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1.  INTRODUCTION 

Cetaceans are long-lived apex predators that share 
the coastal environment with humans and other ani-
mals, making them a sentinel species for ocean 

health (Bossart 2011). Bottlenose dolphins Tursiops 
truncatus are the most abundant marine mammal 
in  the Gulf of Mexico (GoM) and are distributed 
throughout bays, sounds, and estuaries in this region 
(Mullin 1988). Understanding the causes of morbidity 
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ABSTRACT: Between 2010 and 2014, an unusual mortality event (UME) involving bottlenose dol-
phins Tursiops truncatus occurred in the northern Gulf of Mexico, associated with the Deepwater 
Horizon oil spill (DWHOS). Cause of death (COD) patterns in bottlenose dolphins since then have 
not been analyzed, and baseline prevalence data for Brucella ceti and cetacean morbillivirus, 2 
pathogens previously reported in this region, are lacking. We analyzed records from bottlenose 
dolphins stranded in Alabama from 2015 to 2020 with necropsy and histological findings to deter-
mine COD (n = 108). This period included another UME in 2019 associated with prolonged fresh-
water exposure. A subset of individuals that stranded during this period were selected for molecu-
lar testing for Brucella spp. and Morbillivirus spp. Causes of death for all age classes were grouped 
into 6 categories, including (1) human interaction, (2) infectious disease, (3) noninfectious disease 
(prolonged freshwater exposure and degenerative), (4) trauma, (5) multifactorial, and (6) unknown. 
Two additional categories unique to perinates included fetal distress and in utero pneumonia. 
Human interaction was the most common primary COD (19.4%) followed closely by infectious dis-
ease (17.6%) and noninfectious disease (freshwater exposure; 13.9%). Brucella was detected in 
18.4% of the 98 animals tested, but morbillivirus was not detected in any of the 66 animals tested. 
Brucella was detected in some moderately to severely decomposed carcasses, indicating that it may 
be beneficial to test a broad condition range of stranded animals. This study provides valuable 
information on COD in bottlenose dolphins in Alabama following the DWHOS and is the first to 
examine baseline prevalence of 2 common pathogens in stranded animals from this region.  
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and mortality and the prevalence of infectious dis-
eases in these animals may provide valuable infor-
mation about the future success of their populations 
as well as the health of the ecosystem overall. Com-
prehensive mortality and disease investigations are 
typically conducted following large-scale mortalities, 
including mass strandings and unusual mortality 
events (UMEs; Bossart et al. 2007, Venn-Watson et al. 
2015). While deaths associated with UMEs tend to be 
well studied, non-UME mortalities and prevalence of 
infectious agents in stranded animals are less fre-
quently collated and published, even though these 
baseline data are important for informing stranding 
response and management decisions and identifying 
unusual events (IJsseldijk et al. 2020, Seguel et al. 
2020, Russell et al. 2022). 

Fifteen UMEs involving bottlenose dolphins have 
oc curred in the GoM since 1990 (Litz et al. 2014; https://
www.fisheries.noaa.gov/national/marine-life-distress/
active-and-closed-unusual-mortality-events). The most 
recent of these, caused by extreme freshwater dis-
charge leading to prolonged freshwater exposure, 
lasted from February to November 2019 and spanned 
the northern GoM (nGoM) coastline from Louisiana to 
Florida. A total of 337 dolphins stranded during this 
event, and a high prevalence exhibited skin lesions 
consistent with low salinity exposure (https://www.
fisheries.noaa.gov/national/marine-life-distress/2019-
bottlenose-dolphin-unusual-mortality-event-along-
northern-gulf). The longest-lasting and most deadly 
UME in the GoM to date was associated with the 
Deepwater Horizon oil spill (DWHOS) and lasted 
from February 2010 until July 2014 (Litz et al. 2014). 
More than 1100 cetaceans died during the UME, and 
adrenal and lung disease reported in a number of 
 animals was potentially related to oil exposure 
(Schwacke et al. 2014, Venn-Watson et al. 2015). In 
addition, in the years immediately following the oil 
spill, an increased number of perinatal bottlenose dol-
phins died, likely related to multifactorial stressors in-
cluding oil exposure and late-term pregnancy failure 
of dams, increased susceptibility to Brucella infection, 
and environmental perturbations including extreme 
cold and freshwater discharge (Carmichael et al. 
2012, Colegrove et al. 2016). The long-term effects of 
oil exposure on bottlenose dolphins in the nGoM are 
still being investigated (e.g. Smith et al. 2017, De 
Guise et al. 2021, Linnehan et al. 2021). 

Infectious diseases have also been implicated in 
multiple GoM UMEs. Cetacean morbillivirus, a 
high ly contagious paramyxovirus, has been sus-
pected or confirmed in 3 GoM UMEs (1990, 1992, 
and 1994; Litz et al. 2014). In acutely fatal morbil-

livirus infection, death often results from bronchoin-
terstitial pneu monia or central nervous system dis-
ease. More chronic cases can result in immunosup-
pression and predispose the animal to opportunistic 
infections and lead to chronic encephalitis (Van 
Bressem et al. 2014). Morbillivirus is suspected to 
be endemic in off shore GoM cetaceans, which may 
be reservoirs for susceptible naive coastal popula-
tions (Fauquier et al. 2017, Cloyed et al. 2021). Bru-
cella is a bacterium with a wide host range and 
zoonotic potential that has been isolated from 
cetaceans across the world (Guzmán-Verri et al. 
2012). In perinate dolphins, brucellosis typically 
presents as pneumonia acquired via in utero trans-
mission, while in older animals it leads to reproduc-
tive tract infections and abortion, central nervous 
system disease, and osteomyelitis (Miller et al. 1999, 
Dagleish et al. 2008, Guzmán-Verri et al. 2012, 
Hernández-Mora et al. 2013). Brucella infections 
are a known cause of sporadic mortality in both 
non perinatal and perinatal bottlenose dolphins in 
the GoM, though the prevalence of infection during 
non-UME periods and whether infection is endemic 
in this region are unknown (Venn-Watson et al. 
2015, Colegrove et al. 2016). This lack of baseline 
information highlights the need for ongoing surveil-
lance and subsequent data analyses. 

Cause of death (COD) and infectious disease sur-
veillance information and analyses are particularly 
lacking for cetaceans in the north-central GoM. 
Coastal Alabama marks an important suture zone 
that links the eastern and western portions of the 
nGoM region and results in a unique confluence of 
habitat attributes and environmental stressors that 
can affect cetacean mortality (Portnoy & Gold 2012, 
Vollmer & Rosel 2017, Russell et al. 2022). Bottlenose 
dolphins are the most common cetacean in Alabama 
waters and constitute nearly 90% of marine mammal 
strandings in the state (Russell et al. 2022). Photo 
identification and biopsy surveys are currently ongo-
ing in this region to assess bottlenose dolphin popu-
lation abundance and health. Known threats to this 
population include human and fisheries interactions 
(e.g. peracute underwater entrapment, entangle-
ment, boat strike, harassment; Carmichael et al. 
2022), infectious diseases (e.g. morbillivirus, brucel-
losis), prolonged freshwater exposure, biotoxins, and 
contaminants. Comprehensive baseline COD and 
infectious disease prevalence data for this state, how-
ever, have not been published. This study aims to 
summarize demographic patterns in COD and deter-
mine the prevalence of infectious diseases, Brucella 
and morbillivirus, for bottlenose dolphins stranded in 
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Alabama from 1 January 2015 to 31 December 2020, 
after the close of the DWHOS UME. This information 
will provide a valuable baseline to identify future 
UMEs and inform stranding response and manage-
ment decisions such as fishing regulations and habi-
tat restoration efforts. 

2.  MATERIALS AND METHODS 

This study includes bottlenose dolphins found 
stranded dead in Alabama from 1 January 2015 to 31 
December 2020. Like cetacean stranding response 
elsewhere along the US coast, stranding response in 
Alabama is conducted by a local stranding network, 
the Alabama Marine Mammal Stranding Network 
(ALMMSN), under a stranding agreement with the 
National Oceanic and Atmospheric Administration's 
National Marine Fisheries Service (NOAA Fisheries). 
Standardized marine mammal stranding data, includ-
ing location, date, species, sex, and straight length, 
and other information such as evidence of human 
interaction that are important to determining COD 
were recorded and documented in the NOAA Fish-
eries' Marine Mammal Health and Stranding Re-
sponse Program (MMHSRP) national database. Data 
for this study were obtained from the ALMMSN and 
included a combination of the basic data documented 
in the MMHSRP and data from subsequent nec -
ropsy and supporting histological and other ancillary 
testing reports (Table S1 in the Supplement at www.
int-res.com/articles/suppl/d155p087_supp.pdf). 

2.1.  Determining COD 

To determine COD, cases with both necropsy and 
histologic data were examined. Necropsies followed 
standardized protocols (Pugliares et al. 2007), and tis-
sue sections from all major organs (e.g. skin, blubber, 
muscle, brain, spinal cord, trachea, thyroid, eso -
phagus, heart, lung, liver, spleen, kidney, adrenal 
gland, pancreas, stomach chambers, small and large 
intestine, gonads, and representative lymph nodes) 
and lesions were fixed in 10% neutral buffered for-
malin for microscopic analysis. Formalin-fixed tissues 
were routinely processed and stained with hema to -
xylin and eosin. Histologic evaluation was performed 
by pathologists familiar with marine mammals in the 
region. For each case, gross necropsy and histopatho -
logy reports were independently reviewed by 3 vet-
erinarians (J. C. G. Bloodgood, A. C. Deming, K. M. 
Colegrove), and a consensus COD was reached. 

Causes of death based on gross and histologic find-
ings were grouped into 6 primary categories for all 
age classes, including (1) human interaction (subdi-
vided into peracute underwater entrapment, vessel 
strike, blunt and/or sharp trauma), (2) infectious dis-
ease (subdivided into Brucella, other bacterial, para-
sitic, fungal, mixed, and unknown), (3) noninfectious 
disease (subdivided into prolonged freshwater ex -
posure and degenerative), (4) trauma, (5) multifacto-
rial (when more than 1 diagnosis could have equally 
contributed to death), and (6) unknown (subdivided 
into those with poor and good body condition; Venn-
Watson et al. 2015). For perinates, 2 ad ditional cate-
gories were analyzed: fetal distress and in utero 
pneumonia (non-Brucella related). Human interac-
tion cases were further classified as confirmed (known 
to have contributed to stranding), probable (very likely 
contributed to stranding), or suspect (possibly con-
tributed to stranding), as previously described (Moore 
& Barco 2013). Multifactorial cases are discussed in 
each appropriate category and thus may be included 
in the total counts of more than 1 category. 

2.2.  Demographics of stranded animals 

To determine whether there were any demo-
graphic patterns in COD, we analyzed the sex, age 
class, and decomposition code of each case. Sex was 
assigned based on visual assessment of the gonads. 
In cases where the genital region was scavenged and 
sex could not be determined visually, sex was re -
corded as undetermined. Age class was based on 
body length, sex, and gonadal development, includ-
ing perinate (≤115 cm), calf (116−169 cm), subadult 
female (170−230 cm and sexually immature), sub -
adult male (170−250 cm and sexually immature), 
adult female (>230 cm or sexually mature), and adult 
male (>250 cm or sexually mature) (Colegrove et al. 
2016, Russell et al. 2022). All animals stranded de -
ceased and were classified according to level of 
decomposition (Code 2 = fresh dead, Code 3 = mod-
erately decomposed, Code 4 = severely decomposed; 
Pugliares et al. 2007). 

2.3.  Molecular testing for infectious diseases 

To determine the prevalence of Brucella and mor-
billivirus, archived tissues from bottlenose dolphins 
stranded during the study period were selectively 
submitted for molecular testing based on sample 
availability, sample quality, and the suspicion of dis-
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ease from necropsy or histopathological analyses. 
Samples were analyzed by quantitative PCR (qPCR) 
for Brucella spp. at the University of Illinois Zoo 
Pathology Program and by PCR for Morbillivirus spp. 
at the University of Georgia College of Veterinary 
Medicine, using previously developed protocols 
(Colegrove et al. 2016, Fauquier et al. 2017). Results 
of molecular testing were only considered in the COD 
analysis when the animal tested positive and had 
necropsy and/or histologic evidence of that disease. 

3.  RESULTS 

3.1.  COD analysis 

A total of 234 bottlenose dolphins stranded in Ala-
bama during the 6 yr study period. Of these, 190 
were necropsied and 108 were also examined histo-
logically. Cases that were not necropsied and/or not 
examined histologically either stranded alive, could 
not be recovered, or were too decomposed for analy-
sis. The 108 cases with both necropsy and histologi-
cal data were examined for COD analysis. 

The sex distribution of animals included in the 
COD analysis was approximately equal (Table 1, 
Fig. A1 in the Appendix). The majority of cases were 

subadults and adults, followed by perinates and 
calves (Table 1, Fig. A2). Several animals that would 
have been classified as subadults based on their 
body length had necropsy and/or histologic findings 
that indicated they were sexually mature (e.g. active 
testes with spermatogenesis, ovaries with corpora 
albicantia, evidence of pregnancy). These animals 
were reclassified as adults for analyses (Table S1). 
All animals stranded deceased; most were in a mod-
erate state of decomposition (Code 3), and the 
remaining cases were fresh dead (Code 2) (Table 1). 
Sixteen cases were classified as multifactorial; as 
such, these cases may be included in the total counts 
of more than 1 COD category, and they are clearly 
delineated (Table 1). 

3.1.1.  Human interaction 

The most common primary COD was human inter-
action, which accounted for 21 of the 108 examined 
cases (19.4%; Table 1) and contributed to an addi-
tional 6 multifactorial cases (total human interaction 
involvement n = 27). Most cases were males (16, 
59.3%) and subadults (11, 40.7%) followed by adults 
(8, 29.6%), calves (7, 25.9%), and perinates (1, 3.7%; 
Table 1). Most cases were classified as probable (17, 
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COD                                 Total                     Sex                                         Age class                    Decomposition code 
                                                      Male    Female   Undetermined    Perinate   Calf   Subadult    Adult             2             3 
 
Human interaction            21         14            7                   0                      1           6           10             4                 8            13 
Infectious disease              19         13            4                   2                      6           5            4              4                 7            12 
Noninfectious disease                                                                                                                                                               
   Freshwater                      15          7             8                   0                      0           0            8              7                 1            14 
   Degenerative                   1           0             1                   0                      0           0            0              1                 1             0 
Trauma                                1           0             1                   0                      0           0            0              1                 0             1 
Multifactorial                     16          8             7                   1                      4           3            3              6                 5            11 
   Human interaction          6           2             3                   1                      0           1            1              4                 2             4 
   Infectious                         9           6             3                   0                      3           3            2              1                 3             6 
   Freshwater                       2           2             0                   0                      0           1            0              1                 0             2 
   Degenerative                   2           0             2                   0                      0           0            0              2                 1             1 
   Trauma                             7           3             3                   1                      3           1            1              2                 1             6 
   Fetal distress                    3           3             0                   0                      3         NA         NA          NA               1             2 
Unknown 
   Good body condition     22          7            15                  0                      2           1            9             10                7            15 
   Poor body condition        4           3             1                   0                      0           0            3              1                 2             2 
In utero pneumonia           4           2             2                   0                      4         NA         NA          NA               1             3 
  (non-Brucella) and  
  fetal distress 
Fetal distress                       5           1             4                   0                      5         NA         NA          NA               1             4 
Total                                  108        55           50                  3                     22         15          37            34               33           75

Table 1. Causes of death (COD) of 108 bottlenose dolphins Tursiops truncatus stranded in Alabama from 2015 to 2020 grouped 
by sex, age class, and decomposition code. Counts in the Multifactorial subcategories are included in the total counts of the  

primary COD categories described in Section 3. NA: not applicable
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63.0%) followed by suspect (9, 33.3%) and con-
firmed (1, 3.7%) (Table S1). Human interaction was 
also suspected in 4 additional cases in which COD 
was classified as unknown. 

The majority of human interaction cases (25 of 27, 
92.6%) were diagnosed as peracute underwater en -
trapment (i.e. bycatch or drowning in fisheries gear; 
Table S1). Diagnosis of peracute underwater entrap-
ment was made when there was gross and histologic 
evidence of contact with fishing gear and/or struggle 
while entrapped (e.g. linear skin lesions, hemorrhage, 
fractures; Fig. 1, Case 21DISL040519) and hypoxia 
(e.g. pulmonary edema and congestion, fluid and/or 
froth in the airways; Moore & Barco 2013, Moore et al. 
2013). Good nutritional condition, evidence of recent 
feeding (i.e. whole undigested prey in the stomach 
chambers), and a paucity of other histologic lesions 
supported this diagnosis in many cases. 

The sharp trauma case (45DISL091716; Table S1) 
was a subadult male with amputated flukes. Histo -
patho logy revealed regionally marked myonecrosis 
and hemorrhage at the amputation site. Linear im -
pressions on the rostrum and a forestomach full of par-
tially digested fish and squid supported that this ani-
mal was entangled in fishing gear prior to mutilation. 

The vessel strike case (33DISL052916; Table S1) 
was classified as confirmed human interaction and 
involved an adult male that stranded dead 1 d after 
being re ported alive with lacerations consistent with 
propeller wounds. Upon recovery of the carcass, 10 
parallel linear propeller lacerations were documented 
along the dorsum. On histopathology, this animal had 
evidence of sepsis and potential peritonitis prior to 
trauma, and thus the COD was classified as multifac-
torial (human interaction + other bacterial). 

3.1.2.  Infectious disease 

Infectious disease was the second most common 
primary COD (19 of 108, 17.6%; Table 1). Including 
multifactorial cases (total n = 28), there were more 
males (19, 71.4%) than females (7, 25%), and there 
was similar representation from every size class 
(Table 1). Most infectious disease cases were para-
sitic (11 of 28, 39.3%), and all of these were cases of 
parasitic pneumonia (Table 2). Ten of these cases 
were lungworm infection (presumed or confirmed 
via histology as Halocercus sp.). The remaining case 
involved a 118 cm female (17DISL081315), and histo-
logic examination of granulomas in the lung tissue 
revealed trematode ova. 

Brucella infection was the second most common 
subcategory of infectious disease (6 of 28, 21.4%; 
Table 2). The 4 cases of brucellosis in perinates all 
had evidence of in utero pneumonia and fetal dis-
tress, and positive Brucella spp. qPCR results con-
firmed the COD as infectious disease. There were 2 
cases of brucellosis among nonperinates. One was an 
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Fig. 1. (a) Case 21DISL040519, cause of death (COD) of a male calf bottlenose dolphin Tursiops truncatus categorized as hu-
man interaction (subcategory: peracute underwater entrapment) with (b) linear skin impressions on the rostrum consistent  

with entanglement in fishing gear

COD                                     Perinate              Nonperinate 
 
Brucella                                     4                              2 
Other bacterial                          1                              4 
Parasitic                                     2                              9 
Fungal                                       0                              1 
Mixed                                        0                              2 
Unknown etiology                    2                              1

Table 2. Infectious causes of death (COD) of perinate and 
nonperinate bottlenose dolphins Tursiops truncatus stranded  

in Alabama from 2015 to 2020
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adult lactating female (36DISL092117) with moder-
ate diffuse neutrophilic and histiocytic endometritis 
as well as evidence of recent placental attachment in 
the right uterine horn. Lung tissue was negative for 
Brucella spp. via qPCR; however, the cerebrospinal 
fluid (CSF) was positive (Table S2). The other brucel-
losis case was an adult male (35DISL060819) with 
marked lymphocytic meningitis. Brucella testing of 
lung and testis tissue via qPCR was negative; how-
ever, the spinal cord tissue was positive (Table S2). 

Five other bacterial cases included 2 cases of Ery si -
pe  lo thrix spp. sepsis (10DISL022120 and 19DISL0 -
32020), 1 in a male calf and 1 in a male subadult. 
There was also 1 case of sepsis of un known etiology 
(14DISL030919). The remaining 2 cases were multi-
factorial (1 bacterial pneumonia + trauma case de-
scribed in Section 3.1.4 and 1 sepsis + vessel strike 
case described in Section 3.1.1). 

The fungal case (32DISL053019) was a 248 cm sex-
ually mature adult male that stranded dead in May 
2019 with severe fungal pneumonia and tracheitis. 
Significant findings during gross necropsy included 
raised beige plaques on the mucosa of the trachea 
and multifocal beige abscesses throughout the paren -
chyma of both lung lobes (Fig. 2). Histo pathology 
confirmed severe pyogranulomatous and necrotizing 
pneumonia and tracheitis with intralesional fungal 
hyphae. Fungal hyphae were morphologically con-
sistent with Aspergillus spp., and PCR of lung tissue 
was negative for Morbillivirus spp. 

The 2 mixed infectious disease cases included 1 
bacterial + parasitic case in which COD was attrib-
uted to bacterial enteritis leading to peritonitis and 1 
fungal + bacterial case in which COD was attributed 
to fungal and bacterial tracheitis and bronchitis with 

additional bacterial bronchopneumonia. Intralesi -
onal fungi were histologically most consistent with 
mucormycetes. 

3.1.3.  Noninfectious disease (prolonged freshwater 
exposure and degenerative) 

Prolonged freshwater exposure was the third most 
frequently diagnosed primary COD (15 of 108, 
13.9%; Table 1). Including multifactorial cases (total 
n = 17), there were approximately equal numbers of 
males (9, 52.9%) and females (8, 47.1%), and most 
cases were subadults (8, 47.1%) and adults (8, 
47.1%; Table 1). Cases were characterized grossly by 
pale thickened skin and multifocal to coalescing skin 
erosions (e.g. 02DISL020319, Fig. 3) with epiphytic 
growth (e.g. fungal, algal, and/or diatom). Histo -
patho logy of the skin from the peduncle of 
02DISL020319 showed proliferative to pustular der-
matitis with degeneration, edema, and superficial 
fungi (oomycetes), mixed bacteria, and ciliates con-
sistent with exposure to low salinity water. 

Degenerative disease was among the least com-
mon primary COD (1 of 108, 0.9%; Table 1). 
Including multifactorial cases (total n = 3), all 3 
degenerative cases were adult females (Table 1). 
The primary case was an adult female with severe 
heart disease (11DISL022619). Grossly, the heart 
was enlarged, pale, and flaccid with a thin right 
ventricular wall, and the mitral valve had endocar-
diosis (Fig. 4). Histologically, the heart had severe 
multifocal interstitial and replacement fibrosis and 
moderate myocardial degeneration. The cause of 
the fibrosis could not be identified. The lung had 

moderate pulmonary edema and his-
tiocytosis (heart failure cells) consis-
tent with congestive heart failure. 
One of the multifactorial cases 
(33DISL053019) was an adult female 
with severe multifocal to coalescing 
pulmonary angio ma tosis and intersti-
tial fibrosis and moderate multifocal 
myocardial fibrosis consistent with 
chronic pulmonary and cardiac dis-
ease. This animal also had evidence 
of peracute underwater entrapment. 
The other case (01DISL010420) was a 
pregnant adult fe male with a cere-
bral infarction, moderate multifocal 
cerebellar hemorrhage, malacia, and 
cerebral edema and with acute to 
subacute aspiration pneumonia. 

92

Fig. 2. Case 32DISL053019, COD of a male adult bottlenose dolphin Tursiops 
truncatus categorized as infectious disease (subcategory: fungal) with severe 
fungal pneumonia and tracheitis. Significant findings during gross necropsy 
included (a) raised beige plaques adhered to the mucosa of the trachea and (b) 
multifocal beige abscesses throughout the parenchyma of both lung lobes
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3.1.4.  Trauma 

Trauma was also among the least common primary 
COD (1 of 108, 0.9%; Table 1). Including multifactor-
ial cases (total n = 8), there were approximately equal 

numbers of males (3 of 8, 37.5%) and 
females (4 of 8, 50.0%), and cases 
were distributed among all age classes 
(Table 1). The single case of trauma as 
the primary COD was an adult female 
(20DISL111015) with a 10.8 cm long 
and 1.3 cm deep melon laceration and 
compound fracture across both occipi-
tal condyles with associated hemor-
rhage. The multifactorial cases had ev-
idence of trauma (i.e. bone fractures 
and/or soft tissue hemorrhage) as well 
as pneumonia (n = 4), evidence of per-
acute underwater entrapment (n = 1), 
fetal distress (n = 2), and/or cerebral 
edema and heart disease (n = 1). The 
multifactorial bacterial pneumonia + 
trauma case (07DISL031516) had his-

tologic evidence of severe bacterial bronchopneumo-
nia (most likely Staphylococcus or Streptococcus 
based on histomorphology). In addition, there was 
gross evidence of hemorrhage along the base of the 
skull as well as an acute intestinal perforation. 
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Fig. 3. (a) Case 02DISL020319, COD of a subadult female bottlenose dolphin Tursiops truncatus categorized as noninfectious 
disease (subcategory: prolonged freshwater exposure) with severe skin lesions. Close-up images of the (b) right lateral peduncle  

and (c) dorsal flukes show multifocal to coalescing skin erosions with epiphytic growth

Fig. 4. Case 11DISL022619, COD of an adult female bottlenose dolphin Tur-
siops truncatus categorized as noninfectious disease (subcategory: degenera-
tive) (heart disease). (a) The heart was large and pale, and (b) the mitral valve  

had firm small nodules (indicated by white arrows)
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3.1.5.  Perinates (fetal distress and in utero 
 pneumonia [non-Brucella related]) 

Fetal distress was the most common primary COD 
in the perinate-only analysis (5 of 108, 4.6% of all 
dolphins; 5 of 22, 22.7% of perinates; Table 1). In -
cluding multifactorial cases (total n = 8), there were 
equal numbers of males and females (Table 1). The 
multifactorial cases included 1 case classified as 
parasitic, 1 as trauma (unknown origin), and 1 as 
parasitic + suppurative pneumonia + trauma (un -
known origin with panniculitis). In utero pneumonia 
(non-Brucella related) and fetal distress together 
were also relatively common among perinates (4 of 
108, 3.7% of all dolphins; 4 of 22, 18.2% of peri-
nates; Table 1). There were equal numbers of males 
and females (Table 1). 

3.1.6.  Unknown 

Cases in which COD remained unknown (26 of 
108, 24.1%) were all moderately decomposed 
(Code 3). The majority of these cases were in good 
body condition (22 of 26, 84.6%). There were more 
fe males (16 of 26, 61.5%) than males (10 of 26, 
38.5%), and the majority of cases were subadults (12 
of 26, 46.2%) and adults (11 of 26, 42.3%; Table 1). 

3.2.  Molecular testing for infectious diseases 

Among the individuals (including those not in the 
COD analysis) selected for molecular testing for Bru-
cella spp. (n = 98 dolphins) and Morbillivirus spp. 
(n = 66 dolphins), Brucella spp. was detected in 18 
(18.4%) animals, while Morbillivirus spp. was not 

detected in any animals tested (Table 3). Approxi-
mately equal numbers of males and females were 
positive for Brucella; however, there were some dif-
ferences by age class, with perinates having the 
highest prevalence (30.3%) and subadults the lowest 
(9.1%). Brucella was detected in some moderately to 
severely decomposed carcasses (i.e. Codes 3 and 4; 
Table 3). The total number of tissue samples tested 
for Brucella spp. was 144 (78 lung, 20 testicle or 
uterus, 23 brain, 19 spinal cord, 1 prostate, 1 lymph 
node, 1 CSF, and 1 lung abscess; Table S2). For cases 
that tested positive for Brucella spp. and which had 
multiple tissue types submitted, not all tissues tested 
positive. The total number of tissue samples tested 
for Morbillivirus spp. was 116 (40 lung, 43 brain, 33 
spinal cord; Table S2). 

4.  DISCUSSION 

This study is the first to collate and summarize 
COD patterns and prevalence of infectious diseases 
in bottlenose dolphins stranded in Alabama since 
the closure of the DWHOS UME in 2014. While 
COD for populations of bottlenose dolphins in other 
areas has been reviewed (e.g. Bossart et al. 2003, 
2013, McFee & Lipscomb 2009, Seguel et al. 2020), 
baseline data for populations in the nGoM are 
lacking. The age class and sex distributions of 
cases included in this study are consistent with a 
larger 41 yr dataset of strandings along the Ala-
bama coast (Russell et al. 2022), suggesting these 
data are representative of historical stranding pat-
terns in the area. In Section 4.1, we discuss each of 
the identified COD categories in the order of fre-
quency and hypothesized importance to dolphins 
in Alabama waters. 
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                             Total                            Sex                                                              Size                                              Code 
                                                 Male    Female      Un-               Perinate    Calf     Sub-    Adult     Un-              2         3        4 
                                                                          determined                                       adult               known 
 
Brucella 
Tested                    98                46           46             6                       33           15         22         26          2               23       69       6 
Positive                   18                 8             7              3                       10            2           2           3           1                1        15       2 
Prevalence (%)    18.4             17.4        15.2         50.0                   30.3        13.3       9.1       11.5      50.0            4.3     21.7   33.3 

Morbillivirus 
Tested                    66                32           30             4                       16           12         17         20          1               23       40       3 
Positive                    0                  0             0              0                        0             0           0           0           0                0         0        0 
Prevalence (%)     0.0               0.0          0.0           0.0                     0.0          0.0        0.0        0.0        0.0             0.0      0.0     0.0

Table 3. Quantitative PCR testing results for Brucella spp. and PCR testing results for Morbillivirus spp. in bottlenose dolphins  
Tursiops truncatus stranded in Alabama from 2015 to 2020
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4.1.  COD analysis 

4.1.1.  Human interaction 

Among human interactions, fisheries bycatch and 
boat collisions are known to be globally important 
causes of mortality in marine mammals (Moore et al. 
2013). A recent study found that Alabama is a hotspot 
in the nGoM for cetacean strandings with signs of a 
wide range of human interactions and that these 
cases have increased in recent years (Carmichael et 
al. 2022). Both commercial and recreational shrimp 
and gillnet fisheries are legal in Alabama, providing 
opportunities for fisheries interactions in the region 
(https://www.outdooralabama.com/saltwater-fishing/
saltwater-regulations-and-enforcement). As ex pected, 
these were the most documented COD in this study, 
contributing to death in 27 of 108 (25%) cases. Simi-
larly, fishing gear interactions contributed to death in 
27% of bottlenose dolphins stranded in Sarasota Bay 
on the Gulf coast of Florida from 1993 to 1996 (Wells 
et al. 1998). Fisheries interactions are also commonly 
documented in stranded cetaceans in other countries 
(e.g. Mannocci et al. 2012, Domiciano et al. 2016, 
Neimanis et al. 2022), but differences in fishing and 
reporting practices and detection or documentation 
among locations make stranding comparisons diffi-
cult. The numbers in the current study are much 
higher than those elsewhere along the Atlantic coast 
of the USA, including Massachusetts, where 10% (31 
of 314) of marine mammals (8 cetaceans) that stranded 
from 2000 to 2006 died of human interaction, including 
harassment, entanglement, and vessel strikes (Bogo-
molni et al. 2010). Similarly, on Canada’s Atlantic 
coast, nearly 10% (9 of 94) of harbor porpoises that 
stranded from 1988 to 2011 died from entanglement in 
fishing gear (Fenton et al. 2017). The disparity in the 
frequency of human interaction-related strandings in 
Alabama compared to the North Atlantic coast of the 
USA and Canada warrants further study. The vaquita 
Phocoena sinus is a cautionary example of how 
human and fisheries interactions can lead to signifi-
cant population level declines and underscores the 
importance of conservation action before a population 
reaches critical lows (Sanjurjo-Rivera et al. 2021). Mit-
igation of high-risk fisheries practices and incentives 
for sustainable fishing may offer a tangible conserva-
tion approach for Alabama dolphin populations that 
have already been impacted by recent UMEs.  

The sharp trauma/mutilation case was consistent 
with other bycatch cases in which the flukes were 
severed to release the animal from a net (Camphuy-
sen et al. 2008, Moore et al. 2013). Severed flukes 

have been documented at least 3 other times in Ala-
bama (M. R. Munday et al. unpubl. data). In addition 
to interactions with fisheries gear, species in coastal 
waters are at increased risk of being struck by ves-
sels, especially in urbanized areas with higher densi-
ties of boats (Schoeman et al. 2020). The vessel strike 
case described in this study that also included evi-
dence of sepsis and potential peritonitis suggests the 
animal may have been sick or debilitated prior to the 
vessel strike, making it more vulnerable to being 
struck. Debilitated individuals with decreased body 
condition that die at sea are less buoyant and thus 
more likely to sink than wash ashore (Moore et al. 
2020), making this case a valuable contribution to our 
understanding of human interaction. 

Some human interaction cases may be related to 
be havioral responses of a specific demographic of 
animals. The majority of human interaction cases in 
this study involved males and subadults. Wells et al. 
(1998) also found that subadults were disproportion-
ately represented in entanglement cases and sug-
gested that curiosity and inexperience placed this 
age class at greater risk. Anecdotal evidence has also 
suggested that juvenile male bottlenose dolphins are 
overrepresented in cases of commercial fishing gear 
entanglement on the east coast of the USA (Moore et 
al. 2013). Identifying demographics that are overrep-
resented in human interaction cases in some regions 
may provide important information for management 
and mitigation. 

The number of deaths from human interaction in 
this study is likely underestimated. Conclusive diag-
nosis of human interaction can be difficult because 
evidence may be obscured by other marks, damage 
from predation and scavenging, and decomposition 
(Moore & Barco 2013, Fenton et al. 2017). In addition, 
not all cases of human interaction leave evidence of 
contact with sources such as fishing gear, and some 
cases may be missed by untrained observers (Moore 
et al. 2013). In this study, human interaction was sus-
pected in 4 additional cases that were classified as 
unknown COD. These difficulties underscore the im -
portance of actively working to reduce the likelihood 
of human interactions and training first responders 
and necropsy staff in recognition and documentation 
of signs of human interaction. ALMMSN actively 
works with NOAA Fisheries and the Alabama De -
partment of Conservation and Natural Resources to 
develop and distribute education and outreach mate-
rials that aim to reduce human and fisheries interac-
tions with marine mammals. The large number of 
human interaction cases highlights the need for pub-
lic education, management, and policy in this area. 
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4.1.2.  Infectious disease 

As found in other populations, dolphins in Alaba ma 
suffered from a variety of infectious diseases, primarily 
from parasites and microbial infections. Lungworm, 
which accounted for the majority of infectious disease 
cases in this study, is common in bottlenose dolphins 
in the GoM (Fauquier et al. 2009, Venn-Watson et al. 
2015, Smith et al. 2017). During postmortem examina-
tions of stranded dolphins in southwestern Florida, 
77% of animals had evidence of chro nic or active 
lungworm infection, although it was not the primary 
COD in any case (Fauquier et al. 2009). Lungworm 
was also the most common cause of pneumonia in 
bottlenose dolphins sampled in Loui siana, Mississippi, 
and Alabama during the DWHOS (Venn-Watson et al. 
2015). Lungworm infection was only documented as a 
primary COD in perinate, calf, and subadult age 
classes in the current study. Fauquier et al. (2009) 
found infections in all age classes; however, active in-
fections were more likely in younger animals, while 
adults were more likely to have chronic to resolving 
infections. The case of a young dolphin with trema-
tode ova in the lung tissue is highly unusual. While 
transmission of lungworms from dolphin dams to off-
spring in utero has been documented, to our knowl-
edge this has not been documented for trematodes in 
Tursiops truncatus (Fauquier et al. 2009). While the 
prevalence of parasitic infections in dolphins in Ala-
bama was similar to that found in previous studies, 
the number of cases in which it contributed to death 
was higher than expected. This finding may indicate 
increased susceptibility of this population to diseases, 
and these cases should continue to be monitored. 

Bacterial infections were primarily due to Brucella 
spp. and Erysipelothrix spp. The necropsy and histo-
logic findings in the cases of brucellosis are consistent 
with what has been reported with sporadic Brucella 
ceti infections in bottlenose dolphins from the coastal 
USA (Venn-Watson et al. 2015, Curtiss et al. 2022). 
Brucella infection may cause abortion in marine 
mammals and is a top differential in dolphin perinates 
with in utero pneumonia and fetal distress (Miller et 
al. 1999, Colegrove et al. 2016). Histology of 3 of the 4 
perinate cases showed diffuse pulmonary atelectasis, 
indicating that these individuals either died in utero 
and were aborted or died during the birthing process. 
Erysipelothrix is known to cause clinical disease in 
both aquarium-housed and free-ranging cetaceans 
(Díaz-Delgado et al. 2015, Van Bonn & Rogers 2020). 
The 2 cases of Ery si pe loth rix spp. sepsis in this study 
occurred in close proximity in space and time (Febru-
ary and March 2020; Nesbitt et al. 2022). One animal 

was biopsy darted as part of an ongoing project to as-
sess the health of dolphins in Alabama, and histo -
pathology revealed the biopsy site as the likely source 
of infection. Ancillary testing did not reveal any un-
derlying disease in this individual that would have 
predisposed it to infection. In the other animal, a de-
finitive point of entry for the bacteria was not identi-
fied. Sequencing of Ery si pelo thrix DNA isolated from 
infected tissues from both dolphins revealed it was 
most closely re lated to E. rhusiopathiae and E. pisci -
sicarius isolated from pigs and may implicate pigs 
living around the riparian areas of Mobile Bay as a 
source of infection (Nesbitt et al. 2022). Because both 
Brucella and Erysipelothrix have zoonotic potential, 
the presence of these pathogens in stranded animals 
underscores the importance of proper personal pro-
tective equipment use by stranding responders. 

Fungal infection demonstrated low morbidity and 
mortality in this study. The animal that died from a 
fungal infection in 2019 had been included in 
regional health assessments the previous fall (2018) 
to study the long-term effects of the DWHOS on bot-
tlenose dolphins (Barratclough et al. 2019). Health 
assessment findings showed very mild lung disease 
via ultrasound examination, moderate dental dis-
ease, scars consistent with an old propeller wound, 
and a positive morbillivirus titer with negative Mor-
billivirus spp. PCR, suggestive of previous exposure 
but not active infection. Fungal pneumonia in bottle-
nose dolphins is often secondary to morbillivirus 
infection, and it is possible that this dolphin experi-
enced chronic immunosuppression from previous 
morbillivirus infection. Lung tissue collected from 
this animal during necropsy, however, was also neg-
ative for Morbillivirus spp. via PCR; the carcass was 
moderately decomposed, making it possible that 
morbillivirus RNA was degraded and led to a false 
negative. While fungal infections were rare in this 
study, they have the potential to be significant con-
tributors to dolphin health under the right en viron-
mental conditions, in immunocompromised individu-
als, or as a comorbidity and therefore should not be 
overlooked (e.g. Bossart et al. 2019). 

4.1.3.  Noninfectious disease (prolonged freshwater 
exposure and degenerative) 

Freshwater exposure is a noninfectious disease 
threat of growing concern for dolphins along the 
nGoM coast due to documented freshwater incursion 
from both natural (e.g. Carmichael et al. 2012, Toms 
et al. 2021) and anthropogenic sources including pro-
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posed coastal management activities (e.g. the Mid-
Barataria Sediment Diversion Restoration Plan, 
https://www.gulfspillrestoration.noaa.gov). In this 
study, gross and histologic lesions seen in prolonged 
freshwater exposure cases were similar to those pre-
viously reported (Deming et al. 2020, Duignan et al. 
2020, McClain et al. 2020, Toms et al. 2021). In 2019, a 
UME that killed more than 300 bottlenose dolphins 
from Louisiana to the Florida Panhandle resulted from 
low salinity exposure after extreme freshwater dis-
charge into the nGoM (https://www.fisheries.noaa.
gov/national/marine-life-distress/2019-bottlenose-
dolphin-unusual-mortality-event-along-northern-
gulf). Dolphins in Louisiana and Mississippi were the 
most affected during this time. Interestingly, the ma-
jority (10 of 17) of the dolphins with evidence of fresh-
water exposure in the current study stranded in 2020, 
after the closure of the UME. In spring 2020, Mobile 
Bay experienced the largest freshwater influx event 
since 1980 with daily average flows exceeding 
12 000 m3 s−1 (https://waterdata.usgs.gov/, combined 
data from Alabama River Site No. 02428400 and Tom -
big bee River Site No. 02469761), which likely con-
tributed to the increase in freshwater strandings in 
2020. Several cases of presumed freshwater exposure 
in this study were not submitted for histopathology 
due to advanced decomposition, and thus the number 
of these cases is likely underestimated. Further char-
acterization of freshwater lesions and the relationship 
of freshwater-associated strandings to the duration 
and magnitude of low salinity exposure are needed.  

There were few other noninfectious diseases, and 
these were primarily degenerative in nature. The 
prevalence of myocardial fibrosis in dolphins in the 
nGoM after the DWHOS was higher than that in ref-
erence dolphins (Linnehan et al. 2021). Based on 
tooth wear and the presence of neuronal lipofusci-
nosis and age-related vascular changes histologi-
cally, the dolphin with primary heart disease in this 
study (11DISL022619) was likely old enough to have 
lived through the oil spill; however, without further 
evaluation of the individual’s age and exposure to 
polycyclic aromatic hydrocarbons, this connection is 
speculative. Brucella infection has also been associ-
ated with heart lesions in cetaceans (Guzmán-Verri 
et al. 2012, Curtiss et al. 2022); however, uterus, cere-
bellum, and lung tissues were all negative via qPCR 
in this animal. The multifactorial case with evidence 
of peracute underwater entrapment had one of the 
most severe cases of pulmonary angiomatosis in dol-
phins from the GoM (K. M. Colegrove pers. obs.). 
The underlying pathogenesis could not be deter-
mined, although infectious agents and environmen-

tal factors were considered. In the pregnant female 
case, the fetal tissues were fresh, supporting that 
fetal death likely occurred around the same time as 
death of the dam. Cerebellar lesions in the dam were 
suggestive of a vascular accident and may have oc -
curred secondary to age-related vascular changes 
including arteriosclerosis noted in other areas of the 
brain. An estimation of age was not available for this 
case. Pregnancy-related alterations in circulation 
and blood pressure also could have contributed to 
the development of vascular lesions, especially with 
underlying age-related vascular disease. The acute 
to subacute aspiration pneumonia suggests that mul-
tiple bouts of aspiration had occurred. Aspiration 
pneumonia is a relatively common finding in ceta -
ceans that strand live or are struggling in the surf or 
shallow waters prior to death, which may have been 
the case for this animal. These degenerative cases 
highlight that while degenerative diseases are not 
commonly reported as a primary COD in cetaceans, 
they may play an important role as a comorbidity. 

4.1.4.  Trauma 

Trauma in cetaceans can be due to a variety of fac-
tors from human-caused to interspecific and intraspe-
cific interactions (e.g. Díaz-Delgado et al. 2015). The 
melon laceration and compound fractures of the skull 
in the case of trauma as the primary COD in this study 
were suspected to have been caused by a vessel 
strike, although the exact source of trauma could not 
be determined. The multifactorial trauma cases in this 
study were also of unknown origin; however, several 
were suspected to be related to fisheries interaction or 
intraspecific aggression as evidenced by bone frac-
tures and/or soft tissue hemorrhage. Bottlenose dol-
phin calf-directed intraspecific aggression has been 
documented in the nGoM, including an individual 
from this study (07DISL031516; Ronje et al. 2020). 
Speculatively, bacterial pneumonia may have weak-
ened this calf and made it more susceptible to subse-
quent trauma either from the dam or another conspe-
cific. It is important to differentiate anthropogenic 
and natural causes of trauma when possible to better 
document and understand these interactions. 

4.1.5.  In utero pneumonia (non-Brucella related) 
and fetal distress 

The cause of non-Brucella related in utero pneu-
monia and fetal distress in cases in the current study 

97



Dis Aquat Org 155: 87–102, 2023

could not be determined. In utero pneumonia may 
arise from in utero infection of the placenta, amniotic 
fluid, or hematogenous spread, and fetal distress may 
be caused by factors such as infection, fetal hypoxia, 
and dystocia (Colegrove et al. 2016). In a case-refer-
ence study, perinatal bottlenose dolphins that 
stranded inside compared to outside the DWHOS 
UME footprint were more likely to have died in utero 
or very soon after birth (88 vs. 15%), have fetal dis-
tress (87 vs. 27%), and have pneumonia not associ-
ated with lungworm infection (65 vs. 19%; Colegrove 
et al. 2016). The prevalence of in utero pneumonia 
and fetal distress (18.2% of perinates) and fetal dis-
tress alone (22.7% of perinates) in the current study 
more closely resembles that of populations not af -
fected by the DWHOS and may indicate a return to 
more baseline levels. 

4.1.6.  Unknown 

It is not always possible to determine COD. The 
number of cases classified as unknown in the current 
study is within the range of other studies of similar 
scale. COD could not be determined in 7.3% of ceta -
ceans stranded in the Canary Islands and 51% of 
harbor porpoises stranded in Canada (Arbelo et al. 
2013, Fenton et al. 2017). Autolysis is a major hin-
drance to COD determination. All unknown cases in 
the current study were moderately decomposed 
(Code 3). Nevertheless, at least 4 unknown cases 
were speculated to have died as a result of fisheries 
interaction. Evidence of human and fisheries interac-
tion may be obfuscated with decomposition and con-
tribute to underreporting in this category, particu-
larly among Code 3 or more decomposed carcasses 
(Moore & Barco 2013). The majority of cases classi-
fied as unknown in the current study were in good 
body condition, indicating that they likely did not die 
of chronic disease. This finding is consistent with a 
previous study of bottlenose dolphins in the nGoM 
(Venn-Watson et al. 2015). Hence, even examination 
of autolyzed carcasses, when done with care, may 
provide some inferences about COD. 

4.2.  Molecular testing for infectious diseases 

Prevalence of Brucella and morbillivirus among all 
samples tested, whether included in the COD analy-
sis or not, provided data on the baseline levels of in -
fection in this population. For Brucella spp., the num-
ber of positive animals found in this study (18.4%) 

may indicate some level of endemicity and ultimately 
decrease reproductive success and subsequently af -
fect population dynamics, especially given the popu-
lation is still in a recovery phase following recent 
UMEs (Guzmán-Verri et al. 2012). The prevalence in 
perinates in this study (29.4%) was lower than that in 
Mississippi and Alabama from 2010 to 2013 during 
the DWHOS UME (61%; Colegrove et al. 2016). The 
prevalence in subadults and adults (7.4 and 12.5%, 
respectively) was similar to the 5 to 6% prevalence 
that was found in stranded dolphins in Louisiana, 
Mississippi, and Alabama from 2010 to 2012 during 
the DWHOS UME (Venn-Watson et al. 2015). Of 
note, Brucella was detected in some moderately to 
severely decomposed carcasses (i.e. Codes 3 and 4), 
indicating that estimates of population prevalence 
may be improved by testing a broad condition range 
of stranded animals. 

For cases that were positive for Brucella spp. via 
qPCR, not all tissues submitted were positive. Lung 
tissue was most likely to test positive in perinates, 
consistent with the typical presentation of pneumo-
nia acquired via in utero transmission (Colegrove et 
al. 2016). In contrast, for the 2 cases of brucellosis in 
adults in this study, lung tissue was negative, while 
other tissues (i.e. CSF, spinal cord) were positive. In 
older cetaceans, it is known that brucellosis often 
leads to reproductive tract infections, central nervous 
system disease, and osteomyelitis (Miller et al. 1999, 
Dagleish et al. 2008, Guzmán-Verri et al. 2012, 
Hernández-Mora et al. 2013). These findings suggest 
that different tissues may need to be tested to best 
detect Brucella in different age classes of dolphins, 
with lung tissue potentially best to test in perinates 
and reproductive (i.e. uterus, testicle) and nervous 
(i.e. spinal cord, brain, CSF) tissues best to test in 
older age classes. 

Although morbillivirus was not detected via PCR in 
any animals during the current study period, this 
finding does not indicate a lack of susceptibility to 
the disease. Prevalence of morbillivirus in stranded 
bottlenose dolphins in the nGoM during the DWHOS 
UME using PCR ranged from 9 to 15% (Venn-
Watson et al. 2015, Fauquier et al. 2017). In addition, 
morbillivirus has been suspected in several UMEs on 
the Gulf coast and was confirmed in a UME in Texas, 
Louisiana, and Alabama that killed >200 bottlenose 
dolphins in 1993 and 1994 (Lipscomb et al. 1996, Litz 
et al. 2014). A recent study using serological methods 
showed that bottlenose dolphins in interior estuarine 
habitats may have lower morbillivirus titers and thus 
could be at higher risk of morbillivirus infection 
(Cloyed et al. 2021). Future work should pair the PCR 
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results from this study with antibody studies to better 
understand susceptibility of the dolphins in this 
region to a morbillivirus outbreak. 

5.  CONCLUSION 

This study is the first to summarize COD patterns 
in bottlenose dolphins stranded in Alabama waters, 
an important and understudied dolphin habitat in 
the nGoM, after the close of the DWHOS UME. As 
in other coastal areas globally, human interaction 
was the most frequently observed primary COD and 
may be not only pervasive but also on the rise in 
this re gion (e.g. Mannocci et al. 2012, Domiciano et 
al. 2016, Carmichael et al. 2022, Neimanis et al. 
2022). We highlight the importance of public educa-
tion, management, and policy as a means to miti-
gate the effects of human interactions on dolphins 
in this re gion. The relatively high number of pro-
longed freshwater exposure cases is also an impor-
tant consideration as an ongoing endemic stressor 
as well as a growing threat (e.g. Carmichael et al. 
2012, Toms et al. 2021, Thomas et al. 2022). Hydro-
dynamic and as sociated salinity changes are antici-
pated to continue to occur in this region due to cli-
mate change and management efforts (e.g. Dykstra 
& Dzwon kowski 2021, Thomas et al. 2022, https://
www.gulfspillrestoration.noaa.gov/). This study is 
also the first to establish baseline prevalence of 2 
infectious diseases in this region that are known to 
affect dolphin populations globally and thus de -
mand further location-specific surveillance. Brucella 
and morbillivirus may pose ongoing and future 
threats, respectively, to local dolphin populations 
that may decrease reproductive success and have 
larger implications for population recovery and con-
servation. The nGoM bottlenose dolphin population 
experienced significant mortalities and decreased 
reproductive success following the DWHOS, and 
region-specific data on COD and prevalence of 
infectious diseases may help identify hurdles to 
recovery. This study demonstrates the importance 
of stranding response and necropsy in identifying 
region-specific baseline health of, and threats to, 
marine mammal populations. 
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stranded in Alabama from 2015 to 2020, grouped by sex. Unk.: unknown;  
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Fig. A2. Causes of death of 108 bottlenose dolphins Tursiops truncatus 
stranded in Alabama from 2015 to 2020, grouped by age class. Unk.: unknown
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