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Investigating the feeding ecology of marine predators is critical for understanding
their roles and functional importance in ecosystems. However, assessing the diet of
large and wide-ranging predators can be challenging, particularly in the case of rare
and elusive species. Killer whales (Orcinus orca) are large apex predators in global
oceans, but very little is known about their feeding ecology in tropical ecosystems,
particularly in the Caribbean Sea. Killer whales are distributed throughout the Caribbean,
and are a regular target of artisanal whalers in St. Vincent and the Grenadines
(West Indies). Here we investigate the feeding ecology of Caribbean killer whales
using a combination of stable isotope analysis (δ15N, δ13C) and traditional ecological
knowledge (TEK) data from whalers operating from St. Vincent. Potential prey data
from the Caribbean region included large pelagic teleosts, sea turtles, oceanic sharks,
cetaceans, and oceanic cephalopods. Mixing models suggest that the contribution of
odontocete cetaceans to the diet of killer whales is the most important (overall mean
contribution: 60.4%), particularly mesopelagic delphinids (Lagenodelphis hosei; 26.4%,
SD = 0.14), large teuthophageous odontocetes (Physeter macrocephalus, Globicephala
macrorhynchus; 20.0%, SD = 0.14), and epipelagic delphinids (Stenella attenuata; 14%,
SD = 0.14). Oceanic sharks (Carcharhinus longimanus) had a contribution of 17.0% of
the diet of killer whales (SD = 0.13), and other potential prey had a relatively marginal
contribution. TEK data suggest that whalers believe killer whales feed almost exclusively
on cetaceans, particularly odontocete species that they hunt (e.g., G. macrorhynchus).
Stable isotope and TEK data were consistent to some extent, although TEK data are
qualitative and based on a limited number of observations. Despite some limitations
(including sample size for both methods), this study highlights the value of combining
independent data sources and methodologies to investigate the ecological roles of
marine predators in data-poor regions.
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INTRODUCTION

Investigating the feeding ecology of marine predators is critical
to assess their functional roles in food webs, and to understand
their ecological importance (Bowen, 1997; Heithaus et al., 2008;
Kiszka et al., 2014; Estes et al., 2016). Due to their high metabolic
rates and high abundance in some regions, marine mammals,
such as cetaceans, have the potential to affect communities and
ecosystems via consumptive and non-consumptive effects, and
other processes such as nutrient translocation and recycling
(Katona and Whitehead, 1988; Heithaus et al., 2008; Roman et al.,
2014; Estes et al., 2016). Understanding the trophic interactions
of these predators can be used in modeling ecosystem dynamics,
and predict ecosystem consequences of their decline or recovery
(Kiszka et al., 2015). It is critical to quantify the importance of
prey sources for these predators, particularly to predict how prey
will respond to predation in space and time.

Investigating the trophic interactions and diet of marine
mammals, such as cetaceans, remains challenging. Some species
are elusive and rarely observed, and therefore research methods,
such as focal follows and biopsy sampling, can rarely be carried
out (Kiszka et al., 2014; Trites and Spitz, 2018). The most
limiting factor to dietary studies is, however, the lack of samples
available, including hard remains from stomach contents or
scats, or any soft and hard tissues for both predators and
prey, to carry out stable isotope or fatty acid analysis (e.g.,
see Trites and Spitz, 2018; for a review). Stable carbon and
nitrogen isotope analysis has increasingly been used to investigate
the trophic interactions within marine predator communities
(including marine mammals), as well as spatial, ontogenetic, and
sex variations of the diet of predators across a diversity of marine
ecosystems (Hobson et al., 1996; Walker and Macko, 1999;
Lesage et al., 2001; Kiszka et al., 2014). Stable isotopes integrate
diet over multiple temporal scales depending on turnover rates
of tissues used (Lesage et al., 2002; Vander Zanden et al.,
2015). A major limitation of stable isotope analysis is that it
does not provide a full description of the diet of consumers,
typically provided through the analysis of stomach contents
(Spitz et al., 2011; Jansen et al., 2013). However, mass-balanced
isotopic models potentially address this problem by estimating
the dietary composition of a consumer based on isotope data of
candidate prey (Moore and Semmens, 2008; Parnell et al., 2013;
Stock et al., 2018). Stable isotope mixing models incorporate
uncertainty for each parameter and employ specific diet-tissue
discrimination factors (or trophic enrichment factors, TEFs),
which account for the changes in isotopes through the food
chain. Over the past decade, stable isotope mixing models have
improved our understanding of the feeding ecology of a range
of cetacean species (Marcoux et al., 2012; Kiszka et al., 2014;
Ryan et al., 2014; Warlick et al., 2020). However, it has been
acknowledged that combining stable isotope mixing models
with other independent sources of data, including other dietary
indicators such as stomach contents (Jansen et al., 2013) or
behavioral observations (Kiszka et al., 2014), would reinforce the
credibility of these models.

Traditional ecological knowledge (TEK) has emerged since
the late 20th century as a valuable source of ecological data

(Freeman, 1992). TEK (or what is also commonly referred to as
local ecological knowledge, LEK) has been extensively used to
assess the occurrence, distribution, and conservation status of a
diversity of species, including in marine ecosystems (Gray et al.,
2017; Temple et al., 2018; Ayala et al., 2019). While TEK has in the
past been discounted owing to its “anecdotal, non-quantitative,
and unscientific” nature (Hobson, 1992), more recent analyses
have highlighted the value of TEK data, particularly to study
the spatiotemporal distribution, foraging ecology, trends in
abundance, and threats to elusive and charismatic marine
megafauna (Ferguson et al., 2012; Leeney and Poncelet, 2015;
Early-Capistrán et al., 2018, 2020; Ayala et al., 2019). For
example, TEK data collected from eastern Nunavut communities
in the Canadian Arctic has contributed to document the feeding
ecology of killer whales in this region, including prey preferences
and behavior, distribution of predation events, and prey capture
techniques (Ferguson et al., 2012). Therefore, the combination of
TEK and biological data has the potential to provide a holistic
view on the ecological role of elusive marine predators.

Killer whales (Orcinus orca) are distributed globally and
feed on a wide variety of prey, including marine mammals
(Jefferson et al., 1991; Baird and Dill, 1995; Pitman et al., 2001,
2015), teleosts (Similä et al., 1996), marine reptiles (Pitman and
Dutton, 2004; Fertl and Fulling, 2007), and elasmobranchs (Fertl
et al., 1996; Visser, 2005). However, many populations specialize
on a narrow range of prey, and can be morphologically and
genetically distinct (Pitman and Ensor, 2003; Foote et al., 2009;
de Bruyn et al., 2013). In the Caribbean region, killer whales
are not abundant but occur regularly throughout the region
on a year-round basis. The population identity of Caribbean
killer whales is unclear. They share some of their morphological
features with several known coastal and inshore populations
from other regions around the globe (Bolaños-Jiménez et al.,
2014), but no genetic information is available. Off the archipelagic
nation of St. Vincent and the Grenadines, killer whales (and
other small cetaceans) are regularly targeted by artisanal whalers
based in the village of Barrouallie, along the leeward coast
of St. Vincent (Caldwell and Caldwell, 1975; Fielding, 2018).
An average of six individual killer whales are taken per year,
particularly since the late 1990s (2007–2012; Fielding, 2018).
Previous knowledge on the feeding ecology of killer whales
in the Caribbean region shows that these animals have been
observed feeding on other cetaceans as well as some other
species. These include pygmy sperm whales (Kogia breviceps),
dwarf sperm whales (Kogia sima), pantropical spotted dolphins
(Stenella attenuata), sperm whales (Physeter macrocephalus),
Bryde’s whales (Balaenoptera edeni), and possibly large pelagic
teleosts (Bolaños-Jiménez et al., 2014). Early whaling records
in St. Vincent also suggest that killer whales have been found
with sea turtles (particularly Dermochelys coriacea) in their
stomachs (Caldwell and Caldwell, 1969). However, knowledge of
the diet and foraging behavior of killer whales in the Caribbean
is primarily based on anecdotal records. Here, we combine
multiple methods, particularly stable isotope analysis and the
ecological knowledge of whalers from the village of Barrouallie
(St. Vincent) to assess the feeding ecology of killer whales from
the southern Caribbean.
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MATERIALS AND METHODS

Sample Collection
Killer whale muscle tissues were collected in August 2015 (n = 3),
April 2016 (n = 2) and June 2016 (n = 3) from individuals
caught for human consumption by whalers operating in the
waters of St. Vincent and the Grenadines (13◦10′N, 61◦14′W).
Carcasses were landed on the beach of the village of Barrouallie
(13◦14′09′′ N, 61◦16′19′′ W), and tissue samples were collected
by a local assistant (see McCormack et al., 2020, for details on
sampling procedure). Permission was obtained from the vendor,
who possessed and sold cetacean products. Approximately 20 g
of muscle tissue was systematically collected at the same location
on the body (abdominal area) and stored individually in a plastic
bag at −20◦C. Samples were shipped to the University of the
South (Sewanee, TN) in December 2016, and stored at −80◦C
until processing and stable isotope analysis. Potential prey species
were selected based on previous studies on the feeding ecology of
killer whales in temperate and tropical waters (e.g., Jefferson et al.,
1991; Fertl et al., 1996; Pitman et al., 2001, 2003; Visser, 2005),
particularly the Caribbean region (see Bolaños-Jiménez et al.,
2014, for a review), and based on availability of stable isotope
data. These potential killer whale prey data were compiled from
the literature (Table 1) or collected in the field.

Short-finned pilot whale (Globicephala macrorhynchus)
samples (muscle) were collected similarly to killer whale samples,

off the coast of St. Vincent. Other cetaceans that were potential
prey were collected from the French West Indies (Guadeloupe,
16◦15′N, 61◦34′W), in April 2015, 300 km north of St. Vincent
(Table 1). Skin and blubber biopsy samples were obtained
during coastal boat-based cetacean surveys. When cetaceans
were encountered, animals were sampled using a crossbow
(BARNETT Velocity-Speed R© Class, 68-kg draw weight) with
Finn Larsen (Ceta-Dart, Copenhagen, Denmark) bolts and
tips (dart 25 and 40-mm long). The animals were hit below
the dorsal fin when sufficiently close (5–15 m) to the research
boat (see Méndez-Fernandez et al., 2018 for details). Biopsy
sampling was conducted under scientific permit delivered
by DEAL Guadeloupe (February 12th, 2015, Autorisation
Préfectorale de Dérogation pour la Perturbation Intentionnelle
de Spécimens d’Espèces Animales Protégées). Sampling for neon
flying squids (Ommastrephes bartramii) and diamondback
squids (Thysanoteuthis rhombus) took place around the island
of Martinique (14.6415◦N, 61.0242◦W) between December
2016 and February 2017, and between October 2017 and
March 2018. Fishing surveys were carried out as part of an
exploratory study led by the Regional Committee for Maritime
Fisheries and Marine Farming. Stable isotope data from
other species were gathered from the literature, including sea
turtles (Vander Zanden et al., 2013; Tucker et al., 2014) and
range of teleost species and oceanic sharks (Madigan et al.,
2015; Table 1).

TABLE 1 | Carbon (δ13C) and nitrogen (δ15N) isotope value (mean ± SD, h), sample sizes (number of individuals, n) and C:N ratios (mean ± SD, h, when available) of
killer whales (Orcinus orca) and their potential prey species in the Caribbean.

Species Species name N Tissue δ13C δ15N C:N Source

Predator

Killer whale Orcinus orca 8 Muscle −14.7 ± 1.0 12.1 ± 0.7 3.1 ± 0.1 St. Vincent and the
Grenadines (this study)

Potential prey

Cetaceans

Short-finned pilot whale Globicephala
macrorhynchus

17 Muscle −15.1 ± 1.0 13.1 ± 1.3 3.2 ± 0.2 St. Vincent and the
Grenadines (this study)

Fraser’s dolphin Lagenodelphis hosei 5 Skin −15.4 ± 0.6 11.6 ± 0.8 3.2 ± 0.1 Guadeloupe (this study)

Sperm whale Physeter macrocephalus 10 Skin −16.1 ± 0.6 10.8 ± 0.3 3.2 ± 0.1 Guadeloupe (this study)

Pantropical spotted
dolphin

Stenella attenuata 29 Skin −15.9 ± 0.4 9.4 ± 0.7 3.2 ± 0.1 Guadeloupe (this study)

Cephalopods

Oceanic squid Ommastrephes bartrami
Thysanoteuthis rhombus

31 Mantle −18.3 ± 0.8
−17.8 ± 0.5

8.0 ± 0.8
7.9 ± 0.6

3.4 ± 0.4
3.2 ± 0.1

Martinique (this study)

Teleosts

Tuna Thunnus atlanticus
Thunnus albacares
Katsuwonus pelamis

24 Muscle −16.9 ± 0.4
−16.4 ± 0.5
−16.4 ± 0.1

8.1 ± 1.1
7.3 ± 0.3
7.9 ± 1.1

3.2 ± 0.2
3.2 ± 0.2
3.1 ± 0.2

Madigan et al., 2015

Dolphin fish Coryphaena hippurus 21 Muscle −16.3 ± 0.5 8.7 ± 0.9 3.1 ± 0.04 Madigan et al., 2015

Wahoo Acanthocybium solandri 2 Muscle −16.7 ± 0.2 8.5 ± 0.6 3.2 ± 0.1 Madigan et al., 2015

Reptiles

Green turtle Chelonia mydas 256 Skin −9.4 ± 0.3 6.0 ± 0.18 N/A Vander Zanden et al.,
2013

Loggerhead turtle Caretta caretta 14 Skin −11.4 ± 1.4 7.3 ± 1.2 N/A Tucker et al., 2014

Elasmobranchs

Oceanic whitetip shark Carcharhinus longimanus 13 Muscle −15.9 ± 0.6 10.4 ± 0.7 3.2 ± 0.2 Madigan et al., 2015
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Stable Isotope Analysis
Stable isotope analysis was completed at the Center for
Aquatic Chemistry and Environment in the Institute of
Environment (Florida International University, North Miami,
FL, United States). Muscle and skin samples were dried,
homogenized into a fine powder, and lipid extracted prior to
analysis because lipids are 13C depleted (DeNiro and Epstein,
1978). Lipids were extracted by agitating muscle and skin tissues
in a 2:1 chloroform:methanol mixture for 1 min with a solvent
volume 5-times greater than the sample, after which the samples
were left at room temperature for 1 h, centrifuged and the
supernatant was removed. After repeating this procedure two
more times, each sample was rinsed in deionized water, dried,
and 0.4–0.5 mg of sample added to a 4 mm × 6 mm tin
capsule for stable isotope analysis using a ThermoFinnigan Delta
V isotope ratio mass spectrometer (IRMS) coupled with a NA
1500 Ne elemental analyzer. Analytical reproducibility was based
on replicates of internal standards including bovine liver (NBS
standard reference material) and glycine (Alfa Aesar); variation
among standards was 0.07h and 0.08h for δ13C and δ15N,
respectively. The mean C:N values from analyzed tissues were
less than 4, indicating an adequate lipid extraction (Lesage et al.,
2010). Isotopic ratios (R) are reported in the standard delta (δ)
notation relative to the international standards of Vienna Pee
Dee belemnite (δ13C) and atmospheric nitrogen (δ15N) using the
following equation:

δX = (Rsample/Rstandard − 1)103

Where X is 13C or 15N and R is the isotope ratio 13C/12C or
15N/14N.

Stable Isotope Mixing Models
Bayesian mass-balance stable isotope mixing models were built
using the “MixSIAR” package in R (Stock et al., 2018) to
estimate the relative contribution of potential prey to the diet
of killer whales from St. Vincent. Mixing models were run with
three Markov chain Monte Carlo chains of 300,000 draws and
a burn-in rate of 200,000 draws. Convergence of the models
was checked using Gelmen-Rubin and Geweke diagnostics. The
appropriateness of prey groups for killer whale diet and the TEF
used here was evaluated by determining the likelihood that prey
groups were included in a simulated killer whale mixing polygon
(Smith et al., 2013). Mean (±SD) isotope values from muscle
(tuna and other large pelagic fish, including sharks; Madigan
et al., 2015), mantle (oceanic cephalopods: this study), skin (sea
turtles: Vander Zanden et al., 2013; Tucker et al., 2014; cetaceans:
this study) were calculated from potential prey species in the
Caribbean region (Table 1). Stable isotopes are incorporated
into tissues based on species and tissue-type specific turnover
rates. Since no specific TEF is available on killer whales, we used
TEFs from the skin of bottlenose dolphin (Tursiops truncatus)
which were based on feeding experiments which took place
over 350 days, ensuring isotopes stabilized in the samples before
calculating TEFs (Giménez et al., 2016). These have been used in
previous research on killer whales (e.g., Reisinger et al., 2016), as
taxonomically close species are known to have similar TEF values
(Giménez et al., 2016). The TEFs used here were 1.01 ± 0.37h

for δ13C and 1.57 ± 0.52h for δ15N. All statistical analyses were
performed in R v.4.0.0.

Ecological Knowledge From Whalers
Ethnographic data and information about the ecological
knowledge held by Vincentian whalers were recorded during
fieldwork conducted between 2008 and 2020 (under IRB
oversight at Louisiana State University, University of Denver,
and University of the South, United States). Throughout most
of this period, four whaling boats operated from Barrouallie,
each with a rotating crew of approximately twelve whalers.
Seven whalers were interviewed repeatedly during this 12-year
period and whaling activities were observed primarily during a 3-
month period of participant observation during the fall of 2009,
and augmented by other regular interviews afterward. Informal
interviews with whalers mainly consisted of lengthy, casual
conversations, occurring during periods of downtime when the
weather precluded going to sea, or with whalers who stayed
ashore on days when their colleagues were at sea. Regardless
of the formal or informal nature of the interviews, meticulous
field notes were taken and transcribed immediately afterward.
Discussions were not solely focused on the foraging ecology of
killer whales, but on their whaling practices and any aspects of
the behavior and ecology of cetaceans in St. Vincent and the
Grenadines. When absent from the field site, one of the authors
(RF) was in regular communication with whalers via email and
online messaging.

RESULTS

Sampling
In St. Vincent, eight killer whale and 20 short-finned pilot
whale samples were collected in 2015 and 2016. In addition,
skin and blubber biopsy samples were also collected for three
additional species as potential prey in April 2015 in the
waters of Guadeloupe, in the French West Indies. These were
sperm whale (Physeter macrocephalus, n = 10), Fraser’s dolphin
(Lagenodelphis hosei, n = 5), and pantropical spotted dolphin
(Stenella attenuata, n = 29; Table 1). Other prey collected from
fishing surveys include oceanic squids from Martinique (FWI),
including neon flying squid (Ommastrephes bartramii, n = 7)
and diamondback squid (Thysanoteuthis rhombus, n = 24). All
potential prey data collected from the literature are provided
in Table 1.

Trophic Interactions and Mixing Model
A one-way ANOVA revealed that potential prey included in
the analysis had significantly different δ13C (F6,16 = 69.14,
p < 0.0001) and δ15N values (F6,37 = 66.82, p < 0.0001,
Figure 1). However, Tukey’s post-hoc pairwise comparisons
were used to determine which prey species could be grouped
for the model. As C. hippurus and A. solandri were not
significantly different for either δ13C and δ15N values (p > 0.05),
they were grouped as “other large pelagic fish.” Similarities
for either isotope were also found within tuna species
(T. atlanticus, T. albacares, and K. pelamis, Table 1), so
these were grouped as “tuna” in the mixing model. A similar
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FIGURE 1 | (A) Mean carbon (δ13C) and nitrogen (δ15N) isotope values (± SD) of killer whales and their potential prey in the Caribbean Sea and; (B) a simulated
mixing polygon of the biplot in panel (A), including the average source signatures (white crosses) and position of the killer whale consumers (black dots). Probability
contours start at the 5% level and every 10% level subsequently.

approach was adopted for oceanic cephalopods (O. bartrami
and T. rhombus, grouped as “oceanic squids”) and for the largest
sampled teuthophageous odontocetes (P. macrocephalus and
G. macrorhynchus, grouped as “whales”). All killer whales fell
within the mixing polygon, indicating that the TEF and prey
selection was appropriate (Smith et al., 2013). Mixing models
of dietary contributions identified odontocete cetaceans as the
main prey for killer whales (Figure 2), particularly the Fraser’s

dolphins (L. hosei; 26.4%, SD = 0.14), large teuthophageous
odontocetes (P. macrocephalus, G. macrorhynchus; 20%,
SD = 0.14), the oceanic whitetip shark (C. longimanus, 17%,
SD = 0.13), and the pantropical spotted dolphin (S. attenuata;
14%, SD = 0.14). Other potential prey had a negligible
contribution, including tuna (0.8%, SD = 0.07), other large
teleosts (0.9%, SD = 0.08), and oceanic squids (0.9%, SD = 0.05;
Figure 2).
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FIGURE 2 | Proportion of dietary contribution of eight different potential prey items to killer whale diets using Bayesian mixing model analysis with trophic enrichment
factors (Giménez et al., 2016) of stable isotope samples taken in the Caribbean Sea. Median proportion is indicated as a thick black line, and mean with a red
diamond.

Whalers’ Ecological Knowledge
All whalers consistently reported that killer whales in St. Vincent
and the Grenadines prey upon other odontocetes. They all
mention that several species are particularly targeted by killer
whales, including G. macrorhynchus, L. hosei, several species
of smaller delphinids (particularly S. attenuata, S. longirostris).
Whalers consistently reported that killer whales feed on the
species that whalers target, particularly G. macrorhynchus.
A perception of interspecific “competition” (between humans
and killer whales) is used as one of the justifications for the
hunting of killer whales, according to all whalers. We did not
encounter whalers who claimed to have actually witnessed killer
whale predation upon other odontocetes. Rather, whalers base
this conclusion on their assessment that the presence of killer
whales in the waters surrounding St. Vincent coincides with the
absence or change of habitat of other species of odontocetes,
as well as their occasional, non-systematic examination of killer
whale stomach contents. No direct predation of killer whales
on other species has been reported by any interviewed whalers,
although it is acknowledged that killer whales can also feed
on other prey, such as sea turtles, based on the opportunistic
examination of stomach contents. The lead whaler (as identified
by his social status in the whaling community as well as the
dominance of his boat in the catch records) also stated that the
number of killer whales present in the waters surrounding St.
Vincent has been increasing in recent years. He mentioned it

remains important to his livelihood that whalers are permitted
to take killer whales, both for the meat and blubber they provide
and to reduce the competition for other odontocetes.

DISCUSSION

This study is the first to describe the feeding ecology of Caribbean
killer whales using stable isotope mixing models. In addition,
TEK data from artisanal whalers on the ecology and behavior
of killer whales off St. Vincent and the Grenadines allows
us to expand our understanding of the foraging ecology of
this species. Due to the informal and qualitative nature of
information collected from whalers, we mostly attempted to
use TEK data to compare them with stable isotope mixing
model outputs. We found some consistency between isotopic
and TEK data, particularly with regards to prey preferences of
killer whales. Overall, the results of this preliminary study suggest
that killer whales sampled off the island of St Vincent mostly
feed on cetaceans, particularly small (delphinids) and larger
teuthophageous odontocetes such as short-finned pilot whales
and sperm whales. Large pelagic teleosts (tuna and tuna-like
species) and sea turtles might be rarely consumed by killer whales.

A number of limitations can hinder the interpretation of
the results we obtained. Firstly, our sample size was limited
to eight individuals, mostly due to the fact that the number
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of killer whales brought to shore by whalers and sampled is
small. Our access to samples is also opportunistic in nature,
and we rely strongly on local sample collectors that are not
necessarily available when cetaceans are landed by whalers. In
addition, some prey sources included in the study were collected
in regions that are relatively distant from St. Vincent (e.g.,
tuna, large pelagic fish and oceanic sharks from the Bahamas;
Madigan et al., 2015). Prey sources from the Bahamas may
not be representative of carbon and nitrogen isotope values in
tuna and other large pelagic fishes in the eastern Caribbean.

However, these published prey data were the closest available
to the location where killer whales were sampled. Also, killer
whales are suspected to move considerably throughout the entire
Caribbean region (Bolaños-Jiménez et al., 2014). Consequently,
using prey data from the wider Caribbean region could still be
a reasonable approach. The contribution of other potential prey
previously documented in the diet of killer whales in various
tropical regions, including the Caribbean, have not been included
since isotope data for these species were unavailable (large
baleen whales such as M. novaeangliae or Balaenoptera edeni;

FIGURE 3 | Tooth rake marks possibly caused by killer whales (Orcinus orca) on adult sperm whales (Physeter macrocephalus) photographed off the west coast of
Guadeloupe (French West Indies) in 2014 and 2015 (Photographs: Laurent Bouveret], OMMAG).
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Flórez-González et al., 1994; Pitman et al., 2015 or leatherback
turtles Dermochelys coriacea; Pitman and Dutton, 2004; Bolaños-
Jiménez et al., 2014, for example). Therefore, the breadth of the
diet of Caribbean killer whales may have been underestimated.
On the other hand, the relative contribution of prey species
included within prey groups (e.g., “whales”) could have been
overestimated. Thus, within a group of several preys that have
similar stable carbon and nitrogen isotope values, only one or
a few of them might actually be consumed by killer whales.
Finally, stable isotope mixing models can be challenging to
interpret when predators investigated have a generalized diet, as
the relative contribution of potential sources may not reveal clear
patterns in prey selection (Di Beneditto et al., 2011). It is therefore
critical to carefully consider how potential prey is selected, and
incorporate potential sources using a priori knowledge on the
system and species considered (Phillips et al., 2014).

Despite some limitations, the results of stable isotope
mixing models strongly suggest that killer whales have a
significant preference for odontocete cetaceans in the eastern
Caribbean region, with a contribution of more than 60% to
their diet (including Fraser’s dolphins, spotted dolphins, and
teuthophageous whales). However, the contribution of other prey
types, such as oceanic sharks, suggests that killer whales in the
Caribbean could feed upon both cetaceans and predatory sharks.
Consequently, unlike a number of coastal populations, Caribbean
killer whales could have a relatively broad diet (e.g., Jefferson
et al., 1991; Similä et al., 1996; Ford et al., 1998). Thus, a number
of killer whale populations exhibit a relatively broad diet that
could reflect the availability of prey species (Reisinger et al., 2016;
Tixier et al., 2019). The predominance of odontocete cetaceans
in the diet of killer whales in the Caribbean could be due to the
widespread distribution and relatively high abundance of several
species in the region, particularly in peri-insular waters (e.g.,
Mannocci et al., 2013; Gero et al., 2014; Luksenburg, 2014).

Killer whale foraging on odontocete cetaceans has already
been documented across a number of tropical and subtropical
regions around the globe (e.g., Jefferson et al., 1991; Dunn and
Claridge, 2014). Killer whales are known to attack and feed on
sperm whales (Reeves et al., 2006), small and medium-sized
cetaceans such as delphinids and kogiid whales (Dunphy-Daly
et al., 2008; Dunn and Claridge, 2014), and several species of
large baleen whales (Jefferson et al., 1991; Baird and Dill, 1995;
Pitman et al., 2015). The results of our model suggest that the
Fraser’s dolphin is the most commonly consumed species. This
species has already been recorded as a prey for killer whales,
including in the Caribbean region (Dunn and Claridge, 2014), but
nowhere else in tropical waters. The occurrence of short-finned
pilot whales in the diet of killer whales in the Caribbean has rarely
been documented (Jefferson et al., 1991), but both stable isotope
and TEK data strongly suggests it is the case off St. Vincent.
The consumption of sperm whales by killer whales is less clear
from our isotope data, and not confirmed by whalers’ records.
However, a number of anecdotal observations and photographic
records show that some species of cetaceans, such as sperm
whales, experience predation attempts from killer whales in
the eastern Caribbean, such as off the coast of Guadeloupe
(Figure 3). However, the magnitude of these interactions is not

well documented. Predation attempts on other cetaceans could
potentially be investigated from photographic records collected
throughout the region, particularly on species that are resident
in the Caribbean.

The interpretation of stable isotope mixing models can be
facilitated when patterns identified can be directly compared with
other independent sources of information, such as behavioral
observations (Kiszka et al., 2014) or other dietary indicators such
as stomach content analysis (Jansen et al., 2013). Interestingly,
although sample size was limited to seven individuals, TEK
data collected from whalers also suggest that killer whales
mostly feed on odontocete cetaceans off St. Vincent and
the Grenadines. Whalers base their perceptions on occasional
stomach content observations when processing killer whales.
However, the differential digestion rate of prey may lead to
over or underestimation of the occurrence of some prey. In
addition, whalers believe that when killer whales are present
along the leeward coast of St. Vincent, they strongly affect
the behavior of other species of odontocetes by changing their
habitat and behavior. Whalers believe that when killer whales
are sighted over a period of several days, no other cetacean
species are usually observed. Predation events on any prey
type have not been reported by any interviewed whaler, and
most whalers’ perceptions seem to be based on the behavioral
response of several cetacean species that constitute potential prey
for killer whales. Moreover, whalers also perceive killer whales
as competitors, which creates an additional incentive to hunt
them, despite high mercury levels found in a range of tissues
consumed by the local population (McCormack et al., 2020).
Overall, TEK data are qualitative, and should be considered
with caution. However, TEK data clearly support isotope data
suggesting that killer whales in the eastern Caribbean mostly feed
on odontocete cetaceans.

CONCLUSION

Investigating the ecology and behavior of rare marine predators is
a major challenge in many regions around the globe, particularly
where research efforts are limited such as in the Caribbean. Multi-
disciplinary approaches, including those incorporating social
science data, are particularly relevant, but have rarely been
considered by biologists and ecologists (but see Ferguson et al.,
2012). Here, we strongly recommend that marine ecologists
consider the combination of multiple methods when studying
the ecology and behavior of coastal cetaceans and potentially
other charismatic species, particularly the ecological knowledge
that certain stakeholders might have. Collaborations between
cetacean ecologists and social scientists can greatly improve our
understanding of the ecology and feeding behavior of rare and
elusive species, such as killer whales, in marine ecosystems.
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