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ORIGINAL ARTICLE

Spatial patterns of shark-inflicted injuries on coastal bottlenose dolphins in the 
Mesoamerican Reef System
D. N. Castelblanco-Martínez a,b,c, E. A. Ramos c,d, J. J. Kiszka e, M. P. Blanco-Parra a,b,c, J. A. Padilla-Saldívar g, 
J. García b,c and C. A. Niño-Torres f

aConsejo Nacional De Ciencia Y Tecnología, Ciudad de México, Mexico; bDivisión de Ciencias e Ingenieria, Universidad De Quintana Roo, 
Chetumal, Quintana Roo, Mexico; cFundación Internacional Para La Naturaleza Y La Sustentabilidad, Chetumal, Quintana Roo, Mexico; dThe 
Graduate Center, City University of New York, New York, NY, USA; eDepartment of Biological Sciences, Coastlines and Oceans Division, 
Institute of Environment, Florida International University, North Miami, FL, USA; fEl Colegio De La Frontera Sur, Chetumal, Quintana Roo, 
Mexico; gHalmos College of Natural Sciences and Oceanography, Nova Southeastern University, Fort Lauderdale, FL, USA

ABSTRACT
Understanding predator–prey relationships is critical in ecology, but relatively challenging when 
investigating elusive marine megafauna. In this study, we document the presence of shark- 
inflicted injuries on coastal bottlenose dolphins (Tursiops truncatus) in the Mesoamerican Reef 
System using photo-identification methods. We analyzed data from a total of 533 photo- 
identified bottlenose dolphins in Mexico (Ascención Bay, Espíritu Santo Bay, and Chetumal 
Bay), Belize (Turneffe Atoll, Drowned Cayes, Barrier Reef, and Placencia), and Honduras (Utila). 
We identified 16 individuals with shark-inflicted injury scars consistent with attacks by large 
sharks of the Family Carcharhinidae. Additionally, two bottlenose dolphins were encountered 
with round-shaped crater wounds, likely inflicted by a cookiecutter shark (Isistius spp.). The 
prevalence of shark-inflicted wounds in bottlenose dolphins varied markedly between sites, 
with the highest prevalence in Placencia and Ascención Bay (Mexico), and lowest in Turneffe 
Atoll and Drowned Cayes (Belize). Further research is required to evaluate how predation risk 
shapes the ecology of bottlenose dolphins in the Mesoamerican Reef region.

ARTICLE HISTORY
Received 18 June 2020  
Accepted 12 January 2021  

KEYWORDS
Shark bites; Tursiops 
truncatus; cetaceans; 
carcharhinids; cookiecutter 
sharks; Caribbean

Introduction
Understanding predation pressure on animal popula
tions is critical in community and behavioral ecology. 
Predation risk can have a major role in shaping the 
population dynamics and behavior of animal species 
(Lima & Dill 1990; Magnhagen 1991; Lima & 
Bednekoff 1999; Creel et al. 2007). Although consid
ered as high trophic level consumers, most small ceta
cean species are mesopredators and can experience 
varying levels of predation pressure from large apex 
marine predators, particularly killer whales (Orcinus 
orca) and sharks (Heithaus 2001a; Kiszka et al. 2015). 
Very little is known on the exposure of small cetaceans 
to predation risk for most coastal cetacean populations, 
and how predation risk can affect behavior, habitat use 
patterns, and fitness (Heithaus & Dill 2006; MacLeod 
et al. 2007; Kiszka et al. 2011). However, various stu
dies have shown that small cetaceans exposed to pre
dators and predation risk (particularly from large 
sharks and killer whales) include short to long-term 
responses. Short-term responses include fleeing or 
changes in group behavior (Connor & Heithaus 1996; 

Ford & Ellis 1999), and longer-term responses can 
include changes in habitat use and grouping tactics 
(Heithaus & Dill 2002, Kiszka et al. 2011). Assessing 
relative predation risk is challenging since predation 
events on small cetaceans can be rare or difficult to 
observe. Several studies have suggested that predation 
attempts (e.g. scars and other injuries) could be used to 
gain insights into predation risk or pressure to a wide 
range of taxa, including coastal dolphins (Heithaus 
2001b; Smith et al. 2018).

The Mesoamerican Reef System (MARS) is the largest 
continuous reef in the Western Hemisphere (16.48–21.5° 
N, 85.77–86.8° W). It stretches over 1,000 km from the Bay 
Islands (Utila, Cayos Cochinos, Roatan, and Guajana) 
north of Honduras through Guatemala and Belize to the 
tip of Mexico’s Yucatan peninsula (Paris & Chérubin 
2008). Many productive ecosystems are part of the 
MARS including coral reefs, seagrass beds, and mangrove 
areas, which provide critical habitats for many species and 
coastal fisheries. At least 19 species of marine mammals 
have been reported in the Exclusive Economic Zones 
(EEZ) of the Mexican Caribbean and Belize (Niño-Torres 
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et al. 2015; Ramos et al. 2016; García-Rivas et al. 2019). 
Throughout these regions, the bottlenose dolphin 
(Tursiops truncatus) is recognized as the best-studied and 
most common and abundant species in bays, rivers, and 
lagoons along the coast, in shallow lagoons of some off
shore atolls (Grigg & Markowitz 1997; Campbell et al. 
2002; Dick & Hines 2011), and in the deep waters east of 
the MARS. Despite their abundance, relatively few popula
tions or communities of dolphins have been studied in 
Belize and far less in the Mexican Caribbean (Niño-Torres 
et al. 2015; Ramos et al. 2016). Current information on 
their distribution suggests they overlap extensively in 
coastal and deep waters with a variety of species of sharks; 
however, interactions between these species have not been 
investigated. Shark populations are relatively poorly 
known in the MARS, but around 40 species including 
large-bodied predatory species such as bull (Carcharhinus 
leucas) and tiger sharks (Galeocerdo cuvier) have been 
recorded in the region (Pikitch et al. 2005; Bond et al. 
2012; Blanco-Parra et al. 2016). Here we investigate the 
prevalence of sublethal shark attacks on common bottle
nose dolphins (Tursiops truncatus) in the MARS along the 
coasts of Mexico, Belize, and Honduras using photo- 
identification methods.

Methods

Evidence of predator–prey interactions between sharks 
and bottlenose dolphins was obtained through the 
image-based detection of scarring patterns and wounds 
on dolphins. Following Heithaus (2001a), we only con
sidered attempted predation events if the wounds or 
scarring were found in living animals photographed 
in situ. Images were collected during systematic and 
opportunistic boat-based photo-identification surveys 
conducted between 1992 and 2019, primarily for mon
itoring the distribution, habitat use, health status, and 
behavior of marine mammals in several locations of the 
MARS of Mexico (Ascención Bay, Espíritu Santo Bay, 
and Chetumal Bay), Belize (Turneffe Atoll, Barrier reef, 
Drowned Cayes, Placencia), and Honduras (Utila; 
Figure 1).

External diagnostic patterns were used to distinguish 
the offshore from the coastal ecotype (see Carwardine 
2020, for a review). Offshore bottlenose dolphins are 
described to be longer, heavier, darker, and show 
a more falcate dorsal fin shape than the coastal ecotype 
(Simões-Lopes et al. 2019). Additionally, the coastal 
ecotype uses shallow, coastal waters (<18 m deep, 
<3 km from the shore), while the offshore ecotype 
shows a wider distribution and inhabits deep waters 
far from the coast (>200 km) (Simões-Lopes et al. 
2019). For each obtained photograph, we examined 

the visible areas of the animals for scarring and/or 
injuries likely resulting from shark bites, primarily the 
dorsal surface of the dolphin from its blowhole to 
caudal peduncle. A shark-related injury was identified 
by their crescent-shaped wound pattern, consisting of 
deep and widely spaced teeth rakes (different from 
those caused by a conspecific, for example) (Heithaus 
2001b) or small round or oval scooped-out wounds 
consistent with injuries caused by cookiecutter sharks 
(Dwyer & Visser 2011). Injuries or scarring was 
described in terms of location on the body and healing 
state. The healing state included three categories: fresh 
(with a clear differentiation between skin, blubber, and 
muscle tissues), partially healed (the differentiation 
between tissues is no longer evident, partially repig
mented), and fully healed (completely repigmented). 
The placement of each wound or scar on the body of 
the dolphins was recorded according to Smith et al. 
(2018): the left and right anterior, dorsal fin, mid-flank, 
anterior peduncle, and posterior peduncle. Two experi
enced shark experts (MPBP and JK) analyzed the 
images to confirm that the identified wound was 
a shark-inflicted injury and to attempt to identify the 
shark group or species likely to have inflicted the bite.

Results

We analyzed a total of 519 photo-identified individuals of 
coastal bottlenose dolphins from Ascención Bay (n = 72), 
Espíritu Santo Bay (n = 19), Chetumal Bay (n = 57), 
Barrier reef (n = 12), Drowned Cayes (n = 146), 
Turneffe Atoll (n = 180), Placencia (n = 7), and Port of 
Honduras (n = 26). Additionally, we analyzed 14 photo- 
identified offshore bottlenose dolphins from the east of 
Turneffe Atoll. We identified 18 bottlenose dolphins with 
scarring consistent with shark-inflicted injuries (Table 1, 
Figure 1). Among them, two bottlenose dolphins of the 
offshore ecotype were encountered with rounded 
wounds, one completely healed and one fresh 
(Figure 2). The prevalence of shark bites in bottlenose 
dolphin communities varied markedly between sites, 
with the highest rates in Placencia, Belize (14.3%), and 
Ascención Bay, Mexico (8.3%) (Table 2). The majority of 
shark injuries were completely healed (88.8%). The 
wounds were observed on the anterior and posterior 
peduncle (77.7%), on the anterior region of the body 
(16.6%), and on the mid-flank (5.6%).

Most of the observed scars (88.8%, n = 16) were 
crescent-shaped and jagged, suggesting that large 
sharks from the family Carcharhinidae have been 
involved in attacks. Two large bites on coastal bottle
nose dolphins in Ascención Bay (Mexico) were attrib
uted to a tiger shark (Figure 2(a, b)). Also, two offshore 
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bottlenose dolphins exhibited rounded crater wounds, 
with broken skin and visible muscle tissue character
istics of the bite of cookiecutter sharks (Isistius spp.), 
one dolphin east of Turneffe Atoll, Belize, and a second 
one of off Utila, Honduras.

Discussion

The analysis of external injuries provides valuable 
information on the risks of predation to dolphins 
from sharks in the MARS region. We found differences 
in the rates of shark-inflicted injuries throughout our 
study area. For example, Turneffe Atoll (Belize) had the 
lowest proportion of shark injuries (2.6%) despite hav
ing the largest catalog of identified animals (n = 194 
dolphins) photographed intermittently in studies from 
1992 to 2018. In contrast, dolphins in Ascención Bay 

(Mexico) had a relatively higher proportion (8.3%) 
despite research efforts beginning in 2018. These dif
ferences could indicate a higher predation risk experi
enced by bottlenose dolphins in some populations, 
possibly due to reduced fishing pressure for large 
sharks or habitat of higher suitability for sharks. 
However, our data were potentially biased by disparate 
research efforts in different locations and more 
research is needed to determine this. Similarly, we 
were unable to characterize the risk of shark injury to 
the offshore ecotype of bottlenose dolphins in deep 
waters due to a lack of information on dolphin popula
tions in these habitats.

The overall prevalence of shark-inflicted injuries was 
relatively low, although variable across our study area 
(0–14.3%). The sample size in Placencia (Belize) was 
too small to be compared to other locations. Overall, 

Figure 1. Mesoamerican Reef System and the locations of sightings of bottlenose dolphins with shark-inflicted wounds (open 
circles), in Mexico (1), Belize (2) and Honduras (3).
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the prevalence of shark bite scars in the MARS region 
is similar to other areas of the tropical and subtropical 
Atlantic Ocean, such as the southern Caribbean and 
the Florida coastal Everglades (e.g. Luksenburg 2014; 
Sarabia et al. 2018). However, rates observed in 
Ascención Bay (8.3%, Mexico) are higher than in sev
eral other coastal locations of the southern Caribbean 
(Luksenburg 2014), South Florida (Sarabia et al. 2018), 
and several locations along the east coast of Africa 
(Heithaus et al. 2017).

We observed that all the scars inflicted by sharks were 
located on the body trunk area (anterior peduncle, flank), 
while no bites were found in tail/peduncle, dorsal fin, and 
head zones. These findings are similar to previous reports 
for bottlenose dolphins in several regions (Heithaus 
2001b; Luksenburg 2014; Smith et al. 2018). However, 
the calculated proportions are based on relatively small 
sample sizes across our sampled site and most photos of 
dolphins cover the dorsal surface of the animal and rarely 
the tail or ventrum. Most importantly, they should be 
considered as minimal estimates because of our inability 
to collect photographs on all parts of the body and due to 
the likelihood that old and healed injuries were missed 
(Heithaus 2001a; Heithaus et al. 2017).

The identification of the shark species based on the 
wounds inflicted on their prey is difficult but according 
to their shape and size, some scars can more reliably be 
assigned to a particular shark species or family 
(Cockcroft et al. 1989). There are 18 shark species 
documented as predators of dolphins but only five 
species are considered regular predators (Heithaus 
2001a), from which two species regularly occur in the 
MARS (Blanco-Parra et al. 2016): tiger (Galeocerdo 
cuvier) and bull sharks (Carcharhinus leucas). Bull 
sharks have seasonal aggregations in the Mexican 
Caribbean and are considered top predators of the 
coral reefs consuming large preys including other 
sharks, mammals, sea turtles, and a variety of cephalo
pods and teleosts (Roff et al. 2016). Other large shark 
species such as the reef shark (Carcharhinus perezi) and 
dusky sharks (C. obscurus) occur in the MARS but are 
considered only occasional predators to cetaceans 
(Heithaus 2001a), mainly feeding on large teleosts 
(Roff et al. 2016). Most of the observed injuries were 
crescent-shaped and jagged wounds characteristic of 
large shark bites (Heithaus 2001b), suggesting that the 
most frequent cause of attacks was encounters with 
large sharks of the Family Carcharhinidae.

The shark wounds we identified on dolphins in Belize 
and Honduras were characteristic of cookiecutter sharks 
(Isistius spp.). These species have been suggested as the 
cause of crater wounds on large pelagic fishes and ceta
ceans (Jones 1971). Wounds left by I. plutodus have Ta
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been described as oval and elongated in shape and those 
inflicted by I. brasiliensis as round-shaped and leaving 
a crater wound (Compagno 1984; Pérez-Zayas et al. 
2002). The cookiecutter shark (I. brasiliensis) is the 
most common squaloid shark reported to inflict crater 

rounded wounds on cetaceans (Jones 1971; Reddacliff 
1988), but in the Caribbean, there are only reports of 
wounds caused by the largetooth cookiecutter shark 
(I. plutodus) in cetaceans (Pérez-Zayas et al. 2002). 
Based on the rounded shape of the wounds observed 

Figure 2. Examples of injuries inflicted by sharks to bottlenose dolphins in the Mesoamerican Reef system: Ascención Bay, Mexico (A 
and B); Turneffe Atoll, Belize (C); and Utila, Honduras (D). The injuries were likely caused by tiger shark (A and B), a large 
Carcharhinid (C), and cookiecutter shark Isistius brasiliensis (D).

Table 2. Prevalence of shark injuries on bottlenose dolphins Tursiops truncatus in different locations throughout the Mesoamerican 
reef region. All corresponded to coastal ecotype except for the offshore dolphins sighted east of Turneffe Atoll. The case from Utila 
was not included since photo-identification data of this region are not available.

Study period Country Location No. dolphins identified No. dolphins with wounds Prevalence of wounds

2018–2019 Mexico Ascención Bay 72 6 8.3%
2018–2019 Mexico Espíritu Santo Bay 19 0 0.0%
2012–2019 Mexico Chetumal Bay 57 0 0.0%
2014–2018 Belize Barrier reef 12 0 0.0%
1997–1999 2005–2018 Belize Drowned Cayes 146 4 2.7%
1992–1996; 2001–2002; 2005–2018 Belize Turneffe Atoll 194 5 2.6%
2016 Belize Placencia 7 1 14.3%
2013 Belize Port of Honduras 26 1 3.8%

533 17 3.2%
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in this study, these wounds could have been inflicted by 
I. brasiliensis or a small I. plutodus. These wounds were 
found on an offshore bottlenose dolphin in the deep 
waters of Belize and another in the deep waters off Utila, 
Honduras.

The influence of predation risk and pressure on 
small cetaceans in the MARS region is still poorly 
understood. The decline of large sharks in most coastal 
ecosystems particularly in coral reefs in the Caribbean 
region (Stallings 2009; Ward-Paige et al. 2010) might 
have reduced their impact on coastal dolphins (Roff 
et al. 2016) which could potentially include their habi
tat use patterns and survival. Future studies should 
invest in an understanding of the overlap of dolphin 
and shark distributions through a systematic study of 
both groups.
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