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ABSTRACT Foraging techniques for orca - Orcinus orca (Linnaeus, 1758), killer whale, Mammalia, 
Cetacea), have been documented since at least the 16th century and in the last few decades a 
wide range of behaviours such as ‘carousel feeding’, ‘intentional stranding’ and ‘karate-chop-
ping’ have been added to the species repertoire.  During a recent global review, where records 
were sourced primarily through social media postings, orca interactions with the large species 
of ocean sunfish - Mola spp. and Masturus lanceolatus (É. Liénard, 1840) (Actinopterygii, 
Tetraodontiformes, Family Molidae) -  were collated.  We discovered orca utilizing novel 
components of foraging strategies on these fishes.  Specifically, after targeting the molids 
pectoral fins, the orca; (i) created a wound in the side of the molid and removed the intestines 
(and potentially other organs) from the still-alive molid and consumed them and (ii) then dis-
articulated the molid and inserted their rostrum (maxillae & mandibles) into the body cavity 
to extract tissue.  These behaviours were documented in the South Atlantic, Oceania and the 
eastern Pacific Ocean, with those in the latter including what we believe to be the first con-
firmed predation by orca of Ma. lanceolatus. That, coupled with the novel behaviours de-
scribed, may suggest an orca ecotype which has yet to be formally described, highlighting 
how social media can be used to document biodiversity.

INTRODUCTION 
 

The foraging behaviour of orca - Orcinus orca 
(Linnaeus 1758), also known as killer whales - has 
held fascination for naturalists and scientists since 
at least the mid-16th century.  A drawing of an adult 
male orca attacking a mother-calf whale pair was 
depicted as early as 1558 (Gesner, 1558) and de-

scriptions of attacks on prey are given from as 
early as the mid-17th century (Gaius, 1669). For-
aging strategies and diet have continued to be de-
scribed throughout the ages (Dudley, 1724; 
Dewhurst, 1834; Eschricht, 1866; Richard & 
Neuville, 1936; Cotton, 1944) with more recent 
additions including diverse strategies such as inter 
alia ‘carousel feeding’ (Similä & Ugarte, 1993), 
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social media platforms. For each interaction we 
noted the; date, location, point-of-view (POV) of 
the observer, molid species, number of molids, the 
age/sex class of the orca involved and the behaviour 
of the orca. 

The molid species was established to the lowest 
possible taxonomic level based on the morphology 
visible in the imagery (Sawai et al., 2020) and size 
was estimated as Total Length [TL; anterior-most 
to posterior-most point], based on the size relative 
to the orca, combined with a subjective judgement 
of the molid morphology. 

Following Visser et al. (2023), we noted the num-
ber of orca involved in the interaction (rather than all 
orca present) and their age/sex class. Dyads (defined 
as at least one individual confirmed as an adult fe-
male and at least one individual confirmed as calf/ju-
venile) were noted, as not only was there the 
potential for cultural transmission (see explanations 
in Visser et al., 2023), but calves (who would likely 
still be suckling) or juveniles (who may supplement 
their solid food intake with suckling) may also influ-
ence foraging behaviour of their mothers.  Addition-
ally, for this publication we noted when neonates 
[newly born orca of ~2–2.5 m long (Ford, 2018)] 
were present. Although it is unlikely that the neonates 
consumed the molids, lactation for cetaceans is a 
metabolically expensive process (Oftedal, 1997) and 
as such impacts the mothers nutritional requirements. 
We noted if any of the orca were pregnant as, like 
lactation, it is metabolically challenging.  

We defined the interaction according to the orca 
categories of Visser et al. (2023) (their Table 2), 
whereby Predation involved killing the molid and 
subsequent consumption may have been; (a) un-
known, (b) suspected or, (c) confirmed. 

For interactions where the molid was already 
dead when the observation began, we presumed it 
had been killed by the orca (rather than being found 
dead by the orca). This assumption was made based 
on the limited records of orca scavenging, and that 
those are predominantly associated with whaling 
vessels (Whitehead & Reeves, 2005) or discards of 
fish from freezer (Couperus, 1994) and seiner 
trawlers (van Opzeeland et al., 2005). 

Where videos were available, they were re-
viewed in an iterative way, particularly noting orca 
behaviours which were repeated across other inter-
actions. Each was studied at various play-back 
speeds, including frame-by-frame, to ascertain the 

‘intentionally stranding’ (López & López, 1985) 
and ‘karate-chopping’ (Visser, 2005).  Likewise, 
new species of prey for orca continue to be re-
vealed (Visser et al., 2010; Dunn & Claridge, 
2014; Wellard et al., 2016; Visser et al., 2023). 

Ocean sunfish are large marine fishes, typically 
found in tropical and temperate waters, although at 
times they range into cooler waters (Caldera et al., 
2020).  Currently, three genera and four species are 
recognised; the ocean sunfish Mola mola (Linnaeus 
1758), giant sunfish Mola alexandrini (Ranzani 
1839), the hoodwinker sunfish Mola tecta  Nye-
gaard, Sawai, Gemmell, Gillum, Loneragan, Ya-
manoue et Stewart, 2017 (Sawai et al., 2018), and 
the sharptail sunfish Masturus lanceolatus (Liénard, 
1840) (Fricke et al., 2020), hereafter collectively re-
ferred to as molids.  The third genus is monotypic 
and contains the small species slender sunfish Ran-
zania laevis (Pennant, 1776), which is not discussed 
further herein. 

Consumption of large molids, including scav-
enging, has been described for birds, elasmo-
branchs, pinnipeds and orca: see reviews in 
Nyegaard et al. (2019) and Visser et al. (2023).  
Many records prior to the revision of the genus 
Mola (Sawai et al., 2018) note the molids as M. 
mola, however, some of these may have been mis-
taken for other molid species. Two molid species 
were recently confirmed as prey for orca, based on 
imagery of the interactions; M. mola and M. alexan-
drini (Visser et al., 2023). 

As part of that Visser et al. (2023) study, we as-
sessed videos and photographs that were sourced 
online via popular social media platforms.  During 
that process we noticed orca behaviour which re-
peated across videos and included targeting of the 
molid fins and utilization of novel components of 
foraging strategies. We also identified a species of 
molid that had not previously been documented as 
prey for orca.  Herein we describe these orca be-
haviours in detail and provide evidence of the new 
orca prey species (Ma. lanceolatus). 
 
 
MATERIAL AND METHODS 
  

During the aforementioned review, we identified  
interactions captured on video and/or photos, where 
molid fin targeting behaviours and/or novel forag-
ing methods were evident. These all originated from 
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finer details of the behaviours.  Photographs were 
assessed to establish if behavioural aspects were 
similar to those in the videos or if they provided ad-
ditional information. Extracted frames and/or still 
photographs were used to illustrate behaviours and 
for some, diagrams outlining key aspects of the be-
haviour were created. 

To ascertain if orca used similar or novel behav-
iours during molid predation, compared to preda-
tion on other taxa, we assessed the orca behaviour 
alongside our working knowledge of the published 
literature documenting orca predation and evaluated 
a subset which; (a) described specific events and/or 
(b) discussed orca predation in general. We 
searched for; (i) targeting of the pectoral fin(s) 
and/or, (ii) eating of intestines and/or, (iii) rostrum 
(maxillae and mandibles) insertion into the body 
cavity.  For our definition of ‘pectoral fin’, although 
we excluded the wing-tips of rays as they did not 
have a clearly defined ‘joint’ on the body like an ap-
pendage, we did include the pectoral fins of 
cetaceans, the fore-flippers of turtles and pinnipeds 
as well as the wings of penguins as we considered 
these to be analogous appendages to the pectoral 
fins of molids. During our review of the literature, 
we included the stomach contents of orca, where 

the authors specifically made mention of whole or 
parts of pectoral fins, fore-flippers and/or intestines 
e.g., “harbour seal claws (8 hind, 6 fore)” (Heise et 
al., 2003). We excluded instances of orca predation 
where the prey item was; (1) consumed whole e.g., 
“… engulf[ed] the sea otter in its mouth” (Hatfield 
et al., 1998) and/or, (2) compromised e.g., wounded 
from whaling or on a line, (Whitehead & Reeves, 
2005; Passadore et al., 2015) and/or, (3) records 
from captivity as the behaviour of confined orca has 
been so highly modified (Marino et al., 2019). 

 
 
RESULTS 
 
Overview of interactions 
 

From the dataset described in Visser et al. 
(2023), we extracted (n = 8) orca-molid interac-
tions (Fig. 1, Table 1) for which there were videos 
or photographs which depicted the orca behaviours 
we had identified.  They were sourced from Face-
book (n = 1), YouTube (n = 2) and Instagram (n = 
5).  Upon contacting sources of the accounts, ad-
ditional information (a blog and a private source) 
were also included (Table 1). In all but one in-

21

Figure 1. Orca-molid interactions, by molid species.  Seven of the eight records were distributed in the eastern  
Pacific Ocean rim and in Oceania, whilst one was documented off South Africa. See Table 1 for details. 



stance, the authors/videographers/photographers 
kindly made their original, unedited material avail-
able for this study.  The interactions were distrib-
uted in Oceania and the eastern Pacific Ocean (n = 
7), with one circumstantial record off South Africa 
(Fig. 1). 

The number of orca involved ranged from one 
(n = 2) to five (n = 3).  Where the group size was 
a single animal, one was a solitary adult male, 
whilst the other was a single calf/juvenile. How-

ever, although the latter was documented foraging 
alone on the molid, at least one other orca was 
documented in the area at the same time - but was 
not observed to participate in the predation (see 
Visser et al., 2023). The remaining six interactions 
all included Dyads, and at least four neonates were 
documented, with the latter all occurring during 
the four Ma. lanceolatus interactions. Three of the 
eight interactions involved orca who were preg-
nant (Table 1). 

Table 1. Orca-molid interactions documented in videos/photos and reviewed in this study.  Orca behaviours and molid status 
were confirmed unless stated as suspected.  See text for details.  Date is yyyymmdd.  Abbreviations: # = interaction number,  
T/S = topside, U/W = underwater, * = interaction details based on circumstantial evidence, ** = original, unedited video/pho-
tos were not available, (P) = at least one female involved was pregnant.  See Reference section for links 1-9.
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Visser et al., 2023 their Figs. 13, 14). We could not 
assess all eight of the interactions for this timid/cau-
tionary behaviour because not all observations in-
cluded video (e.g., interaction #5) and in some 
instances the observers arrived on site after the molid 
had already been killed (e.g., interactions #4 & #8). 

 
Targeting 
 

The targeting of molid pectoral fins was docu-
mented in five interactions (Table 1).  At times the 
orca deliberately maneuvered to be under the molid 
(including by inverting) and orientated towards the 
pectoral fin (Figs. 2, 3 and see Fig. 23 in Visser et 
al., 2023).  Targeting of the pectoral fin was also ev-
idenced by bleeding from the base of the fin(s) 
(Figs. 3, 4 and see Fig. 21 in Visser et al., 2023) 
and/or injuring the fin(s) or fin-base and/or removal 
of the fin(s) (Figs. 5, 6).  Additionally, in one inter-
action the orca had also removed the extremities of 
both the dorsal and anal fins (Fig. 6 and see Sup-
plemental Material 1 (S–1), Fig. S–1.1).  In another 
interaction, tissue was documented protruding from 
the eye area (Fig. 5). 

During interaction #2, filmed both topside and 
underwater, an orca targeted the pectoral fin when 
it placed the tip of its lower jaw (i.e., the mandibular 
symphysis area) against the base of the molid’s pec-
toral fin (Fig. 7), but we noted that during this 
process the orca did not open its mouth to grasp the 
pectoral fin. At the same time as targeting the pec-

Molids 
 

Within each of the eight interactions, only one 
molid was involved.  We were able to confirm pre-
dation on three molid species; M. alexandrini, M. 
mola and Ma. lanceolatus (Table 1), with the four 
of Ma. lanceolatus being, what we believe, the first 
records of predation by orca of this species. 
 
Orca behaviour  
 

We assessed the behaviour of the orca in (n = 6) 
videos, two of which also had photographs avail-
able. A further two records had only photographs 
(Table 1), however these provided sufficient evi-
dence to allow assessment of some aspects of the 
orca behaviour. 

During four of the interactions where video was 
available, we noted that the orca generally behaved 
in a way that could subjectively be described as 
‘timid’ or ‘cautionary’. In essence, the orca were slow 
to approach the molids and typically approached from 
behind or below (noting however, that the molid was 
also actively attempting to keep its clavus to the orca, 
see Nyegaard et al., 2023, for details regarding these 
molid behaviours). Even when the molid was fatally 
wounded, the orca still exhibited this slow behav-
ioural tempo. One interaction (#1) differed as the orca 
behaviour included not only slow approaches, but 
also at least two much faster ‘rushes’, both of which 
resulted in ‘Evade’ behaviours by the molid (see 

Figure 2 (left). Interaction #2. An adult female orca has inverted herself and begun to move under a M. mola lying parallel to 
the surface, in order to target the left pectoral fin of the molid (arrow indicates the right pectoral fin). See Fig. 3 for underwater 
view.  Frame from video by Matthew Barry. Figure 3 (right). Interaction #2. The same orca and molid pair as in Fig. 2, viewed 
from underwater as the orca approaches closer to the left pectoral fin (black arrow indicates tip), whilst a small amount of 
blood (red arrow) can be seen near the right pectoral fin (not visible here). Frame from video by Rachel Stewart. 
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toral fin, the orca propelled the molid forward, 
which it achieved by placing its own pectoral fins 
near or against the base of the dorsal and anal fins 
of the molid and swimming forward. In this context, 
the targeting appeared to be an attempt to ‘steer’ the 
sluggish/non-reactive molid as it was pushed for-
ward and closer to the surface.  During interaction 
#1, documented from topside only, the behaviour of 
the orca closely resembled, and was comparable in 
its execution to that observed underwater in inter-
action #2, but was performed at the surface. 
 
Extraction of intestines 
 

During three interactions the orca were either 
suspected or confirmed to extract the intestine from 
the molid.  During interaction #7, a Ma. lanceolatus 
had a large Y-shaped wound in its right side (Fig. 
8), yet it was still alive and continued to sluggishly 
exhibit ‘Evade’ behaviours (as defined by Nygaard 
et al., 2023). See Figs. S–1.2–1.4 with regards to 
the wound extending around the base of the pectoral 
fin and potentially to the gill opening.  Additionally, 
we noted that the molid had a remnant of its intes-
tine which protruded occasionally out of its mouth 
(see Figs. S–1 1.5–1.7). 

The intestine had been removed as evidenced by 
the vestiges protruding from the wound (Figs. 8 and 
S–1.2, 1.3) and observations of orca carrying the in-
testines (Figs. 9, 10 and S-1.8–1.10).  The length of 

one piece of the intestine was at least 4 m, i.e., over 
half the length of the orca (Figs. 9 and S-1.8), whilst 
another piece was at least 2 m in length (Fig. 10).  
Within this one interaction, at least three individuals 
were documented and uniquely identified using the 
pigmentation variations of their eye-patches (follow-
ing Visser & Mäkeläinen, 2000 and see Figs. S-1.11–
S–1.13 for details).  One of those was pregnant, based 
on the rotund shape of her abdominal region (Fig. 10). 

During interaction #5, in what we have catego-
rized as ‘circumstantial evidence’, the intestines of 
a M. mola were documented. The lone male orca 
“was grabbing, diving and swimming” with the 
molid and subsequently submerged with it (pers. 
comm. David Hurwitz). The orca remained in the 
general location, with ‘milling’ dives (i.e., indica-
tive of foraging on prey as described in Visser et al., 
2010) and during the entire interaction a Cape fur 
seal (Arctocephalus pusillus pusillus Schreber, 
1775), accompanied the orca (Fig. 11). One hour 
and 16 minutes after the molid was last seen at the 
surface, and in the location where the orca contin-
ued to mill, the Cape fur seal surfaced with a por-
tion of molid intestines (Fig. 12), which were 
presumably extracted from the molid by the orca, 
based on the latter’s foraging behaviour (pers. 
comm. David Hurwitz, Dani Abras). The Cape fur 
seal proceeded to flick the intestines (Figs. 12 and 
S–1.14, 1.15) in a similar way to that documented 
for pinnipeds feeding on a range of prey (Hocking 

Figure 4 (left). Interaction #2. The same molid as in Figs. 2 and 3, bleeding (red arrow) from the area behind the right 
pectoral fin. The tip of fin (black arrow) is angled towards the camera. Frame from video by Rachel Barry.  
Figure 5 (right). Interaction #8. The remains of a Ma. lanceolatus which is missing the pectoral fin (arrow indicates a small 
piece of skin at the base of where the pectoral fin was previously attached). The protruding flesh, above the arrow, appears 
to extrude from the eye. Frame from video by Evans Baudin. 
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et al., 2015). The seal subsequently consumed the 
molid intestines (pers. comm. David Hurwitz), in 
what we believe to be the first record of predation 
on M. mola, for this species of pinniped.   

Consumption of intestines 
 

During interaction #7, after the various orca car-
ried sections of Ma. lanceolatus intestines, they 

Figure 6 (left). Interaction #3. A non-reactive, fatally wounded (or already dead) molid, M. alexandrini, with the left pectoral 
fin missing (black arrow indicates remaining base of fin) and the extremities of the dorsal and anal fins bitten off (white ar-
rows). Frame from video by Vito Mafei. Figure 7 (right). Interaction #2. A juvenile orca interacting with the same molid as 
in Figs. 2–4. The orca targeted the base of the molids left pectoral fin (arrow indicates tip) with the tip of its mandibles 
(mouth closed), in an apparent attempt to ‘steer’ the molid whilst propelling it forward. The orca had hooked its pectoral 
fins under the dorsal and anal fins of the molid whilst swimming. Frame from video by Rachel Barry.

Figure 8. During interaction #7, the intestine (and potentially other internal organs) were removed by orca via a slit in the 
right side of the still-alive Ma. lanceolatus. Small remnants of the intestine were still attached and protruded from either 
end of the slit (black arrows, main and insert) along with unidentified granulated tissue (white arrows, insert). Note that the 
slit is Y shaped; the top left section encompasses the base of the pectoral fin which may be partially disarticulated (see S–
1.2–1.4 for an additional angle of this wound), whilst the top right has a section of intestine protruding from it (black arrow 
insert). The longest section of the slit extends towards the posterior of the molid with connective tissue and a small portion 
of the remaining intestine (black arrow main image) protruding from it. Photo by Ryan Sault.
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consumed them.  Whilst biting into the intestines, 
smaller portions (~10–30 cm in length) were dis-
lodged and dispersed into the water column and 
other orca from the group approached and con-
sumed these (Fig. 13). 
 
Split and disarticulated molids 
 

We documented four interactions where during, 
and/or post, the process of extracting the intestines 
the molid was split further open (Fig. 14) and sub-
sequently disarticulated (Fig. 15).  The disarticu-
lated remains included those which had dorsal 
and/or anal fins still attached (S–1.16 and see Fig. 
25 in Visser et al., 2023) and/or parts of the clavus 

still attached (Fig. 15 and Fig. S–5.9 in Visser et al., 
2023). As consumption continued and the larger 
sections of flesh got progressively smaller, some 
parts of the molid could still be identified e.g., the 
pectoral fin (Fig. 16). At times the skin showed orca 
teeth puncture marks  (e.g., Fig. 17 and Fig. S–5.9 
in Visser et al., 2023). 

As consumption continued during the four in-
teractions with Ma. lanceolatus, several of the re-
mains were ‘pockets’ of skin and flesh (Fig. 18) 
which encompassed the ‘capsule’ (the thick sub-
cutaneous layer as described by Davenport et al., 
2018). As the molid remains were reduced in size, 
these pockets at times became ‘V-shaped’ (Fig. 
18).   

Figure 11 (left). Interaction  #5. A Cape fur seal (Arctocephalus pusillus pusillus) accompanied an adult male orca, the latter 
of whom predated on a M. mola. Photo by Dani Abras. Figure 12 (right). Interaction  #5. The same Cape fur seal as Fig. 11, 
flicking the intestines of a M. mola. Photo by Dave Hurwitz.

Figure 9 (left). Interaction  #7. An orca carries a section of the Ma. lanceolatus intestine, estimated to be at least 4 m long.  
Photo by Ryan Sault. Figure 10 (right). Interaction  #7. A second orca, a pregnant female, also carried another section of the 
molid’s intestines, at least 2m in length.  Photo by Ryan Sault.
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During each of these four records, at least one 
orca was observed placing its rostrum into the body 
cavity of the molid remains (Figs. 18, 19 and S–
1.17), a component of orca feeding behaviour not 
previously documented (i.e., orca have not been 
documented inserting their ‘faces’ into the body 
cavity of their prey, Table 2). At times the insertion 
was nearly in as far as the mouth gape (Fig. 19) and 
in one instance where the molid was split but the 
remains were not V-shaped, the orca inserted its 
head half-way along the length of the eye-patch. 
During three interactions (#4, #6 & #7), where the 
orca were documented feeding in this way, pregnant 
orca were involved (Table 1, Fig. 10). During the 
same three interactions, neonates were also present, 
indicating that another adult female was lactating; 
i.e., heavily pregnant females, with a gestation of 
approximately 17 months (Reidenberg & Laitman, 
2008), will not also be suckling a neonate. In inter-
action #6, only the photographs online were avail-
able (i.e., no additional images or data were 
provided). In those images, three orca were docu-
mented (a Dyad, where the female was pregnant, 
and both a calf/juvenile, and a neonate). The mother 
of the neonate was either not photographed, or her 
image was not posted online, but her presence was 
likely. 

 
Comparison to other predation techniques 

 
To ascertain if orca used similar or novel be-

haviours during molid predation, we assessed ar-
ticles (n = 100) which discussed predation on 50 
species (see S–2 for publications and species de-
tails). We searched for; (i) targeting of the pectoral 
fin(s) and/or, (ii) eating of intestines and/or, (iii) 
rostrum insertion into the body cavity, with only 
the targeting of pectoral fins recorded for other 
taxa (Table 2). Although this behaviour was doc-
umented, it was not prevalent e.g., 50 species were 
included in this assessment (with 10 species rep-
resented by three or more publications), yet target-
ing of pectoral fins was documented for fewer than 
half (n = 21) of these (see Table 2 for a summary 
and S–2 for details). However, within that subset 
of 21 species there was a strong bias towards pec-
toral fin targeting of cetacean species (n = 13) 
(with 6 species represented by three or more pub-
lications) compared to only two species of sharks 
(see S–2 for details). 

We could find no descriptions of the extraction 
and/or consumption of the intestines by orca for any 
prey species (see Table 2 and S–2). Conversely, a 
number of publications either explicitly state that 
the intestines were not consumed e.g., “The heart 
and most of the diaphragm appeared to have been 
removed, leaving the lungs, liver and the digestive 
tract virtually intact.” (Best et al., 2010), and/or 
provided illustrations with the intestines still present 
after predation by orca e.g., Visser et al. (2023), 

Table 2. A comparison of the orca predation behaviour 
recorded herein (Molids, grey row), to that on other taxa, 
with specific reference to; (i) targeting of the pectoral fin(s) 
and/or, (ii) eating of intestines and/or (iii) rostrum insertion 
into the body cavity. Publications (n = 100) were reviewed 
for these behaviours and 50 species were included in those 
publications; see S-2 for details.

Figure 13. Interaction  #7.  One of the orca recovered a piece 
of Ma. lanceolatus intestine (~30 cm in length) from the 
water column and consumed it.  Photo by Ryan Sault.
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their Figure S–4.3, with the caption “The remains 
of an unidentified hard-shelled turtle predated on 
by orca. Note that nearly all of the tissue was eaten 
by the orca, but that intestines are left behind”. Ad-
ditionally, at times, although the author(s) do not 
make mention of the intestines being consumed, as-
sumptions can be made that they were not con-
sumed when they state, for example, “only the skin 
and tongue were eaten” (Jonsgård, 1968). 

 
 

DISCUSSION 
 
Scientific publications, which utilize wildlife 

featured in social media, have included a range of 
topics inter alia; the monitoring of illegal trade 
(Sardari et al., 2022), investigating the scope of 
wildlife disturbance by humans (Cloutier et al., 
2021), exposing animal welfare issues (Nghiem et 
al., 2012), documenting conservation benefits and 
risks (Bergman et al., 2022), assessment of charis-
matic species (Hausmann et al., 2017) and species’ 
presence (Willemen et al., 2015). However, we 
could find remarkably few publications that illus-
trated how social media was utilized to provide ev-
idence of the presence of new species; one notable 
exception was five fish species (Al Mabruk et al., 
2021). Moreover, we could find no publications 
which utilized these platforms to collate data re-
garding new prey species and/or novel components 
of foraging behaviour for an apex predator. 

Likewise, within the scientific literature we did 
not find any descriptions of the extraction and con-
sumption of the intestines by orca for any prey 
species (see Table 2 and S–2), nor could we verify 
orca inserting the anterior of the head into the 
body cavity for any other taxa. These two novel 
components of foraging, when combined with the 
pectoral fin targeting, provide an insight into orca 
predation on molids which had previously re-
mained elusive. 

The targeting of pectoral fins appears to be an 
important facet of orca foraging strategy when pur-
suing molids, as >60% of the interactions docu-
mented herein include this component of predation 
behaviour (although we note that it may have been 
more prevalent than we documented, as the re-
maining events could not be assessed for targeting 
of pectoral fins). The behaviour escalated when the 
pectoral fin was injured, e.g., bleeding was evident 

in some instances. Due to our limited dataset and 
the opportunistic nature of these sightings, we can 
only speculate as to why this behaviour was occur-
ring. Various authors comment on orca targeting 
and injuring the pectoral fins of cetaceans  (e.g., 
Mehta et al., 2007; Gemmell et al., 2015), includ-
ing that the orca bite the “flippers of large whales 
presumably to slow or stop their movement" (Jef-
ferson et al., 1991). However, molids use their pec-
toral fins primarily to fine tune their movement 
(Harbison & Jannssen, 1987; Davenport et al., 
2018), therefore similar injuries are unlikely to 
hold the same consequences for them.  Since this 
behaviour has been documented when orca predate 
on other taxa (i.e., chelonioidea, elasmobranchs, 
aves, pinnipeds and cetaceans) there is the possi-
bility that this foraging strategy, which is presum-
ably successful given its prevalence, has been 
cross-pollinated and applied to molid foraging. 
Furthermore, it cannot be ruled out that cultural 
transmission of such behaviour is occurring and/or 
is manifested by specific orca populations (also 
known as ecotypes, see Visser et al., 2023 for a dis-
cussion about these). 

For the orca, the molid appendages may provide 
an access point into the body cavity in order to ex-
tract the internal organs and tissue. The large Y-
shaped incision in the molid that we observed in 
interaction #7 appeared to be the result of the orca 
utilizing the pectoral fin in such a way. Similar use 
of the pectoral fins by orca to open the body cavity 
of elasmobranchs, has been documented for at least 
three species of sharks (Engelbrecht et al., 2019; 
Towner et al., 2022; Visser unpublished data) when 
the orca are targeting the lipid-rich livers. 

The value of molids as prey for orca may be re-
lated to a number of factors, none of which appear 
to be mutually exclusive. For example, the high 
water content of molid tissues - up to 89.8% water 
for the thick subcutaneous layer (Davenport et al., 
2018) and between 79–83% of the red and white fin 
muscle (Watanabe & Davenport, 2020) - is likely 
beneficial during metabolically challenging preg-
nancies (recalling that in this study at least three 
pregnant females were documented). Similarly, for 
toothed cetaceans lactation can be metabolically ex-
pensive as the milk can be composed of up to 77% 
water (Oftedal, 1997). Lactation was occurring in all 
(but the one case of the lone male) interactions, 
based on the presence of at least four neonates (all 
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during the Ma. lanceolatus interactions) and the 
presence of calves/juveniles in seven of the eight in-
teractions. Regardless, the benefits of feeding on 
such water-rich prey likely has high value to any 
orca, as metabolizing ingested food is understood to 
be the primary source of fresh water for cetaceans 
(Ortiz, 2001; Rash & Lillywhite, 2019). We docu-
mented other non-pregnant orca feeding on molids, 
including single adult males, as have others (Glad-
stone, 1988; Halstead, 1996; Visser et al., 2023). 

Despite molid intestines being consumed by peo-

ple in some countries (Nyegaard et al., 2020), no 
data (to the best of our knowledge) are available re-
garding their nutritional value. Molid intestines oc-
cupy much of the abdominal cavity (Chanet et al., 
2012), are continuous with the ‘stomach’ (Bemis et 
al., 2020) and are muscular and lengthy e.g., a M. 
mola (TL 128 cm) had an intestine which was 384 
cm in length (Pastore, 2009). The orca documented 
herein clearly targeted the intestines, based on the 
removal of them before the molid had even expired 
and they consumed all sections of them, including 

Figure 16 (left). Interaction  #7. The pectoral fin is still attached (arrow) to this part of the molid as it is consumed by the 
orca.  Photo by Giacomo Rossi. Figure 17 (right). Interaction  #7. Some of the molid skin exhibited the distinctive puncture 
marks of orca teeth, seven from one row of either the mandible or maxillae are indicated (arrowheads). Photo by Ryan Sault.

Figure 14 (left). Interaction  #8. A Ma. lanceolatus was split open, from the pectoral fin to the base of the dorsal and anal 
fins, by the orca. Frame from video by Evans Baudin. Figure 15 (right). Interaction  #7.  Typically, the molid was disartic-
ulated, leaving large pieces of the body.  In this case part of the clavus of the molid is visible (arrow), whilst the orca removes 
sections of the flesh and skin.  Photo by Giacomo Rossi.
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small pieces. Equally, the orca consumed specific 
parts of the molid to the point where they inserted 
their jaws into the body cavity, including in the V-
shaped ‘pockets’. Given the extensive literature on 
orca predation, to find these two new components 
of foraging behaviour, when targeting just one taxa, 
is suggestive they may be linked; e.g., these molid 
tissues are nutritionally valuable to the orca. 

That high value may be one of the driving forces 
behind the timid/cautious behaviour documented in 
these interactions. Although it is not clear why the 
orca would behave in such a manner, as caution is 
not the typical predation strategy for this apex pred-
ator - e.g., see Similä & Ugarte (1993); Visser 
(2005); Wellard et al. (2016); Copello et al. (2021) 
for examples of less cautious foraging behaviours -  
it may be indicative of some facet of the interactions 
with molids of which we are as yet unaware. For ex-
ample, given that molids have no obvious defenses, 
particularly as no evidence of the biotoxin 
tetrodotoxin has, to date, been found in any molids 
(Baptista et al., 2020; Baptista et al., 2022), we spec-
ulate that the orca potentially use a slow ‘stalking’ 
behaviour to reduce the likelihood of the molid flee-
ing (even when fatally wounded). Although gener-
ally perceived to be slow-swimming, this group of 
fishes can reach bursts of speed and exhibit agility 
which may enable the molid to escape (Nyegaard et 
al., 2023), albeit that they are unlikely to be able to 
match the speed of orca, who are believed to be the 

fastest of the odontocetes with speeds of up to 
12.5m.sec-1 attained (Williams, 2008). Despite the 
superior swimming capabilities of the orca, a slow 
approach by the predator may still reduce the ‘flight’ 
response of the prey (Cooper Jr, 2006) and increase 
the probability of a successful predation event for 
the orca. Concurrently, a slow approach may also re-
duce the likelihood that a molid ‘thrashes’ or per-
forms behaviours that may result in their rough skin 
(Gauldie, 1992; Babu et al., 2019) making contact 
with the sensitive orca skin (and/or eyes). Nyegaard 
et al. (2023) documented such ‘thrashing’ behaviour, 
which caused the orca to recoil from the molid and 
this resulted in the molid being able to (momentar-
ily) evade the orca (see their Fig. 6). The removal of 
the extremities of both the dorsal and anal fins dur-
ing one interaction, may also have been an attempt 
to reduce the possibility of the molid fleeing or re-
duce thrashing behaviour. 

Despite the fact that molids and orca have similar 
depth-diving capabilities (Thys et al., 2017; Towers 
et al., 2018), molids have the advantage of not need-
ing to return to the surface for air and thereby if a 
molid does deep dive, the orca have a reasonable 
risk of losing their prey.  Although in seven of the 
eight records herein, the molid was confirmed as 
killed (and the remaining one was suspected as 
killed), such a high success rate may be due, in part, 
to the application of such cautionary behaviour. 
Visser et al. (2023) found (in both non-predation and 

Figure 18 (left). Interaction  #7. The molid was disarticulated by the orca into sections. Here, the orca placed its rostrum 
well into the body cavity of the molid, a feeding behaviour not previously documented for orca. Insert by LAF, photo by 
Ryan Sault. Figure 19 (right). Interaction  #7. The same orca who is featured in Fig. 18, pushed its rostrum into the body 
cavity so it was inserted nearly to the mouth gape (indicated by the small protruding dark pigmentation, arrow). Insert by 
LAF, photo by Ryan Sault.
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predation interactions) that the molids did not gen-
erally attempt to flee and that approximately 59% of 
interactions resulted in the death of the molid. They 
expressed the caveats that “unobserved dive escape 
attempts may have occurred, or such attempts occur 
but were not recorded.”  

Given that imagery on social media platforms is 
typically edited and/or compressed, we found the 
original versions invaluable for ascertaining se-
quences of events and details of these wildlife inter-
actions. As technology such as trail cameras 
(Connolly, 2007) and smartphones (Preece, 2017) 
continues to advance, and with it increased exposure 
of wildlife on social media platforms (which can ex-
ceed mainstream media e.g., Vins et al., 2022), they 
can provide opportunities for scientists to gather ro-
bust data in a range of diverse ways (Newman et al., 
2012). And, although there are evident limitations 
to using social media to collate data in detail, when 
citizen scientists/interested members of the public 
document predation events, these resources can con-
tinue to make beneficial contributions towards our 
better understanding of wildlife behaviours and bio-
diversity. Importantly, no matter if such 
imagery/data is gathered/used for science or for en-
tertainment, there needs to be appropriate consider-
ations given as to how anyone interacts 
with/observes wildlife (Moorhouse et al., 2016; Carr 
& Broom, 2018) and how these encounters are por-
trayed on social media (Lenzi et al., 2020; Pagel et 
al., 2020). As such, we strongly encourage guide-
lines and laws which endorse responsible wildlife 
encounters/tourism and sensible representation of 
wildlife on social media platforms. 

Understanding predation (and prey species se-
lection) in predators can help inform conservation 
and management decisions (Lalas et al., 2007; 
Finke & Snyder, 2010), including for orca (Copello 
et al., 2021). For the latter, both predation tech-
niques and prey type are key features typically as-
sessed and utilized for field identification of 
various orca ecotypes (e.g., Ford et al., 1998; 
Matkin et al., 2007; Hanson & Walker, 2014; 
Copello et al., 2021). Although our sample size was 
small, the records of consumption of Ma. lanceo-
latus all occurred in the Pacific Ocean on the west 
coast of Central America. That, coupled with the 
novel behaviours described herein, may suggest an 
orca ecotype which has yet to be formally de-
scribed. 
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2. YouTube.  Papua New Guinea. 

https://www.youtube.com/watch?v=PrL8_SEvpNk 
3. Facebook.  Malaysia.  

https://www.facebook.com/watch/?v=2137160263260581 
4. Instagram. Costa Rica.  

https://www.instagram.com/p/CMo-
jD_gD_n/?hl=en 

5. Instagram. South Africa.  
https://www.instagram.com/p/CLC250wAjRv/?hl=en 

6. Instagram.  Mexico. 
https://www.instagram.com/p/CTPaQ1CgDNM/?hl=en 

7. Instagram.  Mexico. 
https://www.instagram.com/p/Cjd-mzwvRDn/?hl=en 

8. Blog.  Mexico.   
https://www.creativecoin.xyz/hive-119888/@ina-
van/orcas-in-baja-california-sur-mexico 
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shid=YmMyMTA2M2Y= 
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Supplemental Material S-1.  Additional 
details and images of orca-molid interactions. 
 
Interaction numbers refer to Table 1 in the main 
body of text. 

Figure S-1.1 Interaction #3.  The same molid 
as Fig. 6, in the main text.  A juvenile orca 
pushed against it.  The dorsal and anal fin 
extremities have been bitten off (arrows).  Also 
note the ‘cloud’ of fishes (potentially Remora 
sp.) surrounding the orca.  Frame from video by 
Vito Mafei, Malaysia. 

 

 
Figure S-1.2 Interaction #7.  The injured 
Masturus lanceolatus (sharptail sunfish) from 
the front.  The white boxes indicate the cropping 
zone for Fig. S-1.2 (solid lines) and Fig. S-1.3 
(dotted line).  Note the remora, likely Remora 
albescens (pers. comm. Chris Paulin) near the 
base of the molids dorsal fin.  Photo by Ryan 
Sault. 

 

 
Figure S-1.3 Interaction #7.  The same molid 
as Fig. S-1.1, cropped in as per the solid-line 
box.  Note the two remnants of the intestine 
(black arrows) protruding from the Y-shaped 
wounds.  Photo by Ryan Sault. 

 

Figure S-1.4 Interaction #7.  The same molid 
as Figs. S-1.1 & S-1.2, cropped in as per the 
dotted line in S-1.1.  The wound can be seen to 
wrap around the base of the pectoral fin (left 
arrow) and perhaps extend as far as the gill 
opening (right arrow).  Photo Ryan Sault. 
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Figure S-1.5 Interaction #7. The molid, Ma. 
lanceolatus after the intestine was removed by 
the orca.  It had part of the remaining intestine 
(presumably still attached to the internal cavity), 
at times protruding from its mouth (see Fig. S-
4.10 for close-up detail from another image and 
Figs. S-4-10 for a sequence, showing the 
intestine as it moved with the water flow).  
Photo Ryan Sault. 

 

Figure S-1.6 Interaction #7.  Close-up 
showing the remains of the intestine visible in 
the mouth of the molid.  Compare to the 
intestine remains protruding from the side of the 
molid in Fig. 11 in the main text. Photo Ryan 
Sault. 

 

Figure S-1.7 Interaction #7.  Sequence 
showing the intestine moving with the flow of 
water.  Photos Ryan Sault.  
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Figure S-1.8 Interaction #7.  Long parts of the 
intestine were carried by at least two orca (see F 
Figs. S-1.7-1.9 for identification details).  Photo 
by Ryan Sault. 

 

 
Figure S-1.9 Interaction #7.  An orca carries a 
piece of intestine over the top of its rostrum (i.e., 
not in its mouth).  Photo by Ryan Sault. 

 

 
Figure S-1.10 Interaction #7.  Two orca, each 
carrying the molids intestines at the same time.  
Photo by Ryan Sault. 

 
Figure S-1.11  Interaction #7.  One of the three 
orca for which the left eye-patch was 
photographed when carrying/consuming 
intestines.  Note the ‘hook’ at the front [category 
‘2’, following Visser & Mäkeläinen (2000)].  
Also, note the shape of the black pigmentation 
at the gape, which like the eye-patch shape, 
differs from the orca in Figs. S-1.8 & S-1.9.  
This orca was pregnant at the time of the 
interaction.  Photo by Ryan Sault. 

 

 
Figure S-1.12  Interaction #7.  The second orca.  
Note the ‘hook & bump’ at the front [category 
‘4’ following Visser & Mäkeläinen (2000)].  
Also, note the small black marks along the lower 
edge of the eye-patch, which will remain 
throughout the duration of the animals’ life 
(Visser, unpublished data).  Photo by Ryan 
Sault. 

 

 
Figure S-1.13  Interaction #7.  The third orca.  
Note the ‘multiple hook’ at the front [category 
‘5’ following Visser & Mäkeläinen (2000)].  
Photo by Ryan Sault. 
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Figure S-1.14  Interaction #5.  The same Cape 
fur seal ((Arctocephalus p. pusillus) as in Figs. 
11 & 12 in the main text (and see Fig. S-1.15), 
surfaced with molid intestines and began 
flicking these about.  Photo by Dani Abras. 

 

 
Figure S-1.15 Interaction #5.  The Cape fur seal 
as Fig. S-1.14, continued flicking the intestines 
and then consumed them in what we believe to 
be the first record of consumption of a M. mola 
for this species of pinniped.  Photo by Dani 
Abras. 
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Figure S-1.16 Interaction #7.  Typically, the 
molid was disarticulated, resulting in large 
pieces.  In this case, the remains included either 
the dorsal or anal fin (see insert for orientation) 
as well as part of the clavus of the molid (arrow).  
Insert by LAF, photo by Giacomo Rossi.  

 

 
Figure S-1.17 Interaction #8.  A juvenile orca 
as it removes its rostrum from the body cavity of 
the same molid in Fig. 14 in the main text.  
Frame from video by Evans Baudin. 
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SOURCE
TARGET 

PECTORAL 
FINS [y/n]        

CONSUMES 
INTESTINES 

[y/n]

INSERTS 
ROSTUM INTO 
BODY CAVITY 

[y/n]

Specifically states 
that they did NOT 

consume the 
intestines [y/n]

page 
number(s)Target, 

Consumes, Inserts, 
KEY BEHAVIOUR 
(green columns)

TAXA INVOLVED; (n/a = no species listed)

Alava et al. (2013) No No No No Balaenoptera edeni , Bryde’s whales

Anderson & Prince(1985) No No No Yes Dugong dugon , Dugong

Anderson (1995) No No No No Dugong dugon, Dugong

Archibald & James (2018) No No No No Dermochelys coriacea , Leatherback sea turtle

Arnbom et al. (1987) No No No No Physeter Macrocephalus, Sperm whale

Berzin & Vladimirov (1982) No No No No N/A

Best et al. (1984) Yes No No No Targeting p59 Physeter Macrocephalus, Sperm whale

Best et al. (2010) Yes No No No Targeting p180 Delphinus Delphis, Common dolphin

Best et al. (2014) No No No No N/A

Bolaños-Jiménezet al. (2014 No No No No N/A

Caldwell & Caldwell (1969) No No No No Dermochelys coriacea, Leatherback sea turtle

Capella et al. (2014) No No No No Otariidae spp.

Chittleborough (1953) No No No No Megaptera novaeangliae, Humpback whale

Constantine et al. (1998) No No No No Lagenorhynchus obscurus , Dusky dolphin

Corkeron & Connor (1999) No No No No Baleen Whales

Coscarella et al. (2015) No No No Yes Lagenorhynchus obscurus,  Dusky dolphin

Cosentino (2015) No No No No Phocoena phocoena , Harbour porpoise

Cotton (1944) No No No No Balaenoptera musculus , Blue whale

Court (1975) No No No No N/A
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SOURCE

Alava et al. (2013)

Anderson & Prince(1985)

Anderson (1995)

Archibald & James (2018)

Arnbom et al. (1987)

Berzin & Vladimirov (1982)

Best et al. (1984)

Best et al. (2010)

Best et al. (2014)

Bolaños-Jiménezet al. (2014

Caldwell & Caldwell (1969)

Capella et al. (2014)

Chittleborough (1953)

Constantine et al. (1998)

Corkeron & Connor (1999)

Coscarella et al. (2015)

Cosentino (2015)

Cotton (1944)

Court (1975)

KEY BEHAVIOUR (green columns) QUOTE FROM SOURCE (including 
page number) (no = no relevant quote) ADDITIONAL INFORMATION / OUR NOTES

  No p197 "the killer whales bit and ripped off part of the Bryde’s whale’s mouth and 
rostrum (Figure 1D-H), presumably targeting the tongue."

  No p554 "Investigating, the fishermen found pieces of flesh and blubber and segments 
of intestine containing seagrass floating in the water."

  No p.209 "One individual, seen but not photographed, had a deeply scarred area
perhaps 30 cm in diameter that might have been the result of attack by a large shark
or by a killer whale"

  No p153 "Fig. 3. Injuries indicative of predatory origin from shark or killer whale 
interaction... (A) rake marks [on the head]"

  No ~~

  No ~~

p59 "Fig. 7. Killer whale damage to sperm whale calf that stranded at 
Silverstroom Beach, Cape Town, April 1981. ... (c) Right flipper, tooth scars 
present, (d) Left flipper truncated."

~~

p180."Illustrations of the damage inflicted have already been documented (Best 
et al. 1984), but included removal of the terminal half of the lower jaw and tip of 
the left fluke, truncation of the left flipper, and tooth rakes on the head, both 
flippers, and tail flukes."

p181 "The heart and most of the diaphragm appeared to have been removed, 
leaving the lungs, liver and the digestive tract virtually intact." p 181 See Figure 14 
showing a dolphin carcass stripped down, with the intestines still attached (i.e., not 
consumed).

  No ~~

  No ~~

  No p636 "The remains ... consisted of parts of the typical rigid carapace unique to 
leatherbacks.

  No p5 "Killer whales killed otariids by ramming or knocking the seals with the head or the 
side of the body, pushing the prey out of the water with the head or throwing it from 
the mouth, or pulling it underwater while held in the mouth or pushing it down with 
the body."

  No ~~

  No ~~

  No ~~

  No p185 "The dolphin was severely injured, and its intestines were popping out of a 
bleeding cut on its belly."

  No ~~

  No ~~

  No ~~
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PECTORAL 
FINS [y/n]        

CONSUMES 
INTESTINES 

[y/n]

INSERTS 
ROSTUM INTO 
BODY CAVITY 

[y/n]

Specifically states 
that they did NOT 

consume the 
intestines [y/n]

page 
number(s)Target, 

Consumes, Inserts, 
KEY BEHAVIOUR 
(green columns)

TAXA INVOLVED; (n/a = no species listed)

Cummings et al. (1972) No No No No Eschrichtius robustus, Gray whale

Cummings & Thompson (1971) No No No No Eschrichtius robustus, Gray whale

de Oliveira Santos & Netto (2005) No No No No Pontoporia blainvillei , Franciscana dolphin
de Stephanis et al. (2008) No No No No N/A

Deecke et al. (2005) No No No No N/A

Dudley (1724) No No No No Physeter macrocephalus , "Sperma Ceti" whale

Dunn & Claridge (2014) No No No No N/A

Elwen & Leeney (2011) No No No No Dermochelys coriacea, Leatherback sea turtle

Engelbrecht et al. (2019) Yes No No Yes Targeting p3 Notorynchus cepedianus , Broadnose sevengill 
shark

Ferguson et al. (2010) Yes No No Yes Targeting p127 Balaena mysticetus, Bowhead whale

Ford (2019) No No No No N/A

Ford et al. (2005) No No No Yes Acutorostrata sp.

Gemmell et al. (2015) Yes No No Yes Targeting p268 Balaenoptera musculus,  Blue whale

Goley & Straley (1994) No No No No Eschrichtius robustus, Gray whale

Goodall, et al. (2007) No No No No N/A

Grandi et al. (2012) Yes No No No Targeting p1073-5 Otaria flavescens, South american sea lion

Guinet (1991) No No No No Mirounga leonina, Southern elephant seal
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Cummings et al. (1972)

Cummings & Thompson (1971)

de Oliveira Santos & Netto (2005)

de Stephanis et al. (2008)

Deecke et al. (2005)

Dudley (1724)

Dunn & Claridge (2014)

Elwen & Leeney (2011)

Engelbrecht et al. (2019)

Ferguson et al. (2010)

Ford (2019)

Ford et al. (2005)

Gemmell et al. (2015)

Goley & Straley (1994)

Goodall, et al. (2007)

Grandi et al. (2012)

Guinet (1991)

KEY BEHAVIOUR (green columns) QUOTE FROM SOURCE (including 
page number) (no = no relevant quote) ADDITIONAL INFORMATION / OUR NOTES

  No p9 "The killer whales 'hammered' away at the head region until the right whale 
opened its mouth. The killer whales then started tearing away at the tongue."

  No ~~

  No ~~

  No ~~

  No ~~

  No ~~

  No ~~

  No ~~

p127 "Upon examining the external abrasions and bruising on the carcass, we 
found evidence of bite marks on the pectoral fins with bruising of the 
underlying tissue"

p3 "all of the carcasses were intact with the exception of a large tear across the 
pectoral girdle (Fig. 2A), exposing the body cavity of the shark. In each case, the liver 
had been removed, while the other organs such as the heart, stomach, and 
reproductive organs were all still intact."

p127 "six interviewees reported that killer whales will bite the bowhead’s 
flippers (see Westdal 2009 for similar information from other communities)."

p131 "In many instances dead whales have open wounds on their abdomen with 
parts of the viscera extruding, although the organs are often uneaten (Hancock 1965; 
Silber et al. 1990)."

  No ~~

  No p608 "On 30 July a minke carcass, presumably that of the animal killed three days 
earlier, was observed near the site of the kill, floating with stomach and intestines 
protruding from a hole in its ventral side.¨  p612 "only the skin, tongue and a small 
portion of the minke whale's blubber and other flesh were taken from the carcass"

p268. "Both pectoral fins were severely lacerated , with the right missing a 
large portion of the tip"    p268. "They will often target and bite down on 
vulnerable appendages such as pectoral flippers, dorsal fin and flukes shown 
to slow the whales down"..

p268. "The flesh of the abdominal region appeared to be torn, with what appeared to 
be the penis (or perhaps entrails) extending from the base of the wound" 

  No ~~

  No (but see additional comments column) Mentions pectoral targeting from Melnikov & Zagrebin (2005), which we have as an 
original source

p1075 "While the adult male killer whale stayed below the sea lion, the other 
AF/SAM killer whale rushed from one side of the sea lion and tried to catch the 
flippers, but failed, then immediately swerved and caught the posterior third of 
the sea lion body in one bite"  p1074  "tried to bite the posterior flippers of the 
sea lion unsuccessfully"
  No ~~
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SOURCE
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PECTORAL 
FINS [y/n]        
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[y/n]
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consume the 
intestines [y/n]

page 
number(s)Target, 

Consumes, Inserts, 
KEY BEHAVIOUR 
(green columns)

TAXA INVOLVED; (n/a = no species listed)

Guinet & Jouventin (1990) No No No No Mirounga leonina, Southern elephant seal
Hatfield et al. (1998) No No No No Enhydra lutris, Sea otter

Heide-Jørgensen (1988) No No No No

Monodon monoceros,  Narwhal; Odobenus
rosmarus,  Walrus; Delphinapterus leucas, 
White whale; Balaenoptera physalus, Fin 
whale; Megaptera novaeangliae, Humpback 
whale; Balaenoptera acutorostrata, Common 
minke whale; Globicephala melaena, Pilot 
whale; Pagophilus groenlandicus, Harp seal; 
Cystophora cristata, Hooded seal; Balaena 
mysticetus, Bowhead whale

Heise et al. (2003) Yes No No No Targeting p327 Phoca vitulina, Harbour seal

Heithaus et al. (2008) No No No No

Chelonioidea sp.; Dermochelys coriacea, 
Leatherback sea turtle; Lepidochelys olivacea, 
Olive ridley sea turtle; Chelonia mydas, Green 
sea turtle.

Hückstädt & Antezana (2004) No No No No Otaria flavescens, Southern sea lion

Jefferson et al. (1991) Yes No No Yes Targeting p160 N/A

Jonsgård (1968) Yes No No Yes Targeting p84 Hyperoodon ampullatus, Bottlenosed whale; 
Balaenoptera acutorostrata, Minke whale

Jourdain et al. (2017) No No No Yes Phoca vitulina, Harbor seal; Halichoerus 
grypus, Grey seal

Karenina et al. (2015) No No No No N/A

Katona et al. (1988) Yes No No No Targeting p212

Balaenoptera physalus, Fin whale; Megaptera 
novaeangliae, Humpback whale; 
Balaenoptera acutorostrata, Minke whale; 
Balaenoptera borealis, Sei whale

Ljungblad & Moore (1983) No No No No Eschrichtius robustus , Gray whale

López & López (1985) No No No No Mirounga leonina , Southern elephant seal; 
Otaria flavescens , Southern sea lion

Lowry et al. (1987) No No No No Acutorostrata sp.
Lusseau et al. (2004) No No No No Tursiops truncatus , Atlantic bottlenose dolphin
Maniscalco et al. (2007) No No No No Eumetopias jubatus , Stellar sea lion
Matkin et al. (2007) No No No No N/A
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SOURCE

Guinet & Jouventin (1990)
Hatfield et al. (1998)

Heide-Jørgensen (1988)

Heise et al. (2003)

Heithaus et al. (2008)

Hückstädt & Antezana (2004)

Jefferson et al. (1991)

Jonsgård (1968)

Jourdain et al. (2017)

Karenina et al. (2015)

Katona et al. (1988)

Ljungblad & Moore (1983)

López & López (1985)

Lowry et al. (1987)
Lusseau et al. (2004)
Maniscalco et al. (2007)
Matkin et al. (2007)

KEY BEHAVIOUR (green columns) QUOTE FROM SOURCE (including 
page number) (no = no relevant quote) ADDITIONAL INFORMATION / OUR NOTES

  No ~~

  No ~~
  No ~~

p327 "Stomach Contents: harbour seal claws (8 hind, 6 fore)" p327 "Stomach 
Contents: Regurgitated 1 harbour seal flipper "

~~

  No ~~

  No ~~
p160 "This cooperation often takes the form of some Killer Whales biting the 
flukes and flippers of large whales presumably to slow or stop their movement"

p160 "The following day, the whalers returned to the refloated carcass, and claimed 
their prize, complete except for the less commercially valuable tongue and lips."

p84 "Three killer whales attacked it at the same time biting at the flippers and 
tail flukes"

 p84 "adult minke whale with a body length 27'8'' and apparently in good health was 
actually attacked and fed upon, although only the skin and tongue were eaten"

  No  p6 Figure 3. Photo B "confirms effective prey consumption" -their insert photo shows 
intestine was left

  No ~~
p212 "One indication of the intensity of killer whale predation on baleen whales 
is the frequency of bites or toothmarks on their bodies. In cetaceans taken 
during Antarctic whaling, for example, parallel scars 3.0 to 3.8cm apart, 
probably caused by killer whales, occurred most frequently on the flipper, 
flukes and, in the case of the fin whale, on the keel of caudal peduncle and 
dorsal fin (Schevchenko 1975). Such scars occured on 65.4% of sperm whales 
(Physeter macrocephalus ), 53.4% of fin whales, 24.4% of sei whales 
(Balaenoptera borealis ) and 6.4% minke whales examined"

~~

  No ~~
  No ~~

  No ~~
  No ~~
  No ~~
  No ~~
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TAXA INVOLVED; (n/a = no species listed)

Mehta et al. (2007) Yes No No No Targeting p301 Balaenoptera musculus , Blue whale

Melnikov & Zagrebin. (2005) Yes No No Targeting p552 Eschrichtius robustus , Gray whale

Melnikov et al. (2007) No No No No N/A
Merlen (1999) No No No No N/A
Morisaka & Conner (2007) No No No No N/A
Nishiwaki & Handa (1958) No No No No N/A
Notarbartolo-di-Sciara (1987) No No No No Ziphius cavirostris , Cuvier's beaked whale

Ott & Danilewicz (1998) Yes No No No targeting p607 Pontoporia blainvillei, Franciscana dolphin

Oviedo et al. (2008) No No No No Dermochelys coriacea , Leatherback sea turtle

Pachecoet al. (2019) No No No No Megaptera novaeangliae , Humpback whale

Palacios & Mate (1996) No No No No N/A

Pitman et al. (2017) Yes No No No Target Supplemental 
Material p7, 9, 11 Megaptera novaeangliae , Humpback whale

Pitman & Durban (2010) Yes No No Yes Target p1591, 1592 Pygoscelis papua, Gentoo penguin; 
Pygoscelis antarcticus, Chinstrap penguin

Pitman (2007) No No No No Balaenoptera musculus , Blue whale

Pyle et al. (1999) No No No No Carcharodon carcharias, White shark

Randall & Randall (1990) No No No No Spheniscus demersus , Jackass penguin

Reyes & García-Borboroglu (2004) No No No No Notorynchus cepedianus,  Sevengill shark

Rice (1968) No No No No N/A
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SOURCE

Mehta et al. (2007)

Melnikov & Zagrebin. (2005)

Melnikov et al. (2007)
Merlen (1999)
Morisaka & Conner (2007)
Nishiwaki & Handa (1958)
Notarbartolo-di-Sciara (1987)

Ott & Danilewicz (1998)

Oviedo et al. (2008)

Pachecoet al. (2019)

Palacios & Mate (1996)

Pitman et al. (2017)

Pitman & Durban (2010)

Pitman (2007)

Pyle et al. (1999)

Randall & Randall (1990)

Reyes & García-Borboroglu (2004)

Rice (1968)

KEY BEHAVIOUR (green columns) QUOTE FROM SOURCE (including 
page number) (no = no relevant quote) ADDITIONAL INFORMATION / OUR NOTES

p301 "Off southeastern Australia, the only blue whale showing evidence of a 
killer whale attack had the tip of its left pectoral fin bitten off"

p 302 "The rake mark frequency on ventral tail flukes was considerably higher than 
that on other body regions."

p552 "Juveniles and adult female killer whales initiated the attack by seizing a 
gray whale by its tail fluke and pectoral fins, thus forcing it to stop. They 
seemed to impair the gray whale's breathing by swimming on top of its 
blowhole, biting the whale in the area of its pectoral fins, and tearing at the 
vulnerable submandibular sac and the jaw."  "Subsequently the two smaller 
whales attacked the gray whale on either side in the mandibular region and the 
pectorals"

p554 "Only occasionally, in addition to the tongue and submandibular sac, did killer 
whales bite into the whale’s subcutaneous fat from the lower surface of its body." 
[i.e., doesn't specifically say that they didn't eat the intestine, but is precise about 
what they did eat]

  No ~~
  No ~~
  No ~~
  No ~~
  No ~~
p607 "On that occasion, the killer whale regurgitated a material that was 
identified as being remains of the flippers, the dorsal fin and the partially 
digested integument of an unidentified small odontocete. A recent review of 
that suggests that the materials regurgitated could also belong to a large 
teleost or elasmobranch"

~~

  No ~~

  No ~~
  No p583 "The tooth mark scars on the flukes of humpback whales, sperm whales, and 

other cetaceans have most frequently been attributed to killer whales (Orcinus orca )"

Supplemental Material p7 Record "37.... The orca attempted to grab the 
pectoral flipper" ; p9 Record "47...There was some fresh blood on the right 
pectoral fin of one of the adult humpbacks, p11 Record "52... The calf 
appeared injured with one pectoral flipper bleeding."

~~

p1591 "The head, entire pectoral girdle (including flippers) and the axial 
body were missing." ; p1591 "We examined the remains left behind; they 
consisted of the entire lower half of the body with the entrails, legs and tail 
intact—the head, pectoral girdle and flippers were all missing."; p1592 "Only 
the pectoral girdle, including the sternum, breast muscles and both flippers, 
was missing."

p1591 "We examined the remains left behind; they consisted of the entire lower half 
of the body with the entrails, legs and tail intact"

  No ~~
  No p564 "This killer whale continued to carry the shark until 1223, when it dropped it to 

feed on a large section of the liver that had separated from the rest of the carcass."

  No ~~
  No p337 "The rest of the carcasses showed killer whale bite marks on the back part of 

their bodies, and part of the belly area, including the liver, was bitten off."

  No ~~
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TAXA INVOLVED; (n/a = no species listed)

Sarti et al. (1994) No No No No Dermochelys coriacea , Leatherback sea turtle

Saulitis et al. (2015) No No No Yes Megaptera novaeangliae , Humpback whale
Saulitis, et al. (2000) No No No No N/A

Shelden, et al. (2003) Yes No No No Targeting p536 Delphinapterus leucas , Beluga whale

Shpak & Shulezhko. (2013) No No No No N/A

Silber et al. (1990) No No No No Balaenoptera edeni , Bryde's whale

Similä & Ugarte (1993) No No No No Clupea Harengus , Herring

Sironi et al. (2008) Yes No No No Targeting, p7, 11 Eubalaena australis , Southern right whale

Song (2018) No No No No N/A
Straneck et al. (1983) No No No No Tachyeres  sp.
Sucunza et al. (2022) No No No No Physeter macrocephalus , Sperm whale

Thomas & Taber (1984) Yes No No No Targeting p50 Eubalaena australis , Southern right whale

Tixier et al. (2016) No No No No Dissostichus eleginoides , Patagonian toothfish

Towneret al. (2022) Yes No No No Targeting p8 Carcharodon carcharias , Great white shark

van den Hoff & Morrice (2008) No No No No N/A

Visser (2000) No No No No Galeorhinus galeus , School shark; 
Hyperoglyphe antarchia , Bluenose warehou

Visser (2005) No No No No Alopias vulpinus, Thresher shark; Sphyrna 
zygaena, Smooth hammerhead shark

Visser et al. (2010) No No No No Pseudorca Crassidens , False killer whale
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SOURCE

Sarti et al. (1994)

Saulitis et al. (2015)
Saulitis, et al. (2000)

Shelden, et al. (2003)

Shpak & Shulezhko. (2013)

Silber et al. (1990)

Similä & Ugarte (1993)

Sironi et al. (2008)

Song (2018)
Straneck et al. (1983)
Sucunza et al. (2022)

Thomas & Taber (1984)

Tixier et al. (2016)

Towneret al. (2022)

van den Hoff & Morrice (2008)

Visser (2000)

Visser (2005)

Visser et al. (2010)

KEY BEHAVIOUR (green columns) QUOTE FROM SOURCE (including 
page number) (no = no relevant quote) ADDITIONAL INFORMATION / OUR NOTES

  No ~~

  No p343 Table 2, no intestine consumption
  No ~~
p536 Table 1. "One adult male was seen in about 10 ft of water towing a live, 
thrashing beluga to deeper water accompanied by a beluga calf. No blood was 
seen, but the beluga was held by its right pectoral"

~~

  No ~~
  No p1605 "We observed that the killer whales attacked areas clear of the tail of the 

Bryde's whale, a potential source of injury to the predator. Similarly, other authors 
reported attacks that focused on body parts clear of the tail flukes, including the 
tongue (Andrews 19 14; Scammon 1874), underside (Morejohn 1968), and areas 
about the head, dorsum, and flanks (Tarpy 1979; Arnbom et al. 1987)."

  No ~~
p7 "Case D. ... Pieces of pectoral fins, tail flukes and skin were missing.", 
"Case E. ...The orcas encircled the whale, and the juveniles in the group 
attacked it on its flanks, pectoral fins
and jaw, ...", "Case F. ... Three adult male orcas seized a solitary adult right 
whale by its pectoral flippers apparently to prevent it from moving toward 
shallower water... Bites were seen on the pectoral fins,", p11 "Attack behavior 
and body parts preferred. When we observed bites during the attacks, orcas 
aimed at the lower jaw, flanks and pectoral fins of right whales."

~~

  No ~~
  No ~~
  No ~~
p 50 "We saw young calves with parallel scars on their flipper or fluke tips that 
may have been from killer whale bites (see Wursig & Wursig, 1979 for a 
description of similar scars on Tursiops truncatus ), and we witnessed killer 
whale attacks on adult right whales."

~~

  No ~~

p8 "A pair of easily identifiable killer whales were potentially responsible for 
predating on at least five white sharks in Gansbaai. The shark carcasses 
revealed a single large tear across the pectoral girdle, and the liver—and in 
some cases other internal organs—was missing, and rake marks were present 
on the fins."

~~

  No ~~
  No ~~

  No ~~

  No ~~
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Visser et al (2023) No No No Yes Cheloniidae  sp.

Voisin,(1976) No No No No Mirounga leonina, Southern elephant seal

Weir et al. (2010) No No No No
Megaptera novaeangliae, Humpback whale; 
Physeter macrocephalus, Sperm whale; Mola 
mola, Ocean sunfish

Wellard et al. (2016) No No No No Mesoplodon spp, Beaked whales; 
Mesoplodon layardii, Strap-toothed whale

Weller (2008) Yes No No No Targeting p928 Otaria flavescens, Southern sea lion; 
Mirounga leonina, Southern elephant seal

Wenzel & Sears, R. (1988) No No No No Balaenoptera acutorostrata, Minke whale

Williams et al. (1990) No No No No
Spheniscus demersus, Jackass penguin; 
Phalacrocorax capensis, Cape cormorant; 
Phalacrocorax neglectus, Bank cormorant

Wright et al. (2016) No No No No Oncorhynchus spp, Pacific salmon; 
Oncorhynchus tshawytscha, Chinook salmon

Wursig & Wursig (1979) No No No No Tursiops truncatus , Bottlenose dolphin
Yates et al. (2007) No No No No Mirounga leonina, Southern elephant seal

Young et al (2020) Yes No No No Balaena mysticetus, Bowhead whale
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Visser et al (2023)

Voisin,(1976)

Weir et al. (2010)

Wellard et al. (2016)

Weller (2008)

Wenzel & Sears, R. (1988)

Williams et al. (1990)

Wright et al. (2016)

Wursig & Wursig (1979)
Yates et al. (2007)

Young et al (2020)

KEY BEHAVIOUR (green columns) QUOTE FROM SOURCE (including 
page number) (no = no relevant quote) ADDITIONAL INFORMATION / OUR NOTES

  No Supplemental Material S-4  "Figure S-4.3 The remains of an unidentified hard-
shelled turtle predated on by orca. Note that nearly all of the tissue was eaten by the 
orca, but that the ntestines are left behind."

  No ~~
  No ~~

  No ~~

p 927-928 "Once a seal or sea lion has been captured from the beach or 
nearshore area, they are usually held in the mouth of a killer whale by one of 
the flippers or taken crossways in the mouth and vigorously shaken."

~~

  No ~~
  No ~~

  No ~~

  No ~~
  No ~~
p58 "Similar, but smaller and more superficial lesions were apparent on both 
flippers and the distal limit of the right flipper was truncated with a curvilinear 
margin consistent with a killer whale attack"

~~
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Supplemental Material S-2.  Table 2.  Orca prey species, number of publications describing 
predation on prey species and indication of targeting of the prey’s pectoral fin by orca. 

Running 
total of 
species 

Species 
(by taxa & alphabetically by Latin name) 

# of publications 
(regardless of 

targeting or not) 

Pectoral fin 
targeted 

# of species 
targeted (by 

taxa) 
1 Balaena mysticetus, Bowhead whale 3 Yes 1 
2 Balaenoptera acutorostrata, minke whale 4 Yes 2 
3 Balaenoptera borealis, Sei whale 1 Yes 3 
4 Balaenoptera edeni, Bryde's whale 2 No 
5 Balaenoptera musculus, Blue whale 4 Yes 4 
6 Balaenoptera physalus, Fin whale 2 Yes 5 
7 Delphinus delphis, Common dolphin 1 Yes 6 
8 Delphinapterus leucas, Beluga whale 2 Yes 7 
9 Eschrichtius robustus, Gray whale 5 Yes 8 

10 Eubalaena australis, Southern right whale 2 Yes 9 
11 Globicephala melaena, Pilot whale 1 No 
12 Hyperoodon ampullatus, Bottlenosed whale 1 Yes 10 
13 Lagenorhynchus obscurus, Dusky dolphin 2 No 
14 Megaptera novaeangliae, Humpback whale 7 Yes 11 
15 Mesoplodon layardii, Strap-toothed whale 1 No 
16 Monodon monoceros, Narwhal 1 No 
17 Phocoena phocoena, Harbor porpoise 1 No 
18 Physeter macrocephalus, Sperm whale 5 Yes 12 
19 Pontoporia blainvillei, Franciscana dolphin 2 Yes 13 
20 Pseudorca crassidens, False killer whale 1 No 
21 Tursiops truncatus, Bottlenose dolphin 2 No 
22 Ziphius cavirostris, Cuvier's beaked whale 1 No 
23 Cystophora cristata, Hooded seal 1 No 
24 Halichoerus grypus, Grey seal 1 No 
25 Eumetopias jubatus, Stellar sea lion 1 No 
26 Mirounga leonina, Southern elephant seal 6 Yes 1 
27 Odobenus rosmarus, Walrus 1 No 
28 Otaria flavescens, Southern sea lion 4 Yes 2 
29 Pagophilus groenlandicus, Harp seal 1 No 
30 Phoca vitulina, Harbor seal 2 Yes 3 
31 Dugong dugon, Dugong 2 No 
32 Enhydra lutris, Sea otter 1 No 
33 Phalacrocorax capensis, Cape cormorant 1 No 
34 Phalacrocorax neglectus, Bank cormorant 1 No 
35 Pygoscelis antarcticus, Chinstrap penguin 1 Yes 1 
36 Pygoscelis papua, Gentoo penguin 1 Yes 2 
37 Spheniscus demersus, Jackass penguin 2 No 
38 Alopias vulpinus, Thresher shark 1 No 
39 Carcharodon carcharias, Great white shark 2 Yes 1 
40 Galeorhinus galeus, School shark 1 No 
41 Notorynchus cepedianus, Broadnose sevengill shark 1 Yes 2 
42 Sphyrna zygaena, Smooth hammerhead shark 1 No 
43 Chelonia mydas, Green sea turtle 1 No 
44 Dermochelys coriacea, Leatherback sea turtle 6 No 
45 Lepidochelys olivacea, Olive ridley sea turtle 1 No 
46 Clupea Harengus, Herring 1 No 
47 Dissostichus eleginoides, Patagonian toothfish 1 No 
48 Hyperoglyphe antarchia, Bluenose warehou 1 No 
49 Mola mola, Ocean sunfish 1 Yes (Visser et al. 2023) 1 
50 Oncorhynchus tshawytscha, Chinook salmon 1 No 

 

+ two species in this study (Mola alexandrini & Masturus lanceolatus), where pectoral fin targeting
was described for the first time, for both species.
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