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Killer whales (Orcinus orca) are the apex predator in global oceans, and as such they are afforded access to prey species at all trophic levels and sizes. Due to their enhanced cognitive abilities, they are frequent predators of other ocean giants, including large sharks. Observations of these predator-prey interactions are rare globally; however, records appear to be increasing in recent years, possibly due to increased access to surveillance. Here we present reports of killer whales hunting and preying on the world’s largest fish species, the whale shark (Rhincodon typus), by collating and analyzing photo and video footage collected from four unique predation events spanning six years (2018 – 2024) in the southern Gulf of California. Across all events, orcas displayed a seemingly approach to collaboratively hunting and killing whale sharks, characterized by focusing on attacking the pelvic area (claspers and pelvic fins) which exsanguinates the prey and allows access to the lipid-rich liver. Photo identification of the killer whales revealed that an individual adult male “Moctezuma” was engaged in three of the four events, and the females involved in event four had previously been sighted with him. We suggest the potential existence of a specialized pod of elasmobranch-hunting killer whales occurring in the Gulf of California.
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Introduction

Gigantism is the attainment of very large body sizes and is an eco-evolutionary phenomena that provides large consumers with increased ecological influence and competitive superiority (Vermeij, 2016; Pyenson and Vermeij, 2016). In marine ecosystems, gigantism is correlated with areas of high productivity, leading to the evolution of large, filter-feeding mammals such as the great whales, which comprise the largest living animals. The attainment of large body sizes also makes hunting and consumption challenging and energetically costly for most higher-order predators.

Killer whales (Orcinus orca) are the apex marine predator, and are distributed in all oceans and most seas, especially in areas characterized by high productivity. They feed on a wide variety of prey species such as marine mammals (Vargas Bravo et al., 2020), sea turtles (Pitman and Dutton, 2004), cephalopods (Hanson and Walker, 2014), bony and cartilaginous fish (Guerrero-Ruiz et al., 2007; Higuera Rivas et al., 2023). Observed variation in biological and ecological characteristics (including body size, color patterning, vocalization, social structure, and foraging strategies) led to the description of several killer whales’ “ecotypes” (de Bruyn et al., 2012). Three ecotypes of orcas co-occur in the northeastern Pacific: (1) ‘resident,’ which prey predominantly on bony fish, (2) ‘offshore,’ which is considered a cartilaginous fish ecotype, and (3) ‘transient’, which prey on marine mammals (Ford et al., 1998; Baird, 2000; Dahlheim et al., 2008). In the Eastern Tropical Pacific (ETP), an area that spans from Mexico to Peru, a new orca ecotype has been proposed, which appears to display a more generalized diet consisting of whales, dolphins, sea turtles, and bony fishes (Ortega-Ortiz et al., 2023). However, killer whales from the Gulf of California (hereafter “GoC”) have also been observed feeding on elasmobranchs (sharks and rays), and there have not been any subsequent revisions to the ETP ecotype (Guerrero-Ruiz et al., 1998; Higuera Rivas et al., 2023). Recently, the photo identification of certain individuals of killer whales that hunt elasmobranchs in the GoC has demonstrated that the feeding of sharks and rays appears to be specialized to same individuals (Higuera Rivas et al., 2023; Ayres et al., 2024) such as the adult male orca of this pod, identified as “Moctezuma,” first sighted in 1992 by Armando Jaramillo (Black et al., 1997). Within the group of targeted elasmobranch prey for killer whales in the GoC are Munk´s pygmy devil rays (Mobula munkiana; Higuera Rivas et al., 2023), other Mobula species (Guerrero-Ruiz et al., 2007), Carcharhinid sharks (e.g., Carcharhinus leucas; Ayres et al., 2024), Lamniform sharks (authors personal observation) and the whale shark (Rhincodon typus; Fertl et al., 1996; O’Sullivan and Mitchell, 2000; Guerrero-Ruiz et al., 2007; Ortega-Ortiz et al., 2023). However, proper documentation of these events remains limited.

Whale sharks are the largest member of the major clade Chondrichthyes, and at sizes reaching 18 meters, they are the largest fish of the planet (Vermeij, 2016). As with other examples of marine gigantism, the presence of whale sharks in the GoC is recorded seasonally in relation to planktonic blooming events at the following aggregation sites: Bahía de Los Ángeles (Ramírez-Macías et al., 2012), La Paz Bay (Ketchum et al., 2013), and Nayarit (Ramírez-Macías et al., 2015). La Paz Bay represents a rich feeding ground for juvenile whale shark (between 3 and 7 m TL; mostly males) from October to May (Ramírez-Macías et al., 2012). In this life-stage, the whale shark may be more vulnerable to predation from predators such as large sharks (Kukuyev, 1995; Fitzpatrick et al., 2006). In the GoC, killer whales have been anecdotally observed as predators of the whale shark once before (O’Sullivan and Mitchell, 2000) however, these types of interactions were not described in detail. To fill these knowledge gaps and confirm the presence of this predator-prey interaction, here we describe in detail, for the first time, killer whale predation events on the largest fish, the whale shark. We captured and analyzed observational photo and video data spanning four separate whale shark hunting events in the GoC and compared these existing photos identification of killer whales hunting on various elasmobranch species in the GoC (Higuera Rivas et al., 2023; Ayres et al., 2024). These data resulted in the genesis of a killer whale behavioral framework for cooperative and collaborative foraging on whale sharks, thereby presenting new information to support potential regional killer whale foraging specialization on elasmobranch fishes in the GoC, while elevating our understanding of the repertoire of hunting skills and predatory capabilities in killer whales.





Material and results

Predation events occurred between 2018 and 2024 in the southern GoC in the months of April, May, and June (Figure 1). To identify individual killer whales, present at each event, we captured and analyzed photographs of the dorsal fin and other distinctive features such as scars and/or nicks (Bigg et al., 1987). When photographs were not taken or available, stills from video footage taken during the events were exported and analyzed. The sex of the adult male was confirmed by the size and shape of the dorsal, pectoral and caudal fins, while the sex of the adult females was confirmed by analyzing images of their size and dorsal fins. When possible, the sex of the whale shark was determined by the presence of claspers in the ventral area (Norman and Stevens, 2007). Maturity stage of whale shark was established by the estimated total length < 8 m and, when possible, by observing clasper morphology (Norman and Stevens, 2007). Total length (TL) of killer whales and whale sharks were both estimated by comparing the animals with the known lengths of boats present at the events.




Figure 1 | Map detailing the four killer whale’ predation events on whale sharks in the southern Gulf of California, Baja California Sur (the Mexican Pacific inset).



Event 1: On 13 May 2018, at 1200 hrs., tourists from two different tourism operator boats recorded their own topside videos of an adult male killer whale (estimated 8 m TL) approaching a juvenile whale shark (estimated 5 m TL) on the west side of Isla Partida, north of Espiritu Santo Archipelago (24°35.117’N &110°24.526’W; Figure 1), in southern GoC. The focal killer whale was identified as “Moctezuma”, a large adult male that was also identified and observed in 2018 feeding on Munk´s pygmy devil rays (Mobula munkiana) (Higuera Rivas et al., 2023). The weather was sunny, and the sea state was calm, with no swell. The first topside video (Supplementary Video S1) shows the killer whale “Moctezuma” approaching the whale shark (Figure 2A) that was still moving and upside down at the surface. This first observer’s boat approached the whale shark that presented several abrasions and bruises on the ventral side of its body, predominantly located between the pectoral fins, and a large wound near the pelvic fins was observed to be bleeding (Figure 2B). Topside video recorded from the second tourist (Supplementary Video S2) recorded the shark being pushed under the water by the orca’s mouth (Figure 2C). A few moments later, the shark reappeared on the surface with the pectoral fin outside the water (Figure 2D) while the killer whale was seen swimming in the radius of the shark. The killer whale then pushed the shark under the water, disappearing for an instant. The shark was then observed flapping the superior lobule of the caudal fin on the surface (Figure 2E) attempting to avoid contact with the killer whale while restoring equilibrium in the water column. Moctezuma’s dorsal fin appeared on the surface after a brief moment while the superior lobule of the caudal fin of the shark was outside the water (Figure 2F). (video available here: https://www.facebook.com/watch/?v=2056047654635366). The mammal continued ramming the shark on the surface, attempting to turn it upside down, provoking a large splash in the area (Figure 2G). Successively, a large slick of blood and floating tissue appeared in the water surface, attracting several seabirds such as yellow-footed seagulls (Larus livens) and frigatebirds (Fregata magnificens) which started feeding on the offal (Figure 2G). The killer whale disappeared for one minute, then was spotted taking several breaths while the tourist boats continued to observe the event (Figure 2H). The killer whale then disappeared entirely from the site of the attack, and the whale shark carcass could no longer be located.




Figure 2 | Sequence of killer whale attack on whale shark on 13 May 2018: (A) Adult male killer whale, identified as “Moctezuma,” approaching the seemingly moribund whale shark; (B) the shark is left with at least one large bleeding wound, after being hit repeatedly, (C) the whale shark is pushed under the surface by the killer whale, (D) the whale shark is pushed on the surface again and its pectoral fins are outside the water for a moment, (E) the caudal fin of the whale shark is slapping on the surface while (F) the killer whale is behind the shark, (G) ramming it repeatedly. (H) Tourist boats observe “Moctezuma” disappearing after the attack (Photo credit: Eduardo Miranda).



Event 2: On 20 June 2021, at approximately 1500 hrs, in the proximity of La Ventana (24°6.245’N & 109°57.891’W; Figure 1) a tourist recorded a topside and an underwater video of at least six killer whales in the proximity of a motionless whale shark. The weather was overcast but sea state was calm, with no swell. Videos were recorded with a GoPro (Hero 4) inside an underwater housing. The topside video (Supplementary Video S3) shows the adult male killer whale “Moctezuma” and five other killer whales (two adult females, two juveniles, one calf), in the vicinity of the juvenile whale shark (estimated 6 m TL), which was observed to be weakly swimming at the surface (Figure 3A). From the topside video, two killer whales were seen approaching the whale shark, which was oriented upside-down. A portion of the shark’s head was exposed out of the water. The killer whales surrounded the shark, while tourist swimmers approached the group of animals. Seconds later, the shark disappeared under the water and a killer whale was seen passing in front of the swimmers, only to disappear and leave the scene after this pass. Underwater images extrapolated from the video shows the whale shark was left upside-down by the killer whale (Figures 3B, C). The whale shark was seen bleeding profusely from an area on the ventral side of its body (Supplementary Video S4).




Figure 3 | Sequence of the second attack occurred on 20 June 2021. (A) Moctezuma, the adult male of the pod approaches the upside-down whale shark. (B) Underwater image of the shark oriented upside-down, with the killer whale investigating. (C) The shark remains upside-down with its mouth open, seemingly left to bleed out. Photo credits Guillermo Aceves Salazar.



Event 3: On 27 April 2023, near San Francisquito Island (24°47.553 & 110°33.121’W; Figure 1), at approximately 1600 hrs, a pod of killer whales was seen on the surface, exhibiting potential hunting behavior. The weather was sunny, and the sea state was calm, with no swell. Top side (Figure 4D) photographs of the killer whales were taken with a Nikon D500 with a 70-200 mm and a 2x teleconverter. The photo identification of captured imagery confirmed the presence of the adult male “Moctezuma” (Figure 4C). The underwater footage, recorded with a GoPro (Hero 10) displayed a juvenile male whale shark (estimated 6 m TL) evasively swimming while it was being approached by a sole killer whale that swam underneath. Seconds later, a second killer whale was observed attempting to bite first the clasper (Figure 4A) and then the pelvic fin (Figure 4B) of the whale shark, opening a bleeding wound in the ventral area of the shark. The killer whale then surfaced to breathe, leaving the shark (which appeared dead at this point), which ultimately sank deep the water column, out of view. Immediately afterwards, large pieces of fresh animal tissue (presumably from the whale shark) were seen floating in the water where the whale shark had last been seen.




Figure 4 | Sequence of killer whale attack on whale shark on 27 April 2023. (A) killer whale biting the clasper (B) and the pelvic fin of the whale shark. (C, D) “Moctezuma”, the adult male of the pod is identified as one of the killer whales involved in the attack. Photo credits: James Moskito.



Event 4: On 26 May 2024 in Ensenada de Muertos (23°57.617’N & 109°48.104’W) at approximately 1400 hrs, a group of five killer whales (four adult females, one juvenile) were encountered and observed to be swimming in circles, indicating socialization around a subsurface item of interest. The weather was sunny, and the sea state was calm, with no swell. The predation event was filmed on a full-frame mirrorless camera (Canon R5, 4K resolution at 120 frames per second) by one diver, on a DJI Osmo 4 (4K resolution at 120fps) by a second diver and on a GoPro Hero 12 (4K resolution at 120fps) by a third. In the underwater video footage from the Canon R5 camera, a single whale shark (~ 5 m TL) was seen at a depth of approximately 10 m, with two adult killer whales focused on the pelvic fins (Figure 5A). The whale shark was brought up shallower (~ 5 m depth) by the two killer whales and turned on its side, when a third killer whale hit the ventral side of the shark, head on with force (Figure 5B). One of the initial killer whales then proceeded to hit the head of the whale shark, this time side-on (Figure 5C). Two further killer whales entered the hunt (one adult and the juvenile). The adult killer whale hit the ventral side of the whale shark with her lower jaw while the juvenile swam toward the pelvic fins of the whale shark (Figure 5D). Blood was seen pouring out from the ventral side of the shark clearly from the cloaca. The juvenile killer whale then nudged the whale shark to the right of the pelvic fins (Figure 5E). The whale shark is then left momentarily as the killer whales surface for air (Figure 5F). The whale shark appeared to remain alive throughout the sequence, as its caudal fin could be seen moving slowly side to side until the end of the video footage (Canon R5). The video from the DJI Osmo continued to film, documenting one of the killer whales taking a breath to then swim down and use her jaw to hit the lateral side of the head, pushing the whale shark deeper. A second killer whale followed, joining the other to then position the whale shark on its side. Two of the other adult killer whales follow: one swimming rapidly (the fastest of the event) and hitting the ventral side of the head of the whale shark, producing an audible impact. This strong blow caused the whale shark to spin and lose equilibrium, flipping over several times from the lateral to the ventral side up. The killer whales and whale shark disappeared deeper below and out of view and the video footage stopped. Approximately ten minutes after the footage captured by the Canon R5 footage and the DJI, the GoPro Hero 12 footage showed the whale shark motionless apparently dead at the surface, ventral side up and with a large laceration starting from the pelvic region to the abdomen (Figure 6A). This was the last moment the whale shark was seen whole, as the orcas then dragged the shark deeper and out of sight. Approximately ten minutes later several of the killer whales were observed with whale shark carrion in their mouths (Figure 6B), and many small, unidentifiable parts of the whale shark were seen floating in the water column, confirming the predation was successful and at least partially consumed.




Figure 5 | Sequence of killer whale attack on whale shark on 26 May 2024. (A) Predation event where two of the killer whales brought the whale shark to the surface, (B) killer whale hits the ventral side of the whale shark head-on, (C) another killer whale hits the shark with the side of its head, (D) another killer whale hits the ventral side of the whale shark, (E) the whale shark is brought shallower to the surface and one orca is biting near the pelvic area; and (F) killer whales surface to breath before taking whale shark down and delivering a rapid, final blow. Photo credits: Kelsey C Williamson.






Figure 6 | Stills extracted from video footage recorded during the attack on whale shark on 26 May 2024. (A) Dead juvenile whale shark with large lateral laceration, and clear evidence of blood and trauma from the ventral side of the individual (Photo credit: Jamie Lally) (B) An adult killer whale female with whale shark carrion in mouth (Photo credit: Kelsey C Williamson).







Discussion

We detailed and presented reports of killer whale predation on the largest fish, the whale shark. Across all four events, several behavioral consistencies were observed that provided insights into an apparent killer whale strategy for hunting and killing gigantic prey such as whale sharks. In all the events, the whale sharks were observed profusely bleeding from the ventral side of the body. According to the events, killer whales displayed a cooperative and coordinate hunting behavior which included repeatedly hitting the whale shark at high speed to stun and immobilize it, manipulate and positioning the shark ventral side up and biting the shark in the exposed ventral region, to desanguinate the shark through the cloaca and allow access to the organs for consumption. Despite the killer whale’s interest in accessing the internal organs of the whale sharks, we did not observe any direct consumption of the livers (which is observed in other regions, Towner et al., 2022), as the whale sharks were either already killed or they sank out of view. Previous report on killer whale hunting whale shark in the Mexican Pacific outlines how the shark was repeatedly struck in the ventral region by two killer whales, until it was killed and subsequently consumed (Ortega-Ortiz et al., 2023). The publication also made reference to additional instances of killer whale predation on whale sharks in Bahía de Los Ángeles (Mexico), but no report of these events is available in the literature (Ortega-Ortiz et al., 2023).

Killer whales have the highest brain to body mass ratio of any studied apex predator (Waugh and Thewissen, 2021), suggesting enhanced cognitive abilities, which may allow them to overcome the challenges of hunting elasmobranch prey, including ocean giants such a whale sharks. Our report demonstrates that killer whales in the GoC exhibit hunting techniques which are specialized and adapted according to the target species; these techniques include cooperative chasing and disabling schooling fish, and large cetaceans (Dahlheim and Heyning, 1999; Baird, 2000), stranding pinnipeds such as Otaria byronia and Mirounga leonina (Lopez and Lopez, 1985; Guinet, 1992); “karate chopping” thresher (Alopias vulpinus) and smooth hammerhead sharks (Sphyrna zygaena) (Visser, 2005); chasing and tossing sevengill sharks (Notorhynchus cepedianus) in Patagonia (Reyes and García-Borboroglu, 2004); corralling Munk´s pygmy devil rays into a ball (Higuera Rivas et al., 2023). In South Africa, killer whales use a special hunting technique which consists in causing a large tear across the pectoral girdle of broad-nose sevengill sharks (Notorynchus cepedianus) to access the liver and feed only on this organ (Engelbrecht et al., 2019). In South Africa, killer whales have been observed hunting and targeting the liver of juvenile white sharks (Towner et al., 2023, 2024). However, it is still unclear what strategy killer whales use to access the liver of that prey (Towner et al., 2024).

The predation events in our study clearly show how the killer whales deliver impactful hits focusing on the ventral side of the head of the whale shark, followed by body positioning and then biting of the ventral side of the whale shark (cloaca, claspers, pelvic fins). We hypothesize that the claspers and/or pelvic fins is the entry area for killer whale to access the whale shark rich-lipid liver, which comprises the majority of the sharks’ body weight. The right liver lobe of a juvenile dead whale shark from the GoC (TL 548 cm) measured 152 cm TL and 38 cm at its widest area. The left lobe of the liver measured 151 cm TL and 39 cm in its wider area (Pancaldi et al., 2021). The importance of the shark’s liver to killer whale’s diets is related to its high caloric content, since it has been suggested that its consumption provides additional energy benefits (Jorgensen et al., 2019). The ventral portion of the whale shark is likely the least-protected areas of the body, as the dorsal side of the whale shark’s body consists of a thin and dense external layer of denticles that overlie a layer of connective tissue (Becerril-García et al., 2021). In adult whale sharks, the connective tissue can be more than 20 cm thick (Meekan et al., 2015) making juvenile individuals the easiest prey to target (where the connective tissue is about 5 cm thick). In addition, in the circulatory system of sharks, the aorta in the dorsal area is protected by a dense thickness of muscles. On the contrary, the same artery in the ventral area is not protected by muscle; it enters the liver and passes under the intestines and the spiral valve (Sato, 2012; Brill and Chin Lai 2015). This type of anatomy turns the ventral part of a shark into an extremely vulnerable area where deep bleeding can be caused by bites from large predators.

Whale sharks are a protected species, listed as “Endangered” by the International Union for the Conservation of Nature since 2016. Mexico protects this species through two regulations (DOF 2006, 2010) that forbid capture and trading; in addition, specific management plans are implemented in the main aggregation areas such as La Paz Bay, Bahía de Los Angeles, and Cancún where the observation and swimming with this species is an important tourist attraction. Whale sharks aggregate in La Paz Bay between October to May and the population in this area is estimated to be between 50 and 100 individuals, with 70% males, and almost 100% are juveniles (between 2 and 7 m TL; Ramírez-Macías et al., 2012). Between April and May, whale sharks start to leave La Paz Bay toward other aggregation areas of the GoC (Ramírez-Macías et al., 2012) and Nayarit (Ramírez-Macías et al., 2015) which exposes them to possible killer whale predation and aligns with the timing of all four predation events. In addition, the size of this species of shark, its low swimming speed, lack of large teeth and agility in the water convert it as easy prey for killer whales.

In the last decade the rising tourism in certain regions of the world has increased the possibility of recording seemingly rare events involving killer whales (Johnson et al., 2019, Dixon et al., 2023, Ayres et al., 2024). In this sense, citizens become scientists by contributing their sightings and footage to allow researchers to piece together information about species populations and behaviors (Silvertown, 2009). In this study all four predation events were filmed by members of the public, in addition to scientists. In recent years, the advancement in technology and the affordability and access to cameras that can shoot in high resolution has also aided in better captures during these opportunistic sightings which is particularly important for photo-identification.

The high-quality pictures and repeated observations of the adult male allowed the identification of “Moctezuma” as the male killer whale involved in the whale shark attacks during event one, two and three. Since 2018, “Moctezuma” and several other killer whales have been observed in the GoC hunting elasmobranch species, including the Munk’s pygmy devil ray and the pelagic stingray (Higuera Rivas et al., 2023), bull sharks (Ayres et al., 2024), in addition to other species of sharks (Higuera-Rivas, personal observation). In particular, the female killer whales observed during the event four have previously been observed to be associated with “Moctezuma” (Higuera-Rivas, personal observation) and could be relatives and/or part of the same pod. In this sense, it is possible that Moctezuma has acquired the ecological and behavioral information for hunting elasmobranchs and ocean giants such as whale sharks, along with other members of the same pod, although further study would be needed to prove this claim.

Although there is not an ecotype assigned to the killer whales of the GoC region, there is a hypothesis that these killer whales belong to a generalist ecotype specialized in hunting marine mammals, turtles, and teleost fishes (Ortega-Ortiz et al., 2023). However, elasmobranchs were not considered as part of the prey items in this ecotype. It remains unclear if the “Moctezuma pod” is strictly an elasmobranch-eating specialist pod, but additional studies utilizing stable isotopes would help refine killer whale ecotype differentiation in the highly dynamic ocean basin of the GoC.
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