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Evaluating movement patterns of common
bottlenose dolphins using cookiecutter shark
bite wounds in the Mississippi Sound
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ABSTRACT

Common bottlenose dolphin stocks are delineated by location endpoints and depth contours. These
boundaries reflect the best understanding of stock spatial distribution at the time of delineation,
but may need adjustment over time for appropriate management and conservation of the species.
Natural interactions between bottlenose dolphins and species with restricted ranges can provide
insights into spatial habitat use. As cookiecutter sharks are a deepwater species, and estuarine
bottlenose dolphin stocks are considered to be restricted to shallower waters, their habitats are
not typically considered to overlap. Here we detail twelve novel examples of bottlenose dolphins
photo-identified in estuarine waters with cookiecutter shark bites in various healing stages. Bites
on two pantropical spotted dolphins that stranded in Mississippi support the presence of
cookiecutter sharks in local deep waters, suggesting that the dolphins move across established stock
boundaries. These movements are likely seasonal as open cookiecutter wounds varied significantly
by season and were more likely to be seen in winter and spring months (p = 0.03), correlating with
seasonal abundance trends. Even resident dolphins with high site fidelity may have home ranges
that span multiple stock areas as one such bottlenose dolphin was also documented with a
cookiecutter shark bite. These natural interactions provide evidence of dolphin movement, as well
as insights into how these stock boundaries can be evaluated in the future.
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INTRODUCTION

Marine animals range from highly mobile species to almost fully sessile, with marine mammals falling somewhere
in between. Bottlenose dolphins are considered to have variable ranges, with the full extent of their movements
unknown. This uncertainty has meant that managing dolphin populations has relied on geographical stock
designations. Populations of common bottlenose dolphins (Tursiops truncatus; hereafter referred to as bottlenose
dolphins) in the northern Gulf of Mexico are divided into several stocks and managed by the National Oceanic
and Atmospheric Administration (NOAA). The Marine Mammal Protection Act defines a stock as ‘a group of
individuals of the same species or smaller taxa in a common spatial arrangement that interbreed when mature’
(NOAA, n.d.). Currently, 32 dolphin stocks within the northern Gulf of Mexico designated by NOAA are spatially
divided based on depth and location along the United States’ shoreline (Fig. 1). Our study area falls within the
‘Northern Gulf of Mexico Bay, Sound, and Estuary stocks,” as outlined by NOAA, and is designated stock number
13: the ‘Mississippi Sound, Lake Borgne, Bay Boudreau’ stock (hereafter referred to as the Mississippi Sound
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Figure 1. 32 unique bays, sounds and estuaries stocks in the northern Gulf of Mexico, outlined by NOAA (2021a).
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Figure 2. Northern Gulf of Mexico bottlenose dolphins stocks: Stock 13: Mississippi Sound, Lake Borgne and Bay
Boudreau (‘Mississippi Sound stock’; within light purple line); Northern Coastal stock 0-20 m (light purple to
medium purple line); Continental Shelf stock 20-200 m (medium purple line to dark purple line); and Oceanic
Stock > 200 m (beyond dark purple line). All stock boundaries are determined by NOAA (2021b).

stock) (NOAA, 2022b; Figs. 1 and 2). Beyond this stock, designated to fall between the barrier islands and
continental shelf (up to the 20 m isobath), is the Gulf of Mexico Northern Coastal stock, the Continental Shelf
stock (20—200 m isobaths) (NOAA, 2022a; NOAA, 2022b), and the Oceanic stock (> 200 m water depth) (NOAA,
2021b; Fig. 2). While these stocks are managed independently, the Mississippi Sound stock has been shown to
have a high number of transient dolphins moving in and out of the area compared with neighboring areas (Hubard
et al., 2004; Mackey, 2010; Sinclair, 2016; Arick et al., 2024). Stock boundaries are generally considered a ‘working
hypothesis’ subject to change as new information becomes available (NOAA, 2021a, 2022a).
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One potential way to evaluate broad scale movements is through interactions between common bottlenose
dolphins and other species with restricted habitat ranges. Wounds from cookiecutter shark (/sistius brasiliensis)
bites have been used to evaluate movement patterns and the spatial range of other cetaceans, such as
minke whales (Balaenoptera acutorostrata; Bando et al., 2010), orcas (Orcinus orca; Dwyer & Visser, 2011),
beaked (Ziphiidae; Claridge, 2006), Bryde’s (Balaenoptera brydei; Best & Photopoulou, 2016) and fin whales
(Balaenoptera physalus; Moore et al., 2003).

Dolphin populations, including in the Mississippi Sound, are often composed of both residents, i.e., core
individuals that inhabit a certain area for a long period of time (Morteo et al., 2017; Bolafios-Jiménez et al., 2021;
Pamperin et al., 2025), and transient dolphins, i.e., individuals that enter an area but do not stay for an extended
period (Conn et al., 2011). Resident dolphins display varying degrees of site fidelity, ranging from seasonal to
year-round (Bassos-Hull et al., 2023). However, dolphins that show residency patterns, even year-round, may
have ranges that extend past study areas (Morteo et al., 2017). In the Mississippi Sound specifically, 27.91% of
identified individuals were seen more than five times within the study area, and 30.11% were seen only once
from 2010-23 (Pamperin et al., 2025), suggesting both resident and transient individuals use this area. Previous
studies in the Mississippi Sound found similar results, suggesting that site fidelity varies on both temporal and
spatial scales (Hubard et al., 2004).

Dolphin abundance in the Mississippi Sound varies by season, with the lowest seasonal abundance in the
winter and the highest in the summer following the spring calving season (Hubard et al., 2004; NOAA, 2021a).
This may be due to the Mississippi Sound being used by offshore dolphins for calving in the spring and summer
months, increasing the relative abundance during that time (Hubard et al., 2004). Vollmer et al. (2021) suggest
a genetically homogenous population from the Mississippi Sound to the 200 m isobath, demonstrating that,
while different animals may use this space differently, there is genetic intermixing. However, these stocks are
spatially divided and managed separately. New genetic analyses also demonstrate genetic subpopulations of
bottlenose dolphins within the Mississippi Sound, indicating that multiple subgroups of dolphins may use the
range delineated for the Mississippi Sound stock (Arick et al., 2024).

Cookiecutter sharks are small sharks that are found in deep water areas around the world (Compagno et al.,
2005). They feed by scooping out chunks of flesh from large fish (Mufioz-Chapuli et al., 1988; Papastamatiou
et al., 2010; Menezes et al., 2022), whales (Dwyer & Visser, 2011; Best & Photopoulou, 2016) and dolphins
(Feunteun et al., 2018; Grace et al., 2018). This results in semicircular, oblong or circular lacerations and scars on
the bodies of the victims (Best & Photopoulou, 2016) which, in turn, allow researchers to identify cookiecutter
shark predation on various marine species without having witnessed the predation events. Cookiecutter sharks
have been documented in the deep waters of the Gulf of Mexico (Grace et al., 2018), but the Mississippi Sound
is an estuary system that is much shallower than the Gulf as a whole (average depth ~3 m) and is therefore
considered out-of-habitat for cookiecutter sharks (out-of-habitat in waters < 200 m; Best & Photopoulou, 2016).
Therefore, cookiecutter shark bites on any species within the Mississippi Sound would indicate habitat overlap
in the deeper waters of the Gulf of Mexico.

This study aims to evaluate the presence of wounds and scars consistent with cookiecutter shark bites on
both live and stranded common bottlenose dolphins in the Mississippi Sound to further understand broad-scale
dolphin movements within the northern Gulf of Mexico.

METHODS
Study area

The study area is approximately 2966 km? and encompasses Mississippi state waters, Lake Borgne and the Biloxi
Marshes. Seven photo-ID survey routes were established in 2013 to sample the study area (Fig. 3) and were
followed once per month, weather permitting. Data for this analysis were collected through October 2024.

Photo-ID data collection

Photo-ID methods were adapted from Wiirsig & Jefferson (1990) and Rosel et al. (2011). During photo-ID surveys,
the vessel was driven along the pre-determined survey route until a group of bottlenose dolphins was spotted
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Figure 3. Seven photo-ID survey routes followed monthly and conducted by the Institute for Marine Mammal
Studies (figure adapted from Pamperin et al., 2025).

by a crew member. Initial sighting coordinates were marked on a Garmin GPSMAP 86sci Marine Handheld GPS.
Using Canon EOS cameras (R5) and telephoto lenses (100-500 mm), a minimum of two trained photographers
took high-quality photographs of each individual dolphin’s dorsal fin and exposed body. When possible,
photographers attempted to take photos of both sides of each individual. Depth and final GPS coordinates were
recorded at the point of termination for each sighting. All survey data were entered and managed in FinBase v.2
(Adams et al., 2006).

Photo processing: identifying individuals

Photographs of individual dorsal fins were scored by photo quality (PQ) and distinctiveness (D), as outlined by
Urian et al. (2014). Photographs with a PQ of 1 or 2 (‘excellent’ or ‘good,” respectively) and a D score of 1 or 2
(‘very distinct’ or ‘moderately distinctive,” respectively) were used for analysis. The contrast of each image was
then increased using Adobe Bridge versions 11.1, 13 and 14 before being analysed with fin matching software
for identification.

Darwin version 2.22 (Wilkin et al., 1998) was used to match fins from the survey photographs to the catalogue
of identified dolphins from 2010-21. After 2021, matches were made using artificial intelligence software,
FinFindR version 0.1.10 (Thompson et al., 2019). Each individual fin was then linked to the specific spatial,
environmental and behavioural information associated with that trip and sighting.

Photo processing: visual information and characterisation of wounds

Survey photos were examined for any visual anomalies present on the exposed skin of each dolphin, particularly
wounds or scars consistent with those inflicted by cookiecutter sharks. Cookiecutter shark bites are characterised
by the removal of an oblong or circular bite plug (Jones, 1971; Compagno et al., 2005; Grace et al., 2023). The
remaining laceration or scar is a round or oblong crater with relatively smooth edges and grooves resulting from
tooth imprints (Compagno et al., 2005; Su et al., 2022; Grace et al., 2023). The healing process of these wounds
works from the periphery towards the centre, resulting in a remaining scar that is a similar shape to the original
wound (Su et al., 2022). Any photograph of a laceration or scar matching these descriptions was isolated for
further review.

Photos of stranded animals recovered by the Institute for Marine Mammal Studies’ Stranding Team were also
examined for wounds consistent with cookiecutter shark bites. At each stranded animal response, coordinates
of each stranded animal location, as well as detailed body photos, were recorded. Photos of all scars, injuries
and wounds were taken with a scale bar to appropriately examine and measure in post analysis. Lacerations
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were further examined, measured and photographed during necropsy. All field and necropsy photos from January
2010 to November 2024 were assessed for any wounds consistent with cookiecutter shark bites by experienced
stranding technicians. In the case of four stranded pantropical spotted dolphins (Stenella attenuta), these wounds
were characterised on-site by a veterinarian and pathologist at the time of their necropsy.

Each potential case was then classified as consistent with a cookiecutter shark bite or dismissed by a team of
highly trained individuals comprising trained research technicians, a veterinarian specialising in marine mammal
medicine, a marine mammal researcher with 30 years of experience, and a shark expert who has worked
extensively with cookiecutter sharks. Any cases that were of questionable origin, whether due to wound
characteristics or photo quality, were not included in the analysis. Any stranded animal case with excessive
epidermal and dermal sloughing or advanced necrosis was also excluded, due to possible alteration of the
presentation of wounds. Each identified case was then classified by the healing stage of the bite, as outlined by
Su et al. (2022), based on the bite’s macroscopic properties: Stage 1: fresh/recent/immature wound; Stage 2:
initiation of healing process, no presence of granulation tissue; Stage 3: mature open wound with granulation
tissue; Stage 4: immature healed wound with cellular and vascular blubber; Stage 5: mature healed wound
without any cellular or vascular blubber (Su et al., 2022) (Fig. 4). Each case was then described pathologically by
a veterinary team in necropsy reports. These reports included the size of the wounds, the depth of penetration,
and gross description of healing pattern and shape when applicable. The complete healing time for blubber-
penetrating wounds has been described as ranging from two weeks to two months (Sprogis et al., 2018; Su
etal., 2022).

Data analysis

Bathymetry data was downloaded from NOAA’s National Centers for Environmental Information for the study
area and surrounding waters (National Centers for Environmental Information, n.d.). These data were uploaded
to and analyzed in ArcGIS Pro 3.1.2. Depth contour lines were defined for every 100 m of depth. Spatial data for
each live dolphin with wounds or scars consistent with cookiecutter shark bites was then overlaid on top of depth
contour data. Any dolphin with five or more sightings in non-consecutive seasons was considered to have site
fidelity according to Pamperin et al. (2025).

Figure 4. Cookiecutter shark bites of various healing stages (top left: Stage 3; top right: Stage 4; bottom left:
Stage 4; bottom right: Stage 5).
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RESULTS
Photo-identified dolphins
Healing stage and sighting histories

Twelve live bottlenose dolphins were identified as having wounds consistent with cookiecutter shark bites
(Table 1, Fig. 5). Of these, four were classified as healing Stage 5, four as Stage 4, and four as Stage 3. No dolphins
were identified as having wounds in healing Stages 1 or 2. A majority of the dolphins analysed in this study were
individuals who had not previously been identified within the study area and were not seen again within the
study period (n = 10). Two dolphins with cookiecutter shark bites were previously identified in the Mississippi
Sound: dolphin labels ID_2024 and ID_3015.

Dolphin ID_2024 was the only animal identified as having site fidelity, with 11 sightings around the Mississippi
barrier islands since June 2013 (Fig. 6). The longest duration between these sightings was three years, three
months and 16 days (16 October 2018-31 January 2022), and the shortest duration was 31 days (average 360.73
days, median 237 days). ID_2024 was seen in each of the four seasons at least once across this 10-year period
(e.g., 26 January 2014, 4 April 2014, 6 July 2017, 16 October 2018), indicating some degree of residency within

Table 1

Total identified cookie-cutter bites classified by healing stage
and season first identified.

Stagel Stage2 Stage3 Stage4 Stage5 Totals

Winter 0 0 2 1 1 4
Spring 0 0 2 3 1 6
Summer 0 0 0 0 2 2
Fall 0 0 0 0 0 0
Totals 0 0 4 4 4 12
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Figure 5. All identified Cookiecutter shark bites confirmed by the review team.


https://doi.org/10.47536/jcrm.v27i1.1101

https://doi.org/10.47536/jcrm.v27i1.1101 IWC | J. Cetacean Res. Manage. 27,2026 | 17

\\N\sé\sé‘pp\

- “C

2

a

R =3 Kt Oy S0t

e E
* l%at @ggb wq %
i o R Chandeleur '
o Sound g
Lo |

9
A

T

N

A

0 6.5 13 26km
L

Esri, Garmin, NaturalVue, NOAA OCS, Esri, Garmin

Figure 6. ID_2024 sightings around the barrier islands before Cookiecutter bites (circles) and at the point at which
the Cookiecutter bite was identified (triangle).

this area. A cookiecutter shark bite wound was recorded on ID_2024 on 14 April 2024, with its last unwounded
sighting 131 days prior (5 December 2023), indicating that the wound was, at maximum, 130 days old. The wound
was classified as healing Stage 3, indicating that this wound was likely inflicted less than 90 days prior to sighting
(Sprogis et al., 2018).

ID_3015 was not identified as having site fidelity in our conservative definition. However, this individual was
seen three times within the study period. ID_3015 was last seen on 16 December 2018 as an adult, then seen
again on 20 April 2024 with a Stage 5 cookiecutter shark bite. Because the bite had healed, it was not possible
to determine when it may have been inflicted during this period of over five years.

All dolphins with cookiecutter shark bites were sighted at the barrier islands (East and West Islands survey routes)
or in the South Marsh route (Fig. 7). These regions within the study area are the closest to the 200 m minimum
depth for cookiecutter shark habitat (Best & Photopoulou, 2016). The dolphin sighted closest to cookiecutter shark
habitat was located 106 km from a depth of 200 m on the eastern edge of the South Marsh route (Fig. 7).

Seasonal trends

Unhealed lesions consistent with cookiecutter shark bites varied significantly across seasons, with more being
seen in winter and spring months (chi-square = 9.00, p-value = 0.03). All eight dolphins with healing wounds
were seen in the winter or spring months between December and April, suggesting that this is the period in
which they return from deeper waters. Cookiecutter shark bites on live dolphins, regardless of healing stage,
were also significantly more likely to be seen in winter and spring months than in summer or autumn (December
to February and March to May; Chi Square = 5.33, p-value = 0.02, Fig. 8), including those on identified dolphins
ID_2024 and ID_3015. This peak in the winter and spring is the opposite of trends in dolphin abundance, which
are highest in the summer and autumn (Fig. 8).

Stranded dolphins

Bottlenose dolphins

Five stranded bottlenose dolphins were identified as having wounds consistent with cookiecutter shark bites.
However, three of those dolphins were classified as ‘advanced decomposition” and were excluded from analysis.
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Figure 7. Sighting locations of live (circles) and stranded (cross) bottlenose dolphins with Cookiecutter bites and
their respective distances from the 200m drop-off (pink = Stage 5; green = Stage 4; blue = Stage 3).
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Figure 8. Sum of dolphin counts per season from January 2010 to October 2024 with the total number of
unhealed Cookiecutter shark bites observed within this period per season.

The remaining two stranded dolphins with cookiecutter shark bites were classified as Stage 5. Lacerations on
stranded dolphins ranged from 3.6 — 4 cm in diameter across the longitudinal axis. Scarred, Stage 5 lacerations
were described as oval, circumscribed scars, with a starburst healing pattern and pigmentation similar to the
surrounding, unharmed tissue. These two stranded dolphins were labeled as Codes 2 and 3, freshly dead and
moderately decomposed respectively.

Pantropical spotted dolphins

Four pantropical spotted dolphins stranded within the study area in November of 2024. These pantropical spotted
dolphins are outside our population of interest but were used to confirm the origin and identification of wounds
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Figure 9. Cookiecutter bite wounds on live common bottlenose dolphin (left) and stranded pantropical spotted
dolphin (right).

on the bottlenose dolphins (Fig. 9). Two of the pantropical spotted dolphins had multiple wounds consistent
with cookiecutter shark bite wounds and with the wounds described on the bottlenose dolphins. All pantropical
cookiecutter shark bite wounds (n = 7) were described as healed circumscribed wounds with a radial healing
pattern, ranging in size from 2.5-5.5 cm in diameter across their widest point. Individual ID_027 had four bites
in total, located along the left lateral flank (n = 1), right lateral flank of midline cranial to the dorsal fin (n = 2),
and the right lateral flank in the caudal third of the body (n = 1). Individual ID_028 had three bites in total, located
along the right ventral mid abdomen (n = 2) and along the right lateral flank in the caudal third of the body
(n =1). Palpation of lesions revealed penetration down to subcutaneous tissue.

DISCUSSION

Twelve live and two stranded bottlenose dolphins in the Mississippi Sound were identified with cookiecutter
shark bites. These data suggest that at least some of the bottlenose dolphins that use the area delineated for
the Mississippi Sound stock likely spend part of their lives offshore. Furthermore, the expectation of cookiecutter
sharks remaining in depths of > 200 m suggests that these dolphins crossed multiple stock boundaries: from the
Mississippi Sound stock area to the Northern Coastal stock, the Continental Shelf stock, and the Oceanic stock
areas.

All previous sightings of the bottlenose dolphins with cookiecutter shark bites were in the barrier islands and
South Marsh survey routes. The barrier islands routes and South Marsh are the southernmost survey routes
within the study area and lack any physical barrier to dolphin movements offshore. A relatively short-term study
(three years) suggested that the barrier islands have the highest proportion of transient dolphins in the Mississippi
Sound area (73.5%; Mackey, 2010). However, a recent, long-term site fidelity study (10 years) reported that this
area had the highest percentage of dolphins exhibiting site fidelity of any region within the study area (Pamperin
et al., 2025). Together, these data suggest a pattern of high site fidelity but with large scale movements.

One example of these movements can be seen through ID_2024, who had an extensive sighting history in
the Mississippi Sound, beginning almost 11 years prior to acquiring a cookiecutter shark bite. Because this
cookiecutter shark bite was categorised as Stage 3, it most likely occurred within two months prior to wound
identification (Sprogis et al., 2018). The most likely explanation is that this adult dolphin maintains a core area
that includes the barrier islands in addition to using offshore areas of the Gulf of Mexico.

The frequency of unhealed cookiecutter shark bites varied significantly by season (Chi-square = 9, p-value =
0.03). Dolphins were more likely to be spotted with unhealed cookiecutter shark bites in the winter and spring,
especially during April. These data correspond with the shift in seasonal abundance estimates offered by Miller
et al. (2013): the lowest dolphin abundance in the Mississippi Sound occurs in the winter months, and dolphins
begin moving back into this area for the spring calving season (Fig. 8). Our data support the hypothesis proposed
by Miller et al. (2013) that dolphins move offshore for these colder months. In addition, all cookiecutter shark
bites, regardless of healing stage, were significantly more likely to be seen in winter and spring months than
summer and autumn months (Chi-Square = 5.33, p-value = 0.02; Fig. 8). While it cannot be determined when
healed wounds were inflicted, this further supports the hypothesis that transient animals start returning to the
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Sound during these months, as healed bites are an indicator of offshore movement previously in the animals’
life history.

Morphological characterisations of cookiecutter shark bite wounds on the pantropical spotted dolphins were
the same as both the live and stranded bottlenose dolphins analysed in this study. Pantropical spotted dolphins
are known to be an offshore species that occupy deep water, with ranges that consistently overlap with the
known habitat of cookiecutter sharks (Grace et al., 2018). They have been documented as having the highest
instances of cookiecutter shark bites of any cetacean studied in the Gulf of Mexico (Grace et al., 2018). The
evidence of cookiecutter shark predation in the deep waters beyond the study area supports our findings.

The frequency of cookiecutter shark bites presented is likely a minimum estimate due to the opportunistic
nature of photo-ID methodologies. A majority of the photographs taken were of the dorsal surface of the body
from the melon to the dorsal peduncle. Therefore, these results likely underestimate bite occurrence and,
likewise, underestimate the amount of movement across stock boundaries. Future research should aim to
evaluate dolphin movements both between and within stocks, specifically the Mississippi Sound stock in the
northern Gulf of Mexico.

It is possible that cookiecutter shark ranges extend into shallower waters than previously thought. While the
literature clearly documents cookiecutter sharks restricting their range to deep waters > 200 m with vertical
migrations, there are rare reports of cookiecutter sharks in shallow waters. One event documented three fresh
cookiecutter shark bites on a cobia caught in 30 m of water, thought to be the result of opportunistic feeding by
a cookiecutter shark on a prey item caught in a net (Wakida-Kusunoki, 2024). However, it is unlikely that the
bites reported here are due to the movement of cookiecutter sharks given, firstly, the low proportion of wounded
individuals, and, secondly, the distance between the 200 m isobath and the location at which these bites were
identified within the study area (Fig. 7). In order for these bites to have occurred within the study area, the
cookiecutter shark(s) responsible would have had to travel a minimum of ~105 km inshore, in addition to the
distance travelled upwards into shallow water from their 200 m depth during the day. It is much more likely that
these bites are evidence of dolphin movement, particularly considering the estimated age of the bite wounds,
with no Stage 1 or Stage 2 open wounds observed. It is also possible that the two stranded bottlenose dolphins
and pantropical spotted dolphins with cookiecutter shark bites washed in from offshore areas. However, the
pantropical spotted dolphins were thought to be out-of-habitat and stranded alive in this area, and the stranded
bottlenose dolphins were thought to have been alive within the sound prior to death. As a result, it is unlikely
that these animals washed in due to the distance needed for the carcass to travel, the decomposition stage and
the natural barriers (e.g., hydrology, land masses, etc.) exhibited by the Mississippi Sound.

The presence of cookiecutter shark bites on the bodies of bottlenose dolphins in the Mississippi Sound
demonstrates that certain individuals seen in this area, including at least one with an extensive sighting history,
have crossed multiple stock boundaries. While Vollmer et al. (2021) suggest a homogeneous population, their
study only extends up to the 200 m isobath. Recent findings by Arick et al. (2024) suggest multiple subpopulations
within the Mississippi Sound, which would explain differential habitat use by these animals. This study provides
evidence for movement of these animals beyond the boundaries of previous studies (beyond the 200 m isobath)
and provides additional information for consideration when delineating stock boundaries.

Using natural markings and interactions between a species of interest (in this case, dolphins) and a species
with a restricted range (cookiecutter sharks) allows for inferences to be made about how these animals use
offshore areas. Because the offshore waters of the Gulf of Mexico are not highly accessible for study, these natural
interactions provide valuable insights into the movement ecology of dolphins in and out of the Mississippi Sound.
In addition, this methodology is a non-invasive method of understanding broad, general movements of dolphins
spotted within the area.

Understanding dolphin ranges and movements is difficult due to humans’ inability to fully access the marine
environment and extend studies beyond small regions. As a result, little is known about larger-scale dolphin
movements and interactions within and between species. Using data from photo-ID, researchers have evidence
of species interactions that can assist in evaluating spatial habitat use by bottlenose dolphins. These data can
also be used to more accurately describe dolphin stocks and evaluate their delineations. While it cannot be
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determined if these individuals are interbreeding with individuals of multiple stocks, our results provide evidence
that current dolphin stock delineations in the northern Gulf of Mexico may not encompass the full spatial extent
of their habitat use. As a result, local events, such as freshwater diversions, have a broader impact on the Gulf
of Mexico bottlenose dolphin populations. The results of this study provide new information concerning how
dolphins may use the northern Gulf of Mexico and new insight into how stock delineations can be evaluated.

ACKNOWLEDGEMENTS

All data for the current study were collected under and according to NOAA National Marine Fisheries Service
(NMFS) General Authorization-Level B Permit Numbers 13549, 18185 and 22081, and NOAA/NMFS Stranding
Agreements 2009-2012, 2012—-2013, 2013-2016, 2016-2019, 2019-2022 and 2022-2025. Photo-ID work was
funded under several awards and subawards from the Mississippi Department of Marine Resources through
the GOMESA (Gulf of Mexico Energy Securities Act) Initiatives, including: DMR/NOAA: (#S-12-IMMS-EDRP1-01)
Mississippi’s Marine Protected Resources Program Enhancement; DMR/MSU/IMMS GOMESA 1 (#313021)
Evaluation and Monitoring of Marine Mammal and Sea Turtle Abundance, Population Health, Habitat Delineation,
and Restoration resulting from the opening of the Bonnet Carre Spillway; DMR/MS/IMMS GOMESA 2:
(#311500.01) Evaluation and Monitoring of Marine Mammal and Sea Turtles the Bonnet Carre Spillway;
DMR/IMMS GOMESA3 : (#3000035786) Monitoring and Gauging Habitat Suitability for Dolphins and Turtles.
Heidi Lyn is funded for this work by IMMS and holds the Joan M. Sinnott Chair of Psychology at the University of
South Alabama which is funded by the USA Foundation. Thanks to all the research technicians, stranding team
members, especially Callie Austin and Kelsi Busboom, and interns who were part of this data collection and
analysis. A particular thank you to Dr. Debra Moore and Dr. Bradley Whetherbee for classifying and reviewing
cookiecutter shark wounds.

REFERENCES

Arick, M. A., Landrau-Giovannetti, N., Hsu, C.-Y., Grover, C. E., Reichley, S., Magbanua, Z. V., Pechanova, O., Moore, D., Kayal, E., Linhoss,
A., Madrigal, T., Peterman, M., Ozdemir, O., Peterson, D. G., Solangi, M., Lawrence, M., & Karsi, A. (2025). Assessment of the genetic
diversity of Atlantic bottlenose dolphin (Tursiops truncatus) strandings in the Mississippi Sound (USA). PLOS One 20(6): e0314249.
https://doi.org/10.1371/journal.pone.0314249

Bassos-Hull, K., Perrtree, R. M., Shepard, C. C., Schilling, S., Barleycorn, A. A., Allen, J. B., Balmer, B. C., Pine, W. E., & Wells, R. S. (2023).
Long-term site fidelity and seasonal abundance estimates of common bottlenose dolphins (Tursiops truncatus) along the southwest
coast of Florida and responses to natural perturbations. J. Cetacean Res. Manage. 13(1): 19-30. https.//doi.org/10.47536/jcrm.v13i1.551

Best, P. B., & Photopoulou, T. (2016). Identifying the ‘demon whale-biter’: Patterns of scarring on large whales attributed to a cookie-
cutter shark Isistius sp. PLOS One 11(4): e0152643. https://doi.org/10.1371/journal.pone.0152643

Bolafios-Jiménez, J., Morteo, E., Delfin-Alfonso, C. A., Fruet, P. F., Secchi, E. R., & Bello-Pineda, J. (2021). Population dynamics reveal a
core community of the common bottlenose dolphin (Tursiops truncatus) in open waters of the South-Western Gulf of Mexico. Front.
Mar. Sci. 8: 753484. https.//doi.org/10.3389/fmars.2021.753484

Compagno, L., Dando, M., & Fowler, S. (2005). Sharks of the World. Princeton University Press.

Conn, P. B., Gorgone, A. M., Jugovich, A. R., Byrd, B. L., & Hansen, L. J. (2011). Accounting for transients when estimating abundance of
bottlenose dolphins in Choctawhatchee Bay, Florida. J. Wildl. Manage. 75(3): 569-579. https://doi.org/10.1002/jwmg.94

Dwyer, S. L., & Visser, I. N. (2011). Cookiecutter shark (/sistius sp.) bites on cetaceans, with particular reference to killer whales (Orcinus
orca). Aquat. Mamm. 37(2): 111-138. https://doi.org/10.1578/AM.37.2.2011.111

Feunteun, A., De Schrevel, C., Verhaegen, M., Chevallier, D., Duchemin, M., Ziani, N., & De Montgolfier, B. (2018). First evaluation of the
cookie-cutter sharks (Isistius sp.) predation pattern on different cetacean species in Martinique. Environ. Biol. Fishes 101: 749-759.
https://doi.org/10.1007/s10641-018-0735-1

Grace, M. A,, Dias, L. A., Maze-Foley, K., Sinclair, C., Mullin, K. D., Garrison, L., & Noble, L. (2018). Cookiecutter shark bite wounds on
cetaceans of the Gulf of Mexico. Aquat. Mamm. 44(5): 491-499. https://doi.org/10.1578/AM.44.5.2018.491

Grace, M. A., Huber, D., Travis, K., Doosey, M. H., Ford, J., Decker, S., & Mann, J. (2023). Simulating cookiecutter shark bites with a 3D-
printed jaw-dental model. Zoomorphology 142(2): 253-264. https://doi.org/10.1007/s00435-022-00586-0

Hubard, C. W., Maze-Foley, K., Mullin, K. D., & Schroeder, W. W. (2004). Seasonal Abundance and Site Fidelity of Bottlenose Dolphins
(Tursiops truncatus) in Mississippi Sound. Aquat. Mamm. 30(2): 299-310. https.//doi.org/10.1578/AM.30.2.2004.299

Jones, E. C. (1971). Isistius brasiliensis, A squaloid shark, the probable cause of crater wounds on fishes and cetaceans. Fish. Bull. 69(4):
791-798.

Mackey, A. (2010). Site Fidelity and Association Patterns of Bottlenose Dolphins (Tursiops truncatus) in the Mississippi Sound. MSc Thesis
submitted to the University of Southern Mississippi.

Menezes, R., Marinho, J. P. D., De Mesquita, G. C., & Da Silva, G. B. (2022). Cookiecutter shark (/sistius spp.) bite patterns on pelagic fishes
in aggregated schools in the western equatorial Atlantic Ocean. Environ. Biol. Fish. 105: 519-530. https://doi.org/10.1007/s10641-
022-01257-1


https://doi.org/10.1371/journal.pone.0314249
https://doi.org/10.47536/jcrm.v13i1.551
https://doi.org/10.1371/journal.pone.0152643
https://doi.org/10.3389/fmars.2021.753484
https://doi.org/10.1002/jwmg.94
https://doi.org/10.1578/AM.37.2.2011.111
https://doi.org/10.1007/s10641-018-0735-1
https://doi.org/10.1578/AM.44.5.2018.491
https://doi.org/10.1007/s00435-022-00586-0
https://doi.org/10.1578/AM.30.2.2004.299
https://doi.org/10.1007/s10641-022-01257-1
https://doi.org/10.1007/s10641-022-01257-1
https://doi.org/10.47536/jcrm.v27i1.1101

https://doi.org/10.47536/jcrm.v27i1.1101 IWC | R.M. Giordano et al.: Movements of common bottlenose dolphins | 22

Morteo, E., Rocha-Olivares, A., & Abarca-Arenas, L. G. (2017). Abundance, residency, and potential hazards for coastal bottlenose dolphins
(Tursiops truncatus) off a productive lagoon in the Gulf of Mexico. Aquat. Mamm. 43(3): 308-319. https://doi.org/10.1578/
AM.43.3.2017.308

Mufioz-Chapuli, R., Salgado, J. C. R., & Serna, J. M. D. L. (1988). Biogeography of Isistius brasiliensis in the north-eastern Atlantic, inferred
from crater wounds on swordfish (Xiphias gladius). J. Mar. Biol. Assoc. UK 68(2): 315—321. https://doi.org/10.1017/50025315400052218

National Centers for Environmental Information, National Oceanic and Atmospheric Association. (n.d.). Grid extract — Download subsets
of raster data. https://www.ncei.noaa.gov/maps/grid-extract/

NOAA (2021a). Common Bottlenose Dolphin (Tursiops truncatus): Northern Gulf of Mexico Bay, Sound, and Esturary Stocks.

NOAA (2021b). Common Bottlenose Dolphin (Tursiops truncatus): Northern Gulf of Mexico Oceanic Stock.

NOAA (2022a). Common Bottlenose Dolphin (Tursiops truncatus truncatus): Gulf of Mexico Northern Coastal Stock.

NOAA (2022b). Common Bottlenose Dolphin (Tursiops truncatus truncatus): Mississippi Sound, Lake Borgne, Bay Boudreau Stock.

NOAA (2022c). Common Bottlenose Dolphin (tursiops truncatus truncatus): Northern Gulf of Mexico Continental Shelf Stock.

NOAA (n.d.). Laws & Policies: Marine Mammal Protection Act.

Pamperin, K. M., Lyn H., Suffoletta D. T., Lewis J. N., Giordano R. M., Johnson L., & Solangi M. (2025). Staying close to home: Assessing site
fidelity patterns of bottlenose dolphins (Tursiops truncatus) in the Mississippi Sound. Aquat. Mamm. 51(6), 485-497, DOI
https.//doi.org/10.1578/AM.51.6.2025.485

Papastamatiou, Y. P, Wetherbee, B. M., O’Sullivan, J., Goodmanlowe, G. D., & Lowe, C. G. (2010). Foraging ecology of Cookiecutter Sharks
(Isistius brasiliensis) on pelagic fishes in Hawaii, inferred from prey bite wounds. Environ. Biol. Fish. 88: 361-368. https://doi.org/
10.1007/510641-010-9649-2

Sinclair, C. (2016). Comparison of group size, abundance estimates and movement patterns of common bottlenose dolphins (Tursiops
truncatus) in Mississippi Sound, Mississippi. MSc. Thesis submitted to Louisiana State University.

Sprogis, K. R., King, C., Bejder, L., & Loneragan, N. R. (2018). Frequency and temporal trends of shark predation attempts on bottlenose
dolphins (Tursiops aduncus) in temperate Australian waters. J. Exp. Mar. Biol. Ecol. 508: 35-43. https://doi.org/10.1016/].jembe.
2018.08.008

Su, C.-Y., Hughes, M. W.,, Liu, T.-Y., Chuong, C.-M., Wang, H.-V., & Yang, W.-C. (2022). Defining wound healing progression in cetacean skin:
Characteristics of full-thickness wound healing in Fraser’s dolphins (Lagenodelphis hosei). Animals 12(5): 537. https.//doi.org/10.3390/
anil2050537

Thompson, J., Zero, V., Schwacke, L., Speakman, T., Quigley, B., Morey, J., & Mcdonald, T. (2019). finFindR: Computer-assisted recognition
and identification of bottlenose dolphin photos in R [preprint]. https://doi.org/10.1101/825661

Urian, K. W., Waples, D. M., Tyson, R. B., Hodge, L. E. W., & Read, A. J. (2014). Abundance of bottlenose dolphins (Tursiops truncatus)
in estuarine and near-shore waters of North Carolina, USA. J. N.C. Acad. Sci. 129(4), 165-171. https://doi.org/10.7572/2167-
5880-129.4.165

Wakida-Kusunoki, A. T., Anislado-Tolentino, V., Rosales-Vasquez, J. ., Castro-Barbosa, R., & Moral-Flores, L. F. D. (2024). A new record of
bony fish prey for the genus Isistius (Chondrichthyes: Dalatiidae) in a coastal zone of southeastern Mexico. Novitates Caribaea 23:
77-85. https://doi.org/10.33800/nc.vi23.348

Wilkin, D. J., Debure, K. R., & Roberts, Z. W. (1998). Query by sketch in DARWIN: Digital analysis to recognize whale images on a network.
Proc. SPIE 3656, Sotrage and Retrieval for Image and Video Databases VII. https://doi.org/10.1117/12.333870

©Authors. This is an open access article distributed under the terms of a Creative Commons License CC-BY-NC 4.0.


https://doi.org/10.1578/AM.43.3.2017.308
https://doi.org/10.1578/AM.43.3.2017.308
https://doi.org/10.1578/AM.43.3.2017.308
https://doi.org/10.1017/S0025315400052218
https://www.ncei.noaa.gov/maps/grid-extract/
https://doi.org/10.1578/AM.51.6.2025.485
https://doi.org/10.1007/s10641-010-9649-2
https://doi.org/10.1007/s10641-010-9649-2
https://doi.org/10.1007/s10641-010-9649-2
https://doi.org/10.1016/j.jembe.2018.08.008
https://doi.org/10.1016/j.jembe.2018.08.008
https://doi.org/10.1016/j.jembe.2018.08.008
https://doi.org/10.3390/ani12050537
https://doi.org/10.3390/ani12050537
https://doi.org/10.3390/ani12050537
https://doi.org/10.1101/825661
https://doi.org/10.7572/2167-5880-129.4.165
https://doi.org/10.7572/2167-5880-129.4.165
https://doi.org/10.7572/2167-5880-129.4.165
https://doi.org/10.33800/nc.vi23.348
https://doi.org/10.1117/12.333870
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://doi.org/10.47536/jcrm.v27i1.1101


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


