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Chapter 2	The Marine Environment of the North-west Marine Region
The North-west Marine Region comprises Commonwealth waters from the Western Australian–Northern Territory border to Kalbarri, south of Shark Bay. The Region covers an area of some 1.07 million km2, and includes the airspace above and the seabed below. The Region is bounded inshore by the outer limit of the Western Australian State waters boundary, which generally extends out to three nautical miles from the territorial sea baseline. While the territorial sea baseline is usually at the low water mark, the baseline extends across the openings of bays and rivers (e.g. Shark Bay) and extends around some coastal islands. As such, the Region is adjacent to, but does not cover, the State waters of Western Australia. It is bounded offshore by the edge of the Australian Exclusive Economic Zone (EEZ), which is generally 200 nautical miles from the low water mark. See Figure 2.1 for a description of maritime zones. The Region is bordered by two adjacent Marine Regions: to the east by the North Marine Region and to the south by the South-west Marine Region. 
Chapter 2 focuses primarily on the biophysical features and ecological processes in Commonwealth waters of the North-west Marine Region. However, in some instances, biophysical features and ecological processes occurring in State waters are identified because:
	they are important to species listed as threatened or migratory under the Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act), which are protected as matters of national environmental significance (see Chapter 3 and Appendix B for further information on matters of national environmental significance); or

there is connectivity between biophysical and ecological processes that link State and Commonwealth waters.
There are a number of unique features of the North-west Marine Region that differentiate it from other Marine Regions around Australia. The first is the large area of continental shelf and continental slope across the Region. Secondly, the Region experiences highly variable tidal regimes, and also has a very high cyclone incidence. The Region is influenced by a complex system of ocean currents that change between seasons and between years, which generally result in its surface waters being warm and nutrient-poor, and of low salinity.
The Region has high species richness but relatively low endemicity. In other words, although the Region is home to a large number of different species, the number of species that are found only in the Region and nowhere else (i.e. endemic species) is small compared with many other parts of Australia’s marine jurisdiction, particularly Australia’s southern marine areas. The majority of the Region’s species are tropical and are found in other parts of the Indian Ocean and western Pacific Ocean. As such, the Region shares many species with the North Marine Region. The southern part of the Region is a transition zone between tropical and temperate species and corresponds with the northern extent of the range of some temperate species that are more typical of the South-west Marine Region. 
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The geomorphology of the Region – The seafloor of the Region consists of four general feature types: continental shelf; continental slope; continental rise; and abyssal plain (or deep ocean floor). The majority of the Region consists of either continental slope (61 per cent) or continental shelf (28 per cent). The large areas of continental slope in the Region are significant because they constitute a considerable portion (16 per cent) of this type of feature across all Australian Marine Regions. In contrast, only nine per cent of the Region’s seafloor consists of abyssal plain and only one per cent is continental rise – far lower proportions than in any other Marine Region (except the North). 
The seafloor across the Region is distinguished by a range of features such as canyons, plateaux, terraces, ridges, reefs, banks and shoals (Figure 2.2). Over half of the total area of banks and shoals across all of Australia’s marine jurisdiction occurs in the North-west Marine Region, as well as 39 per cent of terraces and 56 per cent of deeps, holes and valleys. 
The geomorphology and seafloor features of the Region reflect its long and complex geological history. This has included periods of continental break-up, the movement of the Australian tectonic plate relative to adjacent plates, extensive faulting and volcanic activity, periods of subsidence (i.e. the dropping of the Earth’s surface) and erosion. 
An important characteristic of the Region is the significant narrowing of the continental shelf around North West Cape from the broad continental shelf in the north of the Region. For example, in the Joseph Bonaparte Gulf, the continental shelf is around 400 km wide, whereas at North West Cape in the south of the Region the shelf is only 7 km wide – the narrowest of anywhere on the Australian continental margin. 
The area formed part of the northern margin of Gondwana during the Palaeozoic-Early Mesozoic (approximately 550–160 million years ago). During the late Palaeozoic (approximately 300 million years ago), crustal stretching, rifting and breakup initiated development of an extensive basin (the Westralian Superbasin) that became the site for deposition of Permian, Triassic and Jurassic sediments prior to final continental break-up (separation of greater India and Australia) in the early Cretaceous (approximately 135 million years ago). Ocean spreading associated with the continental break-up resulted in the creation of the Argo and Cuvier abyssal plains in the early Cretaceous. Early Cretaceous subsidence of the rifted margin resulted in the formation of the Exmouth and Scott plateaux and the Rowley Terrace. The narrow shelf south of North West Cape was formed approximately 130 million years ago as a result of the separation of India and seafloor spreading (Baker et al. 2008).
The continental shelf in the northernmost part of the Region (north of Cape Leveque) is described as a rimmed ramp, as the waters over the outer margins of the shelf are shallower than the middle portions. The ramp is a unique feature of the Australian margin in this Region. The rim at its outer edge is the site of a number of coral reefs including Ashmore, Cartier, Scott and Seringapatam. 
Figure 2.2	Geomorphic/seafloor features of the North-west Marine Region
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Coral reefs have a long history in the Region. The earliest formation of coral reefs began on what are now the Exmouth and Scott plateaux and Rowley Terrace in the late Triassic (about 210 million years ago). Reefs are an important feature of the Region, and over the last 10 000 years reef development has kept pace with fluctuations in sea level. Rises in sea level during the last 10 000 years have also resulted in a number of drowned terraces and steps along the outer shelf. The most prominent of these drowned terraces, which is at 125 m water depth, is referred to as the ‘ancient coastline’ in subsequent sections of this chapter. 
The geological history of the Region, as well as its geomorphology and oceanography, has influenced the composition and distribution of sediments. Throughout most of the Region’s recent geological evolution, sediments have been deposited at relatively slow and uniform rates. Thicker accumulations of sediment on the mid-shelf reflect the Region’s history of sea level rises over the last 10 000 years. 
Terrestrial environments are not a major source of sediment in the Region and therefore terrigenous sediments tend to be confined to the inner shelf, particularly in areas adjacent to rivers. Most sediments that occur on the shelf have been derived from the in-situ breakdown of marine material and are either relic or recent carbonate deposits. Approximately 60 per cent of the sediments in the Region are carbonate derived.
Sediments in the Region generally become finer with increasing water depth, ranging from sand and gravels on the shelf to mud on the slope and abyssal plain. Joseph Bonaparte Gulf is an exception to this pattern, as sediments with high mud content extend across the inner and mid shelf of the Gulf, graduating to sands and gravels in the Bonaparte Depression. The higher mud content of inner to mid shelf sediments here is reflective of modern deposition processes, whereas the carbonate sands and gravels of the Bonaparte Depression reflect a mix of both modern and relict sedimentation processes. 
The distribution and resuspension of sediments on the inner shelf is strongly influenced by the strength of tides across the continental shelf as well as episodic events such as cyclones. Further offshore, on the mid to outer shelf and on the slope itself, sediment movement is primarily influenced by ocean currents and internal tides, the latter causing resuspension and net down-slope deposition of sediments on the North West Shelf. 
Oceanography and other ecological drivers – Ocean currents, temperature, salinity and other water column properties are major drivers of marine ecosystems. Oceanography influences the transport and distribution of sediment and nutrients, as well as turbidity and light penetration. These factors affect the ability of marine plants, the ecosystem’s ‘primary producers’, to photosynthesise. This primary production is the vital first step in the food-web in the marine environment. Ocean currents also have a strong influence on species distribution and recruitment. 
Overall, the Region is relatively shallow, with water depths of less than 200 m over more than 40 per cent of its area. More than 50 per cent of the Region has depths of less than 500 m, which is reflective of the Region’s large areas of continental shelf and continental slope (Baker et al. 2008). Partially as a result of the relatively shallow nature of much of the Region, surface currents exert a strong influence over the Region’s biophysical and ecological processes. 
The major surface currents in the Region flow polewards, away from the equator. Their waters are warm, have low salinity and are oligotrophic (low in nutrients). The major surface currents influencing the Region include the Indonesian Throughflow, the Leeuwin Current, the South Equatorial Current and the Eastern Gyral Current (Figure 2.3). In addition, the Ningaloo Current, the Holloway Current, the Shark Bay Outflow and Capes Current are seasonal surface currents in the Region. The effect of these currents is described in subsequent sections of this chapter.
Below the Region’s surface currents, there are a number of subsurface currents, the most important of which are the Leeuwin Undercurrent and the West Australian Current (Figure 2.4). These subsurface currents flow towards the equator, in the opposite direction to surface currents. The Leeuwin Undercurrent and the West Australian Current are derived from waters in the seas to the south of Australia, known as the Subantarctic Mode Water Body. These waters are characterised by high oxygen concentration, high salinity and cooler temperatures. 
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The Indonesian Throughflow and the Leeuwin Current are the signature currents of the North-west Marine Region because of their influence on the Region’s ecology. The Indonesian Throughflow is a system of surface currents that transport waters from the Pacific Ocean into the Indian Ocean through the Indonesian Seas. The Throughflow is one of the primary links in the global exchange of water and heat between ocean basins and an essential element in the global climatic system (Meyers et al. 1995). 
The Pacific Ocean is the primary source of the Indonesian Throughflow waters. However, before these waters reach the Region they are modified in their passage through the Indonesian Seas by freshwater inputs and run-off from high rainfall over Indonesia. This modification causes these waters to become increasingly warm, oligotrophic and of low salinity. The Throughflow exits into the Indo-Australian Basin (the ocean region between the northwest coast of Australia and the Indonesian islands of Java and Sumatra) via three main outflow straits: the Lombok and Ombai straits and Timor Passage. These filaments of flow come together in the Indo-Australian Basin to form the westward flowing South Equatorial Current, which is further augmented by South Indian Ocean currents as it crosses the basin (Domingues 2006) (Figure 2.3). 
Indonesian Throughflow waters, or waters derived from the Throughflow, are thought to occupy the upper surface water layers over almost the entire North-west Marine Region, including over the slope and abyss. Recirculation of Indonesian Throughflow waters into the Region is believed to occur via two pathways: 
	through the Eastern Gyral Current, which transports waters eastward over the Argo Abyssal Plain and associated slope; and/or 

through a southward flow across the shallow Timor Shelf from the Banda and Arafura seas, which is known as the Holloway Current. 
The Holloway Current is thought to be closely associated with the Northwest Monsoon. Evidence indicates that on the termination of the Northwest Monsoon in March, Throughflow waters within the Banda and Arafura seas flow southward over the shelf from around Darwin to as far south as Ningaloo Reef. This is thought to be an ‘extended Leeuwin Current’ (DEWHA 2008) (see Figure 2.3). 
The present understanding of the Holloway Current and the origin of shelf waters throughout the North-west Marine Region is generally poor. However, the flooding of Indonesian Throughflow waters onto the continental shelf is likely to be assisted by local eddies which facilitate cross-shelf transport. Along with internal tides, these local eddies probably modify water characteristics on the shelf by facilitating vertical mixing. The waters flowing back into the Region via the Eastern Gyral Current appear to diverge over the slope, with some moving south and others completing an anti-clockwise circulation by moving north before turning west again to rejoin the waters of the Throughflow (see Figure 2.3).
As one of the dominant currents in the North-west Marine Region, the Leeuwin Current is broadly recognised as a distinct current at North West Cape where waters flowing south across the shelf and along the slope converge with those of the Eastern Gyral Current. It is a warm, shallow and narrow current (50-100 km wide) that is centred along the shelf break. Its water properties demonstrate its links with the Indonesian Throughflow and Eastern Gyral Current, as it is warmer and fresher than the salty, cool subtropical waters further offshore. The formation of meanders and eddies is also a feature of the Leeuwin Current (Domingues et al. 2006; Waite et al. 2007), and a number of eddies occur south of Shark Bay. 
The Leeuwin Current contributes to the maintenance of generally low levels of biological productivity in the south of the Region and into the adjacent South-west Marine Region, as well as playing a crucial role in transporting tropical and sub-tropical species to areas further south than they would otherwise occur.
The poleward flow of the Indonesian Throughflow and the Leeuwin Current is globally unique, as other currents on the eastern boundaries of oceans (such as the Humboldt Current off the west coast of South America) flow towards the equator (Domingues 2006). The force behind the poleward flow results from a pressure gradient that is created between the lower density (warmer, lower salinity) equatorial waters and the higher density (cooler and more saline) waters of the Southern Ocean. This difference in water density causes a difference in sea level height between the Pacific and Indian Oceans which, combined with the Earth’s rotation, results in the flow of waters through Indonesia and down the coast of Western Australia (Pearce & Walker 1991). The pressure gradient may be further reinforced through surface cooling of the waters as they move southwards and the rate of flow accelerates with the formation of the Leeuwin Current and the narrowing of the continental shelf around North West Cape. 
The characteristics of the Indonesian Throughflow and the Leeuwin Current differ between seasons and between years. Variability in the strength of the Indonesian Throughflow and the Leeuwin Current is influenced by seasonal variability in the pressure gradient. During the Northwest Monsoon (December to March), the pressure gradient between the Pacific and Indian oceans is reduced, resulting in a weakening of the Indonesian Throughflow and Leeuwin Current. In addition, onshore winds in the north of the Region work against the general westerly flow of the Indonesian Throughflow, while in the south of the Region, strong southerly winds along the coast south of North West Cape, oppose the southward-flowing Leeuwin Current. 
During the Southeast Monsoon (April to September), the pressure gradient between the Pacific and Indian oceans is more intense, strengthening the South Equatorial Current and the Eastern Gyral Current. Lower rainfall and humidity are typically associated with the Southeast Monsoon, in contrast to the high levels of rainfall and humidity associated with the Northwest Monsoon. These effects are reinforced by south-easterly winds blowing offshore in the north of the Region and the weakening of the southerlies in the south of the Region (Figure 2.5). The Leeuwin Current also surges between autumn and early winter and this surge is thought to be partly associated with the seasonal Holloway Current flowing south along the shelf. Variability in current strength and direction plays an important role in driving seasonal biological productivity and species distributions, which will be discussed further in subsequent sections of this chapter.
Surface current strength is also affected by inter-annual variability, particularly evident between El Niño/Southern Oscillation and La Niña events. Wind changes associated with El Niño/Southern Oscillation events modulate the depth of the thermocline (a steep temperature gradient in the ocean where the layer above is a different temperature from the layer below) in the western Pacific Ocean, which in turn influences the thermocline depth in the Indonesian Seas and into the Region. During El Niño, the thermocline rises, sea level differentials drop, sea surface temperatures fall and the strength of the Indonesian Throughflow and Leeuwin Current weakens. Conversely, during La Niña years, higher sea level differentials, warmer sea surface temperatures in the North-west and deeper thermoclines result in a stronger Indonesian Throughflow and Leeuwin Current. 
Another feature of the Region’s oceanography is the occurrence of localised currents during summer (between December and March) when the Indonesian Throughflow and Leeuwin Current are weakest. The most prominent of these is the Ningaloo Current, which is evident on the shelf inshore of the 50 m depth contour and flows north from Shark Bay to possibly as far as Barrow Island (Hanson et al. 2005). The strong southerly winds at this time overcome the alongshore pressure gradient, resulting in the surface waters moving offshore, and colder, more nutrient-rich water upwelling onto the continental shelf as the Leeuwin Current weakens and moves offshore. 

Figure 2.5	Seasonally averaged winds in the North-west Marine Region 
(at 10 m above mean sea level) during January, March, May, July, September, and November
Source: Condie et al. 2006
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The North-west Marine Region has some of the largest tides along a coastline adjoining an open ocean in the world. Tides increase in amplitude from south to north, corresponding with the increasing width of the shelf (Holloway 1983). Tides in the Region can be broadly categorised as semi-diurnal (i.e. two high tides and two low tides per day) with a spring/neap cycle	 The spring/neap tide cycle has an approximately seven day interval between spring tides. During spring tides, high tides are higher than average and low tides are lower than average. At neap tides the tidal range is at its minimum, with relatively high low tides, and relatively low high tides.
. In the Kimberley, the daily tidal range is up to 10 m during spring tides and less than 3 m during some neap tides. Tides and winds strongly influence water flow in the coastal zone and over the inner to mid-shelf, whereas flows over the outer-shelf, slope, rise and deeper waters are influenced by large scale regional circulation. 
As well as influencing the dispersal of bottom sediments, tides also play an important role in the dispersal of turbid waters in coastal areas of the Region. Generally, turbid waters occur in areas that receive high volumes of river run-off, as well as areas with high levels of tidal mixing of water layers. 
Tidal fronts have been observed on the North West Shelf. These fronts separate areas of vertically mixed waters from stratified areas of the water column. Tidal fronts are generally associated with higher biological productivity (C. Pattiaratchi, pers. comm. 2007). They are evident in satellite imagery from the North West Shelf as lines of higher biological productivity parallel to the coast, and appear to be controlled by depth contours. Their occurrence in summer coincides with the weakening of the Leeuwin Current. However, current understanding of their role in the trophic dynamics of the North-west Marine Region is poor.
Perhaps one of the most dynamic and unique features of the interaction between regional oceanography and seafloor topography in the North-west Marine Region is the occurrence of internal waves. Internal waves are dynamic, episodic events, which are strongly influenced by topography and generated by internal tides. Internal tides, also known as barotropic tides, occur at the delineation between water bodies with marked differences in density. They are large in scale, frequently occurring across an ocean basin and, in common with normal tides, forced by the gravitational pull of the moon and sun. The internal tide can rise and fall at a different rate to the surface tide, but they most commonly have a semi-diurnal (twice daily) frequency (Holloway et al. 1997) and may travel either towards the shore, or away from the shore across the shelf and out into deeper water. Internal tides are particularly pronounced in the North-west Marine Region. They occur at the thermocline, where the warm, low salinity waters of the Indonesian Throughflow overlay colder, more saline, deeper ocean waters. 
When water moving along the thermocline as a result of the internal tide intersects seafloor topography, internal waves may be generated. For internal waves to form, the seafloor topography must have a significant change in water depth over a relatively short distance, such as over the continental slope or shelf break (G. Ivey, pers. comm. 2007). Internal waves can be tens of kilometres long (Holloway et al. 1997) with a crest of up to 75 m (M. Furnas, pers. comm. 2007). Areas such as Exmouth Plateau and the slope adjacent to the North West Shelf are known sites of internal wave activity (Holloway 1988). Changes in topography at 125 m and 200 m water depths on the North West Shelf and at depths of between 400–1000 m on the Exmouth Plateau have been identified as critical points for the generation of internal waves (Holloway et al. 2001). 
Internal tides and the internal waves they generate are thought to occur more frequently and to be stronger during summer, when the Region’s water column is highly stratified and temperature differentials are greatest. Internal waves can raise cooler, generally more nutrient-rich water higher in the water column, and sometimes into the photic zone – the area of the ocean reached by sufficient sunlight to allow marine plants to photosynthesise. However, the passing of an internal wave is unlikely to result in any significant impact on biological productivity. The steepening of an internal wave through interaction with seafloor features can cause the wave to break. The breaking of an internal wave causes near-bottom turbulence resulting in enhanced overall vertical mixing in the water column. If nutrients are available, breaking internal waves can generate areas of increased productivity where there are strong internal tides. Isolated topographic features that may give rise to the breaking of internal waves include Ashmore, Scott and Seringapatam reefs, the Rowley Shoals and canyon heads, but internal waves may break even over gently sloping regions as they move into shallower waters towards the shore (G. Ivey, pers. comm. 2007). 
Biological productivity – Globally, the eastern sides of ocean basins tend to be highly productive ecosystems. However, the Western Australian coast is an exception. Despite having a similar wind regime to other eastern ocean margins, the Region’s waters are generally low in nutrients. The upwelling of deeper more nutrient-rich waters is suppressed by the dominance of the Indonesian Throughflow and Leeuwin Current. 
Seasonal changes in the Region’s oceanography are the primary drivers of biological productivity in the Region. These include: weakening of the Indonesian Throughflow and Leeuwin Current; the seasonal reversal in wind direction, which supports development of currents like the Ningaloo Current; conditions more favourable for upwelling on the North West Shelf; and episodic events such as cyclones. As a result of the periodic nature of these changes, biological productivity in the North-west Marine Region follows boom and bust cycles, is sporadic and significantly geographically dispersed. Currently, our understanding of the nature and spatial distribution of biological productivity in the Region is limited. 
The shelf break is an area where significant mixing of water bodies occurs, and the frequency of this mixing is influenced by a range of factors mentioned earlier. Mixing is important for biological productivity in deeper waters over the slope and abyss, as surface waters mix with deeper, more nutrient-rich waters to form a mixed water layer that covers deeper regions as a thin subsurface intrusion at about 100 m depth (Brewer et al. 2007). 
Biological productivity over the slope and shelf is also reliant upon seasonal changes in the strength of surface and subsurface currents that influence the depth of the thermocline. Research into the shelf and slope adjacent to North West Cape has found that during El Niño years, when the strength of the Leeuwin Current declines, the thermocline occurs at much shallower depths and intrudes onto the shelf, bringing nutrients closer to the surface and increasing primary production and secondary bacterial production two to four times that of La Niña years (Furnas 2007). 
Similarly, the annual weakening of the Leeuwin Current during summer is known to facilitate the movement of cold nutrient-rich slope waters from the Indian Ocean onto the shelf. These waters are subsequently mixed by the Region’s strong tides, stimulating primary productivity below the shallow surface layer, but within the photic zone. The extent to which weakening of the Indonesian Throughflow influences upwelling of more nutrient-rich waters over the slope and shelf break in other parts of the Region is unknown. However, large areas of the shelf may be highly dependent on physical processes occurring on the shelf break to transport offshore nutrients into the water column and towards the coast. 
Cyclones are another episodic mechanism that can enhance primary production in the North-west Marine Region. In an average summer, numerous cyclones occur on or near the north-western Australian coast. Their effect on marine ecosystems is highly variable and dependent on each cyclone’s path, size, duration and intensity. Cyclones enhance oceanic mixing and upwelling and at their extreme can also have a major effect on habitats, ecological communities and individual species. Observations of Cyclone Tiffany on the North West Shelf in January 1988 demonstrated that cyclones can determine the distribution and dispersal of plankton and pelagic (open water) larvae in shallow shelf environments. Communities of phytoplankton (small and microscopic marine plants) rapidly regenerated as a result of changed nutrient conditions, and species of zooplankton (small and microscopic marine animals) and fish were transported into areas they did not normally occupy as a result of changed current, wind and wave patterns (McKinnon et al. 2003). 
Despite a general lack of knowledge regarding the processes that drive biological productivity throughout the North-west Marine Region, there are a number of locations where enhanced biological productivity has been recorded. The waters adjacent to the Cape Range Peninsula are regarded as a regional hotspot for primary production as a result of the upwelling and mixing between the Leeuwin and Ningaloo currents during summer, when the Leeuwin Current is weaker and the Ningaloo Current develops (Hanson et al. 2005). Seafloor canyons in this area, such as the Cloates Canyon and the Cape Range Canyon, are also important in enhancing biological productivity around Ningaloo (Brewer et al. 2007). In addition to Ningaloo, the coral reefs along the shelf edge in the north of the Region are also known to be sites of enhanced biological productivity (Brewer et al. 2007). 
While we have some understanding of the relationship between Cloates and Cape Range canyons and Ningaloo Reef, canyons elsewhere in the Region about which we know almost nothing, could also be important sites of enhanced biological productivity. Interactions between surface and subsurface currents can cause localised flow patterns within canyons that can stimulate upwelling of cooler water and generate potential bursts of primary productivity (Brewer et al. 2007). However, little is known about the processes or biodiversity associated with the canyons of the North-west Marine Region. Canyons are generally thought to support rich and dynamic communities within the sides and floor of the canyon heads, and to attract species such as opportunistic deposit feeders and predators (Brewer et al. 2007). 
Many species and communities have adapted to the sporadic boom and bust nature of biological productivity in the Region and are able to utilise food sources whenever and wherever they become available, as well as being able to conserve resources until the next event. In the water column, injections of nutrients are quickly utilised through rapid regeneration of primary consumers such as microzooplankton (e.g. protozoa) as well as macro/mesozooplankton (e.g. copepods and other filter-feeders). Gelatinous zooplankton (e.g. salps) and jellyfish also play an important role in the food web as both primary and secondary consumers (DEWHA 2008). They represent a large proportion of the marine biomass (the total mass of organisms in a given area), as they are able to respond quickly to bursts in primary productivity. They also provide a food source for many pelagic fish species, such as tuna, billfish and lutjanids, long after the initial burst in primary productivity has dissipated. Highly mobile communities such as seabirds, cetaceans, whale sharks, manta rays and large pelagic fish move throughout the North-west Marine Region, taking advantage of short-term and dispersed bursts of productivity.
Bentho-pelagic fish (those that occur in water depths of approximately 200–1000 m) are a vital link in the trophic systems of the Region (Brewer et al. 2007). As they migrate vertically between the pelagic and benthic (seafloor) systems they consume nutrients and aid the transfer of the nutrients between the two systems.
Other processes also transfer nutrients from pelagic systems to benthic systems. For example, many deep water benthic communities are either attached to the seafloor or have limited ranges and are heavily reliant upon nutrients in the form of detritus falling through the water column into the benthic environment. 
Biodiversity in the North-west Marine Region – The flora and fauna of the North-west Marine Region is predominantly tropical, but there is a transition from tropical to subtropical and temperate species south of North West Cape. Some species groups, such as sponge communities on the shelf, display a gradual transition from tropical to temperate species. Others, such as coastal and shelf fish, show a more distinct biogeographic split in species composition between the tropical communities north of Shark Bay and the temperate communities in the far south of the Region. 
The North-west Marine Region has high species diversity, but fewer endemic species than are present in cooler and more temperate waters. The Region contains more coastal and shelf fish species than anywhere else on the Western Australian coast, particularly in the Kimberley and North West Shelf (Fox & Beckley 2005). In addition, the coast between Port Hedland and North West Cape has been identified as a hotspot for species richness of coastal and shelf fish (Fox & Beckley 2005). The Region’s high species richness partially reflects its strong biogeographic links with Indonesia and the west Pacific through the Indonesian Throughflow. However, few species in the Region are endemic to Australia and even fewer are endemic to Western Australia (Fox & Beckley 2005). 
The high species richness of the Region is also thought to be associated with the diversity of habitats available. These include hard seafloor areas (e.g. limestone pavements on the North West Shelf), submerged cliffs and coral reefs of the Kimberley, and atolls and reefs on the edge of the shelf. These habitats support a high diversity of benthic filter-feeders and producers. Soft-bottom substrates include areas of sandy seafloor that support seagrass habitat along the Pilbara coast, muddy substrates on the slope and in the Joseph Bonaparte Gulf, as well as the deep waters of the Cuvier Abyssal Plain and the Argo Abyssal Plain, which support sparsely distributed sessile organisms such as filter-feeding and deposit-feeding species. 
The coral reefs of the Region are areas of especially high species diversity, and there is a distinct zonation in reef types across the Region. Reefs to the north of Ashmore Reef are mostly composed of coralline algae, whereas Ashmore Reef and other reefs to the south are mostly composed of scleractinian corals (i.e. hard corals) (Baker et al. 2008). The transition to hard corals from Ashmore Reef south is caused by the upwelling of cooler, nutrient-rich water from the Indian Ocean along the continental shelf break, which provides ideal conditions for the development of hard corals. In contrast, the occurrence of Halimeda reefs north of Ashmore is the result of warmer water temperatures that restrict the formation of hard corals. 
Multispecific, synchronous spawning (mass spawning) of scleractinian corals has been recorded in the Dampier Archipelago (in State waters adjacent to the Region), at Ningaloo Reef, and is also believed to occur at other reefs in the Region. Mass spawning occurs around the third quarter of the moon (i.e. seven to nine nights after the full moon) on neap, nocturnal ebb tides in March and April each year. This coincides with the annual intensification of the Leeuwin Current and Indonesian Throughflow (Simpson 1991). 
Recent work has suggested that there is a second period of coral spawning around Dampier, with at least two species of Acropora spawning in both spring and autumn. While the major spawning period around Dampier is autumn, a small proportion of the coral assemblage spawn in spring (Baird et al. 2007). Similarly, a study at Scott Reef found two short and distinct periods of mass spawning during spring and autumn, in contrast to the single mass spawning described on most other reefs around Australia (Gilmour et al. 2007)
The timing of mass spawning events is an adaptation to the regional oceanography and explains the connectivity between tropical and temperate coral reefs on the Western Australian coast and the genetic links between the tropical coral reefs of Indonesia and the North-west Marine Region. Such connectivity has been demonstrated between the reefs of the Montebello and Barrow islands and Ningaloo Reef, and some genetic exchange also occurs between Ashmore Reef and Scott Reef (CSIRO 2007). 
Fish communities play an important ecological role in the North-west Marine Region. In particular, small pelagic fish (e.g. members of the family Myctophidae – lantern fish) are believed to comprise a significant proportion of the fish biomass throughout the Region. On the North West Shelf, small pelagic fish comprise a third of the total fish biomass (Bulman 2006). They inhabit a range of marine environments, including inshore and continental shelf waters, and form a vital link in many of the Region’s trophic systems, feeding on pelagic phytoplankton and zooplankton and providing a food source for a wide variety of predators including large pelagic fish, sharks, seabirds and marine mammals (Mackie et al. 2007). 
Large pelagic fish such as tuna, mackerel, swordfish and marlin, are another important component of the ecosystems of the North-west Marine Region. They are found mainly in oceanic waters and occasionally on the shelf. Both adult and juvenile large pelagic fish are highly mobile and have a wide geographic distribution, although juveniles more frequently inhabit warmer or coastal waters. In particular, southern bluefin tuna are highly migratory and can be found in the North-west Marine Region on their migration between the southern oceans and spawning grounds in the tropical oceanic waters off Java. The oceanic waters of the Region are also believed to provide important spawning and nursery grounds for a number of large pelagic fish species. 
Sharks, skates and rays (collectively known as chondrichthyan fish) are typically higher order predators and perform an important ecological role in the North-west Marine Region through the regulation of prey species (Heupel & McAuley 2007). The Region contains a rich chondrichthyan fauna – 157 species are believed to occur in the Region, 18 of which are endemic. Ninety four shark species occur in the Region, many of which are found in other parts of Australia. However, sharks that occur within the North-west Marine Region represent approximately 19 per cent of the world’s shark species (Heupel & McAuley 2007). Sharks, skates and rays occupy a broad range of shallow and deep water habitats, as well as being distributed throughout the water column, with some species preferring pelagic waters, while others are demersal (associated with the seafloor). 
High order predators, including sharks and large pelagic fish, prey upon a wide variety of fish, octopus, squid and crustaceans. The Region is thought to contain a high diversity of crustaceans across a range of habitats, from intertidal sites to the deeper waters of the slope and the abyss. Dominant species groups include copepods, prawns, scampi and crabs. These groups display a strong biogeographic affinity with the Indo-west Pacific, with few endemic species present. As well as being preyed upon by large pelagic fish, crustaceans are also a significant food for cephalopods (squid and octopus species). 
Approximately 81 different species of cephalopod are believed to occur in the North-west Marine Region, five of which may be endemic as they have only been recorded from one location or are thought to have a very restricted distribution (Semeniuk 2007). The area between Kalbarri and the Dampier Archipelago appears to be particularly significant for octopus, dumpling squids and several species of cuttlefish (Semeniuk 2007). Squid are an important food item for a number of species in the Region. Sperm whales, for example, feed exclusively on the squids Todarodes pacificus and Ancistrocheirus lesueurii, while seabirds (such as black noddies and red-footed boobies) feed on the squid Sthenoteuthis oualaniensis. 
The North-west Marine Region also supports internationally significant breeding and feeding grounds for a number of threatened and migratory marine animals. Thousands of humpback whales migrate through the Region each year to mate and give birth in the tropical waters of the Kimberley coast, especially around Camden Sound. This coast is the only known breeding ground for the Western Australian population of humpback whales. 
Coastal beaches and offshore islands in and adjacent to the Region support significant rookeries of endangered and vulnerable marine turtles, including one of the largest breeding populations of hawksbill turtles in the world. The Region also marks the end point of the East Asian-Australasian Flyway for millions of shorebirds that migrate every year from breeding grounds in the Northern Hemisphere. Shark Bay supports one of the largest remaining dugong populations in the world with up to 14 000 individuals present in the bay (Gales et al. 2004). Annual aggregations of whale sharks at Ningaloo Reef every autumn are also internationally significant as they are the largest density of whale sharks per kilometre in the world (Martin 2007). 
2.1	The provincial bioregions of the North-west Marine Region
The Integrated Marine and Coastal Regionalisation of Australia Version 4.0 (IMCRA v.4.0) identifies eight provincial bioregions in the North-west Marine Region, one of which extends into the neighbouring North Marine Region (Figure 2.6). The regionalisation represents the distribution patterns of marine life in the Region at a broad scale. In this Bioregional Profile the terms provincial bioregion and bioregion are used interchangeably to refer to provincial bioregions as defined in IMCRA v.4.0.
The provincial bioregions described in this Bioregional Profile are:
	Northwest Shelf Transition;

Timor Province;
Northwest Shelf Province;
Northwest Transition;
Northwest Province;
Central Western Shelf Transition;
Central Western Transition; and
Central Western Shelf Province.
Each provincial bioregion is described below in terms of the characteristics of its marine environment, including physical structure, biological communities and ecological processes. Chapter 4 discusses the provincial bioregions in relation to the identification of areas suitable for inclusion in the National Representative System of Marine Protected Areas.
Figure 2.6	Provincial bioregions of the North-west Marine Region (IMCRA v.4.0)
Figure 2.6_Provincial bioregions of the North-west Marine Region (IMCRA v.4.0)



2.1.1 Northwest Shelf Transition 
Figure 2.7	The Northwest Shelf Transition 
Figure 2.7_The Northwest Shelf Transition


The Northwest Shelf Transition extends from Cape Leveque to the eastern end of Melville Island (in the North Marine Region). The bioregion is divided between the North and North-west Marine Regions through the centre of the Joseph Bonaparte Gulf, along the seaward extent of the Western Australian–Northern Territory border. The bioregion as a whole (including Commonwealth, State and Territory waters) has an area of 305 463 km2, of which 136 663 km2 or 44.7 per cent occurs in the North-west Marine Region. The following information relates to the bioregion as a whole, although with an emphasis on describing the geomorphology, oceanography and biodiversity of those areas that occur within the North-west Marine Region. 
Geomorphology – The majority of the Northwest Shelf Transition is located on the continental shelf, with only a small area extending onto the continental slope. Consequently, water depths throughout the bioregion are shallow, ranging between 0–330 m, but the majority of the bioregion has water depths of 10–100 m (Baker et al. 2008). The shelf includes a diversity of topographic features, such as submerged terraces, plateaux, sand banks, canyons and reefs. 
The Northwest Shelf Transition contains a number of geomorphic features that are largely absent from other areas of the North-west Marine Region. In particular, this bioregion contains 90 per cent of the Region’s carbonate banks/shoals (Baker et al. 2008). Carbonate banks and shoals occur predominantly in the Joseph Bonaparte Gulf, and consist of a hard substrate with flat tops and steep sides that rise from water depths of between 150 and 300 m (Baker et al. 2008). Each bank generally occupies an area less than 10 km2 and is separated from the next by narrow channels, one of which is known as Penguin Deeps. 
Adjacent to the carbonate banks in the Joseph Bonaparte Gulf is the Bonaparte Depression. This is a 45 000 km2 geomorphic basin and is the only occurrence of this type of feature in the North-west Marine Region (Baker et al. 2008). It is a relatively flat feature containing a higher content of mud and gravel than is found in sediments elsewhere on the shelf in the North-west Marine Region. The depression is punctuated by numerous pinnacles and subaqueous banks, which are believed to be the remnants of calcareous shelf and coastal deposits that have been eroded to their present elevations. The pinnacles can be up to 50 m high and 50–100 km long and are an important feature of this bioregion, not only because of their predominance in this area (60 per cent of pinnacles in the North-west Marine Region are found here), but also because they represent 9 per cent of the pinnacles found in the entire Australian EEZ (Baker et al. 2008). The bioregion also contains the majority of the tidal sandwaves/sandbanks of the North-west Marine Region, as well as the Londonderry Rise, which is a large elongated plateau that extends offshore from Cape Londonderry. 
The complex seafloor topography of the Northwest Shelf Transition is reflected in its sedimentology. Sediments in this bioregion are characteristically different from other areas of the Region, as they tend to be dominated by soft muds, which are the result of relict mud deposition as well as modern carbonate and terrigenous mud deposition (DEWHA 2008). Elsewhere in the Region, muddy sediments tend to occur in deeper oceanic waters and the shelf mostly comprises sandy sediments. The different sedimentology on the shelf in the bioregion is likely to be indicative of seabed environments not found elsewhere in the North-west Marine Region (Baker et al. 2008). 
Oceanography – The generally shallow nature of the Northwest Shelf Transition means that the Indonesian Throughflow is the dominant oceanographic feature in the bioregion, and dominates the majority of the water column. The Throughflow generally flows westward through the Timor Trench and reconstitutes as the South Equatorial Current south of Java. However, while the general path of the Indonesian Throughflow is reasonably well understood, very little is known of the exact pathways and movements of Throughflow waters through the Northwest Shelf Transition. 
The strength of the Throughflow, and its influence in the bioregion, varies seasonally in association with the Northwest Monsoon. In the wet season (December to March), monsoonal winds push some of the waters of the Throughflow eastward, building a pressure gradient in the Banda and Arafura seas that may extend as far as the Gulf of Carpentaria (in the North Marine Region). At the end of the Northwest Monsoon (March–April), this pressure gradient is released, releasing a south-westerly flow of water across the shelf during autumn and winter. This is known as the Holloway Current (DEWHA 2008). Our understanding of the Holloway Current and its influence on other aspects of the oceanographic system is rudimentary.
The extent to which deeper, cooler and more nutrient-rich waters occur beneath the Indonesian Throughflow, particularly in the mid and outer shelf areas of this bioregion, is also largely unknown. Intrusions of cooler water onto the shelf may occur during summer when the Throughflow is weaker and water layers are more highly stratified and some seepage of cooler waters onto the shelf from mixing and upwelling processes occurring around the shelf break in the Timor Trench may occur. These water layers may be mixed by wind, external and internal wave action, or by cyclones that also episodically resuspend sediments. 
The coastal waters of the bioregion are highly turbid, particularly during summer, because of the interaction of high tides with increased terrestrial inputs of sediments, organic material and freshwater from summer rains, in addition to the influence of cyclones. Tidal ranges are very high along the Kimberley coast section of this bioregion, but decrease significantly in the Joseph Bonaparte Gulf. Coastal waters therefore are a fairly distinct feature within the bioregion and may extend out as far as the 100 m depth contour during high rainfall events, particularly around the mouths of the Fitzroy, Ord and other major rivers (DEWHA 2008). 
Biological communities – The biological communities of the Northwest Shelf Transition are typical of Indo–west Pacific tropical flora and fauna, and occur across a range of soft-bottom and harder substrate habitats. The softer, muddy substrates are thought to be sparsely covered by sessile filter-feeding organisms, such as gorgonians, sponges, ascidians and bryozoans, and mobile invertebrates, such as echinoderms, prawns and detritus feeding crabs. The harder substrates are believed to have a more diverse range of sessile benthos, such as hard and soft corals, gorgonians, encrusting sponges and macroalgae, and consequently, a more reef-associated fish and shark fauna. 
Pinnacles and carbonate banks, particularly in the Joseph Bonaparte Gulf, are believed to support a high diversity of marine species. This is thought to be because of the channelling of water around these features, which stimulates enhanced local biological productivity through the stirring of nutrients. In addition, the hard substrates are suitable for the formation of filter-feeding coral and sponge communities. 
The formation of carbonate banks in the bioregion is thought to be associated with seafloor hydrocarbon seeps (vents in the seafloor though which hydrocarbons and frequently other chemicals enter the water column). Microbial utilisation of the hydrocarbons is thought to create carbonate by-products, which precipitate to form the basis of the banks. The hard substrate is then colonised by reef-building organisms that thrive on passing nutrients. Demersal catch records from the Northern Prawn Fishery in the Joseph Bonaparte Gulf indicate that the bioregion’s demersal communities have a relatively high biomass and further suggest that the bioregion is an area of high species diversity. There are occasional reports of very large catches of some species such as the cornflake or swimming crab (Charybdis callianassa), which are believed to be because of spawning aggregations of this species (Brewer et al. 2007). 
The Northwest Shelf Transition supports a number of protected marine species. A distinct genetic stock of flatback turtles is known to inhabit the Joseph Bonaparte Gulf and adjacent areas of the North Marine Region, and is likely to nest and feed in and adjacent to this bioregion (Limpus 2004). Marine turtles are also believed to feed in the reef habitat of this bioregion, and pinnacles on the mid-shelf may be important feeding sites for green, loggerhead, flatback and olive ridley turtles (Brewer et al. 2007; Donovan et al. 2008). Dugongs are also known to feed on seagrass communities in coastal waters of the Joseph Bonaparte Gulf adjacent to the Region.
Predator species in the bioregion include rays, sawfish, sharks and sea snakes. Sea snakes are regularly caught as by-catch in the Northern Prawn Fishery. A number of sites along the Kimberley coastline adjacent to the Region are also important for seabirds and cetaceans, including the Indo-Pacific humpback dolphin and the Australian snubfin dolphin, which may be endemic to Australian waters. The Kimberly coast, but particularly the area around Camden Sound is an important calving area for the West Australian population of humpback whales, from July to November. Humpback whales are also regularly seen up to 50 km offshore between Camden Sound and the Joseph Bonaparte Gulf during winter months. Adele Island is an important breeding area for brown boobies, lesser frigatebirds and small numbers of red-footed boobies, masked boobies and lesser crested terns. 
A number of other areas also provide important habitat for marine species and contribute to the biological productivity of the Northwest Shelf Transition. In particular, deep embayments and islands along the Kimberley coast support extensive tall mangrove forests, tidal mud and sand flats and some rocky shorelines, which provide important nursery habitat for fish and crustaceans. Embayments and estuaries along the Kimberley coastline, including Deception Bay, Talbot Bay, Cape Londonderry, King Sound, Yampi Sound and Cambridge Gulf also support resident populations of inshore dolphins including the Australian snubfin dolphin (Thiele 2008). The importance of coastal habitat for adjacent Commonwealth waters requires further investigation. However, it is likely that many marine species use coastal waters at varying stages of their life cycle and that coastal species are an important food source for marine species. 
Coastal mangroves, seagrasses and algal mats also provide important habitat for many marine fish, dugongs and marine turtles. They are also important for nitrogen fixation and nutrient recycling, providing nutrients in shallower waters that may be transported via currents and tides into adjacent Commonwealth waters. Reefs around the coastal islands of the Kimberley, including Montgomery Reef in Collier Bay, contain a high biomass of corals and coralline algae, which are important contributors to biological productivity in this bioregion. 
Ecosystem processes – Within the Northwest Shelf Transition, water depth and distance from the coast strongly influence productivity pathways, and there is connectivity between biophysical and ecological processes in both State and Commonwealth waters. In coastal areas and on the inner shelf, biological productivity is generated from terrestrially derived nutrients in river run-off, which are well mixed with oceanic water through tidal action. The trophic system in these areas is largely based on bacteria and other micro-organisms, and mangrove communities play a key role in primary production. The waters are believed to be relatively productive and to support an abundant array of consumer organisms. Although the composition of these communities is poorly understood, primary and secondary consumers are likely to include species such as the small cornflake or swimming crab, and the detritivorous threadfinned scat (Rhinoprenes pentanemus). 
In Commonwealth waters further offshore, upwelling of cooler water onto the shelf probably occurs to the north of the bioregion, in association with the Timor Trough. However, it is unclear whether nutrients associated with these upwellings extend into the bioregion itself. Cross-shelf channels may be one mechanism for the movement of cooler waters into the bioregion, and may support a benthic fauna of suspension feeders and a variety of small and large secondary and tertiary consumers such as serranid and lutjanid fish species. 
Primary productivity in the deeper Commonwealth waters of the bioregion is generally thought to be low, as these areas are nutrient-limited and reliant upon physical drivers such as seasonal winds to resuspend benthic deposits in the water column. Primary productivity is likely to be influenced by the transfer of nutrients from the coastal zone. While the mechanisms for the transfer of nutrients between the coastal and mid-shelf regions are not well known, it is presumed that migration of demersal species between the coast and mid-shelf may enhance nutrient transfer. Tertiary consumers in Commonwealth waters are likely to include small sharks, tunas and dolphins. The Northern Demersal Scalefish Fishery operates in 30–200 m water depths within this bioregion and targets deep-water snappers (Pristipomoides spp.) and emperors (Lethrinus spp.). 

Table 2.1	Features and areas of ecological importance in the Northwest Shelf Transition
Feature or area
Rationale
The Kimberley coastline (between Cape Leveque and the WA/NT border) and surrounding waters 

The Kimberley coastline and adjacent waters provide a range of important habitats for species in the North-west Marine Region, including reefs, rocky headlands, mudflats, sandflats and mangroves. Many marine species use these areas as nursery and feeding grounds. The Kimberley is particularly important for the Western Australian or Group IV population of humpback whales which breed in the area, and Australian snubfin dolphins, which may be endemic to Australian waters. The rugged coastline, numerous islands and reefs and surrounding Commonwealth waters support a high diversity of tropical species including marine turtles, dugongs and seabirds. Connectivity between biophysical and ecological processes occurring in state and Commonwealth waters are another important link of this area. 
In particular, the following sites are noted for their ecological importance:
	Montgomery Reef in Collier Bay – an inshore reef that includes a high biomass of coral and is an area of high biological productivity that attracts aggregations of many marine species including turtles. 

Tidal creeks around Yampi Sound and between Kuri Bay and Cambridge Gulf are important year-round habitat for Indo-Pacific humpback dolphins and Australian snubfin dolphins.
Waters between Cape Leveque and Cape Londonderry are regarded as the core of the Group IV humpback whale calving area. Large aggregations of humpbacks concentrate in Camden Sound between July and November.
Adele Island supports large breeding populations of brown boobies and lesser frigatebirds as well as smaller populations of red-footed boobies, masked boobies and lesser crested terns.
King Sound and the adjacent Fitzroy River support a significant population of freshwater sawfish, and are likely to be a significant stronghold for this species worldwide. These waters are also thought to be the only nursery area for freshwater sawfish in the Region.
Carbonate banks in Joseph Bonaparte Gulf and surrounding waters

Over 90 per cent of the carbonate banks in the North-west Marine Region are located within this bioregion, and they represent more than 70 per cent of carbonate banks in Australia’s entire EEZ. 
It is thought that the formation of these banks is associated with hydrocarbon seeps and the hard carbonate substrate is ideal for reef-building organisms. The carbonate banks are thought to be sites of enhanced biological productivity that may support many tropical reef species.
The banks, and the channels between them (e.g. Penguin Deeps), are also known foraging areas for flatback and loggerhead turtles. A distinct genetic population of flatback turtles inhabit Joseph Bonaparte Gulf and areas of the adjacent North Marine Region.
Pinnacles in the Bonaparte Depression and surrounding waters

The Bonaparte Depression contains 60 per cent of pinnacles in the North-west Marine Region and nine per cent of pinnacles in the entire EEZ. 
The pinnacles are up to 50 m high and 50–100 km long and are believed to be associated with enhanced local biological productivity and diverse species assemblages. 
The pinnacles are also important foraging areas for green, flatback, loggerhead and olive ridley turtles. 

2.1.2 Timor Province 
Figure 2.8	The Timor Province 
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The Commonwealth waters of the Timor Province cover 14.6 per cent of the total area of the North-west Marine Region. The bioregion occupies the slope between Broome and Cape Bouganville and has an area of 156 669 km2, of which 155 899 km2 or 99.5 per cent is in Commonwealth waters. Water depth in this bioregion ranges from 200 m near the shelf break to 5920 m on the Argo Abyssal Plain. 
Geomorphology – The Timor Province is located on the continental slope and includes topographic features such as the Scott Plateau, the Ashmore Terrace, and part of the Rowley Terrace, as well as a portion of the Argo Abyssal Plain. The Scott Plateau is a significant geomorphic feature. It occurs in water depths of 2000–3000 m and is fringed by numerous spurs and valleys. It is separated from the Rowley Terrace by canyons including the Bowers Canyon. These canyons are believed to be up to 50 million years old and were excavated by sediment and water movements during the long evolution of the Region (DEWHA 2008). 
Almost half of the reefs in the North-west Marine Region occur in the Timor Province, including Scott, Seringapatam and Ashmore reefs and Cartier Island. Ashmore Reef is the most northern reef of the bioregion and rises from water depths of about 300 m on the slope adjacent to the Sahul Shelf. 
Ashmore Reef National Nature Reserve is a Commonwealth marine reserve and is composed of islands that are more robustly developed on their southern margins than their northern margins as a result of their exposure to an energetic southeast wind and swell regime (Baker et al. 2008). Cartier Island lies about 45 km to the south-east of Ashmore Reef and covers approximately 167 km2. Cartier Island Marine Reserve is also a Commonwealth marine reserve and both reserves include the seabed and substrate to a depth of 1000 m.
Seringapatam Reef lies to the south of Ashmore Reef in water depths of about 400 m. Scott Reef is a further 23 km south of Seringapatam Reef and rises from water depths of approximately 450 m on the slope to the east of the Scott Plateau. It has an area of 800 km2 and consists of two separate atolls (North Scott Reef and South Scott Reef) that are separated by a channel of water that is about 400 m deep. One of the most significant aspects of the reefs of the Timor Province is that they reflect a transition in reef type from algal-dominated reefs north of Ashmore Reef to hard-coral-dominated reefs south of, and including, Ashmore Reef. 
Oceanography – The surface waters of this bioregion are again dominated by the Indonesian Throughflow and are warm and oligotrophic (low in nutrients). Throughflow waters are believed to be circulated throughout the bioregion via offshoots of the South Equatorial Current (as described in Section 2.1.1 for the Northwest Shelf Transition), but also by flows from the Eastern Gyral Current (see Figure 2.3). As previously described, there is a strong south and westerly flow of surface waters during winter. However, during the summer Northwest Monsoon when the Throughflow weakens, the recirculation of surface waters back into the Region via the Eastern Gyral Current may give rise to anti-clockwise circulations resulting in a northward movement of water over the continental slope in this bioregion. Some scientists have suggested that this seasonal northward surface flow of the Eastern Gyral Current may be used by humpback, blue and sperm whales to assist their northward migrations (DEWHA 2008). Cooler, more nutrient-rich waters beneath the Throughflow are believed to be associated with the northward-flowing West Australian Current and possibly the Leeuwin Undercurrent. 
Because of the bathymetry of the Timor Province, and its position on the continental slope, stratification of the water column is more pronounced than in most other bioregions. Internal tides associated with highly stratified water bodies are a feature of the Timor Province. The depth of the overlying surface waters, and hence the depth of the thermocline in this bioregion, is modified by seasonal and interannual variability in current strengths. 
Oceanographic processes that mix surface waters with deeper water layers are concentrated around the shelf break. The shelf break is generally a dynamic zone where vertical mixing results in a mixed water mass that intrudes offshore from the shelf break across the slope at approximately the 100 m depth contour (Brewer et al. 2007), as well as inshore across the continental shelf into the adjacent Northwest Shelf Province (see Section 2.1.3). It is possible that eddies form on the inshore side of emergent reefs and islands in the bioregion and could be an important mechanism for mixing the water column. Similarly, the action of internal waves on the shelf break and around islands in the bioregion is an important physical process that may enhance vertical mixing and therefore may play an important role in stimulating seasonal biological productivity (Figure 2.9). Internal waves around Scott Reef have been recorded at heights of around 60 m from peak to trough (Wolanski & Delasalle 1995). 
Figure 2.9	Oceanographic processes around offshore coral reefs in the Timor Province
Figure 2.9_Oceanographic processes around offshore coral reefs in the Timor Province



Biological communities – The variety of geomorphic features in the Timor Province, together with its varying bathymetry, results in several distinct habitats and biological communities, many of which occur in close proximity. For example, shallow reefs on the shelf break occur in close proximity to adjacent deep water muddy seabeds on the slope (Brewer et al. 2007). The reefs and islands of the bioregion are regarded as biodiversity hotspots and include a range of important pelagic and benthic ecological communities. 
Ashmore Reef is characterised as a scleractinian coral reef. It is a significant breeding area for green turtles and has a high coverage of seagrass that supports a small dugong population. Ashmore is also internationally recognised for its abundance and diversity of sea snakes (Guinea 2007). Both Ashmore Reef and Cartier Island are important staging posts for migratory shorebirds and support some of the most important seabird rookeries in the North-west Marine Region. Further information on Ashmore Reef National Nature Reserve and Cartier Island Marine Reserve is contained in Chapter 3. 
Scott and Seringapatam reefs are also scleractinian coral reefs and are regionally important for their high biodiversity. They represent the limit of the geographic range of many fish species, including Indonesian species that are not found anywhere else in Australia. In addition, the reefs are the only known habitat in Western Australia for many fish, molluscs and echinoderms. Scott Reef also supports a small but genetically distinct breeding population of green turtles and is an important staging post for migratory shorebirds. It is also thought to be a foraging area for seabirds including roseate terns, lesser frigatebirds, brown boobies and wedge-tailed shearwaters (Donovan et al. 2008). There are thought to be highly diverse deep coral water habitats around Scott Reef that are not found elsewhere in Australian waters.
The species composition of all the hard coral reefs in the bioregion is very similar and reflects strong links with Indo–west Pacific fauna, largely as a result of the dispersal of coral spawn via regional currents. The reefs and islands in this bioregion are thought to be important biological stepping-stones between centres of biodiversity in the Indo–Pacific and reef ecosystems further south. There is no significant endemism among the corals of the eastern and western coasts of northern Australia. However, there is a greater level of endemism in biological communities, such as sponges and molluscs, whose larvae are generally not transported long distances by ocean currents. For example, a large component of the sponge fauna of Scott Reef is unique to Scott Reef and does not occur at Seringapatam, despite the close proximity of the two reefs and their connection via regional currents. 
Coral reefs in this bioregion support a high biomass of fish species, including tropical reef fish, small pelagic fish, parrotfish and groupers as well as larger species such as trevally, coral trout, emperors, snappers, dolphinfish, marlin and sailfish. These reefs and their surrounding waters are also important habitats for cetaceans and seabirds. 
The biological communities of Ashmore, Cartier, Scott and Seringapatam reefs are well understood compared with those of the slope and abyssal plain. Despite their ecological importance, reefs represent only a small proportion of the habitat types that occur in the Timor Province. Based on an understanding of the oceanographic processes that give rise to bursts in biological productivity, it is likely that important demersal communities also occur in the canyons, banks and deep holes of the bioregion, as well as on the Ashmore and Rowley terraces and Scott Plateau. 
The North West Slope Trawl Fishery targets scampi in the Region. Data from the fishery suggests that muddy sediments in the Timor Province support significant populations of crustaceans (Brewer et al 2007). In addition, research into the demersal fish communities of the continental slope has identified the Timor Province as an important bioregion because of the presence of a number of endemic fish species, and two distinct demersal community types associated with the upper slope (water depths of 225–500 m) and mid-slope (water depths of 750–1000 m) (Last et al. 2005). This research suggests this bioregion may be distinctive because of the absence of a discrete mid-upper slope habitat, which has been identified in other Australian continental slope bioregions. However, the current understanding of the relationship between demersal fish communities and benthic environments on the continental slope, as well as the trophic relationships of this area, is rudimentary. 
Figure 2.10	Trophic structures of the Timor Province
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A number of migratory species occur in the Timor Province. It is likely that southern bluefin tuna travel through the bioregion on their way to and from spawning grounds between Java and Australia. Migrating whales, including humpback, sperm and blue whales, may ‘ride’ the northward flows of the Eastern Gyral Current and South Equatorial Current enroute to breeding grounds off the Kimberley (DEWHA 2008). 
Blue whales reportedly move between Scott Reef and Browse Island during July (northern migration) and again during October–November as part of their southern migration (DEWHA 2008). Whaling records from the 19th century indicate that historically the number of sperm whales was high in this bioregion. Although their numbers today are unknown, it is possible that they congregate around canyon heads adjacent to the Scott Plateau, attracted high levels of biological productivity which support aggregations of prey species.
Ecosystem processes – The layer of water derived from the Indonesian Throughflow that comprises the top part of the water column has a direct impact upon biological productivity in this bioregion. Nitrate and phosphate concentrations are low at the surface, but are high at water depths of around 500 m and deeper (Brewer et al. 2007). Enhanced biological productivity in the bioregion is likely to be associated with ephemeral events such as topographically induced water movement through canyons and around geomorphic features, which cause mixing of the water column and provide the stimulus for productivity bursts when the thermocline is lifted into the photic zone. The action of internal waves, particularly in canyons, around islands and reefs, and on the shelf break, may be another important influence on biological productivity in this bioregion. Therefore, the canyons on the slope between the Argo Abyssal Plain and Scott Plateau, as well as to the north of Scott Reef are thought to be associated with small, periodic upwellings and are sites of locally enhanced biological productivity. 
The trophic system in the pelagic zone is based on phytoplankton, and organisms like copepods are thought to be the dominant primary consumers. Secondary consumers include a larger range of planktonic taxa such as larval fish (including herring, sardines, anchovies and jack mackerel), small pelagic fish species and invertebrates including cephalopods. These in turn are preyed upon by large pelagic fish, sharks and mammals (Brewer et al. 2007). 
The trophic dynamics of the benthic and demersal system throughout most of the Timor Province are detritus based and reliant upon deposit-feeding infauna and epifauna (animals that live on the seafloor or burrow into its sediments, e.g. nematodes, polychaete worms, shelled molluscs and a variety of crustaceans). These feed on bacteria and are preyed upon by secondary consumers such as fish, larger molluscs and crustaceans (Brewer et al. 2007). Tertiary consumers in deeper waters are likely to include carnivorous fish (e.g. angler fish), deep water sharks (e.g. six-gill shark), large squids and toothed whales. 
As productivity hotspots, the reefs and coral atolls of the Timor Province have distinctive trophic structures. Internal waves recorded around Scott Reef are thought to bring nutrients from below the thermocline (located at about 100 m depth) to within 40 m of the surface and into the photic zone (Brewer et al. 2007). These nutrients are then concentrated around channels in the reefs, making them available to primary consumers near the surface (Brewer et al. 2007). The mixing of warm surface waters with deeper waters that are higher in nutrients stimulates phytoplankton production and zooplankton blooms that attract planktivorous squid and fish such as anchovies (Engraulidae), small pelagic fish and predators such as dolphins, striped marlin (Tetrapturus audax), tunas and wahoo (Acanthocybium solandri) (Brewer et al. 2007). 
Table 2.2	Features and areas of ecological importance in the Timor Province 
Feature or area
Rationale
Ashmore Reef National Nature Reserve and Cartier Island Marine Reserve and surrounding waters

The Commonwealth waters within and adjacent to Ashmore Reef and Cartier Island are sites of enhanced local biological productivity, within an area of relatively unproductive waters. Localised upwelling and turbulent mixing around the reefs deliver nutrients to the system. 
The reefs provide varied structural habitat that attracts a diverse range of primary and secondary consumers including sea cucumbers, small pelagic fish, parrot fish, and groupers. 
These, in turn, attract higher order consumers such as trevally, coral trout, emperors, snappers, dolphinfish, marlin and sailfish, as well as cetaceans and seabirds. 
The islands are important areas for the following protected species: 
	Ashmore Reef is internationally significant for its abundance and diversity of sea snakes. 

Both Ashmore Reef and Cartier Island have been identified as critical nesting and internesting habitat for green turtles, supporting one of three genetically distinct breeding populations in the North-west Marine Region. Low level nesting activity by loggerhead turtles has also been recorded. 
Large and significant feeding populations of green, hawksbill and loggerhead turtles occur around the reefs. It is estimated that approximately 11 000 marine turtles feed in the area throughout the year. 
Ashmore Reef supports a small dugong population of less than 50 individuals that breeds and feeds around the reef. This population is thought to be genetically distinct from other Australian populations. 
The islands support some of the most important seabird rookeries on the North West Shelf including colonies of bridled terns, common noddies, brown boobies, eastern reef egrets, frigatebirds, tropicbirds, red-footed boobies, roseate terns, crested terns and lesser crested terns. 
Ashmore Reef and Cartier Island are important staging points/feeding areas for many migratory shorebirds.
Scott Reef and Seringapatam Reef and surrounding waters

Commonwealth waters surrounding Scott and Seringapatam reefs are areas of enhanced localised biological productivity and provide a variety of habitats for a diverse range of marine species. Scott Reef is an important staging area for migratory shorebirds and a foraging area for seabirds including roseate terns, lesser frigatebirds, brown boobies and wedge-tailed shearwaters. Scott Reef also supports a small but genetically distinct breeding population of green turtles, and both Scott and Seringapatam reefs are important areas for sea snakes.
The reefs themselves are biogeographically important for their links with fauna of the Indo–Pacific and support many species of fish, molluscs and echinoderms that are found nowhere else in Western Australia. Each reef has diverse but distinct sponge communities. 
Demersal fish communities associated with the upper and mid-slope 

The upper slope (225–500 m depth) and mid slope (750–1000 m depth) habitats of the continental slope of this bioregion and the neighbouring Northwest Transition support rich and diverse demersal fish communities with a high level of endemism (64 species).

Canyons in the slope between the Argo Abyssal Plain and Scott Plateau and the north of Scott Reef 

The canyons in the slope between the Argo Abyssal Plain and Scott Plateau and the north of Scott Reef are believed to be up to 50 million years old and are associated with small, periodic upwellings that result in localised higher levels of biological productivity. Anecdotal evidence of the processes occurring in canyon heads suggests that they support fish aggregations that attract larger predatory fish, sharks and cetaceans. Historical whaling records indicate that aggregations of sperm whales occurred on the Scott Plateau. There is also anecdotal evidence that the Scott Plateau may be a breeding ground for sperm whales and beaked whales. 



2.1.3 Northwest Shelf Province
Figure 2.11	The Northwest Shelf Province 
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The Northwest Shelf Province is located primarily on the shelf between North West Cape and Cape Bougainville, and encompasses much of the area more commonly known as the North West Shelf. It covers an area of 238 759 km2, of which 209 743 km2 or 87.8 per cent is within the Region. The Commonwealth waters of the bioregion represent 19.6 per cent of the total area of the North-west Marine Region. The bioregion varies in width from around 50 km at Exmouth Gulf to greater than 250 km off Cape Leveque and includes water depths of 0–200 m, with more than 45 per cent of the bioregion having a depth of 50–100 m. 
Geomorphology – The Northwest Shelf Province is located almost entirely on the continental shelf, except for a small area to the north of Cape Leveque that extends onto the continental slope. This bioregion includes more than 60 per cent of the continental shelf in the North-west Marine Region (Baker et al. 2008). The shelf gradually slopes from the coast to the shelf break, but displays a number of seafloor features such as banks/shoals and holes/valleys. These are thought to be morphologically distinct from other features of these types found elsewhere in the North-west Marine Region, and have a different sedimentology (Baker et al. 2008). For example, the Glomar Shoals occur approximately 30–40 km offshore of Dampier in water depths of between 26–70 m and are distinguished by highly fractured molluscan debris, coralline rubble and coarse carbonate sand (Baker et al. 2008). 
The Leveque Rise, a large plateau, is one of only two shelf plateaux within the North-west Marine Region. Significant areas of tidal sandwaves/sandbanks, ranging in height between 5–10 m, occur on the inner-most reaches of Exmouth Gulf and are one of only three major occurrences of this type of feature in the Region. The shelf also contains several terraces and steps that extend into adjacent bioregions and reflect ancient coastlines from when the sea level in the Region was lower than it is today. The most prominent of these occurs at a water depth of approximately 125 m and is believed to be an important migratory pathway for cetaceans and other pelagic species such as the whale shark (DEWHA 2008). 
Sediment differentiation within the Northwest Shelf Province occurs on a north-south gradient. South of Broome, sediment texture is relatively homogenous and dominated by sands, with a small proportion of gravels. Mud increases slightly within 100 km of the coast and within 100 km of the shelf break but is mostly absent from areas in between (Baker et al. 2008). North of Broome, sediment texture is highly variable; sand dominates in some areas and gravel dominates in others, with no discernible spatial pattern. 
The dynamic oceanic environment influences sediment distribution throughout the bioregion. The seafloor of this bioregion is particularly strongly affected by cyclonic storms, long-period swells and large internal tides, which can resuspend sediments within the water column as well as move sediment across the shelf (Margvelashvili et al. 2006). 
Oceanography – The Northwest Shelf Province extends across both State and Commonwealth waters and is located in a transitional climatic region between the dry tropics to the south and the humid tropics to the north (average rainfall in Broome is twice that of Port Hedland). The surface waters of the bioregion are tropical year-round, with summer sea surface temperatures around 26ºC, and winter temperatures around 22ºC. The surface water layers of this bioregion are highly stratified during summer months, with the thermocline occurring at water depths of 30–60 m. In winter surface waters are well mixed, with the thermocline occurring at 120 m depth (James et al. 2004). 
The oceanography of this bioregion is dominated by the movement of surface currents derived from waters of the Indonesian Throughflow. Throughflow waters are circulated through the North-west Marine Region by branches of the South Equatorial and Eastern Gyral Currents. In addition, the Holloway Current moving southwards along the shelf brings waters from the Banda and Arafura seas and perhaps the Gulf of Carpentaria at the conclusion of the Northwest Monsoon in March–April (see Figure 2.3). 
Water circulation in the Northwest Shelf Province is highly seasonal. During winter, when the southern flow of the Throughflow is greatest, it dominates the water column. During summer when the Throughflow is weaker, strong winds from the southwest cause intermittent reversals of the currents, which may be associated with occasional weak upwellings of colder, deeper water onto the shelf (Condie et al. 2006). The Ningaloo Current is also thought to intrude into the southern part of this bioregion during summer, flowing towards the north as far as Barrow Island. 
Figure 2.12	Major geomorphic and oceanographic features of the North West Shelf 
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Adapted from James et al. 2004.

Tidal activity is a significant factor in the oceanography of the Northwest Shelf Province. Tides are large and increase in magnitude from south to north, from amplitudes of about 1 m near Exmouth to over 3 m near Broome (Brewer et al. 2007). Tides contribute to vertical mixing of surface water layers and sediments, mostly in shallower waters, although tidal effects are likely to be evident across the shelf. High evaporation rates in the shallower coastal waters result in the slow offshore movement of denser, more saline waters across the North West Shelf as a bottom layer from coastal waters out as far as the 200 m depth contour, i.e. the edge of this bioregion (James et al. 2004). 
Internal tides, although generated primarily around the shelf break, may have an influence in this bioregion as the crests of internal waves radiate onshore from the shelf break as far as the stratification of the water layer extends. As discussed previously, when internal waves break they can cause mixing of more nutrient-rich water within the photic zone, which may in turn result in a burst of biological productivity. Figure 2.12 depicts the major aspects of regional oceanography on the North West Shelf. 
Cyclones are another significant physical driver in this bioregion. The North West Shelf experiences an average of four cyclones each year, two of which make landfall. Hurricane-force winds associated with cyclones can reach speeds of up to 240 km/h (James et al. 2004) and cyclone-generated storm currents can cause significant sediment movement on the seafloor as well as vertical mixing of the water column. While cyclones can be very influential at the local scale, the overall contribution of cyclones to regional biological productivity is considered to be low (Holloway et al. 1985). 
Biological communities – The sandy substrates on the shelf within this bioregion are thought to support low density benthic communities of bryozoans, molluscs and echinoids. Sponge communities are also sparsely distributed on the shelf, but are found only in areas of hard substrate. The region between Dampier and Port Hedland has been described as a hotspot for sponge biodiversity (Hooper & Ekins 2004). This biodiversity may reflect the tendency of sponge larvae to settle out of the water column very quickly, resulting in minimal larval exchange and high population differentiation between sponge communities. Other benthic and demersal species in this bioregion include sea cucumbers, urchins, prawns and squid. 
The benthic and pelagic fish communities of the Northwest Shelf Province are strongly depth-related, indicative of a close association between fish communities and benthic habitats (Brewer et al. 2007). The fish communities are also highly diverse and a number of fish biodiversity hotspots have been identified between Port Hedland and North West Cape (Fox & Beckley 2005). Fish species of the inner shelf include lizardfish, goatfish, trevally, anglefish and tuskfish. Deep goatfish, deep lizardfish, ponyfish, deep threadfin bream, adult trevally, billfish and tuna are found in areas with water depths of between 100–200 m. Spanish mackerel spawn in this area between August and November. 
The Glomar Shoals appear to be a particularly important site for fish species within the bioregion, probably because of increased biological productivity associated with localised upwelling at this location (Brewer et al. 2007). A number of commercial fish species are caught in high numbers in this area, including Rankin cod, brownstripe snapper, red emperor, crimson snapper and the frypan bream. 
Numerous migratory species travel through this bioregion. The northerly humpback whale migration pathway approaches the Kimberley coast near Quondong Point, before moving further offshore to pass to the west of the Lacepede Islands. The southern humpback migration follows the coastline between Cape Leveque and Pender Bay before again diverting west around the Lacepede Islands and then south, paralleling the coast on the 20–30 m depth contour, approximately 20 nautical miles west of Broome (Jenner et al. 2001). Exmouth Gulf (in State waters) is an important resting area for migrating humpbacks, particularly for cows and calves on the southern migration. Sharks, including whale sharks, feed and migrate through this bioregion, as do dugongs.
The Northwest Shelf Province supports several resident populations of common bottlenose dolphins and Indo-Pacific humpback dolphins including around the Montebello Islands and in the bays of the Dampier Peninsula. Roebuck Bay supports a significant population of Australian snubfin dolphins (Thiele 2008) and waters around Browse Island support the highest diversity of cetacean species in Western Australia including large numbers of oceanic dolphins (Jenner & Jenner 2008). Numerous nesting sites for green, hawksbill, flatback and loggerhead turtles occur along the coast and on offshore islands in and adjacent to the Region, and the waters of the bioregion provide extensive developmental habitat for juveniles and foraging areas for resident adults. The bioregion supports significant breeding populations of several seabird species including wedge-tailed shearwaters, crested, bridled and sooty terns, brown boobies and lesser frigatebirds. A number of important seabird breeding sites are located in areas adjacent to the North-west Marine Region including the Lacepede Islands, Eighty Mile Beach, Roebuck Bay, Serrurier Island and Montebello, Lowendal and Barrow islands. 
Coastal habitats are important for many of the Region’s marine species. Areas of mangrove along the Pilbara coast provide important nursery habitat for many marine fish species and support prawn and crab (e.g. coral, blue and swimmer crab) fisheries. Coastal seagrasses and algal mats also provide important habitat for fish and dugongs through the length of the bioregion. The sheltered embayments along the west coast of Dampier Peninsula adjacent to the Region, particularly Carnot Bay, Beagle Bay and Pender Bay support extensive mangrove systems (Kenneally 1982). Coastal mangrove and algal mats are sites of nitrogen fixation and nutrient recycling, providing nutrients in shallower waters that are transported across the shelf via currents and tides. 
The shallower waters also contain an extensive array of small barrier and fringing reefs, including important sites such as Dampier Archipelago, which is thought to be the richest area of marine biodiversity in Western Australia. The relationship between coastal habitats and adjacent Commonwealth waters is poorly understood. However, because of their higher biological productivity, these areas are likely to be aggregation sites for many marine species that move throughout the bioregion. 
Ecosystem processes – The warm, low salinity waters of the Indonesian Throughflow generally suppress upwellings in the Northwest Shelf Province. However, biological productivity in the bioregion is thought to be stimulated through the action of physical drivers such as internal waves, tidal stirring and cyclones. Broadly, the inner shelf experiences oligotrophic conditions, with episodic injections of nutrients during storm events when run-off from terrestrial sources occurs and when sediments are resuspended as a result of cyclonic or tidal activity. Quondong Point and Browse Island, adjacent to the Region, are thought to be areas of enhanced biological productivity (DEWHA 2008), but the processes underlying this productivity are unclear. Waters surrounding Quondong Point attract large numbers of cetaceans, turtles, fish, dugongs and seabirds. Productivity in this area may be associated with a unique combination of bathymetry and oceanography where a strong current running along the coastline interacts with the 50 metre contour line which runs perpendicular to the coast. This interaction is likely to cause mixing of deeper, more nutrient-rich waters with surface waters, resulting in increased productivity. Localised upwellings are thought to occur around Browse Island, similarly enhancing productivity and attracting aggregations of marine species including large numbers of cetaceans.
The mid-shelf is also generally oligotrophic with sporadic availability of higher levels of nutrients associated with vertical mixing and internal wave activity occurring around the shelf break and extending onto the shelf. While not as pronounced as for the inner shelf, cyclones and strong tides mix water layers and nutrients and induce pulses of increased biological productivity over the mid shelf. 
Enhanced pelagic production occurs on the outer shelf as a result of the interaction of surface and deeper water masses on the adjacent shelf break, via vertical mixing and possibly internal wave action. The mixed water masses travel towards shore and can stimulate biological productivity when the deeper nutrient-rich waters move into the photic zone where light allows phytoplankton to take up the influx of nutrients. However, such upwelling events are likely to be sporadic and short-lived. The most favourable conditions for upwelling are associated with a weakening of the Throughflow during summer, although some upwelling may still occur during winter. The spatial distribution and seasonal cycles of biological productivity in the area are poorly understood, but higher productivity is likely to be associated with topographic features such as escarpments along the ancient coastline and the Glomar Shoals. 
Figure 2.13	Trophic structures of the Northwest Shelf Province
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Primary productivity in the Northwest Shelf Province is thought to occur predominantly in pelagic environments, where phytoplankton play an important primary producer role. Phytoplankton species rapidly multiply in response to bursts in nutrient availability and are subsequently consumed by zooplankton, that are in turn consumed by small pelagic fish. Higher order tertiary consumers, including squid, mackerel and seabirds, feed on small pelagic fish. Scavengers such as crabs, shrimps and demersal sharks, and fish species such as queenfish, mackerel, king salmon and barramundi may also be common (Brewer et al. 2007). Transient tertiary consumers such as tuna, snapper species and toothed cetaceans provide a link between the pelagic and benthic systems, as they prey on demersal and pelagic species. Small amounts of detritus falling to the seafloor provide another link between the pelagic and demersal systems and are utilised by sparse benthic communities of sponges and sessile filter-feeders. 



Table 2.3	Features and areas of ecological importance in the Northwest Shelf Province
Feature or area
Rationale
Browse Island and surrounding waters 

Browse Island is a major rookery for green turtles and flatback turtles also nest here. Localised upwellings occur around the island and may be associated with concentrations of tropical krill, a potential source of food for blue whales in the Region. Waters surrounding Browse Island support a larger number of cetacean species than anywhere else in Western Australia. 

Lacepede Islands and surrounding waters 

The Lacepede Islands provide critical nesting and internesting habitat for green turtles and are the site of the largest green turtle rookery in Western Australia. The Commonwealth waters surrounding the islands are important for migrating marine turtles as they move between nesting and feeding sites in this bioregion and beyond. The Lacepede Islands also support some of the largest brown booby colonies in Western Australia. Other seabirds also breed in the area, including lesser frigatebirds, bridled terns, roseate terns and common noddies. The surrounding waters are likely to provide food for seabird species.

Quondong Point, north of Broome and surrounding waters 

Quondong Point, adjacent to the Region, is an area of enhanced localised biological productivity, which supports large numbers of baitfish that in turn attract aggregations of seabirds and other marine life including turtles, dugongs and possibly sawfish. This area reflects the important linkages between biophysical and ecological processes occurring in both State and Commonwealth waters. Large numbers of humpback whales, as well as other cetaceans such as false killer whales, pygmy blue whales and dolphins have been recorded in the waters around Quondong Point. Flatback turtles, which are known to nest at Barrow Island, have been regularly reported in waters here and appear to travel to Quondong Point from Barrow Island to feed. The processes that give rise to these aggregations are not yet fully understood but may be associated with a unique combination of bathymetry and oceanography.

West coast of the Dampier Peninsula, including Beagle and Pender bays and surrounding waters

The sheltered embayments along the west coast of Dampier Peninsula adjacent to the Region, particularly Carnot Bay, Beagle Bay and Pender Bay support extensive mangrove systems which play a key role in primary productivity in inshore waters, mainly driven by tidal movement and terrestrial run-off. 
The biophysical and ecological processes occurring in the coastal areas have important links with Commonwealth waters, as the higher productivity attracts aggregations of fish species, which in turn attract a number of higher order marine predators. 
Beagle Bay and Pender Bay are also important for bottlenose dolphins, Indo-Pacific humpback dolphins and Australian snubfin dolphins. Small concentrations of dugongs have been observed in seagrass between Cape Bossut and King Sound. These species regularly use adjacent Commonwealth waters.
Pilbara coast (between Exmouth and Broome) and surrounding waters

The Pilbara coastline and adjacent waters encompass a number of sites of ecological importance that demonstrate the connectivity between biophysical and ecological processes occurring in State and Commonwealth waters. The Pilbara coast supports a complex range of habitats including rocky coastlines, sandy substrates with mangroves and seagrass, and a number of islands and associated reefs, including the Dampier Archipelago.
These habitats support a high diversity of marine species, including significant populations of a number of protected species. These species are likely to move through and feed in Commonwealth waters.
Montebello, Lowendal and Barrow islands are resting areas for migrating humpback whales and support resident populations of common bottlenose dolphins and Indo-Pacific humpback dolphins, while Roebuck Bay is a significant area for Australian snub-fin dolphins. 
The Pilbara coast and offshore islands also provide important habitat for protected marine turtle species:
Eighty Mile Beach is a major rookery for flatback turtles. 
	Serrurier Island is a major nesting area for green turtles and may also be a foraging area for this species. 

Thevenard Island supports a significant flatback turtle rookery, along with small numbers of green turtles and is a known feeding area for green turtles.
Many areas in the Montebello, Lowendal and Barrow islands complex have been identified as critical nesting and internesting habitat for green, flatback and hawksbill turtles. Occasional nesting by loggerhead turtles has also been recorded on Barrow Island. 
Summer mating aggregations of green turtles occur to the west of Barrow Island and within the Montebello Island group. 
Possible green turtle foraging grounds occur over the Barrow Shoals off the south-east coast of Barrow Island. Hawksbill turtle feeding grounds occur in the Mary Anne and Great Sandy Island groups to the south of the Barrow Shoals. 
Rosemary Island and the Dampier Archipelago provide critical nesting and internesting habitat for flatback turtles, and support the most significant hawksbill turtle rookery in Western Australia. This rookery is also one of the largest in the Indian Ocean. Dampier Archipelago also supports major green and flatback turtle nesting sites. 
Port Hedland and Cape Thouin are important rookeries for flatback turtles. Critical nesting and internesting habitat for flatback turtles has also been identified at Mundabullangana Beach.
This area also supports important seabird populations and habitats: 
	Eighty Mile Beach and Roebuck Bay are both among the most important feeding areas/staging points in Australia for migratory shorebirds. They regularly support over 500 000 birds at a time with over 850 000 birds using the area annually. Both sites support more than one per cent of the East Asian–Australasian Flyway population of 20 migratory shorebird species and, consistent with international criteria, are recognised as being internationally significant sites.

Caspian terns, little terns, wedge-tailed shearwaters and ospreys breed on Serrurier Island and nearby Airlie Islands.
Montebello, Lowendal and Barrow islands support significant rookeries of wedge-tailed shearwaters and bridled terns. The Montebello Islands support the largest breeding population of roseate terns in Western Australia. Ospreys, white-bellied sea-eagles, eastern reef egrets, Caspian terns, crested terns and lesser crested terns also breed in this area. 
Pilbara coast (between Exmouth and Broome) and surrounding waters cont’d.

	Waters to the west of the Montebello Islands may be a minor upwelling zone, supporting large feeding aggregations of terns. 

Barrow Island is ranked equal tenth among 147 sites in Australia that are important for migratory shorebirds (feeding area/staging post). 
Barrow, Lowendal and Montebello islands are internationally significant sites for six species of migratory shorebirds, supporting more than one per cent of the East Asian–Australasian Flyway population of these species.
Bedout Island supports one of the largest colonies of brown boobies in Western Australia. Masked boobies, lesser frigatebirds, roseate terns and common noddies also breed in the area.
Exmouth Gulf – Muiron Islands and surrounding waters

This area and its surrounding waters provide important habitat for a number of protected marine species. Exmouth Gulf is an important resting area for migrating humpbacks, particularly for females and calves on their southern migration. Large numbers of dugongs also occur in the Gulf and feed on seagrass beds. The surrounding Commonwealth waters are therefore thought to include large numbers of humpbacks and dugongs at different times of the year as they travel between resting and feeding grounds. 
The Muiron Islands are critical nesting and internesting habitat for loggerhead turtles and also support a major green turtle rookery. North West Cape is also a major green turtle nesting area. Turtles are thought to regularly travel through surrounding Commonwealth waters on their way to feeding and breeding grounds to the north and south. 
Ancient coastline at 125 m depth contour

The ancient coastline along the 125 m depth contour in Commonwealth waters is thought to be an important seafloor feature that acts as a migratory pathway for cetaceans and other pelagic marine species such as whale sharks, as they move north and south between feeding and breeding grounds. The topographic variation created by the ancient coastline is also thought to aid minor upwelling, as a result of internal wave activity. These upwellings may initiate seasonal bursts in biological productivity that provide food for migrating marine species.

Glomar Shoals

The Glomar Shoals are an important seafloor feature in Commonwealth waters within this bioregion, as they are a raised feature on a relatively featureless continental shelf. They are characterised as a high energy environment because of current action, thereby resulting in local enhancements in productivity. Enhanced biological productivity supports significant populations of a number of commercially important fish species such as Rankin cod, brownstripe snapper, red emperor, crimson snapper and frypan bream.





2.1.4 Northwest Transition 
Figure 2.14 	The Northwest Transition 
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The Northwest Transition is located off the shelf between the Dampier Archipelago and Lacepede Islands and has a total area of 184 424 km2. Commonwealth waters, which comprise 99.5 per cent of the bioregion, represent 17 per cent of the total area of the North-west Marine Region and encompass a range of water depths, from the shelf break (200 m depth) over the continental slope, to depths of more than 1000 m (James et al. 2004). At their deepest, waters within the Northwest Transition reach depths of around 5980 m over the Argo Abyssal Plain. 
Geomorphology – The majority (52 per cent) of the Northwest Transition bioregion occurs on the continental slope, with smaller areas in the north-west of the bioregion located on the Argo Abyssal Plain and continental rise. The sediments of the slope are dominated by sands, whereas the sediments of the abyssal plain/deep ocean floor are dominated by muds. 
Areas of continental slope in this bioregion are believed to have different physical attributes to areas of continental slope in adjacent bioregions, because so much of the Northwest transition occurs in water over 4000 m deep (Baker et al. 2008). More than 60 per cent of the Argo Abyssal Plain occurs within this bioregion, the remainder being located within the Timor Province. The Argo Abyssal Plain is believed to have a different morphology and geological history to other areas of abyssal plain/deep ocean floor in the North-west Marine Region (Baker et al. 2008). Its surface gently slopes to the north and contains a number of swales in the south-western regions and small hills on the western margin. 
Other topographic features within the bioregion include areas of rise, ridges, canyons and apron/fans. The bioregion also has reefs such as Mermaid, Clerke and Imperieuse reefs, which are collectively known as the Rowley Shoals. The Rowley Shoals are a series of isolated, reef-rimmed platforms along a north-south orientation that rise vertically to the surface from water depths of about 400 m on the continental slope. The reef basements are believed to be of Pleistocene age (a period that spanned from 1.8 million to about 10 000 years ago) and are overlain by thick, coral-rich Holocene deposits (from the last 10 000 years) that have kept pace with rising sea levels. Mermaid Reef is a Commonwealth marine reserve that covers an area of 5.4 km2, including the seabed and substrate to a depth of 1000 m. 
Oceanography – Surface circulation of Indonesian Throughflow waters via direct southward pressure-driven flow and recirculation through the South Equatorial Current are again the dominant oceanographic features of this bioregion (see Figure 2.3). The Throughflow waters form a deep overlying surface layer throughout the entire bioregion, particularly when the Throughflow is at its strongest in winter. In deeper waters over the Argo Abyssal Plain, the influence of the Throughflow may extend to a depth of approximately 1200 m (DEWHA 2008). During summer, the southern flow of surface waters weakens and a northerly return of Throughflow waters via the Eastern Gyral current develops. This current is thought to be used by migrating humpback whales and other cetaceans. 
Because of the depth of the Indonesian Throughflow, wind stress has little influence on vertical mixing of the water column in the Northwest Transition throughout most of the year. However, cyclone incidence is high in this bioregion during summer months and contributes to mixing of surface layers of the water column as cyclones track across the slope. Another driver of oceanic mixing may be the interaction of internal waves with topographic features, such as the Rowley Shoals and canyons on the continental slope between the Argo Abyssal Plain and the Rowley Terrace. 
Biological communities – The benthos of the deep ocean areas of the Northwest Transition is likely to support meiofauna (minute animals living between grains of sediment on the seabed, e.g. nematodes), larger infauna (that burrow into sediments, e.g. polychaete worms and isopods) and sparsely distributed epibenthic communities (that live on the surface of the seabed, e.g. seapens) (Brewer et al. 2007). Mobile benthic species, such as deepwater sea cucumbers, crabs and polychaetes are likely to be associated with the seafloor, and the bioregion may support sparse populations of bentho-pelagic fish and cephalopods in low densities. Pelagic fish species likely to be present include grenadiers and hatchetfish (Argyropelecus spp.) as well as transient populations of highly mobile pelagic species, such as sharks and schools of small pelagic fish. Adult and juvenile southern bluefin tuna are thought to migrate through this bioregion on their way to and from spawning grounds in the north-eastern Indian Ocean. However, the timing of these migrations and the use of regional currents to assist their migration is still unclear. Seabirds are likely to feed on small pelagic fish in this bioregion.
The slope habitat of this bioregion is associated with important populations of demersal fish species. A national bioregionalisation of slope fish communities identified the North West Slope (which occurs in this bioregion as well as the adjacent Timor Province) as supporting the second richest demersal fish assemblage nationally (Last et al. 2005). Over 508 fish species have been identified on the slope in this area, and 64 of these species are endemic. Demersal slope fish species in this bioregion are distributed across a number of distinct depth ranges on the slope, specifically areas of the upper slope (225–500 m) and mid slope (750–1000 m). The high diversity and endemism of the demersal fish fauna indicates important interactions between physical processes and trophic structures in this bioregion. 
The Rowley Shoals are a hotspot for biodiversity in this bioregion and contain intertidal and subtidal coral reefs. These reefs support a diverse marine fauna typical of oceanic coral reef communities of the Indo–west Pacific. The reefs are important stepping stones in the maintenance of gene flow among the north-west Australian coral reefs. Biological surveys of the reefs have identified 184 species of corals, 264 species of molluscs, 82 species of echinoderms and 389 species of finfish (DEC 2007). 
Mermaid Reef Marine National Nature Reserve consists of a reef flat 500–800 m wide, that shelves into shallow back-reefs rich in corals and a large lagoon up to 20 m deep (see Chapter 3 for more information on the Mermaid Reef Marine National Nature Reserve). Clerke and Imperieuse reefs also contain lagoons, but they are much shallower and generally more structurally complex as a result of erosion channels cutting through the surface of the terrace (Brewer et al. 2007). The steep change in slope around the reefs attracts a range of migratory pelagic species, including cetaceans, tuna, billfish and sharks. Mermaid Reef supports a variety of shark species, particularly large deep water sharks (e.g. grey reef shark Carcharhinus amblyrhynchos and silvertip whaler shark Carcharhinus albimarginatus) which have been adversely affected through overfishing at other reef locations in the North-west Marine Region (Meekan et al. 2005). 
Ecosystem processes – Biological productivity within the Northwest Transition is characteristic of the North-west Marine Region generally. Surface productivity is suppressed as a result of the dominance of warm and oligotrophic surface water layers, derived from the Indonesian Throughflow. Biological productivity occurs episodically at depth and is associated with seasonally reversing surface currents and mixing associated with the shelf break and perhaps through interactions between internal waves and topographic features on the slope, such as canyons and reefs. 
In this generally low productivity environment, the dominant primary consumers are pelagic, vertically migrating zooplankton, such as crustaceans, larval molluscs and larval fish. These are preyed upon by jellyfish, salps, transient schools of small pelagic fish and squid (Brewer et al. 2007). Higher order consumers in the deep waters of this bioregion include migratory pelagic species, such as juvenile southern bluefin tuna, billfish, dolphins and sharks. 
The trophic dynamics of the demersal communities of the deeper abyssal plain are heavily reliant upon energy inputs in the form of falling detritus, organic matter, nutrients in sediments that move down the continental slope, and, occasionally, carcasses of large pelagic species including whales (Brewer et al. 2007). Bacteria perform an important role in the trophic system of the abyss, aiding in the breakdown of detritus and regenerating nutrients. Primary consumers include copepods, nematodes and crustaceans, which in turn are fed upon by larger crustaceans and squid. 
The trophic dynamics of the Rowley Shoals are centred around the flow of nutrients from primary consumers, such as zooxanthellae, phytoplankton and filter feeders, to secondary consumers, including a variety of tropical reef fish species (e.g. damselfish). In turn, these are preyed upon by a variety of resident tertiary consumers, such as snappers, trevally and serranids, as well as transient tertiary consumers such as pelagic fish, dolphins, sharks and other dominant predators. 
Table 2.4 	Features and areas of ecological importance in the Northwest Transition 
Feature or area
Rationale
Rowley Shoals: Mermaid Reef Marine National Nature Reserve, Clerke and Imperieuse reefs and surrounding waters

The Rowley Shoals are a collection of three atoll reefs. The reefs themselves and their surrounding waters are associated with enhanced biological productivity, and support a high diversity of marine species. Unique sponge faunal assemblages are also associated with each of the reefs. Because of the predominantly southward flow of currents past the Rowley Shoals and beyond, they are also thought to provide a source of invertebrate and fish recruits for reefs further south. 
High order predators, such as sharks, are an important component of the marine ecosystems around the Rowley Shoals. Surveys around Mermaid Reef have confirmed that there is a diverse shark fauna here. Sharks are found in considerable numbers on the Rowley Shoals, compared with the low abundance of sharks on Scott and Ashmore reefs, which have been affected by overfishing. 
The Rowley Shoals also provide important habitat for a number of protected marine species: 
	Red-tailed tropicbirds, white-tailed tropicbirds and little terns breed in this area. 

Sand cays of the Rowley Shoals are important resting and feeding sites for migratory shorebirds.
Fish communities associated with the slope 

The upper and mid-slope areas of the continental slope of this bioregion and the neighbouring Timor Province support rich and diverse demersal fish communities with a high level of endemism (64 species). 
There are two distinct demersal community types associated with the upper slope (water depths of 225–500 m) and the mid-slope (water depths of 750–1000 m). 

2.1.5 Northwest Province
Figure 2.14 	The Northwest Transition 
Figure 2.14 _The Northwest Transition


The Northwest Province is located offshore between Exmouth and Port Hedland, and covers an area of 178 651 km2, all of which is Commonwealth waters. The bioregion covers 16.7 per cent of the total area of the North-west Marine Region and occurs entirely on the continental slope. Water depths in the bioregion are predominantly between 1000–3000 m and reach a maximum depth of over 5170 m in the Exmouth Plateau. 
Geomorphology – The bioregion occurs entirely on the continental slope and is comprised of muddy sediments. It is distinguished by a number of topographic features, such as the Exmouth Plateau, terraces and canyons (including the Swan and Cape Range canyons), as well as deep holes and valleys on the inner slope. The Montebello Trough occurs on the eastern side of the Exmouth Plateau and represents more than 90 per cent of the area of troughs in the North-west Marine Region (Baker et al. 2008). Significantly, this bioregion contains the steepest shelf break of the North-west Marine Region, along the Cape Range Peninsula near Ningaloo Reef. 
The largest topographic feature of this bioregion (in terms of area) is the Exmouth Plateau, which covers an area of approximately 50 000 km2, or 26 per cent of the bioregion (Baker et al. 2008). The surface of the plateau is generally rough and undulating with water depths of approximately 500–5000 m, and is thought to be dotted with pinnacles. It is an important geomorphic feature of the North-west Marine Region that modifies the flow of deep waters. It has been identified as contributing to the generation of internal waves and the potential uplifting of deeper, more nutrient-rich waters, closer to the surface (Brewer et al. 2007). 
Oceanography – As with many other bioregions, circulation of Indonesian Throughflow waters into the Northwest Province (via the South Equatorial Current and Eastern Gyral Current) comprises the dominant surface flow. This circulation is subject to seasonal variation as well as inter-annual variation (as described earlier). It can take up to a year for Throughflow waters to recirculate via these pathways into the bioregion. As a result, the properties of these waters are modified by the time they reach the Northwest Province, but retain their overriding oligotrophic characteristics. 
The most distinguishing feature of the oceanography of the Northwest Province, compared with bioregions further north, is the result of the narrowing of the continental shelf at North West Cape. The generally southward moving surface waters consolidate along the narrow shelf break and become the Leeuwin Current. The Leeuwin Current is often described as the ‘signature current’ of Western Australia, owing to its extent and significant impact on biodiversity and the biological productivity of ecosystems. The Leeuwin Current flows south along the shelf break and is shallow (less than 300 m deep) and narrow (50–100 km wide). The Leeuwin Undercurrent is also a feature of this bioregion and flows northward beneath the Leeuwin Current, between 250–450 m water depth on the continental slope. It transports higher salinity, oxygen-rich but nutrient-depleted water, characteristic of subantarctic water masses, northwards (Thompson 1984). 
The Leeuwin Current is strongest during autumn and winter. During summer, strengthening south-westerly winds counter the alongshore pressure gradient and weaken the southward flow of the Leeuwin Current, allowing the generation of the northward flowing Ningaloo Current. The Ningaloo Current intrudes into this bioregion inshore of the 50 m depth contour along Cape Range Peninsula. The narrowness of the shelf in this bioregion brings the opposing flows of the Leeuwin and Ningaloo currents into close proximity, creating an area of enhanced mixing. 
Other seasonal influences on the oceanography of the Northwest Province include an increase in cyclone incidence and intensity during summer, as well as in increase in internal wave activity around Exmouth Plateau and its associated canyons. The increase in internal wave activity is the result of interaction of tides with seafloor topography of the Exmouth Plateau, when the water column is more highly stratified. 
Biological communities – The Northwest Province represents the beginning of a transition between tropical and temperate biological communities. The predominantly southward flowing surface currents continue to bring tropical Indo–Pacific organisms into this bioregion, but the presence of the northward flowing Leeuwin Undercurrent also transports temperate species from more southern areas (Brewer et al. 2007). North West Cape is a boundary point for a transition in demersal shelf and slope fish communities from tropical dominated communities to the north and temperate communities to the south (Last et al. 2005). The benthic shelf and slope communities of this bioregion comprise both tropical and temperate species with a north-south gradient. The high endemism in demersal fish species associated with the slope (as has been described for the Northwest Transition and Timor Province) is also evident in this bioregion. The continental slope between North West Cape and the Montebello Trough has been identified as one of the most diverse slope habitats of Australia with over 508 fish species and the highest number of endemic species (76) of any Australian slope habitat. However, the reasons for this high level of endemism are not understood. 
The Exmouth Plateau is also likely to be an important area for biodiversity as it provides an extended area offshore for communities adapted to depths of around 1000 m. The circulation of deep water currents in the bioregion probably brings deep water species in closer proximity to species that occur on the plateau and may result in important associations of biological communities (Brewer et al. 2007). For example, channels and valleys from the plateau to the deeper slope and adjoining abyss may act as conduits for the delivery of materials and sediments and may sustain suites of communities at the base of the plateau. The deeper waters of the inner edge of Exmouth Plateau, around the Montebello Trough, are believed to be an important feeding site for sperm whales, indicating an area of high biological productivity. However, little specific information is available on the biological communities of the Exmouth Plateau and associated slope. 
Despite the present poor knowledge of the benthic communities on the Exmouth Plateau, information on sediments in the bioregion indicates that benthic communities are likely to include filter feeders and epifauna. Soft-bottom environments are likely to support patchy distributions of mobile epibenthos, such as sea cucumbers, ophiuroids, echinoderms, polychaetes and sea-pens. The biological communities within canyons in the bioregion are also poorly understood. The canyons in this bioregion probably channel currents onto the plateau, driving upwelling in the canyon heads. These are associated with aggregations of baitfish, which in turn attract larger pelagic species such as billfish and tuna. 
Pelagic species occurring above the plateau, slope and canyons are likely to include nekton and small pelagic fish, attracted to seasonal upwellings, as well as larger predators such as billfish, sharks and dolphins. A number of migratory species have been recorded in this bioregion including whale sharks, cetaceans, marine turtles (e.g. loggerheads, leatherback and olive ridley turtles are known to traverse the bioregion) and whale sharks. All are known to feed on and around the adjacent Ningaloo Reef, which is situated on the shelf and slope of the Cape Range Peninsula. Ningaloo Marine Park (Commonwealth and State waters) occurs in both this bioregion and the adjacent Central Western Transition, Central Western Shelf Transition and Northwest Shelf Province bioregions, but is discussed in detail in the Central Western Shelf Transition bioregion (Section 2.1.6) and in Chapter 3. 
Ecosystem processes – It is believed that overall biological productivity above the Exmouth Plateau and slope is generally low, again because of the overriding influence of the oligotrophic tropical waters. However, the Exmouth Plateau acts as a physical obstacle, forcing deeper, cooler and more nutrient-rich waters onto the plateau. Internal wave activity during summer may further stimulate biological productivity when nutrient-rich waters are raised into the photic zone. Satellite imagery has identified areas of increased biological productivity along the northern and southern boundaries of the plateau, as well as in the east along the shelf edge through the Montebello Trough (Brewer et al. 2007). The extent to which internal waves play a part in these increases in productivity (if at all) is unknown.
The trophic dynamics of deeper waters in the Northwest Province, and in particular on the Exmouth Plateau, can be separated into pelagic and benthic food webs. Detritus falling from the pelagic environment to the seafloor plays a key role in nutrient cycling from pelagic to benthic environments (Brewer et al. 2007). Small pelagic fish are thought to be the main consumers of phytoplankton and zooplankton in the pelagic system and are, in turn, preyed on by larger tertiary consumers such as billfish, sharks and dolphins. Bacteria on the seafloor are likely to utilise available nutrients in sediments and detritus and are fed upon by primary consumers such as nematodes and copepods. Detritivores such as molluscs and crustaceans may also directly feed upon detritus. Both the primary consumers and detritivores are probably preyed upon by larger secondary consumers such as crustaceans and demersal fish. 
The heads of canyons extending between the Cuvier Abyssal Plain (lying in the adjacent Central Western Transition bioregion) and the slope of the Northwest Province, and in particular the Cape Range Canyon, are sites of localised seasonal biological productivity that are associated with bursts in phytoplankton, zooplankton and tropical krill production. These sporadic bursts of productivity are believed to have a significant influence on the adjacent Ningaloo Reef and help to explain the high biodiversity of this area. The narrowness of the shelf means that the nutrients channelled to the surface via canyons in the slope are immediately available to reef consumers. A general lack of terrestrial nutrient inputs means that this deep water source is a major source of nutrients for Ningaloo Reef, and is therefore very important in maintaining the marine ecosystem. 

Table 2.5	Features and areas of ecological importance in the Northwest Province
Feature or area
Rationale
Exmouth Plateau 

The Exmouth Plateau is an area of enhanced localised biological productivity. This productivity is seasonal and occurs in sporadic bursts. It is driven by the interaction of regional oceanography and topographic features. 
The plateau is a topographic obstacle that forces the upwelling of deeper, more oxygen and nutrient-rich waters up into the photic zone where primary productivity can occur. The Exmouth Plateau also receives detritus and other matter from the pelagic environment, which supports an important suite of demersal species. Enhanced productivity on the Exmouth Plateau is likely to support a number of marine species and be the site of distinct marine ecosystems. 
Canyons on the slope, including the Cape Range Canyon 

The canyons on the slope of this bioregion act as conduits for sediment transport and the channelling of deeper waters up onto the slope and towards the adjacent shelf. Biological productivity at the head of the Cape Range Canyon in particular is thought to support aggregations of whale sharks, sweetlip emperors and other species, and is thought to be a significant contributor to the biodiversity of the adjacent Ningaloo Reef. The soft-bottom habitat of the canyons is also likely to support important assemblages of epibenthic species. 

Demersal fish communities associated with the slope 

The upper and middle parts of the continental slope in this bioregion have important demersal fish communities, which display a high degree of endemism compared with other areas of slope in the Australian EEZ. In particular, the continental slope between North West Cape and the Montebello Trough supports, over 508 fish species of which 76 are endemic. The high numbers of species found here is believed to be associated with areas of enhanced biological productivity as a result of the interaction between seasonal currents and seafloor topography. 



2.1.6 Central Western Shelf Transition
Figure 2.16	The Central Western Shelf Transition 
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Covering an area of 9698 km², of which 7340 km2 or 75.7 per cent is in Commonwealth waters, the Central Western Shelf Transition is located on the continental shelf between Carnarvon and the tip of North West Cape. Commonwealth waters in the bioregion constitute less than one per cent of the total area of the North-west Marine Region. The bioregion varies in width from 25 km in the south, to less than 1 km along the western edge of North West Cape. This bioregion includes both State and Commonwealth waters between depths of 0–80 m. Ningaloo Reef is a significant component of this bioregion, but also extends into the Northwest Province, the Central Western Transition Province and a small portion of the Northwest Shelf Province. For the purposes of the Bioregional Profile, the geomorphology and biological communities of Ningaloo Reef are discussed in this section. 
Geomorphology – The Central Western Shelf Transition is located entirely on the continental shelf and is comprised mainly of sandy sediments. The close proximity of the coast to the shelf break is a significant feature of this bioregion and is an important factor in determining its biodiversity. 
Ningaloo Reef is the most significant geomorphic feature in the bioregion. It extends south of North West Cape along the Cape Range Peninsula, and stretches for over 260 km. It is the only example in the world of an extensive fringing coral reef on the west coast of a continent. It is marked by a well-developed spur and groove system of fingers of coral formations penetrating into the ocean with coral sand channels in between. The spurs provide calmer regions for coral growth, whereas the grooves experience strong scouring surges and tidal run-off and have little coral growth. A lagoon on the inshore side separates the reef from the mainland. The lagoon averages 2–4 m in depth and ranges in width from 200 m to over 6 km. Seaward of the reef crest the reef drops gently to depths of 8–10 m. The waters reach 100 m depth 5–6 km beyond the reef edge. 
Oceanography – The interaction of the Leeuwin Current, Leeuwin Undercurrent and the Ningaloo Current are the dominant oceanographic features of the Central Western Shelf Transition. The Leeuwin Current and Leeuwin Undercurrent are centred on the shelf break to the west of this bioregion, but it is likely that local eddies associated with interactions of these currents, as well as internal tides around the shelf break, result in the transport of these waters into the bioregion. The narrowness of the shelf in this bioregion also ensures that there is close connectivity between deeper waters of the shelf break and the coastal waters of the bioregion. Between September and mid-April, inner-shelf waters are dominated by the northward-flowing Ningaloo Current, which flows inshore of the 50 m depth contour (Hanson et al. 2005). Further inshore, a wave, wind and tidally driven flow dominates, as strong localised currents around Ningaloo Reef are generated by the funnelling of the ebb tide through the spur and groove system of the reef. The interaction between these physical drivers results in the bioregion being an area of enhanced, although still sporadic, biological productivity. The Central Western Shelf Transition receives little freshwater run-off. 
Biological communities – The Central Western Shelf Transition, along with the Central Western Transition and the southern areas of the Northwest Province, is located within a significant biogeographic transition between tropical and temperate species. The predominantly southward flowing surface currents bring tropical Indo–Pacific species into this bioregion, but the influence of the northward flowing Leeuwin Undercurrent also transports temperate species from more southern areas into the bioregion (Brewer et al. 2007). This is reflected in the benthic ecological communities of the bioregion, which include both tropical and temperate species transitioning along a north-south gradient. 
A large proportion of this bioregion is covered by the Ningaloo Marine Park, which is one of the most significant hotspots of biodiversity within the North-west Marine Region (see Chapter 3 for more information on Ningaloo Marine Park (Commonwealth Waters)). The park encompasses both State and Commonwealth waters. Commonwealth waters of the park are deeper than 30 m, with those north of Point Cloates extending as deep as 70–100 m, and those further south 40–80 m. The Ningaloo Marine Park incorporates a diversity of habitats including: areas of open ocean in Commonwealth waters that support pelagic species such as tuna, billfish and whales; the seabed of the continental slope and shelf that supports demersal and benthic plants and animals including fish, molluscs, algae, sponges, soft corals and burrowing bivalves; as well as coral reefs and intertidal areas such as rocky shores and mangroves in State waters. 
Some sponge species and filter-feeding communities found in deeper waters around the reef appear to be significantly different to those of the Dampier Archipelago and Abrolhos Islands, indicating that the Commonwealth waters of the park have some particular areas of potentially high and unique sponge biodiversity (Rees et al. 2004). Overall, the biological communities of the reef differ from the hard coral reefs located elsewhere in the North-west Marine Region because of the proximity of the reef to shallow waters along the coast, and are thought to provide unique habitat for a number of species.
Ningaloo Reef is an area of high biodiversity, with over 200 species of coral, more than 460 species of reef fish, as well as molluscs, crustaceans and other reef plants and animals (LeProvost, Dames and Moore 2000). Marine turtles, dugongs and dolphins frequently visit the lagoon and aggregations of large planktivores such as whale sharks and manta rays are found on the outer reef. Humpback whales are seasonal visitors to the reef, migrating along the outer reef edge. The olive seasnake is commonly observed on the outer reef and large predators such as the oceanic white-tip shark, tiger shark, blue shark and grey reef shark occur in deeper Commonwealth waters outside the reef. 
Ningaloo Reef is recognised worldwide for its annual aggregations of whale sharks. It is estimated that 300–500 whale sharks visit Ningaloo every year (Meekan et al. 2006). Aggregations occur between March and June, coinciding with mass coral spawning events and seasonal localised increases in productivity. Studies have identified a complex relationship between whale shark numbers and inter-annual changes in the strength of the Leeuwin Current and coastal water temperatures (Wilson et al. 2001). 
Ecosystem processes – The narrowness and shallowness of areas of the shelf and the interaction of slope and shelf edge processes results in the Central Western Shelf Transition being a relatively biologically productive environment compared to much of the Region. Because of the shallowness of the shelf, the chlorophyll maxima sit on the bottom of the seafloor to water depths of around 70 m. The benthic environment is therefore directly connected to the pelagic system through mixing and vertical migration of plankton, resulting in a diverse benthic environment of sponges, soft corals and associated demersal fish. Seagrass and algal beds in shallower areas of the bioregion also enhance benthic productivity. 
Interactions between the Ningaloo Current and the Leeuwin Current result in upwellings of cold water in the adjacent Northwest Province and Central Western Transition from water depths of around 100 m. These upwellings are channelled onto Ningaloo Reef through canyons in the slope, such as the Cape Range Canyon (located in the Northwest Province) and Cloates Canyon (located in the Central Western Transition). The lack of coastal run-off, and the narrow nature of the shelf at North West Cape means that the Ningaloo Reef is almost entirely dependent on this offshore source of nutrients (Brewer et al. 2007). Circulation of currents throughout the reef is further enhanced through the spur and groove system, as these formations enhance the transport of nutrients around the reef. 
Currents in the bioregion have a significant influence on coral larvae transport. It is thought that the Ningaloo Current is instrumental in the dispersal of coral larvae from Ningaloo Reef following annual autumn mass reef spawning events. The circulatory but northward flow of the current is believed to be responsible for retaining the ‘stock’ of coral spawn within the Ningaloo Reef system (Taylor & Pearce 1999) and little is thought to travel south. This retention of planktonic biomass within the Ningaloo Reef system is likely to be responsible for the extremely active food chains during coral spawning events, and the occurrence of seasonal aggregations of whale sharks (Taylor & Pearce 1999) (Figure 2.17). Other reef organisms, such as polychaete worms, spawn at the same time as coral and both events inject large amounts of protein into the waters of the bioregion, boosting the zooplankton food chain and further supporting aggregations of whale sharks and manta rays (Taylor & Pearce 1999). The maintenance of this nutrient stock is thought to be important for the survival of the reef itself. 
While the majority of the reef occurs in State waters of Ningaloo Marine Park, the Commonwealth waters of the park provide essential biological and ecological links that sustain the unique and diverse species of the reef, particularly by supplying nutrients to the reef communities from further offshore. Commonwealth waters are also important areas for the congregation and migration of species into and out of the nearshore zone. 
Table 2.6 	Features and areas of ecological importance in the Central Western Shelf Transition
Feature or area
Rationale
Ningaloo Marine Park–North West Cape

Ningaloo Reef is an important geomorphic feature, with enhanced biological productivity, high species biodiversity and feeding aggregations of marine life. It is unique globally as the only fringing coral reef located on the western side of a continental landmass. 
As it is located adjacent to an arid hinterland and receives very little if any terrestrial run-off, it is almost entirely reliant upon processes in the marine environment for nutrient inputs. Some of its important features include:
	Site of predictable upwelling as a result of interactions between the Ningaloo Current and the Leeuwin Current as well as upwelling processes on the adjacent shelf break.

High species diversity and abundance of marine species including demersal fish, coral reef fish, crustaceans and dugongs as well as many other marine creatures of both tropical and temperate origin. 
It is the only marine park and only place in the world that is a known aggregation site for whale sharks, which feed on seasonal concentrations of krill and zooplankton along the reef.
It lies in the annual migration path for humpback whales and is regularly visited by numerous migratory seabird species listed on China-Australia and Japan-Australia Migratory Bird Agreements (CAMBA and JAMBA).
Figure 2.17	Trophic structures of the Central Western Shelf Transition

Figure 2.17_Trophic structures of the Central Western Shelf Transition


2.1.7 Central Western Transition 
Figure 2.18	The Central Western Transition 
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The Central Western Transition occurs entirely in Commonwealth waters off the shelf between Dirk Hartog Island and North West Cape. It has an area of 162 891 km2 and represents 15 per cent of the North-west Marine Region. Its eastern boundary coincides with the shelf break and in the north comes within a few kilometres of the coast on the Cape Range Peninsula. About 40 per cent of the bioregion occurs in water depths greater than 4000 m and the deepest areas of the bioregion occur within the Cuvier Abyssal Plain at around 5330 m. 
Geomorphology – The Central Western Transition is characterised by large areas of continental slope, with sediments dominated by muds and sands that decrease in grain size with increasing depth. The slope is incised by numerous topographic features such as terraces (i.e. the Carnarvon Terrace), canyons (i.e. Cloates Canyon and Carnarvon Canyon) and rises. A large part of the bioregion consists of the Cuvier Abyssal Plain. The Wallaby Saddle is another important feature of this bioregion and it is the most extensive area of this type of topographic feature in the North-west Marine Region (Baker et al. 2008). The southern boundary of the bioregion is shared with the adjacent South-west Marine Region and several geomorphic features such as the Carnarvon Terrace occur across both the North-west and South-west Marine Regions. 
Oceanography – As in the Northwest Province, the Leeuwin Current follows the shelf break throughout this bioregion. The current is strongest during autumn and winter (April to September) and drives a meandering stream of warm, low nutrient surface waters south along the slope. It is underlain by the Leeuwin Undercurrent, which flows northwards towards the equator. Inshore, on the eastern boundary of the bioregion and the adjacent Central Western Shelf Transition and Central Western Shelf Province, interactions occur between a weakened Leeuwin Current and the northward-flowing Ningaloo Current, during summer. This interaction facilitates vertical mixing of water layers and is believed to be associated with sporadic bursts in biological productivity. 
Seasonal and sporadic upwelling is also thought to occur in association with other topographic features in the bioregion. Localised upwelling associated with the Cape Range Canyon (shared with the Northwest Province) and Cloates Canyon may result in localised increases biological productivity around canyon heads. Productivity along the shelf break may be increased by the action of internal waves. The Wallaby Saddle is also believed to be an area of upwelling, as it is shallower than deep ocean areas to its north and south, causing an upward movement of deeper, cooler waters. This upwelling is thought to support aggregations of small pelagic fish and associated predators. 
The Central Western Transition is distinguished by a transition in water temperatures from tropical in the north to more temperate in the south. Water temperature also decreases quickly with increasing depth. The deeper waters are less subject to seasonal wind stress and therefore experience less vertical mixing than shallower waters. 
Meso-scale eddies associated with the Leeuwin Current and Leeuwin Undercurrent are a feature of the adjoining South-west Marine Region and may extend into the Central Western Transition. The anti-clockwise eddies of the Leeuwin Current generally form during winter at predictable locations along the shelf break (Waite et al. 2007). They circulate in a south-westerly direction and are thought to be sites of enhanced mixing of Leeuwin Current waters with offshore waters from the Indian Ocean. Cyclonic eddies associated with the Leeuwin Undercurrent have also been observed in the South-west Marine Region and may detach from the current and migrate offshore at various locations (Rennie et al. 2007). It is not clear whether these eddies occur in the Central Western Transition. 
Biological communities – The Central Western Transition, along with the Central Western Shelf Transition and the southern areas of the Northwest Province, is located within a biogeographic faunal transition between tropical and temperate species. The predominantly southward flowing surface currents bring tropical Indo-Pacific species into this bioregion, while the northward flowing Leeuwin Undercurrent transports temperate species from southern areas (Brewer et al. 2007). The benthic slope communities of this bioregion comprise both tropical and temperate species along a north-south gradient. 
The biological communities of the Central Western Transition are thought to be distinctive owing to the proximity of deep ocean areas to the continental slope and shelf, resulting in close interaction between pelagic species of the Cuvier Abyssal Plain and those of the slope and shelf. Generally, the ecological communities of this bioregion have a closer resemblance to those in the South-west Marine Region, particularly in the south.
The present level of understanding of the marine environment in this bioregion is generally poor. The harder substrate of the slope in waters of 200–2000 m deep is likely to support populations of epibenthos such as bryozoans, sponges and encrusting coralline algae. These support larger infauna and benthic animals such as crabs, cephalopods, echinoderms and other suspension-feeding epibenthic organisms. In the deeper waters of the abyss, the benthic communities are likely to be sparse and include meiofauna (e.g. nematodes). The meiofauna in the abyss are capable of utilising bacterial detritus/particulate organic matter, which falls from the pelagic zone above. 
The diversity of fish and cephalopod species changes with depth, generally decreasing in species numbers with increasing depth. The demersal slope fish bioregionalisation identifies some endemism in communities in this bioregion (Last et al. 2005). However, it is lower than other areas of the North-west Marine Region, despite the presence of a variety of slope habitats in this bioregion. Bentho-pelagic fish, such as deep water snappers, (e.g. Paracaesio spp, and Eletis spp.), hatchetfish (Argyropelecus spp.). Dragonfish (Melacosteus spp.), viperfish (Chauliodus spp.), and a number of squid and eel species migrate between the benthic and pelagic systems, forming an important link between these systems. 
Juvenile and adult southern bluefin tuna travel through the Central Western Transition as they seasonally migrate to and from spawning grounds. Other transient fish species include broadbill swordfish (Xiphius gladius), bigeye tuna (Thunnus obesus), yellowfin tuna (Thunnus albacares) and striped marlin (Tetrapturus audax). Local pelagic predators, such as sharks and dolphins, also range across the bioregion following schools of pelagic fish. The larger pelagic species occur in higher densities in water depths of 200–2000 m. Other migratory species in this bioregion include whales, migrating northwards outside of the 200 m contour. The Wallaby Saddle in particular is thought to be an important feeding site for sperm whales. 
Ecosystem processes – The oligotrophic waters of the Leeuwin Current result in generally low biological productivity throughout the Central Western Transition. Productivity bursts within this bioregion, as elsewhere in the North-west Marine Region, are spatially and temporally variable. These are associated with mixing processes occurring around topographic features such as the shelf break, the Wallaby Saddle and in canyon heads. 
Upwelling in canyon heads and on the shelf break supports enhanced local and downstream productivity, resulting in concentrations of primary and secondary consumers. Primary consumers, such as micro and macrozooplankton (e.g. amphipods, copepods, mysids, cumaceans and euphausiids), attract aggregations of manta rays and whale sharks to waters off Ningaloo Reef in this bioregion and the adjoining Central Western Shelf Transition and Northwest Province. The sporadic productivity bursts (described in Section 2.1.6) are believed to be very important for Ningaloo Reef, providing the majority of nutrients to the Reef in an otherwise oligotrophic environment that receives limited terrestrial input. Biophysical processes therefore occurring in Commonwealth waters have an important role in maintaining the ecology of the Ningaloo Reef. 
Meso-scale eddies associated with the Leeuwin Current and Leeuwin Undercurrent have not been recorded in the Central Western Transition but are a feature of the adjoining South-west Marine Region. These eddies may be important for transport of nutrients and plankton communities in the North-west Marine Region as well. Generally, they assist in the offshore movement of shelf planktonic communities, but are also thought to play an important role in vertical mixing of the water column. The interaction between surface and deeper eddies may trigger bursts of primary productivity when deeper, more nutrient-rich waters are mixed with warmer waters and are transported into the photic zone, where light stimulates the production of plankton. 
Between the shelf and water depths of 2000 m, trophic systems are predominantly pelagically driven, as described above. In the pelagic environment, primary productivity is consumed by vertically migrating zooplankton (such as crustaceans, larval molluscs and larval fish) and other primary consumers, such as jellyfish and salps. These are preyed upon by schooling fish and cephalopods. Tertiary consumers include transient billfish and tuna and other pelagic predators such as sharks that either migrate seasonally or range through the system following schools of pelagic fish. Large migratory species found in this bioregion include toothed whales and dolphins, which prey on cephalopods, fish and crustaceans.
Demersal fish communities on much of the slope may be primarily reliant upon detrital rain for nutrients, although links between the benthic and pelagic trophic systems may be provided by caridean shrimps, small fish and other species migrating between the two systems. 
The deeper waters of the bioregion, particularly over the Cuvier Abyssal Plain, probably have distinct pelagic and benthic trophic systems. The benthic system is based upon bacterial-detrital food webs. Detrital input from subsurface phytoplankton and particulate organic matter is thought to be consumed by scavengers, such as molluscs and large isopods as well as detritus feeders and filter-feeders. 

Table 2.7	Features and areas of ecological importance in the Central Western Transition
Feature or area
Rationale
Wallaby Saddle

The Wallaby Saddle is an important seafloor feature, as it is associated with enhanced biological productivity, in an area of generally low productivity. The saddle is shallower than adjoining abyss areas to the north and south and is the site of upwellings of deeper, more nutrient-rich waters. 
Aggregations of sperm whales are thought to occur on the Wallaby Saddle and it is believed that they feed on aggregations of small pelagic fish. These aggregations are a reflection of the relatively high biological productivity of the area.
The saddle itself is also an important geomorphic feature as it represents almost the entire area of this feature type in the North-west Marine Region.
Cape Range Canyon and Cloates Canyon

The canyons on the continental slope around the Exmouth Plateau and Ningaloo Reef are important ecological features as they are the site of predictable upwellings. The canyons channel cooler, more nutrient-rich waters up on to Ningaloo Reef, and are believed to be essential in maintaining the biological productivity and ecology of the Reef. 
The upwelling zones are sites of marine species aggregations, and fish such as sweetlip emperor are known to associate with the top of canyons. The soft-bottom habitat of the canyons is also likely to support an important assemblage of epibenthic species. 




2.1.8 Central Western Shelf Province
Figure 2.19	The Central Western Shelf Province 
Figure 2.19_The Central Western Shelf Province 


The Central Western Shelf Province encompasses both State and Commonwealth waters and occurs on the shelf between Kalbarri and Coral Bay, covering an area of 50 516 km2 (32 996 km2 or 65.5 per cent of which is in Commonwealth waters). Commonwealth waters of the bioregion constitute three per cent of the North-west Marine Region and the bioregion itself varies in depth from 0–100m. The southern and south-western boundaries of the bioregion abut the South-west Marine Region with which it shares physical drivers and species. 
Geomorphology – This bioregion is located on the Dirk Hartog Shelf and is generally very flat. It varies in width from less than 20 km in the north to around 125 km in the vicinity of Shark Bay. A small area of reef and tidal sandwaves or sandbanks occur at the entrance to Shark Bay and within its vicinity. Other topographic features of the bioregion include a deep hole and associated area of banks and shoals offshore of Kalbarri. The banks and shoals in this bioregion are of note because they occur at latitudes significantly south of banks and shoals elsewhere in the North-west Marine Region (Baker et al. 2008). 
As with other coastal bioregions, sand is the dominant component of the sediments of the Central Western Shelf Province, with small amounts of gravel and muds (Baker et al. 2008). The substrate within Shark Bay itself is predominantly sandy, with a small area of temperate reef at the opening of the bay. 
Oceanography – Most of the bioregion lies between water depths of 50–100 m and there is little freshwater run-off or any other coastal influence on the shelf. The main currents include the southward flowing Leeuwin Current centred on the shelf break, the shelf based Ningaloo Current, which originates around Shark Bay and flows northwards, and the northern extension of the wind-driven Capes Current, which flows north during summer on the inner shelf in the southern parts of the bioregion. 

Within the coastal waters of Shark Bay, adjacent to the Region, tidally driven circulation around the inner bay is restricted by a complex series of sills and channels as well as the bay’s division into two gulfs. There is also little freshwater input into the bay. As a result of these factors and high evaporation rates, waters within Shark Bay are hypersaline. The flow of the Leeuwin Current along the slope intrudes into Shark Bay during winter, specifically through the Naturaliste Channel, restricting the outflow of waters from the bay. During summer, some seepage of hypersaline water out of Shark Bay and into adjacent Commonwealth waters has been observed. These waters flow southward along the shelf, strengthened by regional winds. The resulting current is known as the Shark Bay Outflow. 
Because of the shallowness of the Central Western Shelf Province, the Leeuwin Current and Shark Bay Outflow are likely to dominate the water column, but some cooler waters from the northward flowing Leeuwin Undercurrent may seep across the shelf into this bioregion and the north flowing Capes Current influences the southern portion of the bioregion during summer (Woo et al. 2006). 
As discussed in relation to the Central Western Shelf Transition, the occurrence of meso-scale eddies associated with the Leeuwin Current and Leeuwin Undercurrent in the North-west Marine Region requires further investigation. They are a feature of the shelf break and areas further offshore and are known to occur in the offshore waters south of Shark Bay in the adjacent South-west Marine Region. It is unclear whether their influence extends into the Central Western Shelf Province. 
Biological communities – The biological communities of this bioregion share many similarities with the adjoining South-west Marine Region. The Central Western Shelf Province is a transitional zone between the predominantly tropical flora and fauna of the north and temperate flora and fauna further south. For example, brown algae (Ecklonia spp.) is the dominant flora of the temperate reef flats of this bioregion replacing Sargassum spp., which is more dominant further north (DEWHA 2008). Similarly, the fish communities predominantly comprise temperate species with very little distinction between coastal and shelf communities. The western rock lobster (Panulirus cygnus) occurs in low densities and plays an important role as a consumer in coastal ecosystems. 
Biological communities of the shelf are likely to include a sparse invertebrate assemblage of sea cucumbers, urchins, crabs and polychaetes on sandier substrates. Harder substrate areas are likely to contain sessile invertebrates such as sponges, gorgonians and more diverse fish than sandy habitats. Coastal fish species include jewfish and periodic/seasonal swarms of hardyheads that are food for a wide variety of species, including larger fish and whales (DEWHA 2008). 
Bentho-pelagic fish, such as sweetlip emperor, are likely to occur around the shelf edge. Cliffs along the coast of the bioregion are thought to provide submarine feeding habitat for green turtles. A number of migratory marine species, such as dolphins, whales and dugongs, are thought to occur in Commonwealth waters as they travel between feeding and breeding grounds to the north and south. 
The biological communities within Shark Bay have been studied extensively and the Bay is a declared World Heritage Area. The bay includes a diversity of habitats including areas of seagrass, sandy plains and rocky shoreline, in both high and low energy zones. Shallow fringing coral reefs occur on the eastern side of many of the bay’s islands. There are also extensive sponge gardens and communities of bivalves and other mollusc species that are associated with finer sediments and mobile shifting banks. 
Shark Bay is also a globally important site for dugongs, supporting up to 10 000 individuals. Shark Bay also supports the largest breeding population of loggerhead turtles in Australia, and the third largest in the world. The bay also supports a substantial population of bottlenose dolphins, and significant numbers of whales (primarily humpbacks) and manta rays occur in northern and western Shark Bay in winter (Preen et al. 1997). Higher order predators, such as tiger sharks, also occur within the shallow seagrass ecosystems of Shark Bay, feeding on sea snakes, dugongs, marine turtles and smaller shark species. Shark Bay and the adjacent shelf are also important areas for shallow water snapper (Pagrus auratus), which comprise three distinct breeding populations in the area, one in each inner gulf of Shark Bay and a third in the adjacent oceanic waters (Moran et al. 2003). 
Ecosystem processes – The shallow waters of this bioregion are generally low in nutrients (nitrogen and phosphorus). Beds of macro-algae and seagrass within Shark Bay and along the bioregion’s coastline provide a major source of benthic production in coastal waters, and support a benthic invertebrate fauna of high diversity and abundance. The invertebrate communities of Shark Bay have not been extensively studied but include sea cucumbers, urchins, crabs and polychaetes. Shark Bay is an area of high primary pelagic productivity. The limited flushing of the waters of Shark Bay means that nutrients remain in the bay’s system, enabling the waters to support varied and abundant marine populations (Burling 1998). Harder substrate areas contain sessile invertebrates such as sponges, gorgonians and a more diverse fish fauna than sandier habitats. 
Further mixing of waters offshore around the shelf break may result in increased nutrients in the photic zone, which could be transported throughout the bioregion via surface currents and tides. In these areas, the pelagic trophic system is thought to include micro and macro-zooplankton (e.g. amphipods, copepods), which are preyed upon by pelagic fish and planktivores, such as manta rays and whale sharks offshore. This bioregion generally demonstrates strong connectivity between biophysical and ecological processes occurring in State and Commonwealth waters. 
Table 2.8	Features and areas of ecological importance in the Central Western Shelf Province
Feature or area
Rationale
Shark Bay–Dirk Hartog Island and surrounding waters

Shark Bay and the surrounding Commonwealth waters contain a number of habitats that support an important array of species:
	Shark Bay is an important resting area for migrating humpback whales, particularly for females and calves on southern migration. Humpbacks particularly use the northern half of the bay. There are also resident populations of bottlenose dolphins. 

Shark Bay has also been identified as critical feeding habitat for loggerhead and green turtles. It supports the largest breeding population of loggerhead turtles in Australia, and the third largest in the world. Dirk Hartog Island has been identified as critical nesting and internesting habitat for loggerhead turtles. Marine turtles are thought to be common in adjacent Commonwealth waters.
Wedge-tailed shearwaters, bridled terns, Caspian terns, crested terns and roseate terns breed in this area, and adjacent Commonwealth waters are likely to provide food for these species.
The dugong population in Shark Bay is thought to be one of the largest in the world and is estimated at approximately 10 000 individuals.
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Figure 2.16 The Central Western Shelf Transition 
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Figure 2.19 The Central Western Shelf Province 
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