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ABSTRACT
Skin lesions are valuable indicators of individual and population health in cetaceans. To understand the occurrence of skin and 
mucosal lesions among dolphins inhabiting South Australian waters, this study employs opportunistic sampling of deceased dol-
phins during 2021–2024. A total of 52 dolphins, comprising 23 Indo-Pacific bottlenose dolphins (Tursiops aduncus) and 29 com-
mon dolphins (Delphinus delphis), underwent thorough macroscopic, microscopic, and ancillary diagnostics of identified lesions. 
Thirty-three individuals displayed 115 skin and 12 mucosal lesions. The most common skin lesion sites were the head (23%–34%), 
peduncle (25%–26%), and lateral surfaces (17%–19%). A negative association was found between body condition and the number 
of infectious skin lesions in T. aduncus. Tattoo Skin Disease was identified in 13% of D. delphis skin lesions and 29% of T. aduncus 
skin lesions. Additional etiologies of skin lesions included bacteria (including Erysipelothrix rhusiopathiae, Mycobacterium mari-
num, Vibrio spp.), protozoa, physiological, and trauma-related (propeller strike and shark bite). Opportunistic bacterial ulcerative 
dermatitis occurred predominantly in dolphins from the Adelaide Dolphin Sanctuary. Novel findings include the identification 
of herpesvirus in oral/genital papillomas, cutaneous lesions from an erysipelas-infected animal, and M. marinum skin absces-
sation, not previously reported in free-ranging Australian cetaceans. This study complements live-animal observational studies 
and provides diagnostic insight into dolphin skin lesions, supporting their use as population and ecosystem health indicators.

1   |   Introduction

The infraorder Cetacea evolved from terrestrial artiodactyls 
and consists of two mammalian parvorders: Odontoceti and 
Mysticeti. Odontocetes include all tooth whales and Mysticetes 
include all baleen whales (Committee on Taxonomy  2024). 
Having evolved from a terrestrial ancestry, specialized adap-
tations have been acquired to reside in a completely aquatic 
environment (Lopes-Marques et  al.  2019; Menon et  al.  2022). 

Cetacean skin provides physical protection, acts as a thermo-
regulatory and sensory organ, is hydrodynamic, maintains 
physiological homeostasis, assists in buoyancy control, and pro-
vides an energy store (Cozzi et al. 2016; Espregueira Themudo 
et al. 2020). It is comprised of a thick epidermal layer (1–4.5 mm 
mean) and a dermis and subcutis (blubber layer), held tightly 
together by deep interdigitating rete pegs and dermal papillae 
at the dermal-epidermal junction. The epidermis is made up of 
only three strata (as opposed to five in terrestrial mammals): 
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the stratum externum, stratum spinosum, and stratum germi-
nativum (basal layer) and has a high turnover rate to prevent 
biofouling and maintain hydrodynamics (Cozzi et  al.  2016; 
Morales-Guerrero et  al.  2017). Cetacean skin lacks hair folli-
cles (with the exception of vibrissae in neonates) and sebaceous 
glands, and melanin is present within the cells of all epidermal 
layers (Morales-Guerrero et  al.  2017; Espregueira Themudo 
et al. 2020).

The integumentary system plays an important role in ceta-
cean immunity. The loss of specific genes (e.g., the piloseba-
ceous gland) in cetacean skin allows for reduced resistance 
in an aquatic environment but means the skin requires an in-
creased ability to withstand external stimuli (e.g., friction, ul-
traviolet (UV) radiation, thermal changes, trauma) and resist 
pathogens (Morales-Guerrero et  al.  2017; Cozzi et  al.  2016). 
Immunosurveillance cells which migrate towards superficial 
layers during injury are present within the dermis (Zabka and 
Romano  2003), and rapid cell turnover minimizes the need 
for inflammatory responses to injury (e.g., scab formation) 
(Espregueira Themudo et  al.  2020). Skin microbiome plays a 
crucial role in skin health. Disruption of skin microbial com-
munities due to adverse environmental conditions can alter 
the barrier function and reduce skin immunity (Hargis and 
Sherry 2017). Pollution, eutrophication, UV radiation, hyposa-
linity (< 5 pars per thousand), and cold temperatures have all 
been associated with increased occurrence and prevalence of 
skin lesions in cetaceans (Wilson et al. 1999; Hart et al. 2012; 
Mouton and Botha  2012; Bossley and Woolfall  2014; Sanino 
et  al.  2014; Duignan et  al.  2020; Croft et  al.  2020). For exam-
ple, in dolphins from Australian waters, prolonged freshwater 
exposure caused sloughing of the epidermis and subsequent col-
onization of pathogenic organisms including bacteria and fungi 
(Duignan et al. 2020). Furthermore, skin lesion prevalence has 
been shown to increase in urbanized areas with greater anthro-
pogenic influence (Mouton and Botha 2012).

Previous research on cetaceans in South Australia has included 
pathological surveillance of stranded and bycaught animals 
(Segawa and Kemper 2015; Tomo and Kemper 2022), field stud-
ies of population demographics and genetic variation (Zanardo 
et al. 2016), as well as life history investigations highlighting key 
biological characteristics of populations in this region (Kemper 
et al. 2014, 2019). Throughout these studies, skin lesions of mul-
tiple etiologies have been reported and identified, including ves-
sel strike wounds (Byard et  al.  2013), entanglements (Kemper 
et al. 2023), burn-like injuries (Bossley and Woolfall 2014), tattoo 
skin disease (TSD) (Tomo and Kemper 2022), and bacterial dis-
ease (Souter et al. 2021). Disease due to cetacean morbillivirus, 
toxoplasmosis, Corynebacterium ulcerans, and Streptococcus 
iniae has all been detected, highlighting the variety of infectious 
pathogens (some of which are zoonotic) infecting the local ceta-
cean populations (Kemper et al. 2016; Souter et al. 2021; Tomo 
and Kemper 2022).

The Adelaide Dolphin Sanctuary (ADS) is a 118 km2 marine 
reserve dedicated to the protection of a resident population of 
approximately 20–30 Indo-Pacific bottlenose dolphins (Tursiops 
aduncus) and the habitats that supports them (Department for 
Envrionment and Heritage (DEH)  2008; Haigh et  al.  2025). 
This dolphin population has been studied for over 30 years 

through observational surveys and necropsy of deceased indi-
viduals (Adamczak et  al.  2018; Bossley et  al.  2017; Tomo and 
Kemper 2022). Resident dolphins are recognized and monitored 
through observations of their individual dorsal fin characteris-
tics. The ADS is situated 15 km northwest of Adelaide Central 
Business District and encompasses the Port River Estuary, 
which is Adelaide's major shipping port and industrial hotspot 
(Bossley et  al.  2017). Over an 11-month period between 2021 
and 2022, the ADS resident dolphin population experienced a 
mortality event resulting in the death of 7 resident dolphins. A 
definitive cause of death could not be established but was char-
acterized by progressive wasting over a 3–4 week period leading 
to emaciation, opportunistic infections such as otitis media, in-
testinal dysbiosis, and ulcerative skin lesions not described pre-
viously (Department for Envrionment and Water (DEW) 2022, 
Souter et al. 2023). The Port River Estuary has a known history 
of anthropogenic contamination (e.g., organochlorines, heavy 
metals, and per- and polyfluorinated substances) and anthropo-
genic influence (e.g., boating, fishing, dredging, and industry) 
(Butterfield and Gaylard 2005; Gaylard 2017; Weijs et al. 2020; 
Kirkwood et  al.  2022), leading to environmental degradation 
and possible public health concerns.

As part of the investigation into ADS dolphin mortalities during 
2021–2022, necropsy investigations of stranded, deceased Indo-
Pacific bottlenose dolphins and common dolphins (Delphinus 
delphis) were conducted in SA to compare skin lesion pathology, 
etiology, and prevalence among various geographic regions. The 
Indo-Pacific bottlenose dolphin is a coastal species and is likely 
to be exposed to more anthropogenic stressors compared to 
common dolphins, which are mainly found in the pelagic envi-
ronment (Kemper et al. 2008; Cribb et al. 2013; Filby et al. 2013; 
Zanardo et al. 2016). Additionally, this study aims to improve di-
agnostic interpretation of skin lesions during non-invasive field 
surveys of live dolphins in SA, creating a differential diagnosis 
list for gross lesions based on microscopy, microbiology, and mo-
lecular testing of necropsied samples.

2   |   Materials and Methods

2.1   |   Sample Collection

During 2021–2024 beach cast, deceased dolphins were oppor-
tunistically collected from the South Australian coastline. 
Another three dolphins stranded alive and were subsequently 
euthanised based on humane grounds (authorized by the SA 
Department for Environment and Water (DEW)) and sub-
mitted for diagnostic necropsy. Geographic coordinates were 
collected upon stranding incidents and dolphins were catego-
rized into one of seven approximate geographic regions (ADS, 
East Gulf Saint Vincent (GSV), Kangaroo Island (KI), West 
GSV, East Spencer Gulf (SG), West SG, and Coorong (CO)) 
(Figure  1), modified from the described marine bioregions of 
SA (Edyvane 1999). Stranded dolphins were reported by mem-
bers of the public to various collaborating organizations (DEW, 
South Australian Museum, Flinders University, The University 
of Adelaide, Australian Marine Wildlife Research and Rescue 
Organization), where they would be examined for level of decom-
position. Only carcasses with decomposition codes 3 or below 
(Geraci and Lounsbury  2005) were collected and transported 
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to the University of Adelaide Veterinary Diagnostic Laboratory, 
Roseworthy, SA, or the South Australian Museum, Bolivar, SA. 
Animals were placed in the freezer or refrigerator depending on 
personnel and laboratory availability for necropsy over the com-
ing days. Two animals were retrieved from fishing nets of the 
South Australian Sardine Fishery.

2.2   |   Macroscopic Investigation

Each dolphin was assigned a body condition score (BCS) (nor-
mal/robust, thin, or emaciated) based on criteria previously de-
scribed (Joblon et al. 2014; Kemper et al. 2016; Soares et al. 2022). 
Skin and mucosal lesions (oral cavity, urogenital) were assigned 
a number, photographed, and described on a data sheet (ana-
tomical location, size, color, shape, consistency), and a section 
of the lesion, including the margin of healthy and diseased tis-
sue, was collected and placed in 10% neutral buffered formalin 
with an identification label. The appearance of the transverse 
section of each lesion was noted, described, and photographed 
when indicated. In fresh specimens (i.e., specimens that had not 
been frozen), microbiological swabs of heart blood and brain/
spinal cord were collected aseptically. Additionally, swabs were 
collected from all specimens with lesions indicative of infectious 
disease, and tissue samples from these lesions were frozen and 
archived. A broad suite of samples (brain, heart, lung, tongue, 
liver, spleen, pancreas, adrenal gland, kidney, heart blood, thy-
roid gland, skeletal muscle, blubber, mesenteric lymph node, 
feces, stomach contents) was collected, frozen, and fixed from 
all animals as part of the investigation into morbidity and mor-
tality. Identification of Tursiops species was verified by C.K. 
(South Australian Museum) based on examination of skull mor-
phology (Kemper 2004).

Dolphins were assigned to one of five relative age categories 
(neonate, calf, juvenile, subadult, and adult) based on method-
ology previously described (Kemper and Gibbs  2001; Kemper 
et al. 2016). Neonates were classified based on the presence of 
neonatal folds, considered up to approximately three months 
old. Calves included individuals of total body length less than 
1.5 m for T. aduncus and less than 1.3 m for D. delphis. Juveniles 
included those above 1.5 m for T. aduncus and above 1.3 m for 
D. delphis and were both physically and sexually immature. 
Subadults were sexually mature but physically immature, and 
adults were both sexually and physically mature. Sexual matu-
rity was confirmed in females by examining for the presence 
of corpora scarring on the ovaries, lactation, or pregnancy 
(Kemper et al. 2019; Palmer et al. 2022). For male dolphins, a 
sample of testis was collected and placed in formalin for micro-
scopic evaluation of active spermatogenesis, confirming sexual 
maturity. Physical maturity was determined based on complete 
epiphyseal fusion of thoracic vertebrae.

2.3   |   Microscopic Investigation

Formalin preserved skin lesion and testis samples were trimmed, 
embedded in paraffin wax, cut to 4 μm using a microtome, and 
stained with hematoxylin and eosin. Lesions with extensive 
sand contamination could not be examined histologically due 
to difficulty in processing. Skin lesions were examined and 
described by an American College of Veterinary Pathologists 
(ACVP) boarded veterinary pathologist (LW), and special stains 
Gram, Ziehl-Neelsen, Grocott's methenamine silver, Martius 
Scarlet Blue, and Periodic Acid-Schiff were performed as ap-
propriate. Male sexual maturity was determined microscopi-
cally by examining the testes for evidence of spermiogenesis or 

FIGURE 1    |    Indo-Pacific bottlenose dolphins (Tursiops aduncus) and common dolphins (Delphinus delphis) strandings along the South Australian 
coastline during 2021–2024. Regions are represented by colors as follows: Green = west Spencer Gulf; blue = east Spencer Gulf; yellow = west Gulf 
Saint Vincent; red = east Gulf Saint Vincent; gray = Coorong; orange = Kangaroo Island. The image subset on the right displays the Adelaide dolphin 
Sanctuary (ADS) demarcated by the black solid line. Known resident dolphins of the ADS are represented in purple.
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spermatogenesis. Additional tissue samples and brains collected 
during necropsy were processed and examined as above for 
determination of cause of death (COD), when possible, as well 
as the presence of comorbidities. Modified from Van Bressem, 
Van Waerebeek, et al. (2009), individuals were assigned a health 
status based on necropsy findings. Animals were considered in 
“poor health” if they were emaciated and displayed evidence of 
disease (e.g., systemic inflammation, starvation/malnutrition, 
degenerative disease). Animals were considered “healthy” if the 
COD was associated with an acute process (e.g., traumatic in-
jury or entanglement) or could not be determined and no other 
findings alluding to poor health were identified.

2.4   |   Microbiology and Infectious Disease Testing

Microbiological swabs were submitted to Roseworthy Veterinary 
Hospital Pathology (RVHP), The University of Adelaide, 
South Australia. Samples were cultured on horse blood agar, 
MacConkey agar, and Thiosulfate-citrate-bile-salts-sucrose 
(TCBS) agar, and incubated at 25°C–29°C. Skin samples were 
incubated in aerobic conditions and other sites incubated in aer-
obic and anaerobic conditions for 48 h. Lesions with histological 
evidence of Mycobacteria were confirmed at the mycobacterium 
reference laboratory (MRL) in South Australia. Polymerase 
Chain Reaction (PCR) testing for Herpesvirus was performed 
on fresh or formalin-fixed paraffin-embedded (FFPE) skin or 
mucosal lesions suggestive of viral disease at the Australian 
Centre for Disease Preparedness (ACDP), Geelong using Pan-
Herpes PCR (VanDevanter et  al.  1996). Additionally, frozen 
tissue samples (e.g., lung, brain, spinal cord, spleen, and joint 
capsule) were selected from individuals displaying microscopic 
evidence of infectious disease and targeted PCR examination 
was performed for cetacean morbillivirus, Influenza A, herpes-
virus, or Brucella spp. at ACDP.

2.5   |   Skin Lesion Descriptions

2.5.1   |   Macroscopic Features

Skin and mucosal lesions were described based on their mac-
roscopic morphology following a recently published matrix 
(Ewing et al. 2023). Lesions were categorized into groups based 
on their primary physical appearance: focal ulceration, inci-
sional cut/laceration, tattoo skin disease (TSD), flat, raised, de-
pressed, hyperkeratotic, and papillomatous. TSD was assigned 
based on the appearance of characteristic tattoo-like, pinhole, 
or ring lesions as described previously (Geraci et al. 1979; Van 
Bressem et al. 1993, 2018, 2022; Blacklaws et al. 2013; Barnett 
et al. 2015).

2.5.2   |   Microscopic Features

Microscopic features, many described in Segura-Göthlin, 
Fernández, Arbelo, Andrada Borzollino, et  al.  (2023), were 
assigned to skin lesions during histological assessment. 
Descriptors were used to group lesions by prominent disease 
mechanisms (degenerative, inflammatory, disruptive, vascu-
lar, developmental, or cellular differentiation defect), which 

were further grouped by degree of confidence, modified from 
Ewing et al. (2023): confirmed, probable, and suspect. Disease 
mechanism was classified as confirmed when there were char-
acteristic and specific pathological changes and when etiological 
agents were visualized or confirmed by ancillary testing. When 
observed, the presence of intranuclear or intracytoplasmic in-
clusion bodies was described. A probable case displayed charac-
teristic gross and histopathological changes, but the etiological 
agents were unconfirmed by direct visualization or ancillary 
testing. The known or most likely etiological agent was assigned 
to confirmed and probable cases. A suspect case was the lowest 
level of confidence but displayed suggested disease processes. 
Etiology was considered unknown in these cases.

2.5.3   |   Lesion Categorization

Lesions with two or more etiologies (e.g., trauma with secondary 
infection) were categorized based on the primary disease mech-
anism or initiating event. Cofactors/comorbidities or secondary 
findings are considered throughout with the interpretation of 
results.

Lesions were classified as infectious or non-infectious etiologies 
based on diagnostic findings and were subsequently categorized 
into the following subcategories: viral, bacterial, fungal, para-
sitic, algal, traumatic (anthropogenic (fishing entanglement, 
propeller strike) and non-anthropogenic (abrasions, conspecific 
biting, shark attack)), inflammatory non-infectious, physiolog-
ical/environmental, chemical/toxic, miscellaneous, and un-
known (Townsend and Staggs 2020).

2.5.4   |   Statistical Analysis

Collation of results was performed using Microsoft Excel 
(Version 16.96.1) and statistical analysis performed using R 
(Version 2024.04.2 + 764). To investigate variables (species, 
sex, sexual maturity, region, BCS, and health status) associated 
with the number of infectious skin lesions in dolphins, we con-
ducted generalized linear modeling (GLM) using both Poisson 
and Negative Binomial (NB) regressions, with infectious skin 
lesion count as the response variable. Model performance was 
compared using Akaike Information Criterion (AIC), where the 
NB model indicated improved model fit. Logistic Regression 
and Generalized Additive Models (GAM) were used to test the 
significance of TSD occurrence between variables, in addi-
tion to seasonality. A probability (p) value of 0.05 was applied. 
Pairwise comparisons of estimated marginal means (EMMs) 
were conducted using the emmeans package in R (Lenth 2024) 
with adjusted p values for multiple comparisons using the Tukey 
method to reduce the risk of Type 1 errors, controlling family-
wise error rate (Tukey 1949).

3   |   Results

During the study period, 52 individuals were found stranded 
deceased or were euthanised and underwent necropsy ex-
amination (23 T. aduncus and 29 D. delphis). Five resident T. 
aduncus of the ADS were included, in addition to stranded 
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dolphins from the east GSV (18 D. delphis, 8 T. aduncus), east 
SG (1 D. delphis, 3 T. aduncus), CO (4 D. delphis, 2 T. aduncus), 
KI (one D. delphis), west GSV (3 D. delphis, 4 T. aduncus), and 
west SG (2 D. delphis, 1 T. aduncus). Of these, 14 (5 T. adun-
cus and 9 D. delphis) did not display skin or mucosal lesions. 
Skin lesions from an additional five individuals were excluded 
due to poor sample quality, post-mortem predation hindering 
interpretation of results, or histopathological examination re-
vealing a scar.

In total, 115 skin lesions and 12 mucosal lesions from 33 indi-
viduals were included in the study (Table 1). Skin lesions were 
identified and examined across varying age, sex, and body con-
ditions in D. delphis and T. aduncus. Mucosal lesions were not 
identified in neonates from either species (Table 1). Macroscopic 
photographs, gross and microscopic descriptions, and results 
of microbiological and molecular ancillary testing of all skin 
and mucosal lesions can be accessed in Table S1. Additionally, 
Table S1 includes COD (if known) and comorbidities identified 
at necropsy.

Skin lesions were most frequently reported on the head, pe-
duncle, and on the lateral body surfaces (Figure S1). One im-
mature female T. aduncus with multiple foci (22-02208) had 
all lesions distributed over the head. For mucosal lesions, oral 
lesions were most frequent (11/12), with only one genital le-
sion identified.

3.1   |   Infectious Lesions

In total, 23 individuals (8 D. delphis, 15 T. aduncus) displayed 
skin lesions consistent with infectious etiology. Bacterial agents 
were cultured from five skin lesions from two T. aduncus. No 
fungal lesions were identified in this study. The distribution 
of infectious skin lesions, in order of frequency, included focal 
(30/71, 44%), multifocal (17/71, 25%), multifocal to coalesc-
ing (11/71, 14%), and locally extensive, irregular, or coalescing 
(< 10% for each). The association between infectious skin lesion 
occurrence and temporality (analyzed by month) in both T. 
aduncus and D. delphis was not found to be significant (p = 0.9, 
and p = 0.8, respectively). T. aduncus individuals were found to 

have significantly higher numbers of infectious skin lesions per 
individual compared to individual D. delphis (p = 0.02), with 
emaciated animals exhibiting the highest lesion burden. Of the 
mucosal lesions, nine were considered infectious in one D. del-
phis and six T. aduncus. An etiological agent was identified in 
two of these lesions, both in T. aduncus.

3.1.1   |   Tattoo Skin Disease

TSD was identified in 14/52 dolphins (27%) (10 T. aduncus, 4 
D. delphis), and was considered the primary etiology in 25/70 
infectious skin lesions (36%) (Figure 2). Morphology of lesions 
presented as follows: tattoo (13/25, 52%), ring (8/25, 32%), and 
pinhole/ulceration (4/25, 16%) (Figure  3, Table  2). The most 
frequent microscopic findings identified included: acanthosis 
(21/25, 84%), ballooning/hydropic degeneration (17/25, 68%), 
spongiosis (24/25, 96%), hyperpigmentation (21/25, 84%), 
blunted/fused rete pegs (22/25, 88%), and ICIBs (23/25, 92%) 
(Figure 4, Table 2). Of all cases with TSD, the host had endured 
cutaneous trauma in association with the lesion or elsewhere 
on the body in 21% of cases (3/14). Prevalence of TSD was sig-
nificantly higher in T. aduncus (10/23, 43%) compared to D. del-
phis (4/29, 14%) when controlling for sex and sexual maturity 
(p = 0.03). Logistic regression analysis revealed no significant 
effects of sex, sexual maturity, region, BCS, or health status on 
the prevalence of TSD across both species (p > 0.05). Pairwise 
comparisons among all combinations revealed no significant 
relationships. Wide confidence intervals and extreme estimates 
for some groups reflect low model power due to small sample 
sizes. When TSD occurrence was normalized with the number 
of strandings, there were no significant relationships identified 
between seasonality and TSD (p = 0.6).

3.1.2   |   Viral

Herpesvirus was confirmed by PCR of fresh tissue in two cases 
with oral (23-02012) or genital (24-00224) mucosal lesions from 
mature, male, T. aduncus from West GSV. Papillomavirus test-
ing was not performed. The individual with the genital lesion 
was in good body condition while the individual with the oral 

TABLE 1    |    Numbers of common dolphins (Delphinus delphis) and Indo-Pacific bottlenose dolphins (Tursiops aduncus) examined in South 
Australia between June 2021 and April 2024 and total number of skin and mucosal lesions examined. n = number of animals or lesions examined.

D. delphis (n = 29) T. aduncus (n = 23)

Skin (n = 53) Mucosal (n = 3) Skin (n = 62) Mucosal (n = 9)

Neonate (n = 5) 5 0 Neonate (n = 4) 1 0

Immature (n = 17) 28 0 Immature (n = 10) 40 1

Mature (n = 7) 20 3 Mature (n = 7) 21 8

Female (n = 14) 22 2 Female (n = 7) 14 1

Male (n = 15) 31 1 Male (n = 16) 48 8

Normal/robust (n = 9) 16 0 Normal/robust (n = 7) 16 3

Thin (n = 17) 23 2 Thin (n = 6) 11 2

Emaciated (n = 3) 14 1 Emaciated (n = 10) 35 4
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lesion was considered thin. Lesions displayed similar macro-
scopic findings, presenting as circular multifocal to coalesc-
ing, 1–5 mm in diameter pink-white raised nodular plaques 
(Figure 5). Microscopically, acanthosis, ballooning/hydropic de-
generation, blunted/fused rete pegs, submucosal inflammation, 
and intranuclear inclusion bodies (INIBs) were present in both 
samples. Hyperkeratosis, spongiosis, necrosis, mucosal inflam-
mation, and congestion were observed in one sample (23-02012). 
All individuals tested negative for CeMV and Influenza virus 
(Table S1). No skin lesions were positive for herpesvirus (forma-
lin fixed tissue tested only).

3.1.3   |   Bacterial

Lesions of bacterial etiology (i.e., single and/or mixed infec-
tions identified through microbiological culture within the 
context of typical inflammatory lesions +/− direct visualiza-
tion of bacteria within lesions) were detected in one D. delphis 
and three T. aduncus (4/52, 7.7%) and included Erysipelothrix 
rhusiopathiae, Mycobacterium marinum, Vibrio harveyi, Vibrio 
gigantis, Acinetobacter lwoffii, Pantoea agglomerans, and un-
determined bacteria (not cultured, but histopathological ev-
idence of bacterial etiology) (Figure  2). In the ADS dolphins 

FIGURE 2    |    Etiologies of skin lesions (n = 115) identified in common dolphins (Delphinus delphis) and Indo-Pacific bottlenose (Tursiops aduncus) 
in South Australia between June 2021 and April 2024. Arrows indicate lesions that had concurrent etiologies/comorbidities, which may have influ-
enced disease susceptibility or progression. TSD = Tattoo Skin Disease.
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examined in this study, 2/5 (40%) were found to have bacterial 
skin lesions, compared with 1/18 (5.5%) of T. aduncus from out-
side the ADS. One immature female T. aduncus from the East 
GSV region (22-02208) had multifocal cutaneous ulcerations 
distributed over the head (with histopathological evidence of 
bacterial infection) and concurrent Toxoplasma encephalitis. 
An immature male D. delphis from west SG (22-01356) had a 
probable E. rhusiopathiae skin lesion based on typical gross and 
histopathological findings and a positive E. rhusiopathiae brain 
culture with associated sepsis and choroid plexitis/encephalitis. 
Individuals that displayed more than one bacterial lesion (3/4, 
21-02676, 22-01721, 22-02208) were emaciated and considered 
in poor health. Mycobacterium marinum dermatitis was con-
firmed through positive culture and microscopic visualization 
of acid-fast intrahistiocytic bacteria in skin lesions (22-01721). 
This individual died of infectious vestibular disease, resulting 
in meningoencephalitis and debilitation. Invasive ciliated proto-
zoa were identified as comorbidities in 27% of bacterial lesions 
(4/15), three of which were from T. aduncus within the ADS. 
Macroscopic appearance varied between characterized bacterial 
lesions (Figure 6).

3.1.4   |   Unknown

Etiology was not determined in skin lesions suspected to be 
of infectious origin in 17 cases (10 T. aduncus, 7 D. delphis), 
accounting for 31/70 (44%) of such lesions. Ulcerated lesions 
most frequently represented this category (18/31, 62%), fol-
lowed by flat (5/31, 17%), depressed (4/31, 14%), eroded (1/31, 

3%), and pinhole (1/31, 3%) (Table 2). Lesions were most fre-
quently focal (18/31, 62%) but also displayed irregular, locally 
extensive, multifocal, and multifocal to coalescing distribu-
tions. Most frequent microscopic findings were as follows: hy-
perkeratosis (16/31, 52%), acanthosis (25/31, 81%), ballooning/
hydropic degeneration (27/31, 87%), spongiosis (30/31, 97%), 
hyperpigmentation (18/31, 58%), blunted/fused rete pegs 
(26/31, 84%), ICIBs (20/31, 65%), congestion (17/31, 55%), and 
dermal inflammation (18/31, 58%) (Table  2). An etiological 
agent was not identified in 7/9 (77%) infectious oral mucosal 
lesions. These lesions presented as either focal ulcerations of 
the lingual mucosa (3/7, 43%) or hyperkeratosis of the palatine 
mucosa (4/7, 57%). All of which were negative to pan-herpes 
PCR of FFPE tissues (see Table S1).

3.2   |   Non-Infectious Lesions

Non-infectious skin lesions accounted for 33% of lesions ex-
amined (38/115). Lesions reported included traumatic (anthro-
pogenic, non-anthropogenic, and trauma of unknown origin), 
physiological, and inflammatory non-infectious (Figure 2). One 
lingual mucosal ulceration was considered traumatic in origin.

3.2.1   |   Trauma

A propeller injury was identified in an adult male T. aduncus 
from the West SG region (see Table  S1, 22-00878, lesion 2). 
Grossly, this lesion was characterized by a locally extensive, 

FIGURE 3    |    Variation in appearance of individuals with TSD (a–f) and ulcerated lesions displaying histological evidence of intracytoplasmic 
inclusion bodies (ICIBs) and the presence of one or more characteristic microscopic findings for TSD including acanthosis, ballooning/hydropic de-
generation, spongiosis, hyperpigmentation, and blunted/fused rete pegs (g–h). (a, g, h) 22-02828, male, sexually immature, D. delphis; (b) 23-02012, 
male, sexually mature, T. aduncus; (c) 24-00224, male, sexually mature, T. aduncus; (d) 22-00957, female, sexually immature, D. delphis; (e), 9: 23-
03314, female, sexually mature, D. delphis; f: 23-01476, male, sexually immature, T. aduncus; (i): 23-00355, female, sexually immature (late-term 
aborted fetus), T. aduncus with TSD-like lesions and histological findings of hyperpigmentation, blunted/fused rete pegs, and eosinophilic globular 
material resembling ICIBs within keratinocytes of the stratum spinosum.
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180 mm in length, curvilinear, sharply demarcated, deeply 
penetrative incisional cut on the peduncle extending into the 
underlying blubber, muscular, and skeletal tissues. Secondary 
bacterial colonization (E. rhusiopathiae) was confirmed through 
microbiology of the peduncle wound, heart blood, and brain, and 
histological evidence of septicaemia. One adult female D. del-
phis had a 300 mm in length, linear incisional cut extending into 
the underlying subcutis on the melon. This lesion is suspected 
to be of anthropogenic origin (see Table S1, 23-03314, lesion 8). 
Shark predation was reported in one male D. delphis calf from 
KI. Grossly, the lesion was extensive and circular, with pene-
trative incised wounds (see Table  S1, 23-01992, lesion 8). The 
same individual displayed multiple lesions indicative of osmotic 
disruption (see below in 3.2.2.) (Figure 7). Intra- or interspecific 
trauma was reported in four lesions, characterized by linear, 
parallel incisional cuts, consistent with rake marks. Three of 
these lesions had secondary gram-negative bacterial invasion. 
Additionally, extensive rake marks were reported in a sexually 
mature female D. delphis from CO. Microscopically, there was 
basal hyperplasia, blunting of epidermal pegs, and ICIBs within 
keratinocytes along the rake marks. Rake mark scarring was 
a common finding in stranded dolphins across all species and 
age classes and was not included in further analyses. Other pre-
sumed traumatic lesions of unknown origin were determined 
based on the presence of histological features such as balloon-
ing/hydropic degeneration, spongiosis, congestion, erosion or 
ulceration, and dermal inflammation. One case displayed ste-
atitis and another case was interpreted as a frictional wound, 

characterized by spongiosis, congestion, dermal inflammation, 
dermal-epidermal separation, and bulla formation.

3.2.2   |   Physiological

Lesions of physiological change or osmotic disruption were 
reported in two cases with concurrent severe traumatic inju-
ries. One case was an immature male D. delphis from KI (23-
01992) and the other was an immature male T. aduncus from 
east GSV (22-02189). These lesions were characterized grossly 
as focal or multifocal to coalescing, indistinctly white fringed, 
hypopigmented, smooth, flat discs or ellipses, at times forming 
an irregularly shaped patch (Figure 7). Microscopically, lesions 
displayed hyperkeratosis (25%), ballooning/hydropic degenera-
tion (88%), spongiosis (100%), blunted/fused rete pegs (25%), and 
congestion (25%) (Table 2). No inflammation or evidence of in-
fectious agents was seen in tissue sections.

3.2.3   |   Inflammatory Non-Infectious

One case of folliculitis was observed in the remnant vibrissae of a 
male neonate D. delphis from EB. Grossly, the lesion was a focal, 
7 mm in diameter, flat, gray to black gradient, targetoid with a 
pitted centre. Microscopically, within the follicular lumen were 
infiltrates of neutrophils and lesser macrophages with mural 
exocytosis of low numbers of neutrophils and perifollicular to 

FIGURE 4    |    Microscopy of common dolphin (Delphinus delphis) skin stained with hematoxylin and eosin. (a) normal skin, SE = stratum exter-
num, SP = stratum spinosum, SG = stratum germinativum, D = dermis, SC = subcutis (blubber layer), white arrowhead = rete pegs; (b) Section of skin 
from immature male (22-01356) with tattoo skin disease (TSD) displaying hyperkeratosis (yellow arrowhead), ballooning/hydropic degeneration, 
spongiosis, and blunting and fusion of rete pegs (blue arrow); (c) section of skin from mature female (23-02805) with an ulcerated skin lesion display-
ing acanthosis, ballooning/hydropic degeneration (orange ellipse), spongiosis, hyperpigmentation, blunted/fused rete pegs (blue arrow), and dermal 
fibrosis; (d) distal rete peg of 23-02805 displaying abundant intracytoplasmic inclusion bodies (ICIBs) (red arrowheads).
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11 of 18Marine Mammal Science, 2026

FIGURE 5    |    Gross and microscopic findings in orogenital papillomas in Indo-Pacific bottlenose dolphins (Tursiops aduncus) stranded in South 
Australia. Gross lesions are characterized by coalescing, white, nodular to corrugated, hyperplastic raised plaques in the pharyngeal (a) and genital 
mucosa (c) (blue ellipses). Microscopic features (b, d) include acanthosis, ballooning/hydropic degeneration (orange ellipse), blunted/fused rete pegs 
(blue arrows), lymphoplasmacytic epidermal and dermal inflammation (yellow asterisk), + intranuclear inclusion bodies (INIBs) (red arrowheads). 
(a, b) 23-02012, male, sexually mature T. aduncus; (c, d) 24-00224, male, sexually mature T. aduncus. Lesional tissue was positive by pan-herpesviral 
PCR. Papillomavirus tests were not performed.

FIGURE 6    |    Variation in macroscopic appearance of bacterial lesions determined by microscopy and microbiological culture in some cases. (a) 
22-01356, male, sexually immature, D. delphis, confirmed Erysipelothrix rhusiopathiae sepsis and encephalitis; (b, c) 22-02208, female, sexually im-
mature, T. aduncus, concurrent toxoplasma encephalitis, bacterial agent not cultured; (d–f) 21-02676, male, sexually immature, T. aduncus, Vibrio 
harveyi cultured from lesions d and e, organism not cultured for lesion f; (g–i) 22-01721, male, sexually immature, T. aduncus. Mycobacterium mari-
num confirmed in lesion h, no aerobic or anaerobic growth at 48 h in lesions g and i. Lesions d–i are from ADS resident T. aduncus.
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interstitial infiltration of lymphocytes, neutrophils, and plasma 
cells; no infectious agents were seen. The epidermis was oth-
erwise acanthotic, with hyperkeratosis, spongiosis, and mild 
blunting of rete pegs noted, with no evidence of intracytoplas-
mic inclusion bodies.

4   |   Discussion

Many studies utilize observational techniques to assess skin 
lesion prevalence and indirectly monitor population health of 
free-ranging cetaceans (Hupman et al. 2017; Toms et al. 2020; 
Hawkins et  al.  2022). This research methodology has limita-
tions in that only a portion of the animal is observed, and clin-
ical presentations of specific etiologies can vary significantly 
or share overlapping features, making interpretations difficult. 
Necropsy investigations of deceased cetaceans, as performed 
in the present study, allow detailed topographic, macroscopic, 
and microscopic assessment of lesions, and adequate tissue sam-
pling for ancillary diagnostics, assisting in the determination of 
causation and helping to refine interpretation of images from 
observational surveys.

Topographically, the most common locations for skin lesions 
observed in this study were the head/melon (23%–34%) and 
peduncle (25%–26%). Due to dolphins generally being partially 
submerged during field studies of free-ranging individuals, body 
regions assessed for skin lesion prevalence are usually limited 
to areas most frequently observed (dorsal fin, flank, peduncle, 
rostrum, melon, and tail fluke) (Hawkins et al. 2022; Nicholls 
et al. 2023). The peduncle has been reported as the most com-
mon region for skin lesions observed in D. delphis in New 
Zealand (91.1%) (Hupman et al. 2017).

In this study, the prevalence of infectious skin lesions was ob-
served in individuals representing all body conditions; however, 
for T. aduncus, a higher number of infectious skin lesions per 
individual was observed in emaciated dolphins. This was par-
ticularly evident for bacterial lesions where 75% of individuals 
in this category displayed multiple lesions and were emaciated 
and in poor health. It is possible that these patterns vary by pop-
ulation, species, and skin lesion etiology (Soares et al. 2022). The 
results from the present study support the use of observational 
surveys as a valid tool for assessing skin lesion prevalence in 
free-ranging dolphins and may serve to provide a reliable indica-
tor for population and environmental health; however, observa-
tional studies are limited in that etiology cannot be investigated.

TSD was identified in 27% of dolphins examined across a broad 
geographic distribution. Polymerase Chain Reaction and se-
quencing have shown that TSD is caused by different strains of 
cetacean poxvirus (Van Bressem et al. 1993; Barnett et al. 2015; 
St. Leger et al. 2018; Rodrigues et al. 2020; Luciani et al. 2022). 
ICIBs were observed in 92% (23/25) of TSD lesions, suggesting 
poxviral involvement; however, without molecular testing or 
electron microscopy, etiology cannot be confirmed. Prevalence 
of TSD was significantly higher in T. aduncus. South Australia 
T. aduncus display coastal residency (Cribb et al. 2013; Zanardo 
et  al.  2016) and are likely exposed to an increased number of 
stressors such as wastewater, stormwater discharge, and an-
thropogenic pressures. TSD is considered a health indicator in 
dolphins, with prevalence reported to increase with poor health 
(Van Bressem, Van Waerebeek, et al. 2009) and during periods 
of environmental disturbance (e.g., heavy rainfall in estuarine 
environments) (Fury and Reif  2012). Infection has also been 
reported with coinfections (Groch et al. 2020; Segura-Göthlin, 
Fernández, Arbelo, Andrada Borzollino, et  al.  2023; Stephens 

FIGURE 7    |    Macroscopic appearance of epidermal changes observed in a physiological response to primary traumatic injury (shark bite) in a 
male, sexually immature common dolphin (Delphinus delphis), 23-01992.
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et al. 2014), which may suggest an immune compromised state. 
However, there were no significant relationships observed be-
tween TSD prevalence and BCS, health status, or season in the 
present study.

There were no significant relationships observed between 
TSD and sex or sexual maturity. Sex has not previously been 
associated with TSD in other studies (except in Peruvian 
Burmeister's porpoise, Phocoena spinipinnis) (Van Bressem and 
Van Waerebeek 1996; Van Bressem, Van Waerebeek, et al. 2009; 
Powell et al. 2018); however, in captivity, male T. truncatus ap-
pear more vulnerable to infection (Van Bressem et al. 2018). The 
effect of age on TSD prevalence differs between free-ranging 
populations, possibly due to different age categorization tech-
niques among studies. In some populations, TSD prevalence 
has been reported to be higher in mature animals, consistent 
with poor health (Van Bressem, Van Waerebeek, et al. 2009) or 
sexual maturity increasing sociality and contact with infected 
individuals (Wearmouth and Sims 2008; Fury et al. 2013; Powell 
et al. 2020). Several studies have linked reduced TSD prevalence 
in young calves to protection conferred by maternal antibod-
ies (Van Bressem and Van Waerebeek 1996; Van Bressem, Van 
Waerebeek, et al. 2009; Barnett et al. 2015; Powell et al. 2018; 
Van Bressem et  al.  2018). However, the duration of antibody-
mediated protection following initial infection remains unclear 
(Powell et al. 2018). TSD could infer disease in naïve individuals 
in the absence of maternal antibodies (Van Bressem et al. 1999; 
Powell et  al.  2018). Four pre-weaned individuals (< 1.5 m in 
length for T. aduncus and < 1.3 m for D. delphis) in this study 
displayed TSD (22-00957, 22-01356, 22-02820, 23-01476), one 
of which displayed chronic disease of undetermined origin and 
another with systemic inflammation and sepsis. A late-term 
aborted fetus (23-00355) displayed TSD-like lesions along the 
dorsum (Figure  3i), with microscopic findings including hy-
perpigmentation, blunted/fused rete pegs, and eosinophilic 
globular material resembling ICIBs within keratinocytes of the 
stratum spinosum. Unlike CeMV (Van Bressem et  al.  2014), 
evidence of vertical transmission has not yet been reported for 
poxvirus in cetaceans, and further investigations with ancillary 
diagnostics are required to confirm or refute poxviral involve-
ment in this lesion.

Skin lesions suspected to be of infectious origin but with unde-
termined etiology accounted for 27% of skin lesions. Common 
microscopic findings were similar to those seen with TSD, in-
cluding the presence of ICIBs; however, many of these lesions 
were more severe, displaying congestion, dermal inflamma-
tion, and dermal fibrosis. Although TSD is not usually associ-
ated with marked adverse health outcomes, extensive lesions 
and fatal outcomes have been reported (Geraci et  al.  1979; 
Duignan et al. 2018). Ulcerative skin lesions of harbor porpoises 
(Phocoena phocoena) with molecular investigations indicative 
of poxvirus have been reported previously in captive conditions 
(van Elk et al. 2000). Chronic TSD can progress to pitting, dis-
rupted epithelium, and opportunistic pathogen invasion (Geraci 
et al. 1979; Duignan et al. 2018; Van Bressem et al. 2022). TSD le-
sions with central pitting were observed in this study, and eight 
dolphins with TSD displayed ulcerated lesions of unknown etiol-
ogy (suspected infectious based on microscopy). Three individu-
als with TSD had concurrent traumatic lesions, and ICIBs were 
observed in the stratum germinativum in several traumatic skin 

lesions not typical grossly for TSD. This suggests a route for viral 
transmission (i.e., through bites or a disrupted epidermis).

The oral and genital papillomas in this study were positive 
for herpesvirus (HV). HV has previously been unreported in 
dolphins from Australia (Souter et  al.  2024). Genital and oro-
pharyngeal plaques in dolphins have been associated with 
Gammaherpesvirinae, which do not cause systemic disease and 
are suggested to spread by sexual contact (Benson et al. 2006; van 
Elk et al. 2009; Ewing et al. 2020; Townsend and Staggs 2020). 
The contribution of papillomavirus (PV) infection was not in-
vestigated here. At present, the question as to whether HVs or 
PVs are causative for orogenital papillomas in dolphins is un-
resolved (Van Bressem et al. 1996; Bossart et al. 2005; Benson 
et  al.  2006; Van Bressem and Raga  2011; Rehtanz et  al.  2012; 
Duignan et  al.  2018) and is an area of ongoing research 
(Horowitz et al. 2023). HV and PV coinfection in genital pap-
illomas has been reported in T. truncatus (Rehtanz et al. 2012; 
Cruz et al.  2014). PV-related disease in dolphins has not been 
confirmed in Australia; however, respiratory, oral, anal, and 
urogenital papillomatosis (without a confirmed etiological 
agent) have been reported in a T. aduncus from the ADS (Byard 
et al. 2010). All skin lesions tested in this study were negative for 
HV; however, these samples were all formalin-preserved, pos-
sibly limiting the reliability of testing due to nucleic acid degra-
dation (Koshiba et al. 1993). The absence of targeted molecular 
testing in fresh skin lesion samples is a limitation of this study, 
and HV prevalence is possibly underestimated. Further molec-
ular and sequencing investigations into HV prevalence in skin 
lesions would be useful to improve our understanding of HV im-
pact in SA dolphins.

Bacterial skin lesions were observed in 7.7% of dolphins exam-
ined in this study and displayed varying clinical presentations. 
One juvenile female T. aduncus (22-02208) exhibited multifo-
cal cutaneous ulcerations over the head and rostrum and con-
current protozoal encephalitis. Due to being frozen prior to 
necropsy, bacterial cultures were not performed on this individ-
ual; however, similar pathological findings were reported in a 
deceased D. delphis calf that died of Streptococcus iniae sepsis 
in SA (Souter et al. 2021). E. rhusiopathiae was considered the 
most likely etiological agent of a flat, rhomboid erythematous 
skin lesion in a D. delphis calf (22-01356) displaying a marked 
neutrophilic vasculitis. A heavy E. rhusiopathiae culture was 
obtained from the brain and lesions in other organs indicated 
sepsis and encephalitis. This individual was in good body con-
dition, suggesting an acute process. E. rhusiopathiae is a known 
causative agent of skin disease in free-ranging and captive dol-
phins (Melero et al. 2011; Townsend and Staggs 2020; Sacristán 
et  al.  2022), as well as systemic disease without skin lesions 
(Díaz-Delgado et al. 2015; Lee et al. 2022; Danil et al. 2023), but 
had not yet been reported as a cause for skin lesions in dolphins 
from Australia.

The highest prevalence of bacterial skin lesions was in ADS 
dolphins. Two ADS residents with multifocal bacterial lesions 
displayed similar pathological findings of otitis media and de-
bilitation (see Table  S1). The ADS residents are exposed to a 
wide range of stressors including boat traffic, anthropogenic 
pollutants, and environmental degradation (Bossley et al. 2017; 
Kirkwood et al. 2022). Epidermal microbial communities play a 
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crucial role in skin immunity, and disruptions to these commu-
nities can occur from adverse environmental conditions or an 
immunocompromised host, resulting in colonization by patho-
genic organisms (Hargis and Sherry 2017; Duignan et al. 2020). 
Mycobacterium marinum was cultured from a dermal abscess 
of an ADS resident male. To the authors' knowledge, this is 
the first detection of this pathogen in cutaneous lesions in 
free-ranging cetaceans (Bowenkamp et al. 2001; Van Bressem 
et  al.  2008). M. marinum is a waterborne pathogen known to 
infect humans and fish, often colonizing secondary to initial 
trauma (Petrini 2006; Hashish et al. 2018). Similarly, Vibrio spp. 
is an opportunistic aquatic bacterium known to be pathogenic in 
marine fish and invertebrates (Van Bressem et al. 2008; Zhang 
et  al.  2020). Additionally, other bacterial organisms cultured 
from ADS resident dolphin skin lesions included Acinetobacter 
lwoffii and Pantoea agglomerans, both of which are considered 
opportunistic (Regalado et al. 2009; Dutkiewicz et al. 2016; Wan 
et al. 2023).

Marine mammals have a known tendency to accumulate toxic 
anthropogenic contaminants, some of which are immunomod-
ulatory (Fair et al. 2013; Desforges et al. 2016). The Port River 
Estuary (within the ADS) is a known hotspot for contamina-
tion from industry, landfill, wastewater, and stormwater out-
flows. High levels of per- and polyfluorinated alkyl substances 
(PFAS), metals, pharmaceutical agents, and organochlorines 
have previously been reported in dolphins, fish, and environ-
mental samples from this region (Butterfield and Gaylard 2005; 
Gaylard  2017; Weijs et  al.  2020; Souter et  al.  2025 in review). 
These contaminants are usually accumulated through dietary 
sources and undergo biomagnification in dolphins, resulting in 
elevated concentrations in tissues (Foord et  al.  2023). The ex-
tent to which anthropogenic pollutants are affecting dolphin 
health is still being studied, in addition to the synergistic effects 
of multiple contaminants, infectious disease, and stress (Marsili 
et al. 2019).

Non-infectious etiologies contributed to 33% of examined skin 
lesions. Anthropogenic injuries are well documented in dol-
phins (Moore et al. 2013; Correia et al. 2023). One bottlenose dol-
phin from SG had a peduncle injury consistent with a propeller 
wound. This animal succumbed to a secondary E. rhusiopathiae 
septicaemia. Traumatic injuries provide an entry for pathogenic 
microorganisms and subsequent septic infections (Hargis and 
Sherry 2017). Two cases with severe traumatic injuries, includ-
ing a shark bite injury, displayed features of epidermal oedema 
at other sites of the body. These changes are consistent with 
altered osmolality due to loss of epidermal contiguity (Deming 
et al. 2020; Duignan et al. 2020). In the case of the shark bite 
wound, the animal was observed alive for a period prior to eu-
thanasia, allowing time for these physiological changes to occur.

5   |   Conclusion

This pathological investigation of skin and mucosal lesions in 
dolphins from South Australian waters includes individuals that 
died from acute (e.g., anthropogenic trauma) and chronic (e.g., 
infectious disease) mortality causes, representing both healthy 
and unhealthy populations. This study documents a diversity of 
skin lesions, reports herpersvirus, Erysipelothrix rhusiopathiae, 

and Mycobacterium marinum infection in free-ranging dolphins 
from Australian temperate waters, and supports traumatic in-
jury as an entry point for pathogenic organisms and altered 
osmolality due to loss of epidermal contiguity. Furthermore, 
findings are suggestive of adverse impacts associated with 
residence in a heavily urbanized environment (the Adelaide 
Dolphin Sanctuary) on dolphin epidermal health and immunity, 
with a higher prevalence of opportunistic bacterial infections 
observed in dolphins of this region. These results improve our 
understanding of skin lesions in T. aduncus and D. delphis, pro-
vide a catalogue to assist in determining differential diagnoses, 
and support the use of observational surveys to assess dolphin 
and environmental health. Future studies on skin lesions in 
South Australian dolphins should focus on molecular investiga-
tions and phylogenetic analysis of the poxviruses causing Tattoo 
Skin Disease, as well as investigations on potential disease pro-
gression and comorbidities. Furthermore, investigations into 
the effects of confounding factors (e.g., toxicological, environ-
mental, immunological) on dolphin skin health are necessary. 
Small sample sizes limited the statistical power of this study, 
and future investigations would benefit from collecting a larger 
number of samples and data over a longer period.
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Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Table  S1: Macroscopic and micro-
scopic descriptions of examined traumatic and non-traumatic skin 
and mucosal lesions from stranded and deceased common dolphins 
(Delphinus delphis) and Indo-Pacific bottlenose dolphins (Tursiops 
aduncus) from South Australia between June 2021 and April 2024. 
BCS = body condition score. COD = cause of death, GSV = Gulf St. 
Vincent, CO = Coorong, KI = Kangaroo Island, SG = Spencer Gulf. (*) 
indicates mucosal lesions. NP = not performed. ICIBs = intracytoplas-
mic inclusion bodies. INIBs = intranuclear inclusion bodies. −ve = neg-
ative. PCR = polymerase chain reaction, ZN = Ziehl-Neelson stain, 
PAS = Periodic acid-Schiff stain, GMS = Grocott's methenamine silver 
stain, MSB = Martius Scarlet Blue stain. Figure S1: Topography of skin 
lesions examined in common dolphins (Delphinus delphis) and Indo-
Pacific bottlenose (Tursiops aduncus) of South Australia between June 
2001 and April 2024. Lesions were categorized into the following topo-
graphic regions: Head, dorsal fin, dorsum, laterals (thoracic and abdom-
inal regions), peduncle, pectoral fin, ventrum, and tail flukes. 
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