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Abstract

A bottlenose dolphin, Tursiops sp., stranded on the coast of South Carolina, USA was found to be
heavily infected in its intestine by tapeworms, which we identified molecularly. Sequencing of
portions of the mitochondrial cytochrome c oxidase I (COI) and nuclear large subunit ribosomal
RNA (28S rRNA) genes showed the cestodes to be Diphyllobothrium stemmacephalum, com-
monly known as a broad tapeworm. Infections of marine mammals by Diphyllobothrium have
been previously reported in the Northwestern Atlantic Ocean, but only to genus level. Infection
by tapeworms may be rare in dolphins in South Carolina, but because this species is zoonotic, its
presence indicates the potential for an emerging public health concern.

Introduction

As long-lived apex predators closely associated with the coastal zone, bottlenose dolphins
(Tursiops spp.) can be environmental sentinels by providing early indication of health stressors,
including parasites (Bossart 2011; Moore 2008). Obtaining samples from marine mammal
carcasses via necropsies allows for opportunistic insight into the health of these animals
(Rowles et al. 2001). Bottlenose dolphins have been reported to be infected with broad tapeworms
Diphyllobothrium spp. around the world (e.g., Hatsushika and Shirouzu 1990; Quifiones et al.
2013; Shirouzu et al. 1999; Zam et al. 1971) including D. stemmacephalum in the Gulf of Mexico
(Sanchez et al. 2018; Ward and Collins 1959). However, none has been identified to species level
in the Northwestern Atlantic Ocean (Ridgway 1965; Zam et al.,1971). Herein we report the
finding and molecular identification of D. stemmacephalum from the intestine of a bottlenose
dolphin Tursiops sp. that was stranded on the coast of the Northwestern Atlantic Ocean in South
Carolina (SC), USA.

Material and methods

The bottlenose dolphin (Field Number SC1910) was found dead, stranded on Sullivan’s Island,
SC (32°76’18”N, 79°86’25”W) on 3 March 2019 and identified as Tursiops truncatus at the time
(Figure 1). However, the species T. erebennus was reinstated as a valid species residing in SC after
examination of the individual occurred (Costa et al. 2022; see discussion below) and no further
identification was possible. Therefore, as it is unclear whether this animal belongs to T. truncatus
or T. erebennus, herein we identify it as Tursiops sp.

The individual was a ~1.5-year-old, 169 cm long male. Organs, including the gastrointestinal
tract, were stored at —20°C for later examination (Figure 1). A tapeworm infection in the intestine
was noted during a later assessment of the dolphin’s gastrointestinal tract on 18 October 2022. The
frozen stomach and intestines were thawed, weighed, and examined. During dissection, the entire
length of the intestine was divided into eight equal-length samples, which sectioned the parasite(s).
Part of the strobilae was fixed in 10% neutral buffered formalin and part in 100% ethanol for
molecular studies. However, the integrity of intestinal helminths, and cestodes in particular, is
quickly compromised when collected from stranded and/or frozen hosts (Kuchta and Scholz 2017),
as in this case. Hence, identification of this worm was based solely on sequencing data.

Genomic DNA from the parasite specimen was extracted using a Qiagen DNeasy Blood and
Tissue kit (Qiagen, Hilden, Germany) following the protocol of the manufacturer. Portions of the
mitochondrial cytochrome ¢ oxidase I (COI) and nuclear large subunit ribosomal RNA (28S
rRNA) genes were amplified and sequenced. The COI PCR was done using primers JB3
(5"-TTTTTTGGGCATCCTGAGGTTTAT-3"; Bowles et al. 1995) and CO1-R trema (5'- CAA-
CAAAATCATGATGCAAAAGG-3'; Miura et al. 2005). A 25-pl total reaction contained 1X
Promega GoTaq® Flexi PCR Buffer (Madison, WI, USA), 0.4X Invitrogen Rediload™ loading
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Figure 1. (a), stranding location of bottlenose dolphin SC1910 on Sullivan’s Island, South Carolina, USA; (b), stranded dolphin Tursiops sp. on site; (c), gastrointestinal tract excised
during necropsy; (d), strobila of cestode (later identified molecularly as Diphyllobothrium stemmacephalum) collected from one segment of the dolphin’s small intestine.

buffer (Thermo Fisher Scientific, Waltham, MA, USA), 2 mM
MgCl,, 0.5 mM dNTPs, each primer at 0.3 uM, 1 U Promega
GoTaq® DNA polymerase, and 3 pl template DNA. Cycling was
as follows: 5 min at 95°C was followed by 35 cycles at 95°C for 30's,
48°C for 30s, and 72°C for 45 s, followed by 72°C for 5 min. The 28S
PCR was done using primers digl2
(5"-AAGCATATCACTAAGCGG-3"; Tkach et al. 1999) and
1500R (5'-GCTATCCTGAGGGAAACTTCG-3"; Tkach et al.
2003), and reagents were the same as above except 1.5 mM MgCl,,
0.2 mM dNTPs, 0.5 uM of each primer, and 1 pl of template were
used. Cycling was as follows: 3 min at 94°C was followed by 40 cycles
at 94°C for 30 s, 55°C for 30 s, and 72°C for 1 min, followed by 72°C
for 7 min. Products, including PCR positive and negative controls,
were electrophoresed on 1% agarose gels stained with GelRed
(Biotium, Freemont, CA, USA) and visualised under UV light.
The product was then cleaned using ExoSAP-IT (Affymetrix, Santa
Clara, CA, USA) and sent to Eurofins MWG Operon LLC
(Louisville, KY, USA) for direct, bi-directional sequencing using
the same primers as above in addition to internal primer 300F
(5"-CAAGTACCGTGAGGGAAAGTTG-3"; Littlewood et al.
2000) for the 28S rRNA gene sequence. Complementary sequences
were assembled, compared to their chromatograms, and edited
accordingly using Sequencher version 5.4.6 (Gene Codes Corp.,
Ann Arbor, MI, USA). The resulting sequences were compared to
those in the National Center for Biotechnology Information’s
GenBank database using megaBLAST (Morgulis et al. 2008).

Results

Upon necropsy this dolphin was determined to have a body con-
dition of Code 3 (fair to moderate decomposition, organs still intact
according to Geraci and Lounsbury (2005)). Gross pathology from
necropsy indicated that this dolphin suffered from scoliosis, oral
lesions, circular, depressed skin lesions, probable verminous pneu-
monia caused by lungworms, ruptured spleen, possible
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hypertrophic cardiomyopathy, and malnourishment (SC1910 nec-
ropsy report, NOAA NCCOS, Charleston, SC, USA). The dolphin’s
intestine was 23.75 m long and contained 375 g of contents (wet
weight), 320 g of which was cestode (wet weight). Strobilae were
found in six of the eight sections of intestine with none present in
the proximal and distal ends. Strobilae within each section was
weighed and the total length was estimated to be approximately
63 m (Figure 1d). Hence, although no scolex was recovered and no
number of cestodes could be confirmed, this dolphin was most
certainly infected by several tapeworm individuals. No cestode was
present in the stomach, which contained 110 g of contents (wet
weight) and two cephalopod beaks.

The parasite 285 rRNA gene sequence (1,234 base pairs) was 100%
similar with 100% coverage to that of the three 285 rRNA gene
sequences of D. stemmacephalum Cobbold, 1858 in GenBank (two
from the USA found in a bottlenose dolphin (accession number
KY552825) from Mississippi (Gulf of Mexico; Waescheenbach et al.
2017) and an Atlantic white-sided dolphin (Lagenorhynchus acutus)
(AF286943) from Massachusetts (Olson et al. 2001), and a third from
northern Japan in a Harbour porpoise (Phocoena phocoena)
(LC644720; Katahira et al. 2022). The parasite COI sequence
(554 bp) was 100% similar with 100% coverage to that of
D. stemmacephalum (JQ268543) found in L. acutus from the USA
(Massachusetts) and 99.28-99.64% similar (100% coverage) to five
sequences of D. stemmacephalum in GenBank (MW034674: Mon-
achus monachus, Adriatic Sea (unpublished), LC709257: T. truncatus,
Japan (Ishisaka et al. 2023), KY552885: T. truncatus, Gulf of Mexico
(Waeschenbach et al. 2017), LC644653: P. phocoena, Japan (Katahira
et al. 2022), LC042231: Homo sapiens, Japan (Yamasaki et al. 2016).
Sequences from this study were deposited in GenBank as accession
numbers OR588137 (28S) and OR558138 (COI).

Discussion

Diphyllobothrium stemmacephalum belongs to the group of broad
fish tapeworms, which have an unarmed scolex and typically a long
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(1-30 m) strobila (Kuchta and Scholz 2017). These tapeworms are
found throughout the Northern Hemisphere, have marine mam-
mals as definitive hosts, and are zoonotic (Yamasaki et al. 2016).
The species is the type species of the genus; it was originally
described from a Harbour porpoise (Phocoena phocoena) from
the Scottish North Sea (Cobbold 1858) and reported again in
P. phocoena by Andersen (1987) off the Netherlands and Denmark,
by Katahira et al. (2022) in the western Pacific in Japan, and most
recently by Striewe et al. (2025) in the North and Baltic Seas off
Germany. This species has also been identified in other marine
mammals, including bottlenose dolphins from the Gulf of Mexico
(Sanchez et al. 2018; Ward and Collins, 1959). Additional occur-
rences of Diphyllobothrium infection have been reported in a
variety of odontocetes, including a Beluga whale (Delphinapterus
leucas) in the estuary and Gulf of Saint Lawrence (Brunel et al.
1998), a bottlenose dolphin (T. truncatus) off Florida’s northeastern
coast (Ridgway 1965; Zam et al. 1971), and pygmy sperm whales
(Kogia breviceps) and short-finned pilot whales (Globicephala
macrorhynchus) off the coast of Brazil (Carvalho et al. 2010).
However, none of these tapeworms were identified to species level.
While Sanchez et al. (2018) noted that the few specimens of
D. stemmacephalum collected from bottlenose dolphins from the
Gulf of Mexico were all significantly larger than those from other
hosts and localities, to our knowledge no specimen >30 m long has
ever been reported, supporting our notion that the 63 m of tape-
worm collected from this dolphin was comprised of several indi-
viduals. This is the first report of D. stemmacephalum infection in a
bottlenose dolphin from SC.

Bottlenose dolphins stranded in SC could be from one of several
stocks that frequent coastal waters including the Charleston Estu-
arine System Stock, the Southern Migratory Stock, the South
Carolina-Georgia Coastal Stock, the Northern Georgia-Southern
South Carolina Estuarine System Stock, and the Northern South
Carolina Estuarine System Stock (Hayes et al. 2020). As such,
dolphins in SC may belong to T. truncatus, the Atlantic bottlenose
dolphin, or to T. erebennus, the Tamanend’s bottlenose dolphin,
which was previously considered to be a coastal ecotype of
T. truncatus and was recently reinstated as a valid species residing
within estuarine environments (Costa et al. 2022). Parasitic infec-
tions of Tursiops spp. are commonly observed during necropsies,
but no tapeworm infection was reported in a SC study carrying over
sixteen years of data (McFee and Lipscomb 2009). Although infec-
tions by D. stemmacephalum appear to be overall infrequent
(Striewe et al. 2025), their occurrence in various odontocetes
around the world and in bottlenose dolphins, which are the most
common marine mammals in our region, is significant as this
parasite is zoonotic (Yamasaki et al. 2016).

The life cycle of D. stemmacephalum has yet to be unravelled.
However, while this group of tapeworms was recently revised and
several species of Diphyllobothrium with known life cycles were
moved to genus Dibothriocephalus (see Waeschenbach et al. 2017,
WoRMS, 2022), it is expected that the life cycles of parasites
remaining in genus Diphyllobothrium follow the same general
complex pattern as other broad tapeworms (e.g., Dib. dentriticus
or Dib. ditremum, see Kuchta et al. 2013 and Borgstrom et al. 2017,
respectively): in brief, these tapeworms use copepods and fishes as
first and second intermediate hosts, respectively, and piscivorous
fishes as paratenic hosts (e.g., Ikuno et al. 2018). To our knowledge,
no fish in the Northwestern Atlantic have been reported to be
infected with plerocercoids of this particular species, but it is a
reasonable assumption that dolphins become infected via ingestion
of infected fish. Furthermore, while no human case of infection by
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D. stemmacephalum is known to date from the USA, 24 human
infections have been reported in Japan and Korea (Lee et al. 1988;
Yamane et al. 1981; in Scholz et al. 2009; Yamasaki et al. 2016).
Hence, the infection of a stranded bottlenose dolphin indicates the
potential for the emergence of a public health risk for raw/under-
cooked fish consumers in our area and warrants continuous moni-
toring of this sentinel species.

Acknowledgements. The authors thank the staff and volunteers of the SC
Marine Mammal Stranding Network who assisted in the response and necropsy
of this animal, including Francesca Battaglia, Katelyn McGlothlin, Valerie
Sprinkel, and Mary Pringle. NOAA Disclaimer: The scientific results and
conclusions, as well as any views or opinions expressed herein, are those of
the authors and do not necessarily reflect those of NOAA or the Department of
Commerce.

Financial support. Thanks to the Department of Biology (College of Charles-
ton) and NOAA’s National Centers for Coastal Ocean Science for financial
support.

Competing interests. The authors declare none.

Ethical standard. The authors assert that all procedures contributing to this
work comply with the ethical standards of the relevant national and institutional
committees on human experimentation and with the Declaration of Helsinki of
1975, as revised in 2008. Samples were collected under NOAA’s authority under
the MMPA Section 109(h).

References

Andersen, K (1987) A redescription of Diphyllobothrium stemmacephalum
Cobbold, 1858 with comments on other marine species of Diphyllobothrium
Cobbold, 1858. Journal of Natural History 21, 411-427. https://doi.
org/10.1080/00222938700771091

Borgstrom, R, Trombor, J, Haugen, TO and Rosseland, BO (2017) Plerocer-
coids of the cestode Diphyllobothrium ditremum in brown trout Salmo trutta:
substantial increase in infection after establishment of European minnow
Phoxinus phoxinus. Journal of Fish Biology 92,912-927. https://doi.org/10.11
11/jfb.13391

Bossart, GD (2011) Marine mammals as sentinel species for oceans and human
health. Veterinary Pathology 48, 676—690. https://doi.org/10.1177/0300985
810388525

Bowles, J, Blair, D and McManus, DP (1995) A molecular phylogeny of the
human schistosomes. Molecular Phylogenetics and Evolution 4, 103-109.
https://doi.org/10.1006/mpev.1995.1011

Brunel, P, Bosse, L and Lamarche, G (1998) Catalogue of the marine inverte-
brates of the estuary and Gulf of St. Lawrence. Canadian Special Publication of
Fisheries and Aquatic Sciences.

Carvalho, VL, Leal Bevilaqua, CM, Mayo Iiiguez, A, Mathews-Cascon, H,
Bezerra Ribeiro, F, Bezerra Pessoa, LM, Oliveira de Meirelles, AC, Gomes
Borges, JC, Marigo, ], Soares, L and de Lima Silva, FJ (2010) Metazoan
parasites of cetaceans off the northeastern coast of Brazil. Veterinary Para-
sitology 173, 116-122. https://doi.org/10.1016/j.vetpar.2010.06.023

Cobbold, TS (1858) Observations on Entozoa, with notices of several new
species, including an account of two experiments in regard to the breeding
of Taenia serrata and T. cucumerina. Transactions of the Linnean Society of
London 22, 155-172.

Costa, APB, Mcfee, W, Wilxoc, LA, Archer, FI and Rosel PE (2022) The
common bottlenose dolphin (Tursiops truncatus) ecotypes of the western
North Atlantic revisited: an integrative taxonomic investigation supports the
presence of distinct species. Zoological Journal of the Linnean Society 196,
1608-1636. https://doi.org/10.1093/zoolinnean/zlac025

Geraci, JR and Lounsbury, V] (2005) Marine mammals Ashore: A field guide for
strandings, 2nd edn. Baltimore, MD: National Aquarium in Baltimore.

Hatsushika, R and Shirouzu, H (1990) A new species of marine tapeworm,
Diphyllobothrium orcini n. sp. (Cestoda: Pseudophyllidea) found from killer


https://doi.org/10.1080/00222938700771091
https://doi.org/10.1080/00222938700771091
https://doi.org/10.1111/jfb.13391
https://doi.org/10.1111/jfb.13391
https://doi.org/10.1177/0300985810388525
https://doi.org/10.1177/0300985810388525
https://doi.org/10.1006/mpev.1995.1011
https://doi.org/10.1016/j.vetpar.2010.06.023
https://doi.org/10.1093/zoolinnean/zlac025
https://doi.org/10.1017/S0022149X25100631

whale, Orcinus orca (Linnaeus, 1758) in Japan. Japanese Journal of Parasit-
ology 39, 566-573.

Hayes, SA, Josephson, E, Maze-Foley, K, Rosel, PE and Turek J (2020) US
Atlantic and Gulf of Mexico Marine mammal stock assessments. NOAA
Technical Memorandum NMFS-NE-27.

Ikuno, H, Akao, S and Yamasaki, H (2018) Epidemiology of Diphyllobothrium
nihonkaiense Diphyllobothriasis, Japan, 2001-2016. Emerging Infectious Dis-
eases 24, 1428-1434. https://doi.org/10.3201/eid2408.171454

Ishisaka, S, Segawa, T, Shikawa, H and Itou, T (2023) Diphyllobothrium
stemmacephalum detected in common bottlenose dolphin (Tursiops trunca-
tus) caught off the Kii Peninsula. Japanese Journal of Zoo and Wildlife
Medicine 28, 121-127. https://doi.org/10.5686/jjzwm.28.121

Katahira, H, Matsuda, AT, Maeda, S, Yoshida, E, Banzai, A and Matsuishi,
TF (2022) Diphyllobothrium stemmacephalum (Cestoda: Diphyllobothrii-
dae) found from a harbor porpoise in northern Japan, with comments on a
geographical gap with human infection cases in southern Japan. Parasitology
International 87, 102487. https://doi.org/10.1016/j.parint.2021.102487

Kuchta, R, Brabec, J, Kubackova, P and Scholz, T (2013) Tapeworm Diphyl-
lobothrium dendriticum (Cestoda)—neglected or emerging human parasite?
PLoS Neglected Tropical Diseases 7, €2535. https://doi.org/10.1371/journal.
pntd.0002535

Kuchta, R and Scholz, T (2017) Diphyllobothriidea Kuchta, Scholz, Brabec &
Bray, 2008. In Caira, JN and Jensen, K (eds), Planetary Biodiversity Inventory
(2008-2017): Tapeworms from Vertebrate Bowels of the Earth. Special Publi-
cation No. 25. Lawrence, Kansas: Natural History Museum, University of
Kansas, 167-189.

Lee, SH, Chai, JY, Hong, TS, Sohn, WM and Choi, DI (1988). A case of
Diphyllobothrium yonagoense infection. Seoul Journal of Medicine 29,
391-395.

Littlewood, DTJ, Curini-Galletti, M and Herniou, EA (2000) The interrela-
tionships of Proseriata (Platyhelminthes: Seriata) tested with molecules and
morphology. Molecular Phylogenetics and Evolution 16, 449-466. https://doi.
0rg/10.1006/mpev.2000.0802

McFee, WE and Lipscomb, TP (2009) Major pathologic findings and probable
causes of mortality in bottlenose dolphins stranded in South Carolina from
1993 to 2006. Journal of Wildlife Diseases 45, 575-593.

Miura, O, Kuris, AM, Torchin, ME, Hechinger, RF, Dunham, EJ and Chiba, S
(2005) Molecular-genetic analyses reveal cryptic species of trematodes in the
intertidal gastropod, Batillaria cumingi (Crosse). International Journal for
Parasitology 35, 793-801. https://doi.org/10.1016/j.ijpara.2005.02.014

Moore, S (2008). Marine mammals as ecosystem sentinels. Journal of Mam-
malogy 89, 534-540. https://doi.org/10.1644/07-MAMM-S-312R1.1

Morgulis, A, Coulouris, G, Raytselis, Y, Madden TL, Agarwala, R and Schiff-
fer, AA (2008) Database indexing for production of MegaBLAST searches.
Bioinformatics 24, 1757-1764. https://doi.org/10.1093/bioinformatics/btn322

Olson, PD, Littlewood, DTJ, Bray, RA and Mariaux, J (2001) Interrelationships
and evolution of the tapeworms (Platyhelminthes: Cestoda). Molecular Phy-
logenetics and Evolution 19, 443-467. https://doi.org/10.1006/mpev.2001.0930

Quinones, R, Giovannini, A, Raga, JA and Fernandez, M (2013) Intestinal
helminth fauna of bottlenose dolphin Tursiops truncatus and common
dolphin Delphinus delphis from the Western Mediterranean. Journal of
Parasitology 99, 576-579. https://doi.org/10.1645/GE-3165.1

https://doi.org/10.1017/50022149X25100631 Published online by Cambridge University Press

B.M. Ertel et al.

Ridgway, SH (1965) Medical care of marine mammals. Journal of the American
Veterinary Medical Association 147, 1077-1085.

Rowles, TK, Van Dolah, FM and Hohn, AA (2001) Gross necropsy and
specimen collection protocols. In Dierauf, LA and Gulland, FMD (eds), CRC
Handbook of Marine Mammal Medicine. New York: CRC Press, 449—470.

Sanchez, SM, Goldstein, LY and Dronen, NO (2018) Diphyllobothrium stem-
macephalum Cobbold, 1858 (Diphyllobothriidea) from common bottlenose
dolphin, Tursiops truncatus (Montagu) from the Texas Gulf coast, USA.
Zootaxa 4379, 448—450. https://doi.org/10.11646/zootaxa.4379.3.11

Scholz, T, Garcia, HH, Kuchta, R and Wicht, B (2009) Update on the
human broad tapeworm (genus Diphyllobothrium), including clinical rele-
vance. Clinical Microbiology Reviews 22, 146—160. https://doi.org/10.1128/
CMR.00033-08

Shirouzu, H, Hatsushika, R and Okino, T (1999) Morphological studies on the
Diphyllobothriid tapeworms from killer whale, Orcinus orca (Linnaeus,
1758) and bottlenose dolphin, Tursiops truncatus (Montague, 1821). Japan-
ese Journal of Zoo and Wildlife Medicine 4, 53—60.

Striewe, LC, Wohlsein, P, Siebert, U and Lehnert, K (2025) Diphyllobothrium
stemmacephalum infections in harbor porpoises (Phocoena phocoena) in
German waters. International Journal for Parasitology: Parasites and Wildlife
27, 101076. https://doi.org/10.1016/j.ijppaw.2025.101076

Tkach, V, Grabda-Kazubska, B, Pawlowski, J and Swiderski, Z (1999)
Molecular and morphological evidence for close phylogenetic affinities of
the genera Macrodera, Leptophallus, Metaleptophallus, and Paralepoderma
(Digenea, Plagiorchioidea). Acta Parasitologica 44, 170-179.

Tkach, V, Littlewood DTJ, Olson, PD, Kinsella, JM and Swiderski, Z
(2003) Molecular phylogenetic analysis of the Microphalloidea Ward,
1901 (Trematoda: Digenea). Systematic Parasitology 56, 1-15. https://doi.
org/10.1023/a:1025546001611

Waeschenbach, A, Brabec, J, Scholz, T, Littlewood, DTJ and Kuchta, R (2017)
The catholic taste of broad tapeworms — multiple routes to human infection.
International Journal for Parasitology 47, 831-843. https://doi.org/10.1016/j.
ijpara.2017.06.004

Ward, JW and Collins, RA (1959) The occurrence of Diphyllobothrium
stemmacephalum Cobbald [sic.], 1958, from the dolphin, Tursiops
truncatus, of the Biloxi, Mississippi, Bay. Program & abstracts of 34" annual
meeting of the American Society of Parasitologists. Journal of Parasitology 45,
1-64.

WorMS (2022) World Register of Marine Species, 2022. Available at
www.marinespecies.org (accessed 27 July 2023).

Yamane, Y, Kamo, H, Yazaki, S, Fukumoto, S and Maejima, J (1981) On a
new marine species of the genus Diphyllobothrium (Cestoda: Pseudophylli-
dea) found from a man in Japan. Japanese Journal of Parasitology 30,
101-111.

Yamasaki, H, Kumazawa, H, Sekikawa, Y, Oda, R, Hongo, I, Tsuchida, T,
Saito, N, Morishima, Y and Sugiyama, H (2016) First confirmed human
case of Diphyllobothrium stemmacephalum infection and molecular verifica-
tion of the synonymy of Diphyllobothrium yonagoense with D. stemmace-
phalum (Cestoda: Diphyllobothriidea). Parasitology International 65,
412-421. https:/doi.org/10.1016/j.parint.2016.06.003

Zam, SG, Caldwell, DK and Caldwell, MC (1971) Some endoparasites from
small odontocete cetaceans collected in Florida and Georgia. Cetology 2, 1-11.


https://doi.org/10.3201/eid2408.171454
https://doi.org/10.5686/jjzwm.28.121
https://doi.org/10.1016/j.parint.2021.102487
https://doi.org/10.1371/journal.pntd.0002535
https://doi.org/10.1371/journal.pntd.0002535
https://doi.org/10.1006/mpev.2000.0802
https://doi.org/10.1006/mpev.2000.0802
https://doi.org/10.1016/j.ijpara.2005.02.014
https://doi.org/10.1644/07-MAMM-S-312R1.1
https://doi.org/10.1093/bioinformatics/btn322
https://doi.org/10.1006/mpev.2001.0930
https://doi.org/10.1645/GE-3165.1
https://doi.org/10.11646/zootaxa.4379.3.11
https://doi.org/10.1128/CMR.00033-08
https://doi.org/10.1128/CMR.00033-08
https://doi.org/10.1016/j.ijppaw.2025.101076
https://doi.org/10.1023/a:1025546001611
https://doi.org/10.1023/a:1025546001611
https://doi.org/10.1016/j.ijpara.2017.06.004
https://doi.org/10.1016/j.ijpara.2017.06.004
http://www.marinespecies.org
https://doi.org/10.1016/j.parint.2016.06.003
https://doi.org/10.1017/S0022149X25100631

	Molecular identification of tapeworm infection in a bottlenose dolphin, Tursiops sp., in South Carolina, USA
	Introduction
	Material and methods
	Results
	Discussion
	Acknowledgements
	Financial support
	Competing interests
	Ethical standard
	References


