SUPPLEMENTARY TEXT 1. REGIONAL VARIATION IN ENVIRONMENTAL
CONDITIONS ON WESTERN AUSTRALIAN REEFS

Kimberley Oceanic Region

The oceanic reefs in the Kimberley region (=12°S - 17.5 °S) of north-western Australia are
isolated atolls rising from depths of several hundred meters near the edge of the continental
shelf, more than 200 km from the coastline and from each other (Berry & Marsh 1986; Veron
& Marsh 1988a; Wilson 2013). The dominant oceanic feature is the Indonesian Throughflow,
which transports warm low salinity water into the region through the Indonesian Archipelago
(Cresswell et al. 1993; Domingues et al. 2007; Holloway 1995). The Indonesian Throughflow
also provides a mechanism for the transport of pelagic larvae from the Pacific and Southeast
Asian reefs to north-western Australia, so the fauna at the oceanic atolls have a closer affinity
to Indonesian reefs than to others in Western Australian waters. The local oceanography is
influenced by semi-diurnal tides of up to approximately 5 m, and the waters around the reefs
are warm, clear and nutrient deficient. Mean seawater temperatures vary seasonally, from a
low of approximately 26° C in winter to maxima of approximately 30° C during December
and March, with a small drop in mid-summer due to monsoonal cloud cover and storm

activity.

The distance of the reef systems from the mainland means they are not affected by terrestrial
runoff and associated issues of degraded water quality. There is also relatively little fishing
pressure at the reefs, with the notable exception of traditional fishing by Indonesians for
shark fin, Trochus and sea cucumber at some reefs (Stacey 2007), and/or some managed
professional and recreational fishing. The most frequent disturbance to these reefs is seasonal
storms and cyclones. Severe monsoonal winds and waves impact the reefs from a west,
south-westerly direction between November and April, with cyclone impacts occurring
through a similar period (Berry & Marsh 1986; Bowman et al. 2010). Since 1998, elevated
water temperatures are known to have caused moderate to severe coral bleaching. Coral
bleaching caused the mass mortality of corals at Scott Reef in 1998 (Gilmour et al. 2013), and
less extreme temperature anomalies have caused moderate bleaching events at all the reefs
during the last decade. Outbreaks of coral predators and disease have not been recorded, apart
from a small outbreak of disease that affected some corals at parts of Scott Reef in 2010.
However, most of the reproductive data collected from the oceanic atolls were not biased by

these disturbances.



Kimberley Region

The Kimberley region (=12°S - 17.5 °S) of north-western Australia includes a vast network of
fringing and coastal reefs, spanning over 4000 km of open coast and a coastline of over
13000 km (Short 2011; Wilson 2013). The oceanography is influenced by similar regional
currents as the oceanic reefs, but with a more local influence of the Holloway Current
adjacent to the shelf edge (D’Adamo et al. 2009; Wilson 2013). The local oceanography is
dominated by a diurnal tidal range of up to 10 m, which coupled with strong currents and
shallow bathymetry can cause periods of extreme turbidity on some reefs (Richards et al.
2014; Wilson 2013). Mean seawater temperatures are slightly higher than on the oceanic
reefs, varying from approximately 25°C in July to 31°C in March. The coastal zone is
characterised by extensive intertidal reefs, mudflats, mangrove forests, and muddy shorelines
(INPEX 2011).

The remoteness of the Kimberley means it is currently not affected by degraded water quality
or significant fishing pressure, although the region is of increasing economic importance and
coastal developments are planned (Keesing et al. 2011). The most frequent disturbances to
the region are monsoonal storms and cyclones through January to April (Veron & Marsh
1988a). There are no reports of outbreaks of coral disease or predators, or of temperature
induced mass-bleaching events, but the remoteness of the region means there have been few
surveys of the coral communities. However, the little reproductive data collected from the

Kimberley region are unlikely to have been biased by disturbances.

Pilbara Region

The Pilbara region (=19°S - 21°S) of Western Australia has extensive and varying coral reef
habitats, ranging from highly turbid, sheltered reefs along the mainland to wave exposed
fringing reefs on mid-shelf islands (Blakeway & Radford 2004; Veron & Marsh 1988b;
Wilson 2013). The regional oceanography reflects a zone of transition from the dominant
currents in the Kimberley region, particularly the Holloway Current, to the region in which
the Leeuwin Current intensifies to the north of Ningaloo reef. As with the Kimberley, the
longshore, wind-driven currents of the Pilbara region are linked to the seasonal changes in

winter tradewinds and summer monsoonal storms, but are dominated locally by relatively



large (5 m) semi-diurnal tides and the complex topography of the mainland and island
archipelagos (Wilson 2013). Water temperature within the inshore area has the largest
seasonal range in Western Australia, of between 20 to 30° C, and can reach as high as 34° C
in late summer (Jones 2004). High concentrations of plankton, organic detritus and
particulate sediments result in high turbidity at the inshore reefs, which is further elevated by
the shallow bathymetry, tidal range, strong currents, and resuspension of sediments by

seasonal winds, storms and cyclones (Jones 2004).

The tropical, semi-arid climate within the Pilbara is punctuated by high temperatures,
sporadic rainfall, and frequent tropical cyclones between December and April (Jones 2004).
Damage from tropical cyclones is significant, causing some of the highest historical wind
gusts recorded in Australia. Associated with these storms are the localised impacts of
freshwater run-off from the mainland and islands. More recently, temperature induced coral
bleaching has caused severe, and in places repeated, damage to Pilbara reefs. Coral bleaching
and mortality was first observed in the Dampier Archipelago in 1998, and since 2008 coral
bleaching has been reported on reefs adjacent to the mainland at Dampier and Onslow, in the
Dampier Archipelago, and around Barrow and Montebello Islands (Chevron 2014; Moore
2012; MScience 2010; Speed et al. 2013). Additionally, outbreaks of the coral eating snail
(Drupella cornus) and particularly the crown-of-thorns starfish (Acanthaster planci) have
been reported periodically on Pilbara reefs, and have caused severe impacts at some sites
within the Dampier Archipelago (Wilson 2013). In addition to these more regional scale
disturbances, some reefs within the Pilbara experience additional pressure from recreational
fishing and industrial developments, particularly within Mermaid Sound and in the west
Pilbara. Mermaid Sound is the site of a major industrial port servicing resource development
in the northwest of Australia (Hanley 2011) and in the west Pilbara major gas developments
with associated port infrastructure are located around the mainland at Onslow and Barrow
Island. Considerable research and monitoring efforts have been carried out to document
marine flora and fauna around these developments, with an emphasis on effects of elevated
turbidity and sedimentation from dredging operations (e.g. Rosser & Baird 2009; Stoddart et
al. 2012; Stoddart & Gilmour 2005). Many of the inshore coral reefs of the Dampier
Archipelago are naturally turbid, with increases in turbidity and sedimentation in recent
decades generated by port dredging, so the current coral assemblages are likely to be
relatively tolerant to these conditions. In contrast, reefs in the outer archipelago are naturally

less turbid, which is reflected in their coral assemblages. Port developments and dredging



operations have more recently altered water quality on reefs in the west Pilbara. The
cumulative impacts of these operations and background impacts from cyclones and coral
bleaching have in recent years reduced cover and diversity, increased susceptibility of
assemblages to diseases, and reduced rates of coral growth, survival and recruitment
(Chevron 2014; Pollock et al. 2014). These disturbances have biased at least some of the

coral reproductive data collected from the Pilbara region.

Ningaloo Region

Ningaloo Reef (= 21.5°S —23.5°S) is the largest continuous reef system in Western Australia.
The reef system consists of approximately 300 km of barrier and fringing reefs (Veron &
Marsh 1988a), with reef passages connecting the offshore waters to the extensive back-reef
and lagoon. The dominant oceanographic feature in the region is the Leeuwin Current, which
intensifies around Ningaloo Reef as the southward flow of warm water in autumn and winter
(Cassata & Collins 2008; Holloway & Nye 1985), and disperses tropical larvae to sub-
tropical reefs. However, this is countered by the northern flow of the Ningaloo Current
adjacent to the coastline from spring to winter, a process that can produce upwelling events
that cool the waters on the western side of Northwest Cape during the summer (Taylor &
Pearce 1999; Woo et al. 2006). Relatively small, semi-diurnal tides of up to approximately 2
m have little influence on the regional oceanography. Mean monthly sea surface temperatures
vary seasonally, from a low of approximately 23° C in late winter and early spring, to a high
of approximately 28° C in late summer and the early autumn months. Ningaloo Reef has a
unique fauna, but with some affinities to the Pilbara reefs to the north and those in the region
of Shark Bay and the Abrolhos Islands to the south (Veron & Marsh 1988a). Affinities with
Pilbara reefs are particularly strong for reefs such as Bundegi, located on the eastern side of
Northwest Cape, which experience greater environmental variability and higher turbidity and
sedimentation. The outer reef edge is surrounded by clear oceanic water and subjected to

heavy wave action, with a strong flow of water over the reef flat.

There are no major industrial or port developments in the region of Ningaloo, and the lack of
major river systems means the reefs are not affected by terrestrial runoff and the associated
issues of degraded water quality. There are commercial fishing operations in the region and
also recreational fishing pressure. One of the most common disturbances is severe storms and

tropical cyclones, usually approaching from a north-westerly direction from November to



April. In recent years, recurrent temperature anomalies have also affected Ningaloo Reef, and
in the summer of 2010-2011 parts of the reef suffered severe impacts from a combination of a
coral bleaching and cyclone (Depczynski et al. 2013; Moore 2012). There are few records of
outbreaks of coral disease or the predatory crown-of-thorns starfish, but outbreaks of the
coral-eating snail Drupella have been reported periodically (Black & Johnston 1994; Holborn
et al. 1994). However, these disturbances are unlikely to have biased the existing data on

coral reproduction for the region.

Abrolhos and Shark Bay Region

The Abrolhos Islands (=28°S - 29°S) are the most southerly accretive reef formations in the
Indian Ocean, comprising four island groups that are near the continental shelf edge (Veron
& Marsh 1988a). Situated to the north of the Abrolhos Islands, Shark Bay (=26°S) is a large
shallow bay (~12,950 km?) enclosed by a number of islands, with an average depth of 9 m
(Veron & Marsh 1988a). The bay consists of vast seagrass meadows (Wells et al. 1985) and
localised coral communities, but few data on coral cover and community composition exist
(but see Bancroft 2009; Cary 1997; Moore et al. 2011). The distribution and diversity of reefs
in the region are probably facilitated by the Leeuwin current, which brings warm waters and
coral larvae from the north during autumn and winter following the main period of spawning
at Ningaloo Reef (Hatcher 1991; Hutchins & Pearce 1994; Taylor & Pearce 1999). Water
temperatures during winter are therefore relatively warm, ranging seasonally between 20° C
and 25° C (Pearce 1986; Veron & Marsh 1988b). The seaward reefs of the Abrolhos are
exposed to strong wave action and have extensive areas of algal growth, whereas most coral
communities occur in back reef areas and form patches in western lagoons (Veron & Marsh
1988a).

The reefs at Shark Bay and the Abrolhos Islands are not currently impacted by major
industrial or port developments, nor terrestrial runoff, and typically have high water quality.
Despite being located at relatively high latitudes, however, the flow of warm water with the
Leeuwin Current has caused temperature anomalies and coral bleaching at the Abrolhos in
2011 (Abdo et al. 2012). The Abrolhos Islands have a targeted fishery of western rock lobster
(Panulirus cygnus), the most valued single-species fishery in Australia (Caputi et al. 1996).
The effect of the fishery and the removal of biomass on the ecosystem is inconclusive

(Bellchambers 2010), but other commercial developments may have some impact on the



coral reefs in the region (e.g. Oceanica & MScience 2006). The limited existing data on coral

reproduction at the Abrolhos Islands is unlikely to have been biased by disturbances.

Southwest Region

The South West region (=30°S - 33°S) includes temperate reef patches around the Perth
metropolitan area (e.g. Hall Bank and Marmion lagoon), at Rottnest Island 20km off the
coastline, and 250km north of Perth in Jurien Bay. Hard corals are ubiquitous on the
temperate limestone reefs along the coast of the region (Thomson et al. 2012), but with a
mean cover of less than few percent (Speed et al. 2013). Areas where corals form more
significant components of the benthic assemblages are rare and are restricted spatially, most
commonly on the leeward side of islands or in bays and lagoons where they are sheltered
from the westerly winds and waves generated by winter storms (Hatcher 1989; Veron &
Marsh 1988a). The dominant oceanographic influence for the coral reefs around Rottnest
Island is the southerly flow of warm tropical water through autumn and winter with the
Leeuwin Current (Veron & Marsh 1988a). However, the Leeuwin Current has less influence
on the reef patches and lagoons adjacent (< 3 km) to the Perth Metropolitan area, which
experience lower water temperatures and higher turbidity due to terrestrial runoff (Harriott &
Banks 2002; Thomson & Frisch 2010).

Marine habitats surrounding Rottnest Island and Perth Metropolitan area are exposed to
extensive wave energy during winter storms (Wells & Walker 1993). Although rarely
documented, coral bleaching due to high temperature anomalies has affected both shallow
and deep water coral communities around Rottnest Island (Thomson et al. 2011). In addition,
the corals in the metropolitan area are also exposed to pressures related to urbanization and
infrastructure development, such as terrestrial runoff, dredging and port development, and
recreational and commercial fishing (SKM 2011). However, the reproductive data available
for the southwest region are unlikely to have been biased by disturbances.



