region’s population is recognised as contributing to its outstanding universal value.23
Monitoring of dugong populations in the Region began in 1985 (Figure 2.15). The dugong population in northern areas of the Region is considered in good condition and stable with no evidence of a major decline.261,262,263,264 
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[bookmark: _Ref371608457][bookmark: _Ref380644873]Figure 2.15 Dugong populations, 1985–2011
In 2009, the Region’s southern dugong population was thought to have stabilised after a long history of decline. However, recent surveys indicate further decline, principally as a result of deterioration in seagrass meadows. Surveys indicate the population north of Cooktown is stable. Some of the variation between surveys is due to animals moving between and within survey regions. The error bars represent standard error. Source: Marsh et al. (various years)3,262,264,265,266 and Sobtzick et al. 2012267

The southern, or urban coast, dugong population (south of Cooktown) has declined over many decades. Modelling indicates this occurred at an average rate of 8.7 per cent per year between 1962 and 1999, with most of the decline occurring in the early years.268 The Outlook Report 2009 reported that the southern population was thought to have stabilised. However, indirect impacts of declining seagrass abundance (see Section 2.3.4 and Section 2.4.2) — the primary food resource for dugongs — combined with direct human-related impacts such as drowning in commercial fishing set mesh nets, boat strike, marine debris and illegal poaching has caused the southern dugong population to decline again.267,269 
In 2011, there was an estimated population of only 600 animals between the Daintree River and the Region’s southern boundary3,267, compared with an estimate of around 2000 from the previous survey in 2005.267,270 This estimate is a standardised relative index of dugong abundance and is less than the actual abundance. This is the lowest population estimate for this area since surveys began in 1987267 and coincided with significant seagrass losses (Section 2.3.4). The decline is likely to be explained by animals moving out of the survey area to seagrass meadows elsewhere and increased mortality.266,267 In 2011, an unprecedented number of stranded dugongs were found, reported and verified along the Region’s coast (Figure 2.16).
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[bookmark: _Ref379518906][bookmark: _Ref379518902]Figure 2.16 Dugong strandings, 2000–2013
There was a pronounced increase in stranded dugongs along the Region’s coast in 2011, principally as a result of declines in seagrass meadows — their main source of food. The graph represents the number of sick, injured, or dead dugongs that have been found, reported and verified and hence it generally is only for the urban coast south of Cooktown. Only cases confirmed in the field by a trained person and later verified by an expert are graphed. Source: Department of Environment and Heritage Protection (Qld)213 and Department of Agriculture, Forestry and Fisheries (Qld) unpublished data214 

[Photograph of coral reef with fish. No caption]
[bookmark: _Toc381685729]Assessment summary — Biodiversity
Section 54(3)(b) of the Great Barrier Reef Marine Park Act 1975 requires ‘… an assessment of the current biodiversity within…’ the Great Barrier Reef Region. This assessment is based on two assessment criteria:
· habitats to support species 
· populations of species and groups of species.
[bookmark: _Toc381685730]Habitats to support species
Outlook Report 2009: Assessment summary 
For most of the Great Barrier Reef, habitats appear to be intact. Some inshore habitats (such as coral reefs) have deteriorated, caused mostly by reduced water quality and rising sea temperatures. This is likely to have affected species that rely on these habitats. Little is known about the soft seabed habitats of the lagoon, open waters or the deep habitats of the continental slope.

	Assessment component
	Assessment summary
	2009 grade
	2014 grade and trend 
	2014 confidence

	
	
	
	
	Grade
	Trend

	Islands
	Some islands have been affected by recent extreme weather, invasive pests and weeds, marine debris, climate change and coastal development. 
	Good
	Good, Deteriorated
	Limited
	Limited

	Mainland beaches and coastlines
	Some mainland beaches and coastlines have been modified especially around urban centres and ports. However most remain in a relatively natural state.
	Good
	Good, Stable
	Limited
	Limited

	Mangrove forests
	Mangrove forests remain relatively stable and abundance is being maintained. 
	Good
	Good, Stable
	Limited
	Limited

	Seagrass meadows
	Many inshore seagrass meadows have declined since 2009, especially due to extreme weather events. Some meadows have shown early signs of recovery.
	Good
	Poor, Deteriorated
	Limited
	Limited

	Coral reefs
	A series of disturbances has reduced coral cover in the southern two-thirds of the Region. Some areas are not yet showing signs of recovery. There are few indications of recent damage to deeper reefs.
	Good
	Poor, Deteriorated
	Adequate
	Adequate

	Lagoon floor
	Recent reductions in trawling effort and better management have reduced the area of lagoon floor being affected by the fishery. There is likely to be localised damage from dredging, disposal of dredge material and anchoring.
	Good 
	Good, Stable 
	Inferred
	Inferred

	Shoals
	There is limited information about shoals. They are likely to be impacted by fishing and anchoring activities. 
	Good 
	Good, Stable 
	Limited
	Inferred

	Halimeda banks
	There is limited information about Halimeda banks. Given the habitat is remote and in deep water it is isolated from land-based impacts and is likely to be undisturbed. 
	Very good 
	Very good, Stable
	Inferred
	Inferred

	Continental slope
	Much of the continental slope remains undisturbed and minimally impacted by human activities. In the south-east, an area is at high ecological risk because of sustained high levels of trawling.
	Very good 
	Good, Deteriorated
	Inferred
	Inferred

	Open waters
	Inshore open water habitats are degraded in the southern two-thirds of the Region principally due to pollutants from land-based run-off. This habitat is thought to be minimally impacted in the remainder of the Region.
	Good 
	Good, Deteriorated
	Adequate
	Adequate

	Habitats to support species
	Information on the condition and trend of habitats is highly variable with some well known (for example shallower coral reefs) and others poorly known, particularly habitats in remote areas or deep waters (for example Halimeda banks). The habitats of the northern third of the Region are believed to remain in very good condition and are able to support dependent species. Habitats in the southern two-thirds of the Region — especially those inshore — have deteriorated, particularly seagrass meadows and coral reefs.
	Good
	Good,
Deteriorated
	
	



	Grading statements

	Very good
	All major habitats are essentially structurally and functionally intact and able to support all dependent species.

	Good
	There is some habitat loss, degradation or alteration in some small areas, leading to minimal degradation but no persistent, substantial effects on populations of dependent species.

	Poor
	Habitat loss, degradation or alteration has occurred in a number of areas leading to persistent substantial effects on populations of some dependent species.

	Very poor
	There is widespread habitat loss, degradation or alteration leading to persistent, substantial effects on many populations of dependent species.

	Trend since 2009

	Improved, Stable, Deteriorated, No consistent trend

	Confidence in grade and trend

	Adequate
	Adequate high-quality evidence and high level of consensus

	Limited
	Limited evidence or limited consensus

	Inferred
	Inferred, very limited evidence


[bookmark: _Toc381685731]Populations of species and groups of species
Outlook Report 2009: Assessment summary 
Populations of almost all known Great Barrier Reef species or groups of species appear to be intact, but some populations such as dugongs, as well as some species of sharks, seabirds and marine turtles, are known to have seriously declined, due mainly to human activities and declining environmental conditions. Many species are yet to be discovered and for many others, very little is known about their status. In time, more populations are likely to decline. Populations of some formally listed threatened species have stabilised but at very low numbers; other potentially threatened species continue to be identified.

	Assessment Component
	Assessment Summary
	2009 grade
	2014 grade and trend 
	2014 confidence

	
	
	
	
	Grade
	Trend

	Mangroves
	The diversity and abundance of mangrove species are being maintained.
	Very good
	Very good, Stable
	Limited
	Inferred

	Seagrasses
	Seagrass abundance has declined and community composition has changed in central and southern inshore areas, mainly due to cyclones, flood events and extended periods of cloud cover, in addition to the longer term impacts of poor water quality. There is limited information on deep-water seagrasses. 
	Good
	Poor, Deteriorated
	Limited
	Limited

	Macroalgae
	The diversity of macroalgae is being maintained and abundance has increased in some areas. Macroalgae is likely to have benefited from elevated levels of nutrients associated with human activity and increases in available habitat after cyclones. 
	Good 
	Good, Stable
	Limited
	Limited

	Benthic microalgae
	There is limited information about benthic microalgae. They are likely to have benefited from elevated nutrients and experienced some disturbances.
	Very good 
	Very good, Deteriorated 
	Inferred
	Inferred

	Corals
	Hard coral abundance has substantially decreased in the southern two-thirds of the Region. Soft coral cover in inshore areas is generally stable with some declines after severe cyclones and flooding. The community composition of inshore coral reefs has changed over the past century.
	Good
	Poor, Deteriorated
	Adequate
	Adequate

	Other invertebrates
	Little is known about most invertebrates. Changing environmental conditions in central and southern inshore areas, as well as some fishing activity, are likely to have affected invertebrates. Human-related impacts are implicated in outbreaks of crown-of-thorns starfish.
	Very good 
	Good, Deteriorated
	Inferred
	Inferred

	Plankton and microbes
	Changes in water temperature and quality are likely to be altering plankton communities.
	Very good 
	Very good, Deteriorated
	Inferred
	Inferred

	Bony fishes
	Little is known about the condition of most fish species; habitat declines are likely to have negatively affected them. The abundance of some fished species has declined. Fishing activities affect targeted and non-targeted species.
	Good
	Good, Deteriorated
	Limited
	Limited

	Sharks and rays
	The condition of most shark and ray species is unknown. Many are considered at risk. One species of shark is likely to be near extinction or extinct in the Region.
	Poor 
	Poor, Deteriorated
	Limited
	Limited

	Sea snakes
	A large number of sea snakes are caught as bycatch. Reduction in effort and better management of trawl fisheries is likely to have reduced impacts on some sea snakes. 
	Poor 
	Poor, Stable
	Limited
	Inferred

	Marine turtles
	Nesting populations of most marine turtle populations are stable or increasing. Some are in decline and all are conservation dependent. Turtle populations are affected by threats both within and well beyond the Region. 
	Poor
	Poor, No consistent trend
	Adequate
	Adequate

	Estuarine crocodiles
	The estuarine crocodile population continues to recover steadily after being protected under Queensland legislation in 1974. Recovery is limited primarily by the availability of nesting habitat.
	Good
	Good, Improved
	Limited
	Adequate

	Seabirds
	Trends in seabird populations are highly variable between different species and locations, and there are limited long-term data. Changes in key supporting resources and environmental conditions are affecting some seabirds. 
	Poor
	Poor, No consistent trend 
	Limited
	Limited

	Shorebirds
	There are no population estimates for the Region’s shorebirds; there are substantial declines Australia-wide, including for migratory populations that would move through the Region.
	Not assessed
	Poor
	Inferred
	Not assessed

	Whales
	There is little information on the condition of most whale populations; humpback whales are recovering strongly.
	Good
	Good, Improved
	Limited
	Limited

	Dolphins
	Two inshore dolphin species are considered at risk and likely to be in serious decline. The inshore bottlenose dolphin is also considered vulnerable. There is limited information available on trends in the other 15 dolphin species but they are likely to be less susceptible to pressure. 
	Good 
	Good, Deteriorated
	Inferred
	Inferred

	Dugongs
	While the northern dugong population remains stable, the population south of Cooktown has declined substantially due to a combination of seagrass loss and human-related impacts.
	Poor
	Poor, Deteriorated
	Adequate
	Adequate

	Populations of species and groups of species
	There is condition and trend information for only a limited number of species and species groups; hence the assessment of some components is highly uncertain. Of those for which there is information, there have been significant declines in many, especially in the inshore southern two-thirds of the Region, and some iconic and cultural keystone species. For example, significant declines have been recorded in most hard corals and seagrasses, some fishes and sharks, dugongs, plus some seabird populations. There are four examples of species showing good recovery after past serious declines: humpback whales, estuarine crocodiles, loggerhead turtles and green turtles (southern stock). However, even these species have not recovered to their original numbers. The overall condition of the Region’s species appears to have deteriorated significantly and the assessment of ‘good’ is considered borderline with ‘poor’.
	Good
	Good, Deteriorated
	
	




	Grading statements

	Very good
	Only a few, if any, species populations have deteriorated as a result of human activities or declining environmental conditions.

	Good
	Populations of some species (but no species groups) have deteriorated significantly as a result of human activities or declining environmental conditions.

	Poor
	Populations of many species or some species groups have deteriorated significantly as a result of human activities or declining environmental conditions.

	Very poor
	Populations of a large number of species have deteriorated significantly.

	Trend

	Improved, Stable, Deteriorated, No consistent trend

	Confidence in grade and trend

	Adequate
	Adequate high-quality evidence and high level of consensus

	Limited
	Limited evidence or limited consensus

	Inferred
	Inferred, very limited evidence


[bookmark: _Toc381685732]Overall summary of biodiversity
The Great Barrier Reef remains one of the world's most unique and biologically diverse ecosystems. At the scale of the whole Region, the majority of its habitats are assessed to be in good to very good condition, however an increasing number are assessed as being in poor condition. This includes the two key habitats of coral reefs and seagrass meadows in the southern two-thirds of the Region. The condition of a number of species has deteriorated since the assessment in the Outlook Report 2009, with some important species now assessed as being in poor condition.
On a regional scale, the habitats and species north of the Port Douglas–Cooktown area are in better condition than those further south. Also, habitats further offshore and in deeper water are typically subject to fewer threats and are therefore presumed to be in better condition, including the lagoon floor, shoals, Halimeda banks, deeper reefs and the continental slope.
A range of past and current threats, including pollutants in land-based run-off, crown-of-thorns starfish outbreaks, death of discarded species, incidental catch of species of conservation concern and recent extreme weather, have caused declines in the biodiversity values of the southern two-thirds of the Region, especially in inshore and mid-shelf areas. 
For some species, such as sharks and rays, corals, some marine turtles and dugongs their condition is assessed as poor and deteriorated. Two species of inshore dolphins are also considered at high risk and in decline. 
There are few examples of recovering populations. Those that are recovering are species that declined as a result of human-related impacts which are now eliminated or reduced, for example commercial whaling for humpback whales and incidental drowning of marine turtles in trawl nets. These populations have yet to recover to their original size and, as they tend to be long-lived species, full recovery is likely to take decades.
Biodiversity is critical to the outstanding universal value of the world heritage property. While both criteria are assessed as being in good condition, the current trends for 14 of the 27 components are assessed as deteriorated since 2009. This has meant that the grade of ‘good’ is borderline with ‘poor’ and is likely to deteriorate further in the future. 
A lack of comprehensive information means the assessment of many habitats and species or groups of species is principally based on limited evidence and anecdotal information. Understanding of the less accessible habitats, such as the lagoon floor and continental slope, is poor and often based on one-off surveys — there is little or no trend information. Key gaps in knowledge include understanding of deeper reefs and deep-water seagrass meadows, islands, and identification of new biodiversity hotspots. Biological and ecological information is lacking on inshore dolphins and populations of seabirds that breed in the Great Barrier Reef as well as some targeted ‘at risk’ fishery species and populations of bycatch species. Sea snakes and some shark and ray populations are poorly understood as are turtle populations after migration out of the Marine Park. 
[Photograph of an octopus. Copyright Matt Curnock. Caption: The Great Barrier Reef remains one of the world’s most diverse ecosystems.]
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