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Appendix S1. Additional relevant literature, listed by topic.

1. Super aggregations of cetaceans

Hoek, W. (1992) An unusual aggregation of harbor porpoises (Phocoena phocoena). Marine
Mammal Science 8(2), 152-155.

Joiris, C.R., and Dochy, O. (2013) A major autumn feeding ground for fin whales, southern
fulmars and grey-headed albatrosses around the South Shetland Islands, Antarctica. Polar
Biology 36(11), 1649-1658.

Nanayakkara, R.P., Herath, J., and de Mel, R.K. (2014) Cetacean presence in the Trincomalee
Bay and adjacent waters, Sri Lanka. Journal of Marine Biology 2014, art819263.

Nowacek, D.P., Friedlaender, A.S., Halpin, P.N., Hazen, E.L., Johnston, D.W., Read, A.J.,
Espinasse, B., Zhou, M., and Zhu, Y. (2011) Super-aggregations of krill and humpback whales
in Wilhelmina Bay, Antarctic Peninsula. PLOS ONE 6(4), e19173.

2. Ecological importance of submarine canyons to marine megafauna

Bouchet, P.J., Meeuwig, J.J., Huang, Z., Letessier, T.B., Nichol, S.L., Caley, J.M., and Watson,
R.A. (2017) Continental-scale hotspots of pelagic fish abudance inferred from commercical
catch records. Global Ecology and Biogeography 26(10), 1098—1111.

Bouchet, P.J., Meeuwig, J.J., Salgado Kent, C.P., Letessier, T.B., and Jenner, C.K. (2015)
Topographic determinants of mobile vertebrate predator hotspots: Current knowledge and
future directions. Biological Reviews 90(3), 699-728.

Croll, D., Marinovic, B., Benson, S., Chavez, F., Black, N., Ternullo, R., and Tershy, B. (2005)
From wind to whales: Trophic links in a coastal upwelling system. Marine Ecology Progress
Series 289, 117-130.

Guerra, M., Hickmott, L., van der Hoop, J., Rayment, W., Leunissen, E., Slooten, E., and
Moore, M. (2017) Diverse foraging strategies by a marine top predator: Sperm whales exploit
pelagic and demersal habitats in the Kaikoura submarine canyon. Deep Sea Research Part I:
Oceanographic Research Papers 128, 98-108.

Nanayakkara, R.P., Herath, J., and de Mel, R.K. (2014) Cetacean presence in the Trincomalee
Bay and adjacent waters, Sri Lanka. Journal of Marine Biology 2014, art819263.

3. Aerial surveys (using both manned and unmanned platforms)

Linchant, J., Lisein, J., Semeki, J., Lejeune, P., and Vermeulen, C. (2015) Are unmanned
aircraft systems (UASs) the future of wildlife monitoring? A review of accomplishments and
challenges. Mammal Review 45(4), 239-252.

Mannocci, L., Monestiez, P., Spitz, J., and Ridoux, V. (2015) Extrapolating cetacean densities
beyond surveyed regions: Habitat-based predictions in the circumtropical belt. Journal of
Biogeography 42(7), 1267-1280.



Martin, S.L., Van Houtan, K.S., Jones, T.T., Aguon, C.F., Gutierrez, J.T., Tibbatts, R.B.,
Wusstig, S.B., and Bass, J.D. (2016) Five decades of marine megafauna surveys from
Micronesia. Frontiers in Marine Science 2, 116.

Sasse, D.B. (2003) Job-related mortality of wildlife workers in the United States, 1937-2000.
Wildlife Society Bulletin 31(4), 1015-1020.

. Example studies using platforms of opportunity to monitor cetacean species

de Boer, M.N. (2010) Spring distribution and density of minke whale Balaenoptera
acutorostrata along an offshore bank in the central North Sea. Marine Ecology Progress Series
408, 265-274.

Bruce, E., Albright, L., Sheehan, S., and Blewitt, M. (2014) Distribution patterns of migrating
humpback whales (Megaptera novaeangliae) in Jervis Bay, Australia: A spatial analysis using
geographical citizen science data. Applied Geography 54, 83-95.

Currie, J., Stack, S., McCordic, J., and Roberts, J. (2018) Utilizing occupancy models and
platforms-of-opportunity to assess area use of mother-calf humpback whales. Open Journal of
Marine Science 8(02), 276.

Hauser, D.D., Van Blaricom, G.R., Holmes, E.E., and Osborne, R.W. (2006) Evaluating the
use of whalewatch data in determining killer whale (Orcinus orca) distribution patterns. Journal
of Cetacean Research and Management 8(3), 273.

Hupman, K., Visser, I., Martinez, E., and Stockin, K. (2015) Using platforms of opportunity to
determine the occurrence and group characteristics of orca (Orcinus orca) in the Hauraki Gulf,
New Zealand. New Zealand Journal of Marine and Freshwater Research 49(1), 132-149.

Moura, A.E., Sillero, N., and Rodrigues, A. (2012) Common dolphin (Delphinus delphis) habitat
preferences using data from two platforms of opportunity. Acta Oecologica 38, 24-32.

Palacios, D.M., Herrera, J.C., Gerrodette, T., Garcia, C., Soler, G.A., Avila, I.C., Bessudo, S.,
Hernandez, E., Truijillo, F., and Flérez-Gonzalez, L. (2012) Cetacean distribution and relative
abundance in Colombia’s Pacific EEZ from survey cruises and platforms of opportunity.
Journal of Cetacean Research and Management 12(1), 45-60.

Vinding, K., Bester, M., Kirkman, S.P., Chivell, W., and Elwen, S.H. (2015) The use of data
from a platform of opportunity (whale watching) to study coastal cetaceans on the southwest
coast of South Africa. Tourism in Marine Environments 11(1), 33-54.

Wiseman, N., Parsons, S., Stockin, K.A., and Baker, C.S. (2011) Seasonal occurrence and
distribution of Bryde's whales in the Hauraki Gulf, New Zealand. Marine Mammal Science
27(4), E253-E267.

. Example applications of MaxEnt in marine studies

Ainley, D.G., Jongsomijit, D., Ballard, G., Thiele, D., Fraser, W.R., and Tynan, C.T. (2012)
Modeling the relationship of Antarctic minke whales to major ocean boundaries. Polar Biology
35(2), 281-290.



Bombosch, A., Zitterbart, D.P., Van Opzeeland, I., Frickenhaus, S., Burkhardt, E., Wisz, M.S.,
and Boebel, O. (2014) Predictive habitat modelling of humpback (Megaptera novaeangliae)
and Antarctic minke (Balaenoptera bonaerensis) whales in the Southern Ocean as a planning
tool for seismic surveys. Deep Sea Research Part I: Oceanographic Research Papers 91, 101-
114.

. Choice of MaxEnt settings in ecological modelling

Anderson, R.P., and Gonzalez, |. (2011) Species-specific tuning increases robustness to
sampling bias in models of species distributions: An implementation with Maxent. Ecological
Modelling 222(15), 2796-2811.

Moreno-Amat, E., Mateo, R.G., Nieto-Lugilde, D., Morueta-Holme, N., Svenning, J.-C., and
Garcia-Amorena, |. (2015) Impact of model complexity on cross-temporal transferability in
Maxent species distribution models: An assessment using paleobotanical data. Ecological
Modelling 312, 308-317.

Rodda, G.H., Jarnevich, C.S., and Reed, R.N. (2011) Challenges in identifying sites climatically
matched to the native ranges of animal invaders. PLOS ONE 6(2), e14670.

Warren, D.L., and Seifert, S.N. (2011) Ecological niche modeling in Maxent: the importance of
model complexity and the performance of model selection criteria. Ecological Applications
21(2), 335-342.

. Value of abundance data for management and monitoring

Acevedo, P., Gonzalez-Quiros, P., Prieto, J.M., Etherington, T.R., Gortazar, C., and Balseiro,
A. (2014) Generalizing and transferring spatial models: A case study to predict Eurasian
badger abundance in Atlantic Spain. Ecological Modelling 275, 1-8.

Térres, N.M., De Marco Junior, P., Santos, T., Silveira, L., de Aimeida Jacomo, A.T., and Diniz-
Filho, J.A.F. (2012) Can species distribution modelling provide estimates of population
densities? A case study with jaguars in the Neotropics. Diversity and Distributions 18(6), 615-
627.

. Contrasting/linking abundance and occurrence data

Bradley, B.A. (2016) Predicting abundance with presence-only models. Landscape Ecology
31(1), 19-30.

Estrada, A., and Arroyo, B. (2012) Occurrence vs abundance models: Differences between
species with varying aggregation patterns. Biological Conservation 152, 37-45.

Gomes, V.H.F., Ijff, S.D., Raes, N., Amaral, I.L., Salomao, R.P., et al. (2018) Species
Distribution Modelling: Contrasting presence-only models with plot abundance data. Scientific
Reports 8(1), 1003.



Gutiérrez, D., Harcourt, J., Diez, S.B., Gutiérrez lllan, J., and Wilson, R.J. (2013) Models of
presence—absence estimate abundance as well as (or even better than) models of abundance:
the case of the butterfly Parnassius apollo. Landscape Ecology 28(3), 401-413.

Jiménez-Valverde, A., Diniz, F., de Azevedo, E.B., and Borges, P.A.V. (2009) Species
distribution models do not account for abundance: the case of arthropods on Terceira Island.
Annales Zoologici Fennici 46(6), 451-464.

Oliver, T.H., Gillings, S., Girardello, M., Rapacciuolo, G., Brereton, T.M., Siriwardena, G.M.,
Roy, D.B., Pywell, R., and Fuller, R.J. (2012) Population density but not stability can be
predicted from species distribution models. Journal of Applied Ecology 49(3), 581-590.

VanDerWal, J., Shoo, L.P., Johnson, C.N., and Williams, S.E. (2009) Abundance and the
Environmental Niche: Environmental Suitability Estimated from Niche Models Predicts the
Upper Limit of Local Abundance. The American Naturalist 174(2), 282-291.

van Couwenberghe, R., Collet, C., Pierrat, J.-C., Verheyen, K., and Gégout, J.-C. (2013) Can
species distribution models be used to describe plant abundance patterns? Ecography 36(6),
665-674.

Veloz, S., Salas, L., Altman, B., Alexander, J., Jongsomijit, D., Elliott, N., and Ballard, G. (2015)
Improving effectiveness of systematic conservation planning with density data. Conservation
Biology 29(4), 1217-1227.

Yafiez-Arenas, C., Guevara, R., Martinez-Meyer, E., Mandujano, S., and Lobo, J.M. (2014)
Predicting species’ abundances from occurrence data: Effects of sample size and bias.
Ecological Modelling 294, 36-41.

9. The Albany canyons complex

Exon, N., Hill, P., Mitchell, C., and Post, A. (2005) Nature and origin of the submarine Albany
canyons off southwest Australia. Australian Journal of Earth Sciences 52(1), 101-115.

Department of Sustainability, Environment, Water, Population and Communities (2012) Marine
bioregional plan for the South-west Marine Region. (Canberra, ACT, Australia)

10. Generalised Estimating Equations and models of whale-watching data

Hardin, J., and Hilbe, J. (2002) Generalized Estimating Equations. (Chapman and Hall/CRC
Press: Boca Raton, FL, USA)

Hudecova, S., and Pesta, M. (2013) Modeling dependencies in claims reserving with GEE.
Insurance: Mathematics and Economics 53(3), 786-794.

New, L.F., Hall, A.J., Harcourt, R., Kaufman, G., Parsons, E., Pearson, H.C., Cosentino, A.M.,
and Schick, R.S. (2015) The modelling and assessment of whale-watching impacts. Ocean &
Coastal Management 115, 10-16.

Staley, T. (2013) The case for Generalized Estimating Equations in state-level analysis. Paper
presented at the State Politics and Policy Conference. lowa City, IA, USA.



Thall, P.F., and Vail, S.C. (1990) Some covariance models for longitudinal count data with
overdispersion. Biometrics 46, 657-671.

Zeger, S.L., and Liang, K.-Y. (1986) Longitudinal data analysis for discrete and continuous
outcomes. Biometrics 42, 121-130.

11. Global threats to marine mammals

Avila, I.C., Kaschner, K., and Dormann, C.F. (2018) Current global risks to marine mammals:
Taking stock of the threats. Biological Conservation 221, 44-58.

12. Population Consequences of Disturbance (PCoD)

King, S.L., Schick, R.S., Donovan, C., Booth, C.G., Burgman, M., Thomas, L., and Harwood,
J. (2015) An interim framework for assessing the population consequences of disturbance.
Methods in Ecology and Evolution 6(10), 1150-1158.

Appendix S2. Summary of vessels and their specifications used as platforms of opportunity
(PoPs) in the Bremer Sub-Basin between 2015 and 2017.

Vessel Name Vessel Type Vessel Specifications
Length
(m)
2015, 2016 Cetacean Tourist Vessel 17 Catamaran with twin 500-hp
Explorer diesel engines
2015, 2016 Due Force Chartered fishing 18 Monohull with single 840-hp
vessel (as a diesel engine
Research Vessel)
2017 Big Dreams Research Vessel 16.6 Monohull with single 1050-
hp diesel engine




Appendix S§3. Summary of cetacean sightings during ship-borne and aerial surveys conducted in
the Bremer Sub-Basin between 2015 and 2017. *Number of individuals is considered a minimum
estimate.

Number of Groups Number of Individuals
Species Sighted Sighted*
Ship-borne Aerial  Ship-borne Aerial

Common dolphin (Delphinus delphis) 1 - 20 -
P Long-finned pilot whale (Globicephala melas) 7 - 193 -
é Killer whale (Orcinus orca) 71 - 439 -
Sperm whale (Physeter macrocephalus) 1 - 20 -
Indo-Pacific bottlenose dolphin (Tursiops aduncus) 2 - 11 -
Common dolphin (Delphinus delphis) 4 - 33 -
Long-finned pilot whale (Globicephala melas) 6 - 168 -
Strap-toothed beaked whale (Mesoplodon layardii) 1 - 1 -
- Killer whale (Orcinus orca) 92 - 610 -
é Sperm whale (Physeter macrocephalus) 13 - 37 -
False killer whale (Pseudorca crassidens) 2 - 40 -
Indo-Pacific bottlenose dolphin (Tursiops aduncus) 4 - 42 -
Bottlenose dolphin (Tursiops sp.) 1 - 1 -
Common Bottlenose dolphin (Tursiops truncatus) 2 - 1 -

Long-finned pilot whale (Globicephala melas) 8 8 240 306
Killer whale (Orcinus orca) 7 7 50 57

=l Sperm whale (Physeter macrocephalus) 23 32 24 34
& Bottlenose dolphin (Tursiops sp.) 3 61
Unidentified large cetacean 6 6
Unidentified small cetacean 4 76

Total 245 60 1930 540

Grand Total 305 2470




Appendix S4. Spatial variation in survey effort aboard ship-borne platforms of opportunity in the
Bremer Sub-Basin. The data shown represent both the 2015 and 2016 field seasons combined.
Sightings of killer whale groups appear as red dots.
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Appendix S5. Description of cetacean occurrence in the Bremer Sub-Basin based on
published records.

Our study corroborates the possible occupancy of a number of cetacean species that past
reported sightings, stranding records and habitat suitability modelling have alluded to, all of which
depend upon opportunistic reports biased towards locations of prevalent human activity.

For example, along canyon systems eastward of the Bremer and adjacent submarine canyons,
proximal to where the Albany Whaling Station was located, thousands of sperm whales were taken
by the whaling industry in the 1970’s. Recent modelling indicates that suitable conditions extend
from submarine canyon systems off Albany to the Bremer sub-Basin (Johnson et al. 2016),
however, published evidence of sperm whale occupancy in the Bremer region did not yet exist.
Stranding records are also a good source of information for species that may range broadly,
however, because strandings occur along the coast and are generally of individuals in poor health
or deceased, they can only be indicative of animals having occupied or transited somewhere
seaward prior to the stranding event. The stranding record off the southwest coast of Australia
between 1981 and 2010 provided evidence of sperm whales in the general region, with 36
stranding events totalling 57 individuals (some that were calves) showing a peak in spring (Groom
and Coughran 2012). Other species’ confirmed occupancy in this study recorded in past stranding
events in Australia’s south-west included long-finned pilot whales (22 stranding events with a total
of 446 animals, some that were calves) and killer whales (Groom and Coughran 2012). Killer
whales are rare in the stranding records and mainly reported ~500 km west, however, a search
on the Australian Antarctic Division’s (AAD) National Marine Mammal Database
(https://data.marinemammals.gov.au/nmmdb; 12 March 2020) resulted in at least 30 sightings of
killer whales in the general region (reported in 1979). False killer whales have been recorded in
18 stranding events involving a total of 397 animals in the south-west region (Groom and
Coughran 2012). In a study on beaked whale strandings in Western Australia between 1940’s and
2010, 9 strapped-toothed beaked (Mesoplodon layardii) and 33 Gray’s (Mesoplodon grayi) whale
strandings were recorded in the region. In addition, Gray’s beaked whale has been observed in
the Bremer Sub-Basin during a killer whale predation event (Wellard et al. 2016). While stranding
events of bottlenose and common dolphins have been recorded (Groom and Coughran 2012), the

Effort
(km)

200

100

50


https://data.marinemammals.gov.au/nmmdb

core habitat of these species is known to include coastal waters (principle authors’ observations),
thus strandings could be of individuals from inshore communities. The AAD National Marine
Mammal Database contained over 250 recorded sightings of common bottlenose dolphins in
offshore waters westward off Albany (reported in 1979). Neither long-finned pilot whales nor
common dolphins were reported in the AAD National Marine Mammal Database.

A range of species were not sighted in the Bremer and adjacent submarine canyons during this
study but may occupy it based on their presence in the south-west Australian region stranding
record. In a study on beaked whale strandings in Western Australia between 1940’s and 2010, 8
Cuvier's (Ziphius cavirostris), 3 Shepherd’'s (Tasmacetus shepherdi), 1 Arnoux’s (Berardius
arnuxii), 7 True’s (Mesoplodon mirus) and 5 Andrew’s (Mesoplodon bowdoini) beaked whale were
recorded from the southwest (Groom et al. 2014). Minke whales (Balaenoptera acutorostrata), fin
whales (Balenoptera physalis), pygmy right whales (Caperea marginata), pygmy sperm and dwarf
sperm whales (Physeter macrocephalus, Kogia breviceps, Kogia sima, respectively), also have
stranded in the region (Groom and Coughran 2012; Groom et al. 2014). In addition, striped
dolphins and short-finned pilot whales (Globicephala macrorhynchus) have mass stranded (27
events with 97 individuals and 7 events with 52 individuals, respectively) (Groom and Coughran
2012). These species may transit through and/or have distributions overlapping the Bremer and
adjacent submarine canyons. The Australian Antarctic Division’s National Marine Mammal
Database (https://data.marinemammals.gov.au/nmmdb; searched on 12 March 2020) returned a
southern bottlenose whale (Hyperoodon planifrons) and two fin whale (Balaenoptera physalus)
sightings in 1979 and 1990/1991, respectively.

Other species either recorded in the Western Australian stranding report with an unspecified
location in WA or that have habitat and latitudinal distribution consistent with those of the Bremer
and adjacent submarine canyons include Risso’s dolphin (Delphinus griseus), pantropical spotted
dolphin (Stenella attenuata), southern right whale dolphin (Lissodelphis peronii), Blainville’s
beaked whale (Mesoplodon densirostris) (Ross 2006). Some species records from the south-west
corner of Western Australia, such as that of pantropical spotted dolphins which is generally
considered to have a more sub-tropical/tropical distribution, may be from transport in the Leeuwin
Current and not constitute the core home range (Bannister et al. 1996). In addition, humpback
(Megaptera novaeangliae), southern right (Eubalaena australis), Antarctic blue (Balaenoptera
musculus), and pygmy blue whales (Balaenoptera musculus brevicauda) may also transit through
the area at different times (Jenner et al. 2001; Ward et al. 2017; McCauley et al. 2018).
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Appendix S6. Incidence of killer whale sightings relative to environmental conditions in the
Bremer Sub-Basin. Counts of whale groups (red) were tallied for each 1 km? grid cells surveyed
in the 2015 and 2016. Visual search effort (in km) is displayed in grey (in 10 km increments). For
comparison, the range of conditions in which no killer whales were observed is shown in blue.
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