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Supplementary Information  

Table S1. Coral cover % and diversity on high-latitude reefs at locations above 26° N and below 26° S. Data are arranged in order of decreasing latitude. 

Location and latitude Latitude Water depth (m) Survey year 
Mean coral 

cover (%) 

Max. coral 

cover (%) 

No. coral 

species 

No. coral 

genera 
Reference 

Montague Island, eastern Australia 36.2°S 5–15 2014 42.0 80.0 1 – Madin et al. 2015 

Miyake-jima, eastern Japan 34°N 3–27 1979 17.6 36.8 80 36 Tribble & Randle, 1986 

Tatsukushi, Shikoku Island, Japan 32.8°N 3–10 2011 60.0 – 73 40 Denis et al. 2013 

Bermuda, USA 32.3°N 10 2001–2006 21.0 23.0 20 13 Jones, 2006 

Minden Reef, southwest Australia 32.1° S 8–10 2013 6.0 – 16 12 Richards et al. 2016 

Hall Bank, southwest Australia 32° S 13–15 2009 52.6 72.5 14 11 Thomson & Frisch 2010 

Roe Reef, southwest Australia 32° S 10–25 2014 2.8 – 16 12 Richards et al. 2016 

Kermadec Islands Marine Reserve, New Zealand 31°S 3–15 2004 5.3 18.0 16 16 Wicks et al. 2010 

Amakusa, southwestern Japan 32°N 5 2001 28.3 – 54 30 Nozawa et al. 2008 

Balls Pyramid, Western Pacific 31.8°S 30–40 2013 6.7 19.4 16 – Linklater et al. 2016 

Lord Howe Island, Western Pacific 31.6°S <20 1992/93 29.9 50.6 83 33 Harriot et al. 1995 

South West Rocks, eastern Australia 30.9°S 5–12 1997 15.2 42.6 5 5 Harriott et al. 1999 

Solitary Islands, eastern Australia 30.3°S 5–9 1992 25.7 50.9 90 28 Harriot et al. 1994 

Houtman Abrolhos Islands, Western Australia 28.9° S <1 2018 21.7 – 184 42 Buckee et al. 2019 

Houtman Abrolhos Islands, Western Australia 28.8° S 15–18 2010–2013 59.0 – 184 42 Bridge et al. 2014 

Kure Atoll, Hawaiian Islands, USA 28.4°N 13 2008 13.1 28.0 9 5 Vroom & Braun, 2010 

Flower Garden Banks, Gulf of Mexico 28.2°N 17–27 1989–2014 62.0 – 5 5 Johnston et al. 2016 

Stetson Bank, Gulf of Mexico 28.2°N <15 1993–2008 5.7 – 11 – DeBose et al. 2012 

Sodwana Bay, South Africa 27.4°S 15–20 1993–2006 26.9 58.3 93 21 Celliers and Schleyer 2008 

Fort Lauderdale, Florida, USA 26.1°N 3–7 2001/02 14.3 28.0 17 11 Vargas-Angel et al. 2003 
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Table S2. Benthic survey methodology for each marine park. 

Marine park Jurien Bay marine park Marmion Marine Park Rottnest Island Marine 

Reserve 

Shoalwater Islands Marine 

Park 

Ngari Capes Marine Park 

Number of times surveyed 10 (1999-2016) 5 (2012-2019) 10 (2008-2017) 5 (2012-2019) 3 (2007-2018) 1 (2018) 

Number of sites 43  8  26  8 20 10 

Type of survey 50 m long transects: 0.25 x 

0.25 m quadrats every 10 m 

25 m long transects: ~0.5 x 

0.5 m quadrats every 1 m 

50 m long transects: ~0.5 x 0.5 

m quadrats every 2.5 m 

25 m long transects: ~0.5 x 0.5 

m quadrats every 1 m 

50 m long transects: 0.25 x 

0.25 m quadrats every 10 m 

Tow camera with 400 m 

long transects 

Number of quadrats 5 quadrats per transect 25 photo quadrats per 

transect 

20 photo quadrats per transect 25 photo quadrats per transect 5 quadrats per transect 120 photo quadrats per 

transect 

Number of transects 4 transects 3 transects 2 – 3 transects  3 transects 4 transects 3 – 5 transects 

Number of points 50 points per quadrat 6 points per photo-quadrat 5 points per photo-quadrat 6 points per photo-quadrat 50 points per quadrat 20 points per photo-

quadrat 

Analysis software N/A (in situ) EcoPAAS Squiddle+ EcoPAAS N/A (in situ) Transect Measure 
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Table S3. Summary of sampling effort by Marine park, site and year with mean % cover of hard coral. A value of “0.00” denotes no coral detected and “-“ denotes 

no survey completed. 

Marine Park Site 1999 2000 2003 2004 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Jurien Bay 
#denotes selective analyses 

Australia Lump 0.00 0.20 0.00 0.00 0.00  -  -  -  -  -  - 0.10  -  - 0.50  -  -  - 

Big Wave Reef  -  -  -  - 0.00  -  -  -  -  -  - 0.10  -  - 3.30  -  -  - 

Cavanagh Reef  -  -  - 0.00 0.00  -  -  -  -  -  - 0.00  -  - 0.00  - 0.00  - 

Cavenagh Reef 2 0.00 0.00 0.00 0.00 0.00  -  -  -  -  -  - 0.00  -  - 0.40  -  -  - 

Escape Island# 0.00 0.00 0.00 0.00 0.10  -  -  -  -  - 0.20 0.00  -  - 0.00  - 0.00  - 

Fishermans Island# 0.67 0.50 0.50 2.90 7.10  -  - 6.10  -  - 2.80 3.60  -  - 4.60  - 1.60  - 

Fishermans Island 1# 0.70 11.20 6.50 0.10 10.53  -  - 6.30  -  - 5.60 8.90  -  - 15.60  - 5.60  - 

Fishermans Island 2# 7.47 11.80 7.10 3.50 18.00  -  - 8.00  -  - 23.50 32.70  -  - 22.20  - 32.10  - 

Flat Rock 0.70 0.00 0.00 0.00 0.00  -  - 0.00  -  -  - 0.00  -  - 0.20  -  -  - 

Flat Rock Reef 0.00 0.10 0.00 0.00 0.00  -  - 0.00  -  -  - 0.00  -  - 3.70  - 0.00  - 

Gazely Reef 0.00 0.00 0.00 0.00 0.00  -  - 0.10  -  -  - 0.00  -  - 0.00  - 0.00  - 

Inner Seaward Ledge# 0.00 0.00 0.00 0.00 0.00  -  - 0.50  -  - 0.00 2.20  -  - 0.00  - 0.00  - 

Inner Seven Foot Reef 0.40 0.00 0.00 0.00 0.30  -  -  -  -  -  - 0.00  -  - 0.00  - 0.00  - 

Inshore Boullanger Island  -  -  - 0.00 0.30  -  -  -  -  -  - 0.30  -  - 5.00  - 0.60  - 

Inshore Grey  -  -  - 0.00 0.00  -  -  -  -  -  - 0.00  -  - 0.00  - 0.00  - 

Inshore Grey North  -  -  - 0.00 0.00  -  -  -  -  -  - 0.20  -  - 0.00  - 0.00  - 

Juddy Reef# 0.00 0.00 0.10 0.00 0.00  -  -  -  -  - 0.20 0.10  -  - 0.90  - 0.00  - 

Kearn Reef 0.00 0.80 0.00 0.00 0.00  -  -  -  -  -  - 0.00  -  - 0.00  - 0.00  - 

Longman Reef (off Grey) 0.00 0.00 0.00 2.40 0.00  -  -  -  -  -  - 0.40  -  - 0.10  - 0.00  - 

Main Reef  -  -  -  - 0.50  -  -  -  -  -  - 0.50  -  - 2.50  - 1.90  - 

Middle Lumps# 1.10 1.10 0.10 0.10 0.00  -  -  -  -  - 0.00 2.10  -  - 1.00  - 0.00  - 

Midshore Boullanger Island  -  -  - 0.00 0.00  -  -  -  -  - 0.00 0.00  -  - 0.10  - 0.00  - 

Near Sandland Island  -  - 0.00  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 

No Name Reef 0.40 0.00 0.00 0.00 0.60  -  - 9.50  -  -  - 0.10  -  - 0.00  - 0.00  - 

North Head 1# 0.00 0.00 0.00 0.00 0.00  -  -  -  -  - 0.50 0.00  -  - 0.00  - 1.40  - 
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North Head Island 0.00 0.00 0.10 0.00 0.00  -  -  -  -  -  - 0.00  -  - 0.00  - 0.00  - 

North Lumps 0.50 1.10 0.00 0.50 0.40  -  -  -  -  - 2.50 1.10  -  - 0.10  -  -  - 

North Tail 0.00 0.00 0.10 0.00 0.60  -  -  -  -  -  - 0.00  -  - 1.80  - 0.00  - 

North Wedge  -  -  - 0.00 0.00  -  - 0.00  -  -  - 0.00  -  - 0.10  - 0.40  - 

Offshore Hill River  -  -  - 0.00 0.00  -  -  -  -  - 0.60 1.20  -  - 0.00  - 0.00  - 

Offshore Outer Gazaly Reef  -  -  -  - 0.00  -  - 0.00  -  -  - 0.20  -  - 0.00  - 0.00  - 

Offshore Outer Rocks  -  -  -  - 0.00  -  -  -  -  -  - 0.00  -  - 0.00  -  -  - 

Offshore Target Rocks  -  -  -  - 0.00  -  - 1.80  -  -  - 2.20  -  - 1.50  -  -  - 

Outer Green Islands  -  -  - 0.70 0.00  -  - 0.00  -  - 0.40 8.00  -  - 0.80  - 1.10  - 

Outer Rocks (North) 2# 0.00 0.00 3.50 0.00 0.00  -  - 0.50  -  - 0.00 0.00  -  - 0.00  - 7.10  - 

Outer Rocks, Inner Coffins 1.10 3.00 0.00 0.00 0.10  -  -  -  -  -  - 0.30  -  - 0.00  - 3.50  - 

Outer Seaward Ledge  -  -  - 3.10 0.10  -  -  -  -  - 0.30 0.20  -  - 0.70  - 0.00  - 

Outer Seven Foot Rocks  -  -  - 0.00 0.00  -  -  -  -  -  - 0.00  -  - 0.00  - 0.00  - 

Sams Reef 0.00 0.00 2.30 0.00 1.00  -  - 0.00  -  -  - 0.10  -  - 0.00  - 0.00  - 

Sandland Island# 0.20 0.50 0.00 0.00 0.10  -  -  -  -  - 0.40 0.00  -  - 0.10  - 0.00  - 

Sandy Cape# 0.00 0.00 0.00 1.00 0.00  -  -  -  -  - 0.00 0.00  -  - 0.00  - 0.00  - 

South East Green Island  -  -  - 0.00 0.00  -  - 0.00  -  -  - 0.00  -  - 0.30  - 0.20  - 

Wedge Island  -  -  - 1.50 0.30  -  - 0.80  -  -  - 0.10  -  - 3.50  -  -  - 

Jurien Bay mean 0.46 1.21 0.78 0.43 0.90  -  - 2.10  -  - 2.34 1.54  -  - 1.65  - 1.63  - 

Marmion Marine Park 

Burns Rocks  -  -  -  -  -  -  -  -  -  - 0.00 0.00 0.00  -  -  -  - 0.00 

Burns Rocks Offshore  -  -  -  -  -  -  -  -  -  - 0.00 0.00  - 0.37  -  -  - 0.00 

Little Island  -  -  -  -  -  -  -  -  -  - 0.00 1.16  - 0.00  -  -  - 0.00 

The Lumps  -  -  -  -  -  -  -  -  -  - 1.71 0.00 1.11  -  -  -  - 0.00 

Three Mile Reef Inner  -  -  -  -  -  -  -  -  -  - 0.00 0.00  - 0.00  -  -  - 0.00 

Three Mile Reef Outer  -  -  -  -  -  -  -  -  -  - 0.00 0.89  - 1.18  -  -  - 0.66 

Watermans  -  -  -  -  -  -  -  -  -  - 0.00 0.22  - 0.00  -  -  - 0.00 

Watermans Outer  -  -  -  -  -  -  -  -  -  - 0.00 0.25  - 0.00  -  -  - 0.64 

Marmion Marine Park mean  -  -  -  -  -  -  -  -  -  - 0.21 0.34 0.56 0.26  -  -  - 0.16 

Rottnest Island Armstrong Bay#  -  -  -  -  -  -  -  - 0.17 0.00 0.00 1.50 2.50 0.00  - 4.00  -  - 
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Collindar  -  -  -  -  -  - 7.00  -  -  -  -  -  -  -  -  -  -  - 

Crystal palace#  -  -  -  -  -  - 1.00 2.33 4.50  -  - 2.00 0.00 0.00 4.67 2.50  -  - 

Duck Rock South  -  -  -  -  -  -  -  - 0.00  - 0.00  - 0.00  -  - 0.00  -  - 

Dyer Island  -  -  -  -  -  - 0.00  - 0.00  -  -  -  -  - 0.50 1.00  -  - 

Eagle Bay  -  -  -  -  -  -  - 0.33 0.00  - 0.00  -  - 0.00  - 0.00  -  - 

Fish Hook Bay  -  -  -  -  -  -  - 0.00 0.33 0.00 0.00  -  -  - 0.00 0.00  -  - 

Green Island Reserve 1#  -  -  -  -  -  - 0.50 0.00 0.33 0.00 0.00 0.00 0.00  - 0.67 0.00  -  - 

Green Island Wall  -  -  -  -  -  - 0.00 1.00 1.00  - 0.00  -  -  -  -  -  -  - 

Jackson Rocks#  -  -  -  -  -  - 0.00 5.00 0.00  - 2.00 0.50 3.50 1.00  - 1.00  -  - 

Kingston Reef  -  -  -  -  -  -  -  - 0.00  - 3.00 3.00 4.33 0.00 0.00 2.00  -  - 

Lionfishcave - Rottnest  -  -  -  -  -  -  -  - 0.00  -  -  -  -  -  -  -  -  - 

Little Salmon Bay  Rottnest  -  -  -  -  -  - 18.00  -  -  -  -  -  -  -  -  -  -  - 

Mini Swirl  Stragglers  -  -  -  -  -  -  - 0.00  -  -  -  -  -  -  -  -  -  - 

Parakeet  -  -  -  -  -  -  -  - 1.50  -  -  -  -  -  - 0.00  -  - 

Parakete Bay North  -  -  -  -  -  -  -  - 2.00  -  -  -  -  -  -  -  -  - 

Parker Point  -  -  -  -  -  - 0.33  -  -  -  -  - 0.50 0.00 0.00 0.00  -  - 

Pocillopora Reef#  -  -  -  -  -  - 9.00 7.33 2.67  -  - 2.50 6.00  - 0.00 1.67  -  - 

Roe Reef#  -  -  -  -  -  - 4.00 1.00 1.00 0.00 0.00 0.00 0.50  - 0.00 0.50  -  - 

Salmon Bay  -  -  -  -  -  - 0.00  -  -  -  -  -  -  - 0.00 0.00  -  - 

Swirl Reef  Rottnest  -  -  -  -  -  -  -  -  -  - 1.00  -  - 1.00  -  -  -  - 

The Basin  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.67  -  - 

The Count#  -  -  -  -  -  - 0.00 6.67 3.00  - 0.00 1.00 0.00  - 0.33 0.00  -  - 

The Grottos Rottnest  -  -  -  -  -  -  - 0.00  - 0.00 0.00  -  -  -  - 0.00  -  - 

West End  Rottnest  -  -  -  -  -  -  -  -  -  - 0.00  -  -  -  - 7.50  -  - 

Rottnest Island mean  -  -  -  -  -  - 1.95 2.19 0.89 0.00 0.36 1.36 2.25 0.29 0.78 1.00  -  - 

Shoalwater Marine Park 

Becher Point  -  -  -  -  -  -  -  -  -  - 0.00 0.00  - 0.00  -  -  - 0.00 

Bird Island  -  -  -  -  -  -  -  -  -  - 0.00 0.00 0.40  -  -  -  - 0.00 

John Point  -  -  -  -  -  -  -  -  -  - 0.00 0.00 0.00  -  -  -  - 0.00 

Penguin Island  -  -  -  -  -  -  -  -  -  - 0.00 0.21  -  -  -  -  - 0.00 
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Peron North  -  -  -  -  -  -  -  -  -  - 0.00 0.00  -  -  -  -  - 0.00 

Seal Island  -  -  -  -  -  -  -  -  -  - 0.00 0.00  -  -  -  -  - 0.00 

Second Rock  -  -  -  -  -  -  -  -  -  - 0.00 0.00  -  -  -  -  - 0.00 

Sisters  -  -  -  -  -  -  -  -  -  - 0.00 0.00  - 0.00  -  -  - 0.00 

Shoalwater Marine Park mean  -  -  -  -  -  -  -  -  -  - 0.00 0.03 0.20 0.00  -  -  - 0.00 

Ngari Capes Marine Park 
* denotes deeper tow-camera 
sites 

Bunker Bay (WA)  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Bunkers Offshore  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.00  - 0.00  - 

Canal Rocks  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00  -  - 

Cape Clairault  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00  -  - 

Cape Clairault North East  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00  -  - 

Cape Freycinet*  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.02  - 

Cape Freycinet  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Cape Freycinet Inshore  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.40  - 

Cape Leeuwin  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Cape Leeuwin Inshore  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Cape Nat Reef*  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.88  - 

Cape Naturalist East, 10m  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Cape Naturalist East, 5m  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Cape Naturalist Island, Bommie  -  -  -  -  - 0.00  -  -  -  -  -  -  -  -  - 0.00 0.00  - 

Cape Naturalist North East  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Cape Naturalist West  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Cosy Corner  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.60 1.30 5.20  - 

Cosy Corner North  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Cosy Corner Outer  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Cowaramup*  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.05  - 

Ellensbrook*  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.08  - 

Hamelin Bay*  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.00  - 

Isaacs Reef*  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.62  - 

Prevelly  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 



Diversity 2021, 13, x FOR PEER REVIEW 7 of 13 
 

 

Seal Isle West  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00 0.00  - 

Smiths*  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.01  - 

Willyabrup*  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.13  - 

Wright Bank*  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 4.81  - 

Wyadup  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.00 0.00  -  - 

Ngari Capes Marine Park mean  -  -  -  -  - 0.00  -  -  -  -  -  -  -  - 0.03 0.07 0.53  - 
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Table S4. Mean % cover and 95% confidence intervals of hard-coral genera in 5 marine parks in south-western Australia. Transect replicates comprised of a series 

of in situ or photo-derived quadrats were used to derive percent cover from point-occurrences. A suite of sites were surveyed intermittently ranging across a 

temporal period from 1 to 22 years.   

 
Acropora 

 Dipsastraea 
Favites 

 Paragoniastrea   
 % cover 95%CI % cover 95%CI % cover 95%CI % cover 95%CI   

Jurien Bay - - 0.12 0.053 - - 0.018 0.019   

Marmion Marine Park - - 0.084 0.080 0.035 0.039 0.094 0.12   

Ngari Capes Marine Park - - - - 0.0030 0.0028 0.00052 0.00083   

Rottnest Island 0.0041 0.0081 0.14 0.12 0.062 0.051 0.066 0.067   

Shoalwater Marine Park - - - - - - - -   

Table S4 cont.      

 
Coscinaraea 

 
Montipora 

 
Plesiastrea 

 
Pocillopora 

 
Porites 

 
 % cover 95%CI % cover 95%CI % cover 95%CI % cover 95%CI % cover 95%CI 

Jurien Bay - - 0.28 0.13 0.03 0.013 0.063 0.028 - - 
Marmion Marine Park - - - - - - 0.013639 0.026 0.007092 0.0139 
Ngari Capes Marine Park 0.0049 0.0038 0.0031 0.0043 0.0024 0.0047 - - - - 
Rottnest Island 0.020 0.021 0.30 0.11 0.0041 0.0081 0.36 0.24 0.020 0.040 
Shoalwater Marine Park - - - - - - - - - - 

Table S4 cont.      

 

Poritidae (only Alveopora or 
Goniopora) 

 
Tubastraea  

 
Turbinaria 

 
Unidentified Hard coral 

 

Total coral % cover per 
transect 

 
 % cover 95%CI % cover 95%CI % cover 95%CI % cover 95%CI % cover 95%CI 

Jurien Bay 0.00033 0.00065 - - 0.28 0.17 0.43 0.16 1.2 0.30 
Marmion Marine Park - - - - - - 0.028 0.042 0.26 0.17 
Ngari Capes Marine Park - - - - 0.15 0.13 0.024 0.023 0.19 0.14 
Rottnest Island 0.058 0.034 0.033 0.041 0.079 0.066 0.025 0.023 1.2 0.37 
Shoalwater Marine Park - - - - - - 0.022 0.031 0.022 0.031 
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