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Abstract Introduction

Very little is known about the foraging ecology of Killer whales (Orcinus orca) are distributed glob-
killer whales (Orcinus orca) in tropical oceans and ally and are apex marine predators that feed on a 
on how these large apex predators affect prey com- wide range of prey, including marine mammals 
munities. In most tropical waters, the presence of (Baird & Dill, 1995; Pitman et al., 2001, 2015; Best 
killer whales is unpredictable, and most informa- et al., 2010), elasmobranchs (Fertl et al., 1996; Pyle 
tion on their ecology is inferred from opportunistic et al., 1999; Reyes & García-Borboroglu, 2004; 
records. This is particularly the case in the Indian Visser, 2005), teleosts (Similä et al., 1996; Ford & 
Ocean where limited information is available. Ellis, 2006; Guinet et al., 2007), sea turtles (Pitman 
Between 2002 and 2017, killer whales were oppor- & Dutton, 2004; Fertl & Fulling, 2007; Elwen & 
tunistically encountered around the Mozambique Leeney, 2011), and seabirds (Condy et al., 1978; 
Channel island of Mayotte in the eastern Comoros Straneck et al., 1983; Pitman & Durban, 2010), 
Archipelago (southwest Indian Ocean). A total as well as on a combination of several other 
of 15 killer whale sightings collected by various taxa (Visser et al., 2008; Reisinger et al., 2011). 
local experts were compiled and used to describe Worldwide, several populations have been dif-
observed feeding events. Twenty-seven distinct ferentiated genetically, morphologically, and eco-
individuals from four separate groups were iden- logically, sometimes displaying highly specialized 
tified by photo-identification, highlighting short- foraging behaviors (Guinet & Bouvier, 1995; Ford 
term site fidelity (minimum 7 days) to this area. et al., 1998, 2011; Pitman & Ensor, 2003; Foote 
Feeding was observed on seven occasions, and et al., 2009; de Bruyn et al., 2013).
recorded prey included two species of elasmo- Most existing information on the feeding ecol-
branchs (Centroscymnus coelolepi and Mobula ogy and behavior of killer whales comes from high-
spp.) and two species of cetaceans: a humpback latitude regions when these animals can be studied 
whale (Megaptera novaeangliae) calf and a pan- continuously due to their coastal occurrence and 
tropical spotted dolphin (Stenella attenuata). This high site fidelity (Ford et al., 1998; Saulitis et al., 
study represents the first account of killer whales 2000; de Bruyn et al., 2013). In contrast, little is 
foraging on a combination of marine mammals and known of the ecology of killer whales in tropi-
elasmobranchs in tropical waters, and describes the cal waters (25° N to 25° S) where information 
first presumed predation on a humpback whale calf on their presence and diet is scarce and generally 
in the southwest Indian Ocean. reported opportunistically due to the rare occur-

rence of this species. The most reported prey item 
Key Words: killer whale, Orcinus orca, Indian in the literature for killer whales in low latitudes 
Ocean, elasmobranchs, humpback whale, Megaptera are humpback whale (Megaptera novaeangliae) 
novaeangliae, pantropical spotted dolphin, Stenella calves, predated upon despite the protection from 
attenuata, feeding ecology, tropical ecosystems their mothers in their breeding ground, particu-

larly in Hawaii (Baird et al., 2006), off the Pacific 
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coast of Colombia (Flórez-González et al., 1994), Killer whale sightings in Mayotte were collected 
and in Eastern (Paterson & Paterson, 2001) and between 2002 and 2017 from a range of boat-
Western (Pitman et al., 2015) Australia. Other large based opportunistic platforms, including hump-
whales, such as neonate blue whales (Balaenoptera back whale photo-identification surveys conducted 
musculus; Pitman et al., 2007), Bryde’s whales during the austral winter (July to October) by local 
(Balaenoptera edeni; Bolaños-Jiménez et al., 2014), cetacean experts and whale-watching operators. 
and sperm whales (Physeter macrocephalus; Reeves The effort was focused on areas of known cetacean 
et al., 2006) have also been recorded as killer whale presence around the island, both inside and outside 
prey in tropical waters. A variety of other prey has of the lagoon. Information on the exact location and 
been recorded in tropical waters, including small time of the sighting (defined as an uninterrupted 
delphinids and medium-sized odontocetes (Bolaños- time spent with a group of killer whales), duration, 
Jiménez et al., 2014; Pitman et al., 2015), large tele- group size, and behaviors were collected. If a feed-
osts (Weir et al., 2010), cephalopods (Baird et al., ing event (confirmed kill and ingestion, at least par-
2006), and sea turtles (Pitman & Dutton, 2004; tially) was observed, the type of prey and behavior 
Bolaños-Jiménez et al., 2014). Overall, there is lim- were recorded from the boat or from underwater 
ited information on the prey of killer whales in tropi- observations. Prey species identification was sub-
cal oceans. More specifically, it is unknown whether sequently carried out by one of the authors (JK or 
killer whales feed on a range of species or if they JW) using photographs or videos, particularly for 
tend to specialize on specific taxa as shown in sev- elasmobranchs (JK). Whenever possible, photo-
eral coastal populations in temperate waters (Ford graphs were collected for photo-identification pur-
et al., 1998; Visser, 2005; Jourdain et al., 2020). poses to identify how many different killer whale 

In the tropical western Indian Ocean, killer whale individuals were involved in these feeding events. 
sightings are uncommon and have been reported Individuals were identified from images of the right 
in only a few locations such as in Somalia and in and left sides of their dorsal fin and eye patches, 
the Seychelles (Gambell et al., 1975; Ballance & both of which are described as distinctive features 
Pitman, 1998; Hermans & Pistorius, 2008). The for this species (Bigg, 1982; Visser & Mäkeläinen, 
sole record of killer whale predation in the Indian 2000). Individuals were grouped into four age and 
Ocean describes foraging events in Sri Lanka on sex categories: (1) adult males (easily recogniz-
three species of cetaceans, including B. musculus, able by their characteristically high and triangular 
P. macrocephalus, and Mesoplodon spp. (Gemmell dorsal fin), (2) adult females (assessed mature by 
et al., 2015). Opportunistic observations of killer their large size, their curved dorsal fin, and/or the 
whale predation off the island of Mayotte, located presence of a calf in close proximity), (3) calves 
in the northeastern Mozambique Channel, are com- (young individual [< 3 y old] in very close proxim-
piled in the present study to increase the current ity to its presumed mother), and (4) juveniles (indi-
knowledge on the occurrence and feeding ecology viduals of unknown age and sex not confirmed as 
of killer whales in this region. This is the first study mature adults) (as per Olesiuk et al., 1990).
documenting multiple killer whale sightings and 
feeding events in the western tropical Indian Ocean. Results

Methods Sightings
A total of 15 killer whale sightings were recorded 

Mayotte (45° 10' E, 12° 50' S) is a French island of the between 2002 and 2017 in the waters of Mayotte 
Comoros Archipelago in the northern Mozambique (Table 1). All sightings occurred outside of the 
Channel (Figure 1) and was recently recognized lagoon in relatively deep waters (mean depth = 
as an Important Marine Mammal Area (IMMA) 700 m; SD = 335; Figure 1). Over 11 of these sight-
(International Union for Conservation of Nature ings, 27 different distinct individuals from four dif-
[IUCN] Marine Mammal Protected Areas Task ferent groups were identified from good quality pho-
Force, 2019), with over 20 cetacean species recorded tographs that included at least one clear distinctive 
from this area among the 33 species identified in feature (dorsal fin or eye patch) for a given individ-
the western Indian Ocean (Kiszka et al., 2010). The ual (the photo-identification catalogue is available in 
island is surrounded by a 197-km barrier reef, which the “Supplementary Material” section of the Aquatic 
delimits the second largest closed coral lagoon in Mammals website: https://www.aquaticmammals-
the world, with an area of 1,200 km2 and an average journal.org/index.php?option=com_content&view=
depth of 20 m (Quod et al., 2000). The diversity of article&id=10&Itemid=147). No photographs were 
marine habitats around Mayotte and its surrounding taken during sightings #1, 2, 4, and 12 (Table 1). 
islets is substantial and includes deep oceanic waters Group size varied from two to ten individuals (mean 
with many submarine canyons in close proximity to = 6.1; SD = 2.6). Only one sighting occurred before 
the steep slope of the barrier reef (Quod et al., 2000). 2011. In general, annual sightings were rare. Only 
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Figure 1. Study area, including all locations of killer whale (Orcinus orca) sightings around Mayotte between 2002 and 
2017. Numbers represent the associated sighting number from Table 1. Feeding events on marine mammals occurred in 
sightings #2 and 15; all other feeding events involved elasmobranchs.

one sighting was recorded each year in 2002, 2011, On 11 March 2011, a group of four killer 
2014, 2016, and 2017. In contrast, ten sightings whales (sighting #2) was observed during a 
occurred in August 2015 over 14 d, including a whale-watching tour with a group of about 20 
group of six individuals resighted together on four pantropical spotted dolphins (Stenella attenuata) 
different occasions over 9 d (sightings #6, 9, 10, off the southeastern coast of Mayotte, off the reef 
and 13; Table 1). Two individuals, believed to be a slope (Table 1). The killer whales, including two 
mother–calf pair, were also sighted together on five presumed adult females and two juveniles, started 
different occasions over a 9-d period (sightings #5, chasing the dolphins and separated an individual 
7, 9, 10, and 13). Overall, group composition varied from the group. They remained in close proxim-
and included a diverse combination of adult males, ity to the isolated dolphin until one of the females 
adult females, calves, and juveniles. No individual attacked it from below. Several minutes later, all 
was resighted interannually. individuals surfaced together with the dolphin 

partially consumed (Figure 2A). After the preda-
Feeding Events tion event (unknown duration), the killer whales 
A total of seven feeding events were observed, exhibited slow travel as their main behavior.
including three during which underwater photo- On 21 August 2015, two groups of killer 
graphs were collected (Table 1; Figure 2). Prey whales were observed off the east side of Mayotte 
identified included three species of elasmobranchs (sightings #5 and 6) each engaged in a feed-
and two species of cetaceans. ing event. The first group of four killer whales, 
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Figure 2. Feeding events observed in Mayotte: (A) pantropical spotted dolphin (Stenella attenuata) remains on 11 March 
2011, (B) Portuguese dogfish (Centroscymnus coelolepi) on 21 August 2015, (C) large mobulid (Mobula spp.) on 24 August 
2015, and (D) humpback whale (Megaptera novaeangliae) calf on 18 August 2017. (Photo credits: N. Bertrand, A. Eynard, 
V. Torte, and Lagon Aventure)

including a mother–calf pair and two individu- On 24 August 2015, off the east coast with an 
als of unknown sex (either females or immature approximate water depth of 150 m, four killer 
males), were observed off the reef slope (approxi- whales (sighting #7) (identified as the same indi-
mately 400 m deep) carrying a 1.2- to 1.5-m-long viduals seen on 21 August 2015; i.e., sighting #5) 
Portuguese dogfish (Centroscymnus coelolepi; were observed from both the surface and under-
Figure 2B; sighting #5). The shark, brought to water predating on a large mobulid ray (Mobula 
the surface by one of the individuals of unknown spp.) on at least two occasions (two different 
sex, appeared dead and mostly intact. The adult feeding events) during a 2-h sighting. During 
female was observed from underwater pushing the underwater observation, the ray was handled 
the shark with her rostrum while her calf circled by a single individual and was either dead or in 
around it. At about the same time, a second group tonic immobility (Figure 2C). This large (at least 
that was composed of a minimum of eight other 1.5 m in disk width) ray was shared and eaten by 
killer whales, including three adult males, was all the individuals of the group. Simultaneously, 
observed further offshore, 1 to 2 km away (sight- another group of a minimum of seven killer 
ing #6). The killer whales were seen predating on whales (including the same three males seen on 
a large mobulid ray (Mobula spp.), but no further 21 August 2015; i.e., sighting #6) was observed 
details are available. further offshore (sighting #8), 3 km east of the 
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first sighting, for about an hour. They were trav- collected prevents conclusive characterization of 
elling south and socializing, including potential the breadth and level of specialization of killer 
reproductive behavior between a male (penis vis- whales occurring in this region, the variety of prey 
ible while surfacing) and two females. No preda- recorded in Mayotte contributes to the general 
tion was observed. Several individuals from the observation that killer whales have a relatively 
two groups of killer whales observed on 21 and broad diet in tropical waters compared to temper-
24 August 2015 were resighted together afterward ate waters (Baird et al., 2006; Alava & Merlen, 
(sightings #8, 9, 10, 11, 12, and 13), suggesting 2009; Weir et al., 2010; Bolaños-Jiménez et al., 
they were all part of the same large group. 2014). Killer whales in other tropical regions 

On 6 November 2016, six killer whales were have previously been reported to feed on various 
observed east of Mayotte offshore (sighting taxa, including cetaceans, cephalopods, large tele-
#14) where several whale-watching operators osts, and sea turtles (Baird et al., 2006; Bolaños-
were present. The group was observed for a total Jiménez et al., 2014). This study highlights that 
duration of 4 h, and a variety of behaviors were killer whales in the northern Mozambique Channel 
recorded, including travelling, socializing, and can feed on a variety of taxa, including cetaceans 
predation on an unidentified carcharhinid shark and elasmobranchs. At other tropical locations in 
(> 2 m), which was brought to the surface after the eastern Pacific (e.g., Galápagos, Costa Rica), 
a long dive. killer whales are also known to feed on various 

On 18 August 2017, a group of at least seven taxa, including elasmobranchs (Fertl et al., 1996; 
killer whales was observed for a duration of about Alava & Merlen, 2009), baleen whales (Pitman 
4 h in the south of Mayotte, beginning relatively et al., 2007; Alava et al., 2013), and sea turtles 
close to the reef slope and ending further offshore (Denkinger et al., 2020).
(sighting #15). The animals were exhibiting active Killer whale predation on elasmobranchs is 
surface behaviors (breach, tail slap) and were sub- relatively uncommon, except in some coastal 
sequently observed feeding on a recently dead populations where elasmobranchs may constitute 
humpback whale calf. The predation event was the bulk of their diet (Visser, 2005; Ford et al., 
not observed, but feeding was confirmed from 2011). The only shark identified in Mayotte as 
underwater videos (Figure 2D). Up to three killer a prey of killer whales is a Portuguese dogfish, 
whales were observed pulling sections of blub- a deep-water demersal species occurring mostly 
ber from the dead calf at the same time, while the between 128 and 3,700 m (Kiraly et al., 2003). 
other individuals remained at a distance. The ven- This observation represents the first known 
tral part of the humpback whale calf mostly faced occurrence of this shark species in the diet of 
the surface, and killer whales fed on it from the killer whales. Other large carcharhinids, such as 
top looking down. The skin and blubber on the the white shark (Carcharodon carcharias), have 
dorsal and ventral part of the whale were almost been reported as prey of killer whales at multiple 
entirely consumed by the killer whales. temperate locations (e.g., Eastern Pacific, South 

Africa), but the liver was the only consumed 
Discussion part of the animal (Pyle et al., 1999; Engelbrecht 

et al., 2019). Predation on mobulid rays observed 
Globally, the occurrence of killer whales is rela- around Mayotte could not be confirmed at the 
tively rare in tropical waters (Forney & Wade, species level; however, pictures collected sug-
2006), and few sightings have been reported gest that Mobula japanica, a relatively common 
in Mayotte in the past 15 y, despite a substan- species in the Mozambique Channel, could 
tial amount of effort spent on the water by both be the species involved (Kiszka et al., 2016). 
researchers and whale-watching operators (Kiszka During one of the predation events, a killer 
et al., 2010, 2011, 2012; Van Bressem et al., 2015). whale was observed carrying a ray upside down. 
However, although no effort data are available, the It is unclear if the ray was already dead or if it 
occurrence of 12 (80%) of the sightings from 2015 was in tonic immobility, or whether killer whales 
to 2017 has been atypically higher. These data also use this technique to catch and immobilize their 
highlight the importance of opportunistic sighting prey. Killer whales feeding on mobulid rays (par-
data collection programs involving local stake- ticularly giant manta rays [Mobula birostris]) 
holders (in our case, whale-watching operators) to has been recorded across multiple tropical and 
document the occurrence and prey preferences of subtropical locations, including the Marquesas 
elusive species such as killer whales. in French Polynesia (Gannier, 2002), Papua 

Observations of predation events off Mayotte New Guinea (Visser & Bonoccorso, 2003), the 
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et al., 2007, 2015; Gemmell et al., 2015). This ing on recovering baleen whale populations. This 
study reports the first known occurrence of killer study provides an initial insight on the presence 
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