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Introduction

The spatial distributions of many marine species are rapidly altering in response to
anthropogenic impacts such as climate change, with poleward shifts being exhibited by
multiple populations of highly mobile consumers (Storrie et al., 2018; Hammerschlag et al.,
2022). These population shifts can rearrange food web dynamics and influence species
interactions (Pinsky et al., 2020). Ecological data suggest that species with strong
behavioural and foraging plasticity are most likely to survive in a rapidly changing
ocean. Killer whales Orcinus orca are globally distributed (Forney et al., 2006), travel
vast ocean distances whilst hunting, and strongly influence marine food web dynamics
through consumptive and non-consumptive effects (Estes et al., 1998). They also influence
critical ocean processes, such as the recycling and translocation of nutrients (Kiszka et al.,
2021). Additionally, the species displays complex cognitive abilities, with flexible foraging
strategies (Paulos et al., 2010; Hill et al., 2022). It is predicted that killer whales will not only
be able to adapt more efficiently than other marine predators in a changing ocean
environment (Evans and Moustakas, 2018), but they will also play a major role in
shaping the trophic interactions of many marine ecosystems in the future.

Often referred to as the ‘wolves of the sea’, killer whales hunt a wide variety of prey
species including all marine mammal families, except river dolphins Inia geoffrensis and
manatees Trichechus manatus. They have been observed to hunt twenty species of
cetaceans, fourteen species of pinnipeds, dugong Dugong dugon and sea otters Enhydra
lutris (Jefferson et al., 1991) as well as various marine reptiles (Fertl and Fulling, 2007) and
teleosts (Vogel et al., 2021). A review by Fertl and Darby (1996) suggested that
elasmobranchs are likely underestimated in the killer whales diet, although records exist
globally (Reyes and Garcia-Borboroglu, 2004; Visser, 2005; Williams et al., 2009; Ford et al.,
2011, Jorgensen et al, 2019). Many marine predators change their behaviour and
distribution in response to the risk of killer whale predation (Pitman and Durban, 2010;
Breed et al.,, 2017) and the decision of ‘fight or flight’ is usually dependent on the trade-off
between the risk of mortality and access to, or lack of, prey (Ripple et al., 2014).
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Ethograms are a valuable and foundational tool used in the field of
ethology and behavioural ecology, as they provide a standardised
catalogue and full repertoire of behaviours displayed by a given
species in space and time (Lehner, 1987). For captive killer whales, an
intraspecific ethogram has been developed (Martinez and
Klinghammer, 1978), which has been crucial for animal welfare and
husbandry. For wild killer whales, via the use of underwater video, an
ethogram outlining the behaviours exhibited towards human snorkellers
and divers has been constructed (Pagel et al, 2017). However, a
comprehensive ethogram of natural, uninterrupted behaviours for the
species, is currently not available. Whilst documenting the behaviour of
wild killer whales can present challenges, ethograms should improve our
knowledge on their ecological roles, social structures, hunting strategies
and responses to environmental changes.

The use of unmanned aerial vehicles (UAVs), more widely
observed as drones, are taking flight as an efficient and cost-effective
research tool for studying the behaviour marine megafauna
(Gallagher et al.,, 2018; Torres et al., 2018; Barreto et al.,, 2021).
Compared to manned aircrafts, boats, or in water human
observations, this non-invasive approach minimises disturbance
and allows for more natural behavioural observations (Christiansen
et al., 2016; Fettermann et al., 2022). The use of UAVs have been
successfully applied to the study of several large marine mammal
species including gray whales Eschrichtius robustus in the northwest
Pacific (Torres et al, 2018), humpback whales Megaptera
novaeangliae in the cenrtal Pacific (Fiori et al., 2020) and
Antillean Manatees Trichechus manatus manatus in the
Caribbean Atlantic (Landeo-Yauri et al., 2020).

Whilst numerous ecological and behavioural studies have been
documented on killer whale populations inhabiting temperate and
sub-polar regions of the ocean, information on those populations
occupying tropical and sub-tropical regions remain comparatively
limited, particularly in the Caribbean Sea, where there have only
been a total of 385 records from 1851-2023 (Bolafios-Jimeénez et al.,
2023). Killer whale densities in The Bahamas, an extensive oceanic
archipelago in the subtropical Atlantic, are thought to be very low,
despite the first record occurring in 1913 (Murphy, 1948). Dunn
and Claridge (2014) presented a robust overview of killer whale
occurrence in The Bahamas, performing an extensive review of the
literature and collating public reports with their own empirical
observations from surveys, resulting in 34 total sightings from 1913-
2011. Their results suggested that there were very few (i.e., less than
five) independently published scholarly articles documenting killer
whales in The Bahamas, and the majority of the previously
compiled records/sightings did not contain any photographic or
video evidence (Dunn and Claridge, 2014).

Here, we present new empirical observations of killer whales in
The Bahamas, by presenting novel aerial video evidence obtained
via a UAV. Our ethogram adds to the important work done by
colleagues in a data-poor region and advances our knowledge on
the behaviour of a highly cryptic population of killer whales. We
discuss the potential implications of this sighting within the context
of shark survival in The Bahamas shark sanctuary, the ecological
implications on the wider marine food web and highlight the
importance of citizen science in advancing our ecological
knowledge of rare and elusive predators.
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Methods and results

On December 15" 2020 at 11:00 AM, a group of nine killer
whales were filmed by a hobbyist drone pilot using an aerial drone
(DJI magic pro 2) from a 15m catamaran yacht in the deep waters
(>2,000m) of the Northwest Providence Channel off Nassau, New
Providence, The Commonwealth of The Bahamas, (25.154460°,
-77.501113°) (Figure 1). The authors were not on board when the
recording was made, the footage was sent to the authors following
the trip for review and analysis.

A total of 14 minutes and 36 seconds of killer whale footage was
obtained. The group comprised of 5 adult females, 2 sub-adult
females and 2 adult males, led by a female, as the group followed
this individual when her swimming direction changed throughout
the observation. Throughout the footage, the killer whales exhibited
milling and surface active behaviours (SABs) (Noren et al., 2009)
which were characterised into five categories outlined in the
ethogram (Table 1). A total of 23 synchronous surfacing
(Figure 2A) events were recorded, seven of which involved >3
individuals surfacing simultaneously. There appeared to be some
sexual segregation during surfacing events, with females surfacing
together and the two males surfacing together, which is behaviour
that has been reported in other populations (Weiss et al., 2021).
Overall, 63 observations of lobtailing (Figure 2B) were observed,
with 22 of these displayed as inverted lobtailing (Figure 2C).
Lunging behaviour was also observed on two occasions (Figure 2D).

Killer whales also displayed two interactions with brown
macroalgae identified as pelagic sargassum Sargassaceae. In both
interactions, the focal individual investigated the sargassum and then,
using its mouth, dragged the sargassum underwater. In one interaction,
a bubble ring was blown by the same individual prior to taking the
sargassum underwater, suggestive of investigative behaviour (Hill et al,,
2022). At the end of the drone footage, all killer whales were submerged
underwater to the port side of the vessel..

To validate the novelty of UAVs as a tool for documenting the
occurrence and behaviour of killer whales in The Bahamas, we also
performed a brief social media content analysis of publicly-available
footage of killer whale reports in The Bahamas. We used the terms
“killer whale Bahamas” and “orca Bahamas” with the search
function on Facebook (Meta) to reveal any posts from public
pages or profiles (e.g., fishing groups, photographers) from 2018 -
present (2023). Results were collated, and scored according to their
type (photo/video), location, date, estimated group size, sex ratio,
behaviour and whether a UAV was used. An additional eight
sightings were obtained (Table 2), revealing killer whale group
sizes ranging from 3 to 100 (estimated, in 2023), yet none of these
were documented via the use of an UAV.

Discussion

Via novel aerial drone footage, our study documented an elusive
group of killer whales in The Bahamas, thereby supporting previous
work, enhancing existing databases (Dunn and Claridge, 2014;
Bolafios-Jiménez et al., 2023) and helping to advance our
knowledge on the understudied Bahamian population. The
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FIGURE 1

Study map of The Bahamas. Green diamond indicates where the drone footage of the killer whale group was captured.

highest percentage of killer whale records in the Caribbean Sea
(39.5%) are from the eastern Caribbean, with The Bahamian region
only contributing 13% of all killer whale records (Bolafios-Jimeénez
et al., 2023), highlighting the significance of our drone-recorded
sighting for this region. This new sighting, which occurred in the
winter (where previous sightings were rare, Dunn and Claridge,
2014), adds to the overall Bahamas sighting database, and the body
of regional records with photo/video evidence by ~3%, respectively.

From the footage, 23 observations of synchronous surfacing
events were observed. Within killer whale groups, evidence suggests

TABLE 1 Ethogram outlining the various behaviours observed by killer
whales in the drone footage from The Bahamas.

Behaviour Description

Milling Group surface constantly in various directions whilst
remaining in the same area.
Synchronous | Individuals surface within one adult female killer whale body

surfacing length (~6m) of one another (Weiss et al., 2021).

Lobtailing Individual positions itself vertically down into the water
column, raises tail fluke out of the water and brings it down
onto the ocean surface with force.

Inverted Individual is on its back with its ventral surface exposed, raises
lobtailing fluke out of the water and brings it down onto the ocean
surface with force.
Lunge Individual breaks the surface with its rostrum and exposes
two-thirds of its body. This often has a sideways component.
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that synchrony is imperative for social bonding (Connor et al,
2006). Additionally, synchrony is beneficial for cooperative
behaviours such as hunting, as seen when displaying wave-wash
attacks to prey on pinnipeds (Visser et al, 2008; Pitman and
Durban, 2012); and, the carousel method - the formation of
bubble rings to trap and herd prey into a dense bait ball towards
the surface for ease of consumption (Simild and Ugarte, 1993;
Nottestad et al., 2002). Moreover, although the 63 counts of
lobtailing behaviour in this footage appeared to be used in a
playful and social (potentially sociosexual) manner (Horback
et al, 2012), lobtailing is also commonly used to stun or
incapacitate prey (Domenici et al., 2000b) and inverted lobtailing
(also seen in this study), is used as a visual cue when hunting to
force prey into bait balls (Domenici et al., 2000a). Additionally, it
has been noted that killer whales display complex cognitive abilities,
are extremely curious and known for manipulating objects,
particularly in a novel setting (Paulos et al., 2010; Hill et al,
2022), as reflected through the observed interactions with the
pelagic sargassum in the present study. The described repertoire
of behaviours displayed by this group in The Bahamas are
suggestive of a healthy, functioning unit which will have large
metabolic and energetic needs.

Like that of many apex predators, a key driver of habitat
selection for killer whales is prey quality and availability. Whilst
ocean warming has varying effects on prey availability, evidence
suggests that when prey populations are altered, apex predators will
shift their distribution to seek the prey elsewhere or shift to an
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FIGURE 2

Screenshots from video taken via drone of the killer whale group in The Bahamas displaying various surface-active behaviours: (A) Synchronous

surfacing; (B) Lobtailing; (C) Inverted lobtailing; (D) Lunge.

alternative prey item (Shields et al., 2018). Killer whales exhibit
strong top-down predator control on large-scale marine
ecosystems, as seen in their role in driving one of the most
significant marine mammal population declines in modern
history - the drastic decline in the sea otter population on the
Aleutian Islands (Alaska, USA) in the 1990s (Kuker and Barrett-
Lennard, 2010). In this example, observations of killer whales
preying on sea otters increased during the study period, giving
researchers confidence in the strong influence of orcas in the prey
species’ crash. However, there is still much to be learned about these
interactions and many complexities we do not yet understand.
Several killer whale populations specialise on a narrow range of
prey and can be morphologically and genetically distinct. A rare
oftshore morphotype of killer whale was described off South Africa
by Best et al.,, (2014). The following year, a distinctive pair of adult
males of this morphotype, appeared in the region, and preyed upon
various shark species, including white sharks Carcharodon
carcharias, extracting and consuming their lipid rich livers
(Engelbrecht et al., 2019; Towner et al., 2022a). It is noted that
the liver of an adult white shark can match the daily energetic needs
of an adult male killer whale (Reisinger et al., 2011). These
predations not only caused large scale displacement of sharks
from coastal sites, they induced mesopredator release and trophic
changes (Towner et al, 2022b). While killer whales have been
documented preying on different shark species world-wide
(Williams et al., 2009) the predations in South Africa gave
insights into how rapidly killer whales can change coastal
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ecosystems, specifically when they return to the same sites to prey
on apex sharks, over several years. The displacement of a top
predator such as the white shark, could have far-reaching impacts
on ecosystem function at the local and regional level, as well as
substantial socio-economic and bather safety impacts (Estes et al.,
2011; Towner et al., 2022a).

According to survey work done by Dunn and Claridge (2014),
odontocetes appear to comprise a main portion of killer whale diet
in The Bahamas, and foraging observations of four species have
been documented including the Atlantic spotted dolphin Stenella
frontalis, Frasers dolphin Lagenodelphis hosei, the Pygmy sperm
whale Kogia breviceps and the Dwarf sperm whale Kogia sima
(Dunn and Claridge, 2014). Similarly, through the use of stable
isotopes and mixing models, killer whales oft St Vincent and The
Grenadines were found to mostly feed on teuthophageous
odontocetes such as short finned pilot whales Globicephala
macrorhynchus and sperm whales, with Oceanic sharks only
contributing 17% (SD = 0.13), to the Caribbean killer whale diet
(Kiszka et al., 2021). The Bahamas contains healthy and abundant
shark populations (Gallagher et al., 2021; Shipley et al., 2023) which
have been afforded protections via a de-facto large-scale protected
area (e.g., a shark sanctuary) (Haas et al., 2017). Thus, sharks and
other chondrichthyan species could present themselves as a
potentially profitable foraging item for killer whales in the region,
particularly in the absence of other preferred prey.

With 43% of all killer whale records in the Caribbean attributed
to citizen science (Bolafios-Jimenez et al., 2023), UAVs and utilising
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TABLE 2 Summary of Facebook content analysis of killer whale sightings from The Bahamas from the last 5 years.

Type UAV DE(] Location Estimated group size = Sex ratio Behaviour
used? F:M
Video N 03/17/19 The Bahamas 8 7:1 Synchronous surfacing | https://www.facebook.com/OceanXOrg/videos/2812789005398750
Video N 03/22/19 Exuma Sound 6 Could not Synchronous surfacing | https://www.facebook.com/trackingseaturtles/videos/806066183065170
be
determined

Photo N 09/28/20 Between Great 3 3:0 Synchronous surfacing | https://www.facebook.com/bahamafishing/posts/

Harbour Cay and pibid0OJLXB7GUbQo8LYDwWMGV2jNogpWNbUryQcnsWSoeC8p8r1B1A20qEmwS8nYFDbuM2El

Nassau
Video N 06/01/21 Abaco 3 1:2 Synchronous surfacing | https://www.facebook.com/dave.gates.71/videos/10223087480167781
Video N 06/04/22 Between Nassau and 4 3:1 Synchronous surfacing | https://www.facebook.com/watch/?v=366595572237246
Spanish Wells

Video N 05/20/23 50 miles East of (6-10 seen in video, ~100+ Could not Synchronous surfacing | https://www.facebook.com/paul.berube.370/videos/264955169402769

Green turtle Cay verbally estimated by be and inverted lobtailing  https://www.facebook.com/paul.berube.370/posts/

observer) determined pfbidOKhhTeCfCUiuFgx7]5fZNPuBRfBkMcroJLKPQ4a9yhiWtoDazzm2ZRfmglqEeMhWgl

Photo N 05/24/23 Abaco 3 2:1 Synchronous surfacing | https://www.facebook.com/reel/1018898462805243
Video N 09/13/23 Walker Cay, Abaco 2 1:1 Synchronous surfacing https://www.facebook.com/reel/1223615621639304
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publicly available drone footage can be a valuable data collection tool
moving forward, as they can help put current and future observations
into context and may reveal new predation threats that killer whales
present to local prey populations. Moreover, the ethogram presented
in this study, provides the first documented repertoire of behaviours
displayed by wild killer whales, providing a baseline to guide future
behavioural studies on these top ocean predators.
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