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ARTICLE INFO ABSTRACT
Keywords: A whale fall community of chemosymbiotic invertebrates living on cetacean bones has been
Whale fall identified off southwestern Australia during a Remotely Operated Vehicle (ROV) survey at

Chemosymbiotic invertebrates
Ziphiidae

Southwestern Australia

Hood canyon

Bremer marine park

bathyal depths within the Bremer Marine Park, which is part of important marine mammal areas
(IMMA) of the Albany Canyon Region. Cetacean bones on the seafloor of the Hood Canyon,
consisted of isolated skulls of three species of beaked whales (family Ziphiidae): Mesoplodon cf.
layardii, M. grayi, and M. hectori, a few vertebrae, and lower jaws. One of the beaked whale skulls
(Mesoplodon cf. layardii) was sampled and found to be intensely colonised by hundreds of spec-
imens of a bathymodilinae mussel (“Adipicola” s.l.). Live polychaetes (Phyllochaetopterus?), ske-
neimorph gastropods, and amphipods (Seba, Leptamphopus) colonised the skull bone, which
represent a later stage (sulfophilic) of carcass decomposition. The reducing sediment below the
skull was inhabited by lucinid (Lucinoma) and vesicomyid (Calyptogena) chemosymbiotic bi-
valves. Additionally, the sediment thanatocoenosis comprised shells of various other chemo-
symbiotic bivalves, such as Acharax, thyasirids, lucinids, vesicomyids, and limpets, representing
the complex ecological turnover phases through time in this whale fall chemosynthetic habitat.
With one exception, all bones recovered were colonized by bathymodiolin mussels. This is the
first documented case of a chemosynthetic community and associated chemosymbiotic fauna
relating to beaked whales, and the first fully documented record of a whale fall community within
the Australian Southern Ocean region.

1. Introduction

Cetacean remains, commonly referred to as ‘whale falls’, are known to be exploited by chemoautotrophic consortia and specialized
chemosymbiotic fauna. Whale carcasses that sink to the seafloor provide a localised but extraordinarily large source of energy to the
deep-sea ecosystems from scavengers to specialized chemosynthetic -based organisms that inhabit these regions [1,2] In fact, after the
initial scavenging stage by fishes and crustaceans, such as amphipods and decapods, the decomposing whale carcass becomes the locus
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Fig. 1. Location of the two ROV dive sites, 315 and 323, in the Hood Canyon where the whale fall chemosymbiotic communities were found, which
are discussed in the text.

of complex pluriannual taphonomic processes, which form sulfidic reducing microhabitats of microbial consortia feeding on its organic
components, especially lipids 3-20.

The Hood Canyon is part of the Bremer Canyon systems, a network of submarine canyons incising the southwestern Australian
margin 21,22 near the convergence of the southeast Indian Ocean and northwestern limits of the Austral Southern Ocean. This system
of canyons was explored during the austral summer of 2020 using the Schmidt Ocean Institute’s RV Falkor and its ROV, SuBastian 23.
While the primary goal of the expedition was to find and collect deep-water corals for paleoceanographic and paleoclimatic studies 24,
time was also devoted to investigate other interesting biota, including the remains of local megafauna. Notably, this region (Fig. 1) is
renowned for its high numbers of seasonally transient or resident large mysticetes and odontocetes, predominantly sperm and killer
whales, but also fin, humpback, blue whales, and dolphins, which inhabit the Australian Whale Sanctuary 25and, more specifically, the
Albany Canyon Region IMMA (https://www.marinemammalhabitat.org/portfolio-item/albany-canyon-region/) and associated
Bremer Marine Park (https://parksaustralia.gov.au/marine/parks/south-west/bremer/). The area is also on the migratory route of fin,
humpback, blue, and southern right whales26. Considering the high number of cetaceans in these waters 27, the aggregation of killer
whales and the known instances of killer whale predation on beaked whales 28, we anticipated that whale carcasses and skeletons
might occur in different stages of preservation on the seafloor within our study area.

The search for whale falls using the ROV SuBastian resulted in the discovery of various bones exposed on the seabed at two sites in
the Hood Canyon of the Bremer Marine Park, each colonised by a wide variety of chemosymbiotic organisms (https://www.youtube.
com/watch?v=U7LRwVczTas). Our finding was the first of this type recorded to date from Australian waters, or within the eastern
Indian and Austral Southern oceans 23,29. The occurrence of communities related to organic falls in Australian waters was not,
however, unexpected given that associated chemosymbiotic organisms (e.g., Idas) had been previously collected by trawling surveys
(https://biodiversity.org.au/afd/taxa/Idas) and were reported from New Zealand waters 30. Recently, Georgieva et al. 31 described in
detail the polychaetes from the skull of a pilot whale trawled off eastern Australia. The scope of our study is to provide the first insights
into the communities associated with a natural whale fall recorded in-situ offshore southwest Australia.
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Table 1
Typology and georeferenced locations of whale bones found in the Hood Canyon, Bremer Marine Park.
ID DIVE DATE LAT LON DEPTH OBSERVATION TAXONOMY NOTES FIGURE
(DDEG) (DDEG) ) REFERENCES
1 S0315  January 2, —34.74 119.66 1531 Whale skull Mesoplodon Fig. 2
2020 layardii
2 S0323  2/13/2020 —34.75 119.62 952 Caudal vertebra Broken during Fig. 3A,B
sampling
3 50323 2/13/2020 —34.76 119.63 1041 Central part of Ziphiidae Fig. 3Cand D
rostrum
4 S0323 2/13/2020 —-34.76 119.63 1040 Central part of
rostrum
5 50323 2/13/2020 —34.76 119.63 1045 Skull Mesoplodon grayi Fig. 3EF
6 S0323  2/13/2020 —34.76 119.63 1110 Several vertebrae Mesoplodon? Fig. 3LJ,K
7 50323 2/13/2020 —34.76 119.63 1115 Bone Fig. 3 G,H
8 50323 2/13/2020 —34.76 119.64 1120 Skull and jaw bones Mesoplodon Fig. 3LM,N
hectori

Fig. 2. Whale fall at dive 315, Hood Canyon, depth 1530 m. (A) location of the skull of a ziphiid whale (arrow), provisionally assigned to Mes-
oplodon layardii, at the foot of a Tertiary-age chalk escarpment. Note abundant shell hash and debris in the foreground; (B-C) ex situ detail of the
same skull showing clusters of bathymodiolinae mussels and the occurrence of chaetopterid polychaete tubes; (D) detail showing dense “Adipicola”
bathymodiolins at different growth stages; (E) detail of a section of the skull colonized by skeneimorph gastropods (g), living polychaetes (p) and
chaetopterid polychaete tubes; (F) the polychaete Eunoe crawling out of a cavity, small bathymodiolins nested in cavities, and chaetopterid
polychaete tubes.
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Fig. 3. Whale bone falls at dive 323. (A) caudal vertebra on the seafloor at ~952 m; (B); fragmented part of the same specimen after collection,
showing colonization by bathymodiolinae mussels; (C) rostral bones of a Ziphiidae species on the seafloor at ~1040 m; (D) same rostral bones after
collection showing the bone at the “reef stage” of decomposition, and encrusted by non-chemosymbiotic fauna such as serpulids (s); (E) in situ skull
of Mesoplodon grayi at ~1044 m; (F) ex situ skull of M. grayi (ventral view) same as in E), showing the presence of bathymodiolinae bivalves; (G)
caudal vertebrae of provisionally-identified ziphiid spread at ca. ~115 m; (H) detail of one caudal vertebra after collection showing a cluster of
bathymodiolinae; (I) the most complete sequence of bones (vertebrae, possibly Mesoplodon) which was recorded at ~1109 m; (J) recovery of one
vertebrae with ROV SuBastian’s robotic arm causing seepage of sulphidic compounds (black swirls); (K) the same sample on board revealed some
bathymodiolinae (b) colonizing its surface; (L) skull and disarticulated lower jaws of Mesoplodon hectori at ~1120 m, with an echinoid on the skull;
(M) detail of the previous image showing dense clusters of small bathymodiolinae; (N) one of the two lower jaws recovered on board appeared
colonized by a row of small bathymodiolinae.

2. Material and methods

The data and material discussed in this study were obtained during Cruise FK200126 (26 January-26 February 2020) aboard the
Schmidt Ocean Institute’s research vessel Falkor. Video and still images, together with samples from the seafloor, were collected using
the ROV SuBastian.

Multibeam bathymetry was acquired using Falkor’s Kongsberg EM 302 and 710 sonar systems. Oceanographic data and water
samples were collected with a Rosette system equipped with a Seabird SBE 911plus CTD and associated SBE 43 dissolved oxygen sensor
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Fig. 4. Chemosymbiotic bivalves found alive in the reducing sediment beneath the ziphiid skull at 1530 m, dive 315: (A) Lucinoma sp.; (B-C)
Calyptogena sp., valves that belonged to two different individuals.

and Wet Labs ECO- FLNTU fluorescence sensor. Water column parameters measured in-situ included temperature (T), conductivity
(salinity: S), dissolved oxygen (DO), and pressure (depth). Further cruise operational details can be found in Trotter et al. 25.

Bones were carefully recovered from the seafloor using SuBastian’s hydraulic arms (Table 1). At station 315, after the removal of the
large bone, the underlying sediments and shells were collected using scoops and vacuum devices manipulated by the robotic arms.
Once onboard, the bone material was immediately inspected for associated fauna; a full photographic record was obtained together
with a detailed description of the samples. Living organisms were removed and stored in ethanol for biomolecular analyses, with an
aliquot selected for more detailed inspection by stereo microscopy and macrophotography. Due to the strong odour from the release of
hydrogen sulphide, the skeletons were frozen and kept in sealed containers onboard, then archived post-cruise at the Western
Australian Museum in Perth.

While onboard, the sediment was washed with freshwater through a 0.5 mm mesh sieve. The resulting fraction was examined for
live fauna, which were handpicked for initial identification and photographic documentation prior to fixing in ethanol. The remaining
skeletal fraction was dried in an oven at 40 °C, then inspected to provide an initial taxonomic assessment prior to storage. The sediment
fractions are currently archived at the ISMAR-CNR, Bologna, repository.

3. Results
3.1. Bone remains

The whalebone material described in this study (Figs. 2 and 3; Table 1) consists of three almost complete skulls, several vertebrae,
and two mandibles and one rostrum.

One skull was collected from the Hood Canyon during ROV dive 315 (1530 m), which has been identified as a beaked whale in the
family Ziphiidae (Fig. 2A). The skull is ascribed to Mesoplodon layardii (Gray, 1865), the most common ziphiid in these waters 32. The
beaked whale skull appeared very porous, cracked, and friable in places. The skull surfaces that were not in direct contact with the
underlying sediment were densely colonised by hundreds of mussels at various growth stages (Fig. 2B-D). Based on shell resemblance,
the mussels were provisionally ascribed to Adipicola Dautzenberg, 1927 a chemosymbiotic bathymodiolinae 33. These “Adipicola” s.1.
resemble A. pacifica Dall et al., 1938, and Terua osseocola Dell, 1987, the latter being a bathyal species previously reported with organic
remains found offshore New Zealand 30. The skull was also intensely colonised by chaetopterid polychaetes (possibly Phyllochae-
topterus), either as a carpet of soft tubes attached to the bone, or as isolated individuals settled within cavities in the bone (Fig. 2C-E,F).
We observed numerous specimens of amphipods belonging to at least three different species, including Seba sp., and Leptamphopus?,
which were very active on and within holes in degraded areas of the bones. Finally, we collected a still unclassified skeneimorph
gastropod. Background macro- (2 mm-20 mm) and megabenthic (>20 mm) species comprised large predatory polychaetes (Eunoe sp.
and Eunicidae) crawling inside a cavity in the bone (Fig. 2 F).

The other two skulls, found at dive site 323, were attributed to Mesoplodon grayi von Haast, 1876, and M. hectori (Gray, 1871), and
the five vertebrae, two mandibles and one rostrum likely belong to the Ziphiidae, possibly Mesoplodon (Fig. 3). These skeletal remains
were scattered at various sites along the ROV track, more often as isolated findings but in one case as a series of four adjacent vertebrae
(Fig. 3 I). Although the skull (M. hectori) was not collected, we sampled a skull (M. grayi), vertebrae and other bones at this station,
which were colonised by “Adipicola”mussels (Fig. 3B-D,F,H,K,M,N). The background macro- and megabenthos included a sea urchin
nestled in the concave part of the skull (Fig. 3 L), mobile shrimp Eualus and Nematocarcinus, and polychaetes Mellicephala and Nothria
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on or around the bones. One jaw represented older remains, which hosted sessile organisms including both live and dead barnacles of
Gibbosaverruca, and empty tubes of Serpulidae.

All skulls and bones lacked obvious flesh, with the community typology indicating that most of the whale bones observed in the
Hood Canyon are presently in the sulfophilic stage of decomposition34-36, the penultimate phase of becoming a simple substrate for
non-chemotrophic communities (reef stage). One rostrum appeared to be in this more advanced reef stage, acting as substrate for
cemented serpulid polychaetes and barnacles (Fig. 3C).

The apparent absence of the boneworm Osedax at the study sites is somewhat surprising. This siboglinid annelid has been
consistently recorded as an inhabitant of organic falls on the seafloor 37 since the Mesozoic 38. Osedax plays a crucial role in fostering
the exploitation of whalebones by other chemosymbiotic fauna and scavengers 17. Hence, its absence where dissolved oxygen levels
seem suitable to Oseadax 25 is notable, with more extensive studies required to ascertain whether this is a site-specific or regional
anomaly.

3.2. Sediments

Removal of on of the skulls (M. layardii) exposed the underlying sediment (dive 315). It was comprised of a muddy-sandy shell hash,
highly enriched in molluscan shell remains and other skeletal biosomes and fragments, below which appeared to be reducing con-
ditions. These reducing sediments were inhabited by a few living specimens of chemosymbiotic bivalves (Fig. 4), namely a lucinid
(Lucinoma sp., Fig. 4A) and a vesicomyid (Calyptogena sp., Fig. 4B and C).

The coarse fraction contains abundant non-chemosymbiotic skeletal components, predominatly benthic molluscs (Acesta sp.,
Fusitriton oregonensis, Sassia remensa, various protobranchs, gastropods, scaphopods, etc), bryozoans, brachiopods, echinoids, ser-
pulids, scleractinians, large foraminifers (e.g., Pyrgo), as well as planktic (pteropods) and pelagic (Janthina) molluscs. Infauna collected
around these remains revealed a diverse crustacean assemblage including seven species of amphipod (including Leptamphropus, Seba,
Lysianassidae, Oedicerotidae, Phoxocephalidae, Stenothoidae), two Isopods (Munnidae, Gnathiidae), one tanaid (Parataniadae), and
one leptostracan (Nebalia). Amphipods are common inhabitants of whale falls, particuarly Lysianassoidea 11,39, many as scav-
engers/predators (e.g., Leptamphropus, Stenothoe) or microbial grazers (e.g., Seba) attracted to the nutrient-rich environment of the
whale fall.

We also identified some shells of chemosymbiotic bivalves 40-44, which include at least 1 large solemyid (Acharax), 3 species of
Thyasiridae, 3 species of Lucinidae, and 2 species of Vesicomyidae. Limpet shells are also present, some of which are possibly asso-
ciated with organic fall habitats (see Refs. 7,44-46). An in-depth taxonomic examination is beyond the scope of the present study but
will be undertaken in future assessments by specialists.

Finally, the sediments display an unusual abundance of miliolid foraminifer tests, especially Pyrgo spp., a phenomenon observed
elsewhere in association with hydrocarbon seeps, such as the Strait of Sicily in the Mediterranean Sea (47 and unpublished data) and
the Bay of Bengal in the Indian Ocean, the latter accompanied by anomalous &' compositions 48.

4. Discussion

The paleontological record of fossil whale fall communities dates back to the Paleogene and most commonly since the Miocene
49-53. It should also be recognised that specialized communities associated with large carcasses decomposing on the seafloor occurred
much earlier, when large marine reptiles dominated the Mesozoic oceans 38,54. Therefore, organic falls of large aquatic animals have
provided an important and widespread energy source, essential for supporting specialized chemosynthetic habitats in the ocean, since
Mesozoic times.

Kiel and Goedert 55 raised an interesting point that early cetaceans, being smaller, contained fewer lipids, the breakdown of which
would eventually trigger the chemosynthetic processes essential to these specialized communities. Consequently, those authors
proposed that early whale fall communities shared more traits with vent faunas than Miocene—modern whale falls. However, Pyenson
and Haasl 51 noted that, regardless of the size, the richness in oils in mysticete skeletons was the main controller that forms modern
whale fall communities, consistent with our findings in the Hood Canyon.

It has been proposed that, within the general scheme of the evolution and biogeography of vent-type taxa, whale falls could
represent “stepping stones” for specialized chemosynthetic and chemosymbiotic organisms like those associated with geologically-
older hydrothermal vents and hydrocarbon seeps 3,56-58. Kiel 59,60 lends support to this view, including whale-falls within its
biogeographic network, while Smith et al. 57 deem that whale fall communities are still too poorly described to reach a definitive
conclusion. Acknowledging these limitations, our case-study contributes new, albeit preliminary, faunal data and a novel geographic
location to this on-going debate.

Besides these evolutionary debates, it has been argued that the human-driven decline of cetaceans during the 19th and 20th
centuries would also have had detrimental effects on the populations of associated fauna and their distribution 61,62. This theory has
not gained general consensus 63 but it has attracted attention from the environmental humanities 64.

It is evident from our case study that isolated carcasses dispersed on the sea floor provide an opportunity for local chemosymbiotic
invertebrates to utilise this food source. Bathymodiolinae mussels, the dominant chemosymbiotic metazoan observed on the whale
bones in the canyon, are among the most common colonizers of past and present organic fall habitats 49,65-71. While many che-
mosymbiotic taxa (e.g., some bivalves) have developed strategies to enhance their dispersal in the water mass to track these energy
sources, and hence are widely distributed 72-75, this is not always the case 31. The latter scenario would thus promote greater
endemicity, as observed at some whale fall sites 31.



M. Taviani et al. Heliyon 10 (2024) 29206

This study

Fig. 5. Map showing natural whale falls with associated chemosynthetic and chemosymbiotic communiities recorded in the literature, together with
new locations discussed in text (modified from Li et al., 2022). Yellow dots refer to literature records, and red dots to sites described in this study. 1:
Smith, 1989; 2: McLean, 1992; 3: Bennett et al., 1994; 4: Dell, 1994; 5: Marshal, 1994; 6: Wada et al., 1994; 7: Warén, 1996; 8: Smith & Baco, 2003;
9: Dahlgren et al., 2004; 10: Goffredi et al., 2004; 11: Rouse et al., 2004; 12: Bolotin et al., 2005; 13: Milessi et al., 2005; 14: Braby et al., 2007; 15:
Pelorce & Poutiers, 2009; 16: Lundsten et al., 2010; 17: Amon et al., 2013; 18: Glover et al., 2013; 19: Digitalized from Li et al., 2022; 20: Georgieva
et al., 2023. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Ziphiids are mid-sized odontocetes (4.5-10 m) and elusive animals that normally live in deep waters76, so their life habits are less
well known compared to larger whales and many of the dolphins. While we could not determine the cause of death of the ziphiids
discovered in the Hood Canyon, documented causes of ziphiid mortality in southwestern Australian waters have been linked to net
entanglements and predation by killer whales 28,77. Skeletal remains of beaked whales on the sea bottom are known at some locations,
such as offshore South Africa 78, but are not otherwise commonly reported. Therefore, our samples represent a rare case of ziphiid
skeletal remains on the sea floor that have been examined in-situ. The lack of articulated bones, together with their occurrence at the
foot of a canyon wall at dive site 315, suggest that the carcass was subject to post-mortem dismemberment and downslope transport.

It is likely that some flesh was present on the M. layardii skull when it settled on the sea floor at dive site 315. This is inferred from
the high organic enrichment of the sediments in direct contact, or immediately adjacent, to the skull. In fact, this whale fall promoted
the development of sulphate-reducing and methanogenetic bacterial-archaea consortia, which resulted in chemosynthetic habitats
similar to cold seeps 12,16,79. These habitats are limited in their areal extent, depending also on the size of the decaying carcass and
the type and quantity of lipids 9, but could exceed the area covered by the whale fall (Bull’s eye), and the increase in carbon could be up
to 3.5% with respect to adjacent sediments 80. The “bull’s eye” at the ziphiid remains (dive 315) appeared to be almost limited to the
sediment beneath the skull. The total diversity of chemosymbiotic bivalves at this site is, however, quite high and is interpreted as
representing different stages in carcass consumption and exploitation of the associated reducing sediments over time.

In a biogeographic context, our study helps fill the large distributional gap in known whale fall sites. Li et al.81 (Fig. 1) recently
summarised all available evidence of whale falls at a global scale, including carcasses relocated to deeper water for scientific obser-
vations. Their review reveals an absence of data from the Indian Ocean and Southern Ocean Australian waters (Fig. 5), thus the data
presented by Trotter et al. [25] and this paper contribute the first datum within this large and underexplored region.

5. Conclusion

We provide the first direct evidence of the occurrence of deep-sea whale fall communities inhabiting the continental margin of
southwestern Australia, where high concentrations and a large variety of both seasonally transient and resident odontocete and
mysticete cetaceans occur.

Our discovery includes beaked whales, the first documented case of a whale fall community feeding off an elusive member of the
odontocete family Ziphiidae. The whale fall community represents a sulfophilic stage of carcass and skeleton consumption, which is
comprised of chemosymbiotic bathymodiolinae bivalves (“Adipicola” s.l.) and associated skeneimorph gastropods, polychaetes, and
amphipods. A single occurrence represents the reef stage.

It is highly probable that many other whale fall communities at varied ecological stages of exploitation by chemosynthetic and
chemosymbiotic faunas also occur along the southwestern and western Australian margins, from shelf to abyssal environments. Their
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importance to deep-sea ecosystems highlights the need to systematically examine these habitats using advanced marine technologies,
such remotely operated and autonomous underwater vehicles. Within the still scant documentation of deep-sea whale falls in the
world’s ocean, this study represents the first record for the Indian-Austral Southern Ocean region.

CRediT authorship contribution statement

Marco Taviani: Writing — review & editing, Writing — original draft, Investigation, Conceptualization. Paolo Montagna: Super-
vision, Investigation, Data curation. Andrew M. Hosie: Writing — review & editing, Investigation, Data curation. Giorgio Castellan:
Writing — review & editing, Visualization, Methodology, Formal analysis. Catherine Kemper: Writing — review & editing, Identifi-
cation of cetacean material. Federica Foglini: Investigation, Data curation. Malcom McCulloch: Writing — review & editing,
Investigation, Data curation. Julie Trotter: Writing — review & editing, Resources, Project administration, Funding acquisition.

Declaration of competing interest

Marco Taviani reports financial support was provided by Institute of Marine Sciences, National Research Council CNR-ISMAR
(Italy). Paolo Montagna reports financial support was provided by Institute of Polar Sciences, National Research Council CNR-ISP
(Italy). Julie Trotter reports financial support was provided by Australian Research Council and The University of Western
Australia. Malcolm McCulloch reports financial support was provided by Australian Research Council and The University of Western
Australia. If there are other authors, they declare that they have no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

Acknowledgments

We thank the Schmidt Ocean Institute that provided ship-time on the R/V Falkor. We are grateful to the Captain Peter Reynolds,
crew and scientific staff onboard R/V Falkor during expedition FK20012. We acknowledge the technical skills of the SuBastian ROV
pilots Russell Coffield, Kris Ingram, Cody Peyres, Jason Rodriguez, Adam Wetmore, and Ana Hara (WAM) for specimen processing and
handling. We gratefully thank Thom Hoffman and Angela Rossen for the onboard photographic documentation of the samples
recovered. Steffen Kiel is thanked for his opinion on some chemosymbiotic taxa. This research was conducted in the Bremer Marine
Park and Perth Canyon Marine Park under permit PA2019-00080-1(2), issued by the Director of National Parks, Australia. The views
expressed in this publication do not necessarily represent the views of the Director of National Parks or the Australian Government.
Paolo Montagna and Marco Taviani acknowledge the support of the Italian National Programme of Antarctic Research through the
PNRA16-00069, ‘Graceful Project’. Julie Trotter and Malcolm McCulloch were supported by Australian Research Grants FT160100259
and CE140100020. This is Ismar-CNR, Bologna, scientific contribution n. 2081.

References

[1] S.K. Goffredi, V.J. Orphan, Bacterial community shifts in taxa and diversity in response to localized organic loading in the deep sea, Environ. Microbiol. 12
(2010) 344-363, https://doi.org/10.1111/§.1462-2920.2009.02072.x.
[2] N.D. Higgs, C.T.S. Little, A.G. Glover, Bones as biofuel: a review of whale bone composition with implications for deep-sea biology and palaeoanthropology,
Proc. R. Soc. A B 278 (1702) (2011) 9-17.
[3] C.R. Smith, H. Kukert, R.A. Wheatcroft, P.A. Jumars, J.W. Deming, Vent fauna on whale remains, Nature 341 (1989) 27-28.
[4] A.D. Heap, J. Edwards, L. Fountain, M. Spinnocia, M. Hughes, E. Mathews, J. Griffin, . Borissova, J. Blevin, C. Mitchell, A. Krassay, Geomorphology,
Sedimentology and Stratigraphy of Submarine Canyons on the SW Australian Slope — Post Survey Report, Geoscience Australia, 2008, p. 138pp. Record 2008/
16.
[5] Z.Huang, S. Nichol, P. Harris, J. Caley, Classification of submarine canyons of the Australian continental margin, Mar. Geol. 357 (2014) 362-383, https://doi.
org/10.1016/j.margeo.2014.07.007.
Australian Government, Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act) — C2023C00492. Federal Register of Legislation, Commonwealth of
Australia, 1999. https://www.legislation.gov.au/C2004A00485/latest/text;
[25] J.A. Trotter, M. Taviani, F. Foglini, A.Yu Sadekov, G. Skrzypek, C. Mazzoli, A. Remia, N. Santodomingo, G. Castellan, M. McCulloch, C. Pattiaratchi,
P. Montagna, Unveiling deep-sea habitats of the Southern Ocean-facing submarine canyons of southwestern Australia, Prog. Oceanogr. 209 (2022) 102904.
[7] J.L. Bannister, Great whales. Australian Natural History Series, CSIRO Publishing, Melbourne, 2008.
[8] C. Salgado Kent, P. Bouchet, R. Wellard, I. Parnum, L. Fouda, C. Erbe, Cetacean hotspots at steep canyon edges of the Bremer Sub-Basin, south-western Australia:
first insights from multiple platforms, Aust. Mammal. 43 (2) (2020) 168-178.
[9] R. Wellard, K. Lightbody, L. Fouda, M. Blewitt, D. Riggs, C. Erbe, Killer whale (Orcinus orca) predation on beaked whales (Mesoplodon spp.) in the bremer sub-
basin, western Australia, PLoS One 11 (12) (2016) e0166670.
[10] J. Trotter, P. Montagna, M. Taviani, A. Sadekov, G. Skrzypek, F. Foglini, C. Mazzoli, A. Remia, A. Hosie, A. Hara, C. Pattiaratchi, M. McCulloch, ROV exploration
of deep-water coral habitats of southwest Australian submarine canyons, SOI Cruise FK200126 Final Report (2021) 61.
[11] Schmidt Ocean Institute. https://schmidtocean.org/technology/live-from-rv-falkor/rov-dives-great-australian-coral-canyon-adventure/, 2020, 11 october
2023.
[12] R.K. Dell, Mollusca of the family Mytilidae (Bivalvia) associated with organic remains from deep water off New Zealand, with revisions of the genera Adipicola
Dautzenberg, 1927 and Idasola Iredale, 1915. Natl. Mus. N. Z. Rec. 3 (1987) 17-36.
[13] M.N. Georgieva, H. Wiklund, D.A. Ramos, L. Neal, C.J. Glasby, L.M. Gunton, The annelid community of a natural deep-sea whale fall off Eastern Australia,
Record Aust. Mus. 75 (2023) 167-213, https://doi.org/10.3853/j.2201-4349.75.2023.1800.
[14] R.L.Pitman, J.A. Totterdell, R. Wellard, P. Cullen, M. de Boer, Long in the tooth: biological observations from at sea sightings of strap toothed beaked whales
(Mesoplodon layardii), Mar. Mamm. Sci. 35 (2019) 1141-1161, https://doi.org/10.1111/mms.12575.
[15] E.C. Southward, The morphology of bacterial symbioses in the gills of mussels of the genera Adipicola and Idas (Bivalvia: Mytilidae), J. Shellfish Res. 27 (2008)
139-146, https://doi.org/10.2983/0730-8000(2008)27[139:TMOBSI]2.0.CO;2.

[6

=


https://doi.org/10.1111/j.1462-2920.2009.02072.x
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref2
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref2
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref3
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref20
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref20
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref20
https://doi.org/10.1016/j.margeo.2014.07.007
https://doi.org/10.1016/j.margeo.2014.07.007
https://www.legislation.gov.au/C2004A00485/latest/text
http://refhub.elsevier.com/S2405-8440(24)05237-X/bib25a
http://refhub.elsevier.com/S2405-8440(24)05237-X/bib25a
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref25
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref26
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref26
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref27
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref27
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref22
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref22
https://schmidtocean.org/technology/live-from-rv-falkor/rov-dives-great-australian-coral-canyon-adventure/
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref29
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref29
https://doi.org/10.3853/j.2201-4349.75.2023.1800
https://doi.org/10.1111/mms.12575
https://doi.org/10.2983/0730-8000(2008)27[139:TMOBSI]2.0.CO;2

M. Taviani et al.

[16]
[17]
[18]
[19]

[20]
[21]

[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]

[34]
[35]

[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]
[46]

[47]
[48]
[49]
[50]
[51]

[52]
[53]

[54]
[55]

[56]
[57]

[58]
[59]

[60]

[61]

Heliyon 10 (2024) 29206

C.R. Smith, H.L. Maybaum, A.R. Baco, R.H. Pope, S.D. Carpenter, P.L. Yager, S.A. Macko, J.W. Deming, Sediment community structure around a whale skeleton
in the deep Northeast Pacific: macrofaunal, microbial and bioturbation effects, Deep Sea Res. Pt II 45 (1-3) (1998) 335-364.

C.R. Smith, A.R. Baco, A. Glover, Faunal succession on replicate deep-sea whale falls: time scales and vent-seep affinities, Cah. Mar. Biol. 43 (2002) 293-297.
C.R. Smith, A.R. Baco, Ecology of whale falls at the deep-sea floor, Oceanogr. Mar. Biol. Annu. Rev. 41 (2003) 311-354.

C.E. Braby, G.W. Rouse, S.B. Johnson, W.J. Jones, R.C. Vrijenhoek, Bathymetric and temporal variation among Osedax boneworms and associated megafauna on
whale-falls in Monterey Bay, California, Deep Sea Res. Pt. I. 54 (2007) 1773-1791, https://doi.org/10.1016/j.dsr.2007.05.014.

S. Danise, N.D. Higgs, Bone-eating Osedax worms lived on Mesozoic marine reptile deadfalls, Biol. Lett. 11 (2015) 20150072.

J.M. Alfaro-Lucas, M. Shimabukuro, G.D. Ferreira, H. Kitazato, Y. Fujiwara, P.Y.G. Sumida, Bone-eating Osedax worms (Annelida: Siboglinidae) regulate
biodiversity of deep-sea whale-fall communities, Deep Sea Res. Pt II 146 (2017) 4-12.

S.K. Goffredi, C.K. Paull, K. Fulton-Bennett, L.A. Hurtado, R.C. Vrijenhoek, Unusual benthic fauna associated with a whale fall in Monterey Canyon, California,
Deep Sea Res. Pt I 51 (2004) 1295-1306, https://doi.org/10.1016/j.dsr.2004.05.009.

D.J. Amon, A.G. Glover, H. Wiklund, L. Marsh, K. Linse, A.D. Rogers, J.T. Copley, The discovery of a natural whale fall in the Antarctic deep sea, Deep Sea Res.
Pt II 92 (2013) 87-96.

R.G.B. Reid, Evolutionary implications of sulphide-oxidising symbioses in bivalves, in: B. Morton (Ed.), The Bivalvia-Proceedings of a Memorial Symposium in
Honour of Sir Charles Maurice Yonge, Edinburgh, 1986, Hong Kong, Hong Kong University Press, 1990, pp. 127-140.

D.L. Distel, Evolution of chemoautotrophic endosymbioses in bivalves, Bioscience 48 (1998) 277-286.

J.D. Taylor, A.E. Glover, Lucinidae (Bivalvia) — the most diverse group of chemosymbiotic molluscs, Zool. J. Linn. Soc. 148 (2006) 421-438.

M. Taviani, The deep-sea chemoautotroph microbial world as experienced by the Mediterranean metazoans through time, in: J. Reitner, N.-V. Quéric, G. Arp
(Eds.), Advances in Stromatolite Geobiology. Lect. Notes E. Sci., vol. 131, 2011, pp. 277-295.

B.A. Marshall, Osteopeltidae (Mollusca: Gastropoda): a new family of limpets associated with whale bone in the deep-sea, J. Molluscan Stud. 53 (1987)
121-127, https://doi.org/10.1093/mollus/53.2.121.

B.A. Bennett, C.R. Smith, B. Glaser, H.L. Maybaum, Faunal community structure of a chemoautotrophic assemblage on whale bones in the deep Northeast Pacific
Ocean, Mar. Ecol. Prog. Ser. 108 (1994) 205-223, https://doi.org/10.3354/meps108205.

B.A. Marshall, Deep-sea gastropods from the New-Zealand region associated with recent whale bones and an Eocene turtle, Nautilus 108 (1) (1994) 1-8.
J.H. McLean, Cocculiniform limpets (Cocculinidae and Pyropeltidae) living on whale bone in the deep sea off California, J. Molluscan Stud. 58 (1992) 401-414.
M. Taviani, L. Angeletti, A. Ceregato, F. Foglini, C. Froglia, F. Trincardi, The Gela Basin pockmark field in the strait of Sicily (Mediterranean Sea):
chemosymbiotic faunal and carbonate signatures of postglacial to modern cold seepage, Biogeosciences 10 (2013) 4653-4671, https://doi.org/10.5194/bg-10-
4653-2013.

S.C. Clemens, K. Thirumalai, D. Oppo, Indian margin methane dissociation recorded in thrcarbon isotopes of benthic (Miliolida) foraminifera, Earth Planet Sci.
Lett. 609 (2023) 11801.

R.L. Squires, J.L. Goedert, L.G. Barnes, Whale carcasses, Nature 349 (1991) 574, https://doi.org/10.1038/349574a0.

K. Amano, C.T.S. Little, K. Inoue, A new Miocene whale-fall community from Japan, Palaeogeogr. Palaeoclimatol. Palaeoecol. 247 (2007) 236-242, https://doi.
org/10.1016/j.palaeo.2006.10.017.

N.D. Pyenson, D.M. Haasl, Miocene whale-fall from California demonstrates that cetacean size did not determine the evolution of modern whale-fall
communities, Biol. Lett. 3 (2007) 709-711, https://doi.org/10.1098/rsbl.2007.0342.

S. Dominici, E. Cioppi, S. Danise, U. Betocchi, G. Gallai, F. Tangocci, G. Valleri, S. Monechi, Mediterranean fossil whale falls and the adaptation of mollusks to
extreme habitats, Geology 37 (2009) 815-818, https://doi.org/10.1130/G30073A.1.

S. Dominici, S. Danise, S. Cau, A. Freschi, The awkward record of fossil whales, Earth Sci. Rev. 205 (2020) 10305, https://doi.org/10.1016/j.
earscirev.2019.103057.

A. Kaim, Y. Kobayashi, H. Echizenya, R.G. Jenkins, K. Tanabe, Chemosynthesis-based associations on Cretaceous plesiosaurid carcasses, Acta Palaeontol. Pol. 53
(2008) 97-104, https://doi.org/10.4202/app.2008.0106.

S. Kiel, J.L. Goedert, Deep-sea food bonanzas: early Cenozoic whale-fall communities resemble wood-fall rather than seep communities, Proc. R. Soc. A B 273
(2006) 2625-2631, https://doi.org/10.1098/rspb.2006.3620.

D.L. Distel, A.R. Baco, E. Chuang, W. Morrill, C. Cavanaugh, C.R. Smith, Do mussels take wooden steps to deep-sea vents? Nature 403 (2000) 725-726, https://
doi.org/10.1038/35001667.

C.R. Smith, D.J. Amon, N.D. Higgs, A.G. Glover, E.L. Young, Data are inadequate to test whale falls as chemosynthetic stepping-stones using network analysis:
faunal overlaps do support a stepping-stone role, Proc. R. Soc. A B 284 (2017) 20171281, https://doi.org/10.1098/rspb.2017.1281.

A.R. Baco, C.R. Smith, A.S. Peek, G.K. Roderick, R.C. Vrijenhoek, The phylogenetic relationships of whale-fall vesicomyid clams based on mitochondrial COI
DNA sequences, Mar. Ecol. Prog. Ser. 182 (1999) 137-147.

S. Kiel, A biogeographic network reveals evolutionary links between deep sea hydrothermal vent and methane seep faunas, Proc. R. Soc. A B 283 (2016)
20162337.

S. Kiel, Reply to Smith et al.: network analysis revexals connectivity patterns in the continuum of reducing ecosystems, Proc. R. Soc. A B 284 (2017) 20171644.
C.A. Butman, J.T. Carlton, S.R. Palumbi, Whaling effects on deep-sea biodiversity, Conserv. Biol. 9 (1995) 462-464, https://doi.org/10.1046/j.1523-
1739.1995.9020462.x.

C.A. Butman, J.T. Carlton, S.R. Palumbi, Whales don’t fall like snow: reply to Jelmert, Conserv. Biol. 10 (1996) 655-656, https://doi.org/10.1046/j.152.3-
1739.1996.10020655.x.

A. Jelmert, D.O. Oppen-Berntsen, Whaling and deep-sea biodiversity, Conserv. Biol. 10 (1996) 653-654.

M. Bastian, Whale falls, suspended ground, and extinctions never known, Environ. Humanit. 12 (2) (2020) 454-474.

M. Horikoshi, E. Tsuchida, Distribution, mode of life and allometric growth of a deep-sea mytilid bivalve, Adipicola longissima (Thiele and Jaeckel), Venus 43
(1984) 86-100.

T. Okutani, Y. Fujiwara, K. Fujikura, H. Miyake, M. Kawato, A mass aggregation of the mussel Adipicola pacifica (Bivalvia: Mytilidae) on submerged whale bones,
Venus 63 (2003) 61-64.

W.J. Jones, Y.J. Won, P.A.Y. Maas, P.J. Smith, R.A. Lutz, R.C. Vrijenhoek, Evolution of habitat use by deep-sea mussels, Mar. Biol. 148 (2006) 841-851.

J. Pelorce, J.M. Poutiers, Une nouvelle espece de Bathymodiolinae (Mollusca, Bivalvia, Mytilidae) associée a des os de baleine coulés en Méditerranée,
Zoosystema 31 (2009) 975-985, https://doi.org/10.5252/22009n4al1.

S. Danise, L. Bertolaso, S. Dominici, Bathymodioline mussel dominated Miocene whale fall from Italy, Boll. Soc. Paleont. It 55 (2016) i—vii.

J.H. Signorelli, E. Crespo, First record of the genus Adipicola (Mollusca: Bivalvia: Mytilidae) and description of a new species from the Argentine SW Atlantic
Ocean, Zootaxa 4318 (2017) 325-338, https://doi.org/10.11646/zootaxa.4318.2.6.

R.G. Jenkins, A. Kaim, K. Amano, K. Sakurai, K. Matsubara, A new Miocene whale-fall community dominated by the bathymodiolin mussel Adipicola from the
hobetsu area, hokkaido, Japan, Paleontol. Res. 22 (2018) 105-111, https://doi.org/10.2517/2017PR0006.

P.A. Tyler, L. Marsh, A. Baco-Taylor, C.R. Smith, Protandric hermaphroditism in the whale-fall bivalve mollusc Idas washingtonia, Deep-Sea Res. II 56 (2009)
1689-1699, https://doi.org/10.1016/j.dsr2.2009.05.014.1.

A. Metaxas, N.E. Kelly, Do larval supply and recruitment vary among chemosynthetic environments of the deep sea? PLoS One (2010).

S.M. Arellano, A.L. Van Gaest, S.B. Johnson, R.C. Vrijenhoek, C.M. Young, Larvae from deep-sea methane seeps disperse in surface waters, Proc. R. Soc. Lond. B
Biol. Sci. 281 (2014) 20133276, https://doi.org/10.1098/rspb.2013.3276.

S.R. Laming, S.M. Gaudron, S. Duperron, Lifecycle ecology of deep-sea chemosymbiotic mussels, Front. Mar. Sci. 5 (2018), https://doi.org/10.3389/
fmars.2018.00282.

F. Alves, S.L. Mesnick, M. Rosso, R.L. Pitman, Beaked whale sexual dimorphism, mating strategies, and diversification, in: B. Wiirsig, D.N. Orbach (Eds.), Sex in
Cetaceans, Springer, 2023, pp. 385-414.


http://refhub.elsevier.com/S2405-8440(24)05237-X/sref33
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref33
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref34
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref35
https://doi.org/10.1016/j.dsr.2007.05.014
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref37
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref16
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref16
https://doi.org/10.1016/j.dsr.2004.05.009
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref38
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref38
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref39
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref39
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref40
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref41
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref42
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref42
https://doi.org/10.1093/mollus/53.2.121
https://doi.org/10.3354/meps108205
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref44
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref45
https://doi.org/10.5194/bg-10-4653-2013
https://doi.org/10.5194/bg-10-4653-2013
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref47
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref47
https://doi.org/10.1038/349574a0
https://doi.org/10.1016/j.palaeo.2006.10.017
https://doi.org/10.1016/j.palaeo.2006.10.017
https://doi.org/10.1098/rsbl.2007.0342
https://doi.org/10.1130/G30073A.l
https://doi.org/10.1016/j.earscirev.2019.103057
https://doi.org/10.1016/j.earscirev.2019.103057
https://doi.org/10.4202/app.2008.0106
https://doi.org/10.1098/rspb.2006.3620
https://doi.org/10.1038/35001667
https://doi.org/10.1038/35001667
https://doi.org/10.1098/rspb.2017.1281
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref57
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref57
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref58
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref58
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref59
https://doi.org/10.1046/j.1523-1739.1995.9020462.x
https://doi.org/10.1046/j.1523-1739.1995.9020462.x
https://doi.org/10.1046/j.1523-1739.1996.10020655.x
https://doi.org/10.1046/j.1523-1739.1996.10020655.x
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref62
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref63
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref64
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref64
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref65
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref65
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref66
https://doi.org/10.5252/z2009n4a11
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref68
https://doi.org/10.11646/zootaxa.4318.2.6
https://doi.org/10.2517/2017PR0006
https://doi.org/10.1016/j.dsr2.2009.05.014.l
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref72
https://doi.org/10.1098/rspb.2013.3276
https://doi.org/10.3389/fmars.2018.00282
https://doi.org/10.3389/fmars.2018.00282
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref75
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref75

M. Taviani et al. Heliyon 10 (2024) 29206

[62]

[63]
[64]

[65]
[66]
[67]
[68]
[69]
[70]

[71]
[72]

[73]

[74]

[75]
[76]
[77]
[78]
[79]
[80]

[81]

G.J.B. Ross, Review of the Conservation Status of Australia’s Smaller Whales and Dolphins, Australian Government, Department of Climate Change, 2006,
pp. 1-14. Energy, The Environment and Water.

G. Bianucci, K. Post, L. Olivier, Beaked whale mysteries revealed by seafloor fossils trawled off South Africa, South Afr. J. Sci. 104 (2008) 140-142.

T. Treude, C.R. Smith, F. Wenzhofer, E. Carney, A.F. Bernadino, A. Hannides, M. Kriiger, A. Boetius, Microbial sulfur and carbon turnover at a deep-sea whale
fall, Santa Cruz Basin, northeast Pacific, Mar. Ecol.: Prog. Ser. 382 (2009) 1-21.

P.Y.G. Sumida, J.M. Alfaro-Lucas, M. Shimabukuro, H. Hiroshi Kitazato, Perez J.A.A.Soares-Gomes, T. Toyofuku, A.O.S. Lima, K. Ara, Y. Fujiwara, Deep-sea
whale fall fauna from the Atlantic resembles that of the Pacific Ocean, Sci. Rep. 6 (2016) 2139, https://doi.org/10.1038/srep22139.

C.R. Smith, A.F. Bernardino, A. Baco, A.K. Hannides, I. Altamira, The seven-year enrichment: macrofaunal succession in deep-sea sediments around a 30-ton
whale fall in the Northeast Pacific, Mar. Ecol. Prog. Ser. 515 (2014) 133-149, https://doi.org/10.3354/meps10955.13.

T. Naganuma, H. Wada, K. Fujioka, Biological community and sediment fatty acids associated with the deep-sea whale skeleton at the Torishima Seamount,
J. Oceanogr. 52 (1996) 1-15.

S.K. Goffredi, R. Wilpiszeski, R. Lee, V. Orphan, Temporal evolution of methane cyling and phylogenetic diversity of Archaea in sediments from a deep-sea
whale-fall in Monterey Canyon, California, ISME J. 2 (2008) 204-220.

Q. Li, Y. Liu, G. Li, Z. Wang, Z. Zheng, Y. Sun, N. Lei, Q. Li, W. Zhang, Review of the impact of whale fall on biodiversity in deep-sea ecosystems, Front. Ecol.
Evol. 18 (2022), https://doi.org/10.3389/fev0.2022.885572.

P.A. Allison, C.R. Smith, H. Kukert, J.W. Deming, B.A. Bennett, Deep-water taphonomy of vertebrate carcasses: a whale skeleton in the bathyal Santa Catalina
Basin, Paleobiology 17 (1991) 78-89, https://doi.org/10.1017/50094837300010368.

C.R. Smith, Whale falls. Chemosynthesis on the deep seafloor, Oceanus 35 (1992) 74-78.

C.R. Smith, Bigger is better: the role of whales as detritus in marine ecosystems, in: J.A. Estes, D.P. DeMaster, D.F. Doak, T.M. Williams, R.T. Brownell (Eds.),
Whales, Whaling and Ocean Ecosystems, University of California Press, Berkeley, CA, 2006, pp. 286-302.

A.R. Baco, C.R. Smith, High species richness in deep-sea chemoautotrophic whale skeleton communities, Mar. Ecol. Prog. Ser. 260 (2003) 109-114, https://doi.
org/10.3354/meps260109.

J.W. Deming, A.L. Reysenbach, S.A. Mako, C.R. Smith, Evidence for the microbial basis of a chemoautotrophic invertebrate community at a whale fall on the
deep seafloor: bone-colonizing bacteria and invertebrate endosymbionts, Microsc. Res. Tech. 37 (1997) 162-170, https://doi.org/10.1002/(SICI)1097-0029
(19970415)37:2<162::AID-JEMT4>3.0.CO;2-Q.

A.G. Glover, A.J. Gooday, D.M. Bailey, D. Billett, et al., Temporal change in deep-sea benthic ecosystems: a review of the evidence from recent time-series
studies, Adv. Mar. Biol. 58 (2010) 1-95, https://doi.org/10.1016/B978-0-12-381015-1.00001-0.

C.R. Smith, A.G. Glover, T. Treude, N.D. Higgs, D.J. Amon, Whale-fall ecosystems: recent insights into ecology, paleoecology, and evolution, Ann. Rev. Mar. Sci
7 (2015) 571-596, https://doi.org/10.1146/annurevmarine-010213-135144.

J.M. Alfaro-Lucas, M. Shimabukuro, 1.V. Ogata, Y. Fujiwara, P.Y. Sumida, Trophic structure and chemosynthesis contributions to heterotrophic fauna inhabiting
an abyssal whale carcass, Mar. Ecol. Prog. Ser. 596 (2018) 1-12.

M. Shimabukuro, D.M. Couto, A.F. Bernardino, B.H.M. Souza, O. Carrerette, V.H. Pellizari, P.Y.G. Sumida, Whale bone communities in the deep southwest
atlantic ocean, Deep Sea Res. Pt I 190 (2022) 103916, https://doi.org/10.1016/j.dsr.2022.103916.

K.R.S. Bolstad, M.O. Amsler, C. De Broyer, M. Komoda, H. Iwasaki, In-situ observations of an intact natural whale fall in Palmer deep, Western Antarctc
Peninsula, Polar Biol. 46 (2023) 123-132.

J.A. Trotter, M.T. McCulloch, J.P. D’Olivo, P. Scott, N. Tisnérat-Laborde, M. Taviani, P. Montagna, Deep-water coral records of glacial and recent ocean-
atmosphere dynamics from the Perth Canyon in the southeast Indian Ocean, Quat. Sci. Adv. 6 (2022) 100052, https://doi.org/10.1016/j.qsa.2022.100052.
J.A. Trotter, M. Taviani, F. Foglini, Sadekov A.Yu, G. Skrzypek, C. Mazzoli, A. Remia, N. Santodomingo, G. Castellan, M. McCulloch, C. Pattiaratchi,

P. Montagna, Unveiling deep-sea habitats of the Southern Ocean-facing submarine canyons of southwestern Australia, Prog. Oceanogr. 209 (2022) 102904.

10


http://refhub.elsevier.com/S2405-8440(24)05237-X/sref76
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref76
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref77
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref12
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref12
https://doi.org/10.1038/srep22139
https://doi.org/10.3354/meps10955.13
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref9
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref9
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref79
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref79
https://doi.org/10.3389/fevo.2022.885572
https://doi.org/10.1017/S0094837300010368
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref5
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref6
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref6
https://doi.org/10.3354/meps260109
https://doi.org/10.3354/meps260109
https://doi.org/10.1002/(SICI)1097-0029(19970415)37:2<162::AID-JEMT4>3.0.CO;2-Q
https://doi.org/10.1002/(SICI)1097-0029(19970415)37:2<162::AID-JEMT4>3.0.CO;2-Q
https://doi.org/10.1016/B978-0-12-381015-1.00001-0
https://doi.org/10.1146/annurevmarine-010213-135144
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref17
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref17
https://doi.org/10.1016/j.dsr.2022.103916
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref19
http://refhub.elsevier.com/S2405-8440(24)05237-X/sref19
https://doi.org/10.1016/j.qsa.2022.100052
http://refhub.elsevier.com/S2405-8440(24)05237-X/optLmCKys0z7q
http://refhub.elsevier.com/S2405-8440(24)05237-X/optLmCKys0z7q

	Whale fall chemosymbiotic communities in a southwest Australian submarine canyon fill a distributional gap
	1 Introduction
	2 Material and methods
	3 Results
	3.1 Bone remains
	3.2 Sediments

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


