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ABSTRACT: The 2010 Deepwater Horizon (DWH) disaster resulted in large-scale oil contamina-
tion of the northern Gulf of Mexico. As part of the Natural Resource Damage Assessment designed
to investigate the potential impacts of the DWH oil spill, comprehensive health assessments were
conducted on bottlenose dolphins Tursiops truncatus living in oiled bays (Barataria Bay [BB],
Louisiana, and Mississippi Sound [MS], Mississippi/Alabama) and a reference bay with no evi-
dence of DWH oil contamination (Sarasota Bay [SB], Florida). As previously reported, multiple
health issues were detected in BB dolphins during 2011. In the present study, follow-on capture-
release health assessments of BB dolphins were performed (2013, 2014) and indicated an overall
improvement in population health, but demonstrated that pulmonary abnormalities and impaired
stress response persisted for at least 4 yr after the DWH disaster. Specifically, moderate to severe
lung disease remained elevated, and BB dolphins continued to release low levels of cortisol in the
face of capture stress. The proportion of guarded or worse prognoses in BB improved over time,
but 4 yr post-spill, they were still above the proportion seen in SB. Health assessments performed
in MS in 2013 showed similar findings to BB, characterized by an elevated prevalence of low
serum cortisol and moderate to severe lung disease. Prognosis scores for dolphins examined in MS
in 2013 were similar to BB in 2013. Data from these follow-on studies confirmed that dolphins
living in areas affected by the DWH spill were more likely to be ill; however, some improvement
in population health has occurred over time.

KEY WORDS: Dolphin - Health - Oil - Toxicology - Pulmonary - Stress - Cortisol - Prognosis

© Outside the USA the US Government 2017. Open Access

*Corresponding author: cynthia.smith@nmmf.org under Creative Commons by Attribution Licence. Use, distribu-
tion and reproduction are unrestricted. Authors and original
publication must be credited.

Publisher: Inter-Research - www.int-res.com



128 Endang Species Res 33: 127-142, 2017

INTRODUCTION

The explosion and subsequent collapse of the Deep-
water Horizon (DWH) drilling platform in April 2010
resulted in large-scale contamination of bays, sounds,
and estuaries in the northern Gulf of Mexico (GoM)
(Michel et al. 2013). An estimated 3.19 million barrels
(~507000 m?® of Mississippi Canyon Block 252
(MC252) oil were released before the well was
sealed (US v. BP et al. 2015). MC252 is a sweet crude
oil containing thousands of chemicals, including
polycyclic aromatic hydrocarbons (PAHs) and
volatile organic compounds (VOCs) such as benzene,
toluene, and xylene (Dietrich et al. 2014, DWH
NRDA Trustees 2016). The oil slick spanned ~43 000
square miles (~111 000 km?) of ocean and oiled over
1000 miles (1600 km) of shoreline habitats (Michel et
al. 2013, ERMA 2015). Cleanup efforts have removed
600 million pounds (270 million kg) of oil-contami-
nated waste from Gulf waters and the nearshore and
coastal environments of the northern GoM (EPA
2011).

The northern GoM is home to numerous stocks of
common bottlenose dolphins Tursiops truncatus that
rely on healthy ecosystems to support successful for-
aging, growth, and reproduction (Waring et al. 2015).
One of the most heavily oiled bays in the northern
GoM was Barataria Bay (BB), Louisiana, where per-
sistent contamination of shoreline was documented
during the most recent ground observations in Sep-
tember 2014 (ERMA 2014). Inhalation, direct aspira-
tion, ingestion with subsequent aspiration, and der-
mal absorption of MC252 oil and its toxic components
were all considered possible routes of exposure to
dolphins in BB and other contaminated habitats. A
vast body of published literature has shown that
exposure to toxic oil components can lead to both
acute and chronic adverse health effects in humans
and other animals.

As part of the Natural Resource Damage Assess-
ment (NRDA) designed to determine the potential
health impacts of the DWH disaster on bottlenose
dolphins living in the northern GoM, capture-release
health assessments were performed during the sum-
mer of 2011 in heavily oiled BB and in Sarasota Bay
(SB), Florida, a control site with no evidence of DWH
oil contamination. Multiple health issues were de-
tected in BB dolphins, including poor body condition,
an impaired stress response, moderate to severe lung
disease, and hematological/serum chemistry indica-
tors of inflammation, hypoglycemia, and abnormal
iron levels (Schwacke et al. 2014). Nearly half of the
dolphins evaluated were considered unhealthy, indi-

cated by a guarded or worse prognosis, and 17 % of
dolphins were given a poor or grave prognosis,
meaning they were not expected to survive. Simi-
larly, follow-up studies of BB dolphins utilizing mark-
recapture survival models yielded estimated annual
mortality rates ranging from 13.2 to 19.6% in the
years immediately following the spill (Lane et al.
2015, McDonald et al. 2017, this Theme section),
which are much higher than mortality rates previ-
ously reported for bottlenose dolphins using similar
techniques in Charleston, South Carolina (4.9 %),
and Sarasota, Florida (3.8%) (Wells & Scott 1990,
Speakman et al. 2010). Alternative factors such as ac-
cumulation of persistent organic pollutants (Balmer
et al. 2015), exposure to harmful algal blooms (DWH
NRDA Trustees 2016), and infectious disease out-
breaks (Venn-Watson et al. 2015a) were ruled out as
likely contributors to disease, leaving exposure to
toxic oil components as the most likely cause of the
increased morbidity and mortality.

Concurrent studies focused on dead dolphin re-
trieval, necropsy, and histopathology in the northern
GoM have reported similar findings in the aftermath
of the DWH oil spill (Venn-Watson et al. 2015a,b). As
part of an unusual mortality event (UME) investiga-
tion following the spill, dolphins recovered within the
oil spill footprint had potentially lethal changes to
their adrenal gland (33%) and primary bacterial
pneumonia (22 %), consistent with the previous find-
ings of impaired stress responses and moderate to
severe lung disease in live-sampled dolphins. The
prevalence of abnormal adrenal glands and lung dis-
ease in the dead, stranded dolphins were signifi-
cantly higher than the prevalences among reference
populations, and were not attributable to common
causes of cetacean mortality events such as morbilli-
virus outbreaks and brevetoxicosis (Litz et al. 2014,
Venn-Watson et al. 2015b). Further, an unusually
high number of dead dolphins were documented in
BB beginning in August 2010 and lasting until
December 2011 (Venn-Watson et al. 2015a), overlap-
ping in time with the periods of heaviest oiling in the
bay (Michel et al. 2013). The weight of evidence from
both the live and dead dolphin studies following the
DWH disaster supports that exposure to oil compo-
nents resulted in increased morbidity and mortality
of bottlenose dolphins in BB.

In the present study, follow-up capture-release
health assessments were performed in BB (in 2013
and 2014) to document disease outcome in individual
dolphins and to examine the recovery process of a
population previously documented with a high pre-
valence of disease. To address potential differences
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Fig. 1. Capture-release health assessment locations for bottlenose dolphins Tursiops truncatus sampled in Barataria Bay (2011,
2013, 2014), Mississippi Sound (2013), and Sarasota Bay (2010, 2011, 2013)

in geographic locations within the northern GoM,
dolphins from another oiled area, Mississippi Sound
(MS), Mississippi/Alabama, were also evaluated in
2013. Both were compared to additional data from
the unoiled SB reference site, evaluated again in
2013. The same methodologies were employed to
provide consistency between sites and years, allow-
ing for accurate interpretation of results with the goal
of determining progression, persistence, and/or reso-
lution of previously identified health issues in the
years following the DWH oil spill.

MATERIALS AND METHODS
Dolphin capture-release

Dolphin (Tursiops truncatus) health assessments,
via temporary capture, restraint, and release, were

conducted in BB from June 17-28, 2013 and June
9-20, 2014, and in MS during July 22-August 2,
2013 (Fig. 1). Health assessments were also con-
ducted in SB from May 6-10, 2013 to build upon
preceding reference data from an area without sig-
nificant DWH oiling. Previously reported data from
2011 health assessments in BB and 2010-2011
health assessments in SB were included for compar-
ative analyses over time (Schwacke et al. 2014).
Capture-release methodologies and diagnostic sam-
pling for the NRDA have been described elsewhere
(Wells et al. 2004, Schwacke et al. 2014). Briefly,
dolphins were encircled with a seine net and re-
strained by experienced handlers for examination.
Small calves with a known or suspected age of
<2 yr were avoided. The amount of time each ani-
mal spent out of the water was minimized, and veteri-
nary staff continuously monitored animals through-
out their health assessments.
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Health diagnostics

For 2013 and 2014 assessments, blood for diagnos-
tic testing was collected via venipuncture of the ven-
tral fluke vasculature before the dolphin was brought
on-board the research vessel (pre-sampling) and just
prior to the dolphin being released (post-sampling),
aiming for a minimum 30 min interval between
collection times. Whole blood, serum, and plasma
samples were sent to the Animal Health Diagnostic
Center at Cornell University's College of Veterinary
Medicine for hematological, serum chemistry, and
hormone analyses. Sample collection and analysis
methods for the endocrine assays followed methods
described previously by Schwacke et al. (2014).

Physical examinations, including morphologic mea-
surements, physical observations, and the extraction
of a tooth for age determination, were conducted as
previously described (Schwacke et al. 2014). Mor-
billivirus testing via PCR analysis was performed on
blowhole swab samples when available, using tech-
niques previously described (Sierra et al. 2014). Bru-
cella sp. PCR testing was performed on blowhole
swabs and genital slit swab samples when available,
using techniques previously described (Wu et al.
2014). PCR test results were reported as either posi-
tive or negative.

Ultrasound evaluation

Reproductive ultrasound exams, pregnancy confir-
mation, and due date estimations were performed as
previously described (Smith et al. 2013, Schwacke et
al. 2014, Wells et al. 2014), utilizing M-mode and
color Doppler interrogation if needed to determine
fetal viability. Pulmonary ultrasound exams were
performed utilizing the dorsal-ventral slide tech-
nique as previously described (Smith et al. 2012,
Schwacke et al. 2014). Pulmonary abnormalities
were described as previously reported for dolphins
(Smith et al. 2012, Schwacke et al. 2014), including
pleural effusion, alveolar-interstitial syndrome (AIS),
pulmonary masses, pulmonary nodules, and pulmo-
nary consolidation. AIS was graded as mild, moder-
ate, or severe as follows: mild: occasional clusters of
ring-down artifacts; moderate: frequent clusters of
ring-down artifacts, distributed throughout the dor-
sal, ventral, or entire lung field; or severe: contiguous
ring-down artifacts that created a 'white-out’ effect
and loss of reverberation artifact, detected in multi-
ple areas (Fig. 2). Pulmonary nodules (<2 cm) and
masses (=2 cm) were measured and described.

Fig. 2. Representative dorsal plane ultrasound image of an

area of dolphin (Tursiops truncatus) lung affected with se-

vere alveolar-interstitial syndrome (AIS). Contiguous ring-

down artifacts create a ‘white-out’ appearance (white block

arrows). Green dot designates that cranial is to the left and
caudal is the right

Prognosis determination

Prognosis determinations were assigned for each
dolphin as previously described (Schwacke et al.
2014). Animals that received a good or fair prognosis
were within what was considered expected limits for
wild dolphins, as these animals would likely survive
the health conditions documented. Animals that fell
into the guarded prognosis category had conditions
that were of concern and would have warranted
follow-up care in a clinical setting; therefore it was
unknown if these animals could overcome the docu-
mented conditions without intervention or treatment.
Animals receiving poor or grave prognoses were
considered to be in ill health and unlikely to over-
come the health issues without medical intervention.

Data and statistical analysis

Four sets of reference intervals were used to evalu-
ate the health of BB, SB, and MS dolphins: (1) hema-
tology (Schwacke et al. 2009), (2) serum chemistry
(Schwacke et al. 2009), (3) body condition (Hart et al.
2013), and (4) cortisol (Hart et al. 2015). Schwacke et
al. (2014) reported hematological and serum bio-
chemical abnormalities grouped by health panels
(i.e. inflammation, hypoglycemia, abnormal iron,
hepatobiliary abnormalities, anemia, electrolyte/
mineral imbalance, and impaired renal function).
These health panels were based on single or com-
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bined abnormalities determined by hematological
and serum biochemical reference intervals, and
methods to identify health panel cases (Schwacke et
al. 2014) were replicated for this study (e.g. abnormal
iron was defined as an elevation of 2 or more of the
following: serum iron, total iron binding capacity, %
transferrin saturation). A dolphin was considered a
case if a parameter value was below or above the
respective reference threshold, and the clinical im-
portance of a high or low value varied depending on
the analyte under consideration (e.g. low hemoglo-
bin for anemia vs. high neutrophil count for inflam-
mation). Similarly, body condition for each animal
was determined based on reference intervals for
mass:length ratio as described in Hart et al. (2013)
and Schwacke et al. (2014), where non-pregnant
individuals with a mass:length ratio below the lower
reference threshold were considered to be in poor
body condition. Subsequent to the Schwacke et al.
(2014) study, 95 percentile reference intervals have
been constructed for bottlenose dolphin cortisol con-
centrations in serum collected during the pre- and
post-sampling bleeds (Hart et al. 2015). These refer-
ence intervals were used to re-evaluate the serum
cortisol concentrations of SB and BB dolphins sam-
pled in 2010-2011, as well as detect cases among the
SB 2013, BB 2013, BB 2014, and MS 2013 cohorts.
Only samples collected in <30 min elapsed time of
net deployment were used for pre-sampling re-
ference interval evaluations (Hart et al. 2015). Post-
sampling cortisol was unavailable for SB dolphins
sampled in 2010-2011 or BB 2011 dolphins, as post-
sampling blood was not collected. Aldosterone con-
centrations were compared to the assay detection
limit, as outlined in Hart et al. (2015).

The prevalence of multiple health measures in-
cluding body condition, low cortisol, and health
panel cases were calculated for each site and year,
along with exact binomial confidence intervals (CIs).
There was no difference in the prevalence of cases
for any of the health measures between the 2 SB sam-
pling years (p > 0.05 for all comparisons); therefore
the 2 years were combined to increase sample size
and statistical power. If the 95% ClIs for the preva-
lence estimate of low cortisol and poor body condi-
tion did not contain expected proportions (0.025 for
cortisol and poor body condition; Hart et al. 2013,
2015), the prevalence of observed cases was consid-
ered statistically significant. For the health panels,
the prevalence of cases in each BB year and MS was
compared to SB using a 1-tailed Fisher's exact test.
Comparisons to SB were re-calculated for BB
2011 because of the additional SB samples since

Schwacke et al. (2014). R 2.15.3 (R Foundation for
Statistical Computing, 2010) and SAS 9.3 (SAS Insti-
tute, 2003) were used for statistical analyses. For sta-
tistical comparisons that included recaptured ani-
mals between years, the earliest capture-release
event was used for analyses.

The prevalence of pulmonary abnormalities in MS
and each BB year was compared to SB using a 1-
tailed Fisher's exact test. Comparisons to SB were re-
calculated for BB 2011 because of the additional SB
samples since the Schwacke et al. (2014) paper. The
same methodology was applied to the prevalence of
normal to mild versus moderate to severe AIS, as well
as normal to mild versus moderate to severe overall
lung scores. Similarly, the proportion of guarded or
worse prognoses for MS and all years in BB were
compared with the proportion in SB using a series of
1-tailed Fisher's exact tests. Comparisons to SB were
re-calculated for BB 2011, due to the additional ani-
mals assessed and assigned a prognosis in SB 2013.

RESULTS
Sample demographics

In 2013 and 2014, respectively, 30 (15 female, 15
male) and 32 (24 female, 8 male) dolphins were cap-
tured, sampled, and released in BB (Table 1, Fig. 1).
Of the 30 dolphins sampled in 2013, 3 had been pre-
viously sampled in 2011; and of the 32 dolphins sam-
pled in 2014, 7 dolphins had been previously sam-
pled in 2011 and 3 in 2013 (Table 2, Fig. 1). In MS, a
total of 20 dolphins were captured and sampled, in-
cluding 9 females and 11 males (Table 1, Fig. 1). Fif-
teen dolphins were sampled during 2013 SB health
assessments (Table 1, Fig. 1), including 4 animals
from the original 26 unique individuals sampled in
2010-2011, bringing the total number of unique indi-
viduals in the reference sample over the 3 years to
37. Sex and distribution of age classes was similar
between the reference site and the other 2 sites
(Table 1), the exception being that the MS sample
had a lower proportion of adults (Table 1, p = 0.04).

Physical examination

The prevalence of poor body condition, or under-
weight dolphins, in BB was significantly elevated in
2011 (25%; Schwacke et al. 2014); however, the per-
centage decreased to be within expected levels in
2013 (9%) and 2014 (6%) (Fig. 3). Among the 4 re-
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Table 1. Demographic data for bottlenose dolphins Tursiops truncatus captured and released from Sarasota Bay (SB; data com-
bined from all sampling years), Barataria Bay (BB), and Mississippi Sound (MS). Confirmed and probable pregnancies are
indicated as ‘pregnant’. Criteria for assigning age/sex class were adopted from Schwacke et al. (2009, 2010). Calf criteria: age
<2 yr; length <200 cm. Subadult criteria: age 22 yr and <10 yr; length 2200 cm and <240 cm. Adult criteria: age 210 yr;

length 2240 cm
Site Dates — Calf Juvenile/subadult —Adult Pregnant Total
Male Female Male Female Male Female

SB* 2010-2011P and 0 0 11 7 7 12 4 37
May 6-10, 2013

BB 2011° 0 0 3 13 9 7 11¢ 32
Jun 17-28, 2013 0 1 10 10 5 4 5 30
Jun 9-20, 2014 0 0 3 10 5 14 16°¢ 32

MS Jul 22-Aug 2, 2013 0 2 7 5 0 7 20

“Excludes recaptured dolphins

"Data from Schwacke et al. (2014)

‘Includes probable early pregnant; specifically, 1 of 11 in BB 2011 and 5 of 16 in BB 2014

Table 2. Health panel and other abnormalities among Barataria Bay bottlenose dolphins Tursiops truncatus recaptured in subsequent years

of health assessment sampling. 1: abnormality observed, 0: abnormality not observed, na: data not available for a given parameter. Green

cells: improvement; orange cells: decline; yellow cells: no change between recapture years. For blood-based assessments, only pre-
sampling measurements were utilized

Animal Year Inflam- Hypo- Ab- Hepato- Anemia Electro- Body Low Overall Prognosis
ID mation glycemia normal biliary lytes and con- cortisol lung score
iron abnorma- mineral dition
lities abnorma-
lities
Y00 2011 0 0 0 0 0 0 I Mild [ Good |
2013 0 0 0 0 0 0 S0 0 Mild [ Fair |
Y03 2011 . 0 0 0 0 0 0 0 | Moderate || Guarded |
2014 [EmomEm 0 0 | 0 0 0 0 . Mild | Fair |
Y06 2011 0 0 0 0 0 0 0 0 Normal  FEFFair
2013 0 0 0 0 0 0 0 0 Normal  [FEGood™
Y08 2011 0 0 0 0 0 0 1 1 na na
2014 0 0 0 0 0 0 1 1 Mild Fair
Y15 2011 0 0 0 I 0 0 0 0 ["Normal | | Guarded |
2014 0 0 0 o 0 0 0 0 [Mild™ ' Fair
Y17 2011 [ 0 0 0 0 0 0 0 Mild . Guarded
2014 [0S 0 0 0 0 0 0 0 Mild . Good
Y19 2011 0 0 0 0 0 0 0 0 [ Normal || Good !
2014 0 0 0 0 0 0 ] 0 . Mild || Fair |
Y21 2011 0 [ ] 0 0 0 0 na 0 Severe Poor
2014 0 0 0 0 0 0 na 0 Severe Poor
Y23 2011 0 0 0 0 0 0 0 - Mild Good
2013 0 0 0 0 0 0 0 0 Mild Good
Y26 2013 [ . 0 L § ] 0 0 0 | Moderate = Poor
2014 |[ENOWN o 0 0 0 0 0 na  [NVEIGEEN PEEEE—
Y34 2013 1 ] 0 0 0 0 0 0 Mild Fair
2014 1 0 0 0 0 0 0 na Mild Fair
Y39 2011 [ 0 1 0 0 0 na 1 [Moderate™ Guarded
2014 [NOMEN 0 1 0 0 0 na 1 [EMElgEEE - Guarded
Y48 2013 0 0 0 0 0 0 I 0 Mild " Guarded |
2014 0 0 0 0 0 0 0 0 Mild ~ Fair |
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Fig. 3. Prevalence and 95 % binomial Cls for bottlenose dol-
phins Tursiops truncatus captured in Sarasota Bay (SB; data
combined from all sampling years, 2010-2011, 2013), Bara-
taria Bay (BB), and Mississippi Sound (MS) with low mass:
length ratios compared to 95" percentile reference intervals.
*Significantly higher than expected prevalence (0.025);

o =0.05

captured BB dolphins that were underweight, 2 (YOO,
Y48) had gained weight and were within normal lim-
its. Additionally, 1 dolphin (Y08) remained significantly
underweight, and another (Y19) moved from normal
to underweight (Table 2). The prevalence of under-
weight dolphins was within expected levels at 6 % for
the combined SB dataset. None of the dolphins sam-
pled in MS during 2013 were underweight (Fig. 3).

Twenty-one percent (6/29) of the dolphins ex-
amined in BB during 2011 had extensive (>50%) or
complete tooth loss as diagnosed by oral examination
(Schwacke et al. 2014). In subsequent BB captures
(2013, 2014), an additional 3 dolphins (of 49 newly
examined animals) had extensive or complete tooth
loss. Tooth loss abnormalities were not limited to
older animals, as the age range spanned 30 yr and
included a dolphin as young as 12 yr old. SB dolphins
previously sampled did not have extensive tooth loss
(Schwacke et al. 2014), and in 2013, only 1 older dol-
phin (43 yr old) was diagnosed with extensive tooth
loss accompanied by extensive tooth wear. None of
the MS dolphins were observed with extensive or
complete tooth loss.

Clinical pathology and health panels

Clinicopathologic abnormalities previously detec-
ted in BB dolphins (2011) included a high prevalence
of inflammation, hypoglycemia, and abnormal iron
cases when compared to SB dolphins (Schwacke et
al. 2014). During subsequent sampling of BB dol-

phins (2013, 2014), these clinicopathologic abnormal-
ities resolved, with no significant differences detec-
ted in inflammation, hypoglycemia, or iron panels as
compared to the SB reference site (Table 3). In MS
dolphins (2013), none of the health panel prevalence
estimates were significantly different from the SB
reference data. It should be noted that when compar-
isons were repeated between BB dolphins (2011) and
SB dolphins using the combined data from all sam-
pling years as the reference (2010-2011, 2013), all
differences were still significant at p = 0.05, with the
exception of the hepatobiliary panel (p = 0.09). Addi-
tionally, no significant differences in hepatobiliary,
anemia, or electrolyte/mineral imbalance panels
were detected in either BB (2013, 2014) or MS dol-
phins (2013) when compared to the newly combined
SB reference dataset (Table 3). Among BB dolphins
that were resampled during 2013-2014, 4 of the 5
inflammation cases improved upon recapture, and all
of the dolphins that were hypoglycemic during their
first capture resolved by their second capture
(Table 2). Only 1 of the recaptured dolphins had an
abnormal iron panel in 2011, and it remained abnor-
mal when recaptured in 2014.

Endocrine assessment

In 2011, serum cortisol concentrations were evalu-
ated relative to previously reported minimum values
from dolphins sampled at other southeastern US sites
(Schwacke et al. 2014). In the present study, pre-sam-
pling cortisol concentrations were re-evaluated using
newly available reference intervals (Hart et al. 2015).
For pre-sampling cortisol, 12 (41%), 4 (14%), and 8
(27 %) of the 2011, 2013, and 2014 BB dolphins, re-
spectively, had low pre-sampling concentrations (i.e.
below the 95% reference threshold). Based on an
expected prevalence of 2.5% or less, the number of
observed pre-sampling low-cortisol cases was signifi-
cantly elevated for all sampling years in BB as well as
MS (3; 19%), whereas the number of SB animals with
low pre-sampling cortisol (1; 3 %) was within expected
intervals (Table 4). Post-sampling blood was not col-
lected in 2011; therefore, we could not evaluate corti-
sol response following the capture-release sampling
period for dolphins during that year. Of the BB
2013-2014 and MS 2013 dolphins sampled, cortisol
for only 1 BB dolphin remained low at the post-sam-
pling bleed (Table 4). Of the 4 dolphins with low pre-
sampling cortisol that were resampled in subsequent
captures, 2 remained low, and 2 were within expected
limits upon recapture (Table 2). Similar to findings in
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Table 3. Observed counts, case prevalence, and 95 % binomial CIs (in parentheses) for hematological and serum biochemical

panel abnormalities among bottlenose dolphins Tursiops truncatus sampled in Sarasota Bay (SB; data combined from all

sampling years), Barataria Bay (BB), and Mississippi Sound (MS). psg: p-value from a 1-tailed Fisher's exact test comparing
prevalence of abnormality to reference site SB. (-): Not applicable. *Significant difference from SB (o = 0.05)

Panel —SB — BB MS
2010, 2011, 2011 Pss 2013 PsB 2014 PsB 2013 Pss
2013

Sample size 37 32 29, 30* 32 20
Inflammation

Observed cases 5 11 0.04* 8 0.13 6 0.39 5 0.23

Prevalence 0.14 0.34 0.28 0.19 0.25

95% CI (0.05-0.29) (0.19-0.53) (0.13-0.47%) (0.07-0.36) (0.09-0.49)
Hypoglycemia

Observed cases 0 7 0.003* 2 0.19 0 - 2 0.12

Prevalence 0 0.22 0.07 0 0.1

95% CI (0.00-0.10) (0.09-0.40) (0.01-0.23) (0.00-0.11) (0.01-0.32)
Abnormal iron

Observed cases 1 7 0.02* 1 0.69 3 0.25 0 1

Prevalence 0.03 0.22 0.03 0.09 0

95% CI (0.00-0.14) (0.09-0.40) (0.00-0.18) (0.02-0.25) (0.00-0.12)
Hepatobiliary abnormalities

Observed cases 2 6 0.09 3 0.38 4 0.27 2 0.44

Prevalence 0.05 0.19 0.1 0.13 0.1

95% CI (0.01-0.18) (0.07-0.36) (0.02-0.27) (0.04-0.29) (0.01-0.32)
Anemia

Observed cases 1 4 0.14 28 0.42 2 0.44 3 0.12

Prevalence 0.03 0.13 0.07 0.06 0.15

95% CI (0.00-0.14) (0.04-0.29) (0.01-0.22) (0.01-0.21) (0.03-0.38)
Electrolytes and minerals

Observed cases 2 1 0.85 3 0.38 0 1 2 0.44

Prevalence 0.05 0.03 0.1 0 0.1

95% CI (0.01-0.18) (0.00-0.16) (0.02-0.27) (0.00-0.11) (0.01-0.32)
Renal function

Observed cases 0 0 - 0 - 0 - 0 -

Prevalence 0 0 0 0 0

95% CI (0.00-0.10) (0.00-0.11) (0.00-0.12) (0.00-0.11) (0.00-0.12)
“The full suite of samples was not collected for 1 animal (1 animal was only evaluated for anemia)

2011 (Schwacke et al. 2014), BB dolphins determined
as having low cortisol concentrations also had low
aldosterone concentrations; in fact, 92% (11/12) of
low-cortisol cases in 2013 and 2014 had aldosterone
measures below the assay limit of detection. Of the 3
MS dolphins with abnormally low cortisol, 2 also had
aldosterone below the limit of detection.

Infectious disease diagnostics

Only 1 animal (Y31, BB 2011) tested positive for
dolphin morbillivirus by PCR analyses of blowhole
swab samples. All remaining BB animals tested for
morbillivirus were negative: 12 dolphins in 2011, 27
in 2013, and 31 in 2014 (included 4 recaptured dol-
phins that remained negative). Additionally, all MS

and SB dolphins tested for morbillivirus were nega-
tive (17 and 12 dolphins, respectively). Similarly, the
vast majority of dolphins tested for Brucella sp. were
negative by PCR analyses of blowhole and genital
swab samples, when available. One dolphin in BB
2014 (Y89, blowhole swab) and another in MS 2013
(675, blowhole swab) tested positive for Brucella sp.
The remaining BB, MS, and SB dolphins tested neg-
ative: 32 dolphins in BB 2011, 27 in BB 2013, 30 in BB
2014, 14 in MS 2013, and 11 in SB 2013.

Reproductive ultrasound
Pregnancy data from all health assessments is sum-

marized in Table 1, as determined by reproductive
ultrasound examination. Criteria for probable preg-
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Table 4. Observed counts, prevalence, and 95 % binomial Cls (in parentheses) for bottlenose dolphins Tursiops truncatus cap-

tured and released in Sarasota Bay (SB; data combined from all sampling years), Barataria Bay (BB), and Mississippi Sound

(MS) with low cortisol. 'Expected’ is the number of cases or fewer that would be expected in any of the populations, assuming

a prevalence of 0.025 for observations below the cortisol 95" percentile reference interval. (-): No data. *Significantly higher
than the expected prevalence of 0.025 (o = 0.05)

SB BB MS
2010, 2011, 2013 2011 2013 2014 2013
Pre-sampling low cortisol
Sample size 31 29 29 30 16
Expected cases 3 or fewer 3 or fewer 3 or fewer 3 or fewer 2 or fewer
Observed cases 1 12 4 8 3
Prevalence 0.03 0.41* 0.14* 0.27* 0.19*
95% CI (0.00-0.17) (0.24-0.61)  (0.04-0.32)  (0.12-0.46) (0.04-0.46)
Post-sampling low cortisol
Sample size 12 - 28 31 17
Expected cases 2 or fewer - 3 or fewer 3 or fewer 2 or fewer
Observed cases 0 - 0 1 0
Prevalence 0 - 0 0.03 0
95% CI (0.00-0.26) - (0.00-0.12)  (0.00-0.17%) (0.00-0.20)

nancies included a serum progesterone >5 ng ml™},
and the detection of a corpus luteum on either ovary,
with or without the presence of uterine fluid. Criteria
for confirmed pregnancies were the same as proba-
ble, plus the presence of a fetus and uterine fluid.
Additional detail regarding reproductive outcome in
study animals is outside the scope of this paper; how-
ever, data, analyses, and discussion are included in
Kellar et al. (2017, this Theme Section).

Pulmonary ultrasound

In 2011, pulmonary ultrasound determined that
BB dolphins were approximately 5 times more
likely to have moderate to severe lung disease
when compared to SB dolphins (Schwacke et al.
2014). The higher prevalence of moderate to severe
lung disease resulted from cases of moderate to
severe AIS in BB dolphins (14 cases), pulmonary
masses which were only diagnosed in BB dolphins
(3 cases), and cases of pulmonary consolidation (6
cases). For the present study, data from SB 2011
and 2013 exams were combined as the reference,
since no significant differences in the prevalence of
lung abnormalities or lung scores were observed
between SB years (p > 0.05). For SB dolphins
examined in both 2011 and 2013 (3 dolphins), only
2011 data were included in analyses. Prevalence of
moderate to severe lung scores, pulmonary abnor-
malities, and AIS severity were calculated for each
BB and MS sampling year, and compared to the
expanded SB reference data.

The prevalence of moderate to severe lung disease
remained elevated in BB dolphins during 2013 (23 %)
and 2014 (25%) when compared to SB dolphins
(7 %); however, the difference was no longer statisti-
cally significant at the o = 0.05 threshold (2013: p =
0.10; 2014: p = 0.07) (Table 5). Of the 10 dolphins that
were examined in BB 2011 and then reexamined in
2013 or 2014, lung scores remained stable (5 cases),
improved (2 cases), worsened (2 cases), or could not
be determined due to insufficient data (1 case).

Evidence of AIS in BB increased from 62 % in 2011
to a significantly elevated prevalence of 90-88 % in
subsequent years, specifically as compared to the SB
reference of 52% (Table 6). When severity was con-
sidered, moderate to severe AIS was considered sig-
nificantly elevated in all 3 BB years (34-48 %) when
compared to SB (7%) (Table 7). Additionally, the
prevalence of pulmonary nodules was significantly
elevated in BB 2013 (70 %), but not in other years.

Results in MS (2013) were similar to BB, with 40 %
of dolphins examined having moderate to severe lung
disease, a significant elevation over SB (Table 5).
Additionally, MS dolphins had a high prevalence of
AIS (85%), moderate to severe AIS (50%), and
pulmonary consolidation (35%) when compared to
SB (Tables 6 & 7).

Severe lung disease cohort
Fourteen dolphins were diagnosed with severe

lung disease, exclusively in the oiled sites: 11 in BB
(5 in 2011, 2 in 2013, and 4 in 2014) and 3 in MS
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Table 5. Number of cases, prevalence and 95 % binomial CIs (in parentheses) for overall lung scores for Tursiops truncatus in

Sarasota Bay (SB; data combined from all sampling years), Barataria Bay (BB), and Mississippi Sound (MS). psp: p-value from a

1-tailed Fisher's exact test comparing prevalence of moderate to severe lung score to reference site SB. *Significant difference
from SB (e = 0.05)

Lung score —SB BB MS
2011, 20132 2011 Pss 2013 Pss 2014 PsB 2013 Pss
Sample size (total) 27 29 30 32 20
Normal to mild
Observed cases 25 19 23 24 12
Prevalence 0.93 0.66 0.77 0.75 0.6
95% CI (0.76-0.99) (0.46-0.82) (0.58-0.91) (0.57-0.89) (0.36-0.81)
Moderate to severe
Observed cases 2 10* 0.01 7 0.1 8 0.07 8* 0.01
Prevalence 0.07 0.34 0.23 0.25 0.4
95% CI (0.01-0.24) (0.18-0.54) (0.10-0.42) (0.11-0.43) (0.19-0.64)
“Recaptures excluded

Table 6. Pulmonary abnormalities in Tursiops truncatus in Sarasota Bay (SB; data combined from all sampling years), Barataria

Bay (BB), and Mississippi Sound (MS), with number of cases, prevalence, and 95 % binomial CIs (in parentheses). psp: p-value

from a 1-tailed Fisher's exact test comparing prevalence of each pulmonary abnormality to reference site SB. (-): Not applic-
able. *Significant difference from SB (o = 0.05)

—SB BB MS
2011, 2013? 2011 PsB 2013 PsB 2014 PsB 2013 Pss

Sample size 27 29 30 32 20
Pleural effusion

Observed cases 1 3 0.33 2 0.54 2 0.56 0 1

Prevalence 0.04 0.1 0.07 0.06 0

95% CI (0.00-0.19) (0.02-0.27) (0.01-0.22) (0.01-0.21) (0.00-0.17)
Pulmonary nodules

Observed cases 9 10 0.58 21* 0.006 17 0.1 11 0.12

Prevalence 0.33 0.34 0.7 0.53 0.55

95% CI (0.17-0.54) (0.18-0.54) (0.51-0.85) (0.35-0.71) (0.32-0.77)
Pulmonary masses

Observed cases 0 3 0.13 0 - 0 - 0 -

Prevalence 0 0.1 0 0 0

95% CI (0.00-0.13) (0.02-0.27) (0.00-0.12) (0.00-0.11) (0.00-0.17%)
Pulmonary consolidation

Observed cases 2 6 0.15 5 0.26 7 0.12 7* 0.02

Prevalence 0.07 0.21 0.17 0.22 0.35

95% CI (0.01-0.24) (0.08-0.40) (0.06-0.35) (0.09-0.40) (0.15-0.59)
Alveolar-interstitial syndrome

Observed cases 14 18 0.31" 27* 0.002 28* 0.003 17* 0.02

Prevalence 0.52 0.62 0.9 0.88 0.85

95% CI (0.32-0.71) (0.42-0.79) (0.73-0.98) (0.71-0.96) (0.62-0.97)
“Recaptures excluded

(2013). One dolphin (Y21) with severe lung disease this cohort included pleural effusion (29 %; 4/14),
was examined twice (BB 2011 and BB 2014), and pulmonary nodules (57%; 8/14), and pulmonary

was only included in the cohort during her original masses (21%; 3/14). Prognosis scores for animals
capture event. All animals with severe lung disease with severe lung disease were guarded or worse,
had evidence of moderate to severe AIS and pul- with the majority having a score of poor or grave

monary consolidation. Additional findings within (71 %; 10/14).
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Table 7. Prevalence and 95% binomial CI (in parentheses) for alveolar-interstitial syndrome (AIS) severity in Tursiops
truncatusin Sarasota Bay (SB; data combined from all sampling years), Barataria Bay (BB), and Mississippi Sound (MS). psg: p-
value from a 1-tailed Fisher's exact test comparing prevalence of moderate to severe AIS to reference site SB. *Significant

difference from SB (o = 0.05)

T T
0.0 0.2 0.4 0.6 0.8 1.0
Proportion

Fig. 4. Overall prognosis scores for bottlenose dolphins Tursiops truncatus

captured and released in Barataria Bay (BB; 2011, 2013-2014), Mississippi

Sound (MS; 2013), and Sarasota Bay (SB; data combined from all sampling

years, 2010-2011, 2013). pgg: p-value from a 1-tailed Fisher's exact test com-

paring prevalence of guarded or worse prognosis to reference site SB. Bold:
significantly different from SB (o = 0.05)

—SB BB MS
2011, 20139 2011 Pse 2013 Pse 2014 Pse 2013 Pss
None or mild
Observed cases 25 15 16 21 10
Prevalence 0.93 0.52 0.53 0.66 0.5
95% CI (0.76-0.99) (0.33-0.71) (0.34-0.72) (0.47-0.81) (0.27-0.73)
Moderate or severe
Observed cases 2 14+ 0.0007 14~ 0.001 11* 0.01 10* 0.001
Prevalence 0.07 0.48 0.47 0.34 0.5
95% CI (0.01-0.24) (0.29-0.67) (0.28-0.66) (0.19-0.53) (0.27-0.73)
“Recaptures excluded
B Good (9/32), when compared to SB at 11%
= Fair (3/27) (Fig. 4). The differences in pro-
E ng,i"ed portion were statistically significant
B Grave when comparing SB and BB 2011 (p =
0.003) and SB versus BB 2013 (p =
psg = 0.097 0.025), and no longer significant when
comparing SB to BB 2014 (p = 0.097)
(Fig. 4). MS animals examined in 2013
had similar scores to BB 2013, with
psg = 0.053 35% of animals scoring as guarded or
worse (7/20). Among the 12 BB dol-
phins recaptured in subsequent sam-
pling years and assigned prognosis
psg = 0.025 :
scores for both capture events, 6 im-
proved, 4 were stable, and 2 degraded
(Table 2).
psg = 0.003

DISCUSSION

Follow-up assessments of dolphins
living in heavily oiled BB indicated an
overall improvement in population
health, but demonstrated that pul-
monary abnormalities and impaired
stress response persisted for at least
4 yr after the DWH disaster. Specifi-
cally, moderate to severe lung disease
remained elevated and dolphins in

Overall prognosis

The proportion of guarded or worse prognoses in
BB improved over time when compared to SB.
Specifically, the BB prevalence of dolphins scored as
guarded or worse decreased from 48% in 2011
(14/29), to 37% in 2013 (11/30), and 28% in 2014

2013-2014 continued to have low levels of cortisol in
the face of capture stress. Prevalence of moderate to
severe lung disease among BB dolphins decreased
slightly with time since the spill (34 % in 2011, and
23-25% in 2013-2014), but was still elevated relative
to expected prevalence (7 %) based on the SB refer-
ence site. Health assessments performed at another
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contaminated site (MS) showed similar findings to
BB. MS dolphins had low serum cortisol levels and a
high prevalence of moderate to severe lung disease,
based primarily on findings of moderate to severe
AIS and pulmonary consolidation.

In contrast to the slowly improving prevalence of
moderate to severe lung disease was the increased
proportion of AIS among BB dolphins in 2013-2014
and MS dolphins in 2013. Smith et al. (2012) reported
ultrasound evidence of AIS as consistent with pneu-
monia, pulmonary edema, and pulmonary fibrosis in
dolphins. These findings could be secondary to an
oil-induced injury. Pulmonary damage and subse-
quent respiratory compromise would not be unusual
for mammals several years following exposure to an
oil spill. In fact, acute and chronic respiratory symp-
toms were reported in humans following inhalation
exposure from multiple spills, including the Prestige,
Hebei Spirit, Tasman Spirit, and DWH oil spills
(Suédrez et al. 2005, Carrasco et al. 2006, Janjua et al.
2006, Zock et al. 2007, 2012, Sim et al. 2010, Jung et
al. 2013, Sandler et al. 2014).

During the 2011 assessments of BB dolphins, pneu-
monia was considered a likely cause of AIS based on
associated ultrasound findings and blood-based evi-
dence of inflammation, anemia, and possible septi-
cemia (Schwacke et al. 2014). One of the study dol-
phins (Y12) stranded dead 5.5 mo after examination,
and necropsy findings confirmed severe pneumonia
(Lane et al. 2015). A concurrent study of stranded,
dead dolphins recovered from BB during 2010-2011
reported a high prevalence of primary bacterial
pneumonia (Venn-Watson et al. 2015b). Results from
these live and dead animal investigations, conducted
within 18 mo of the DWH disaster, indicated that
exposure to toxic oil components was the likely cause
of lung disease based on the high level of oil contam-
ination in BB (Michel et al. 2013), high levels of PAHs
documented in BB (Allan et al. 2012), and a lack of
evidence for alternative causes (Schwacke et al.
2014, Venn-Watson et al. 2015a,b). Inhalation or
aspiration of oil components could have resulted in
direct pulmonary damage with subsequent pneumo-
nia, or a damaged immune system with an overall in-
creased susceptibility to infectious disease.

Although the persistence of AIS in live dolphins
examined in BB 2013-2014 and MS 2013 could
indicate continued susceptibility to pneumonia,
improvement in other relevant health parameters
(e.g. inflammation, anemia, hypoglycemia) suggests
development of chronic conditions such as pulmo-
nary fibrosis that wouldn't necessarily be accompa-
nied by clinicopathologic abnormalities. AIS has also

been associated with pulmonary fibrosis in dolphins
(Smith et al. 2012) and chronic interstitial diseases in
humans (Smargiassi et al. 2013); therefore, the devel-
opment of a chronic and potentially progressive dis-
ease following oil-induced pulmonary injury should
be fully explored. This outcome would not be un-
precedented, as humans and animals exposed to oil
mist and/or vapor have developed pulmonary fibro-
sis (Lykke et al. 1979, Skyberg et al. 1992). Histo-
pathologic assessments of stranded, dead dolphins
recovered from the oil spill footprint beginning in
2013 and later are needed to elucidate whether
chronic, fibrotic diseases are increasing in preva-
lence among oil-impacted dolphins.

Identifying 14 cases of severe lung disease among
99 unique animals receiving pulmonary ultrasound
exams within the DWH oil spill footprint was a re-
markable finding that should not be overlooked for
its importance in understanding the potential long-
term impacts of oil exposure on pulmonary health.
All severe cases of lung disease had ultrasound evi-
dence of both pulmonary consolidation and moderate
to severe AIS, with the majority of animals having
severe AIS (86 %). Severe AIS, previously considered
uncommon in dolphins, and characterized by con-
tiguous ring-down artifacts that create a 'white-out’
effect, has been correlated with severe pneumonia
and pulmonary edema (Smith et al. 2012). Although
difficult to confirm without histopathologic examina-
tion of tissues, severe AIS could also be consistent
with severe fibrotic changes. Prognosis scores for
animals with severe lung disease were guarded or
worse, with the majority having a score of poor or
grave (71 %), underscoring the impact of pulmonary
health on animal survival. This severe lung disease
cohort provided further evidence that exposure to
DWH oil could result in pulmonary damage with sec-
ondary pneumonia, edema, and/or fibrosis in dol-
phins, and emphasizes the importance of continued
studies of stranded, dead animals recovered within
the oil spill footprint to help determine the pathologic
processes underlying the development of severe,
debilitating lung disease.

Infectious disease diagnostic results did not sup-
port either morbillivirus or Brucella as significant
contributing factors to the prevalence of moderate to
severe overall lung disease or moderate to severe
AIS. morbillivirus was important to rule out since it
has been previously reported to cause unusual mor-
tality events in bottlenose dolphins (Litz et al. 2014).
Only 1 BB dolphin (2011) tested positive for morbil-
livirus by PCR analysis of a blowhole swab sample,
which is consistent with results from Fauquier et al.
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(2017, this Theme Section) demonstrating sporadic
cases of dolphin morbillivirus in the northern GoM
between 2010 and 2014 as confirmed by PCR analy-
sis of samples from stranded dolphins. Although Bru-
cella would not be expected to cause a cluster of lung
disease cases in free-ranging dolphins, the organism
has been detected in dead, stranded dolphins from
the GoM (Venn-Watson et al. 2015b). Therefore, PCR
testing was performed to rule out an epizootic of bru-
cellosis. Only 1 MS animal (2013) and 1 BB animal
(2014) had blowhole swab samples test positive for
Brucella, confirming that Brucella was not a driver
for the increased prevalence of moderate to severe
lung disease in BB or MS dolphins. Similarly, Venn-
Watson et al. (2015b) did not identify any known or
novel pathogens that could explain the increased
morbidity and mortality reported in dolphins affected
by the DWH disaster, further supporting that DWH
oil exposure was the most likely cause of advanced
lung disease.

Evidence of adrenal compromise and an impaired
stress response also persisted beyond 2011. BB dol-
phins had a high prevalence of low cortisol with asso-
ciated low aldosterone values in the face of capture
and restraint, a technique previously proven to elicit
a stress response in dolphins (Thomson & Geraci
1986, St. Aubin et al. 1996). Although the prevalence
of animals with low cortisol decreased in 2013 and
2014 (Table 4), the difference from expected values
remained statistically significant. MS dolphins had
similar findings, with 19% of dolphins having low
serum cortisol values. To better characterize adrenal
impairment in 2013 and 2014, additional blood sam-
ples were collected when possible at least 30 min
after initial sampling and following health assess-
ment procedures (referred to as post-sampling). The
majority of post-sampling cortisol values were within
expected bounds; therefore, the animal's stress
response in 2013-2014 was consistent with a delayed
response rather than complete suppression. Unfortu-
nately, post-sampling blood samples were not col-
lected in 2011, so the ability of those animals to
mount a delayed stress response remains unknown.

An animal's ability to secrete appropriate and
timely amounts of cortisol during a stressful situation
relies on a properly functioning adrenal cortex and
hypothalamic-pituitary-adrenal axis (Rosol et al.
2001). In a study of dead stranded dolphins in the
northern GoM following the DWH oil spill, 50% of
carcasses recovered from BB had unusually thin
adrenal cortices (N = 9) (Venn-Watson et al. 2015b).
Based on histologic and gross pathologic examina-
tions of these carcasses, Venn-Watson et al. (2015b)

ruled out autoimmune disease, metastatic neoplasia,
chronic illness, fungal infection, miliary tuberculosis,
stress, and poor nutrition as likely causes of adrenal
cortical injury. However, contaminant exposure could
not be ruled out, and that study concluded that expo-
sure to oil contaminants from the DWH disaster led to
injury of the adrenal cortex in GoM dolphins. These
data are consistent with the present findings and fur-
ther support that exposure to toxic oil components
caused a persistent, impaired stress response in BB
and MS dolphins.

Although evidence of adrenal compromise and
pulmonary abnormalities persisted, other health
trends showed signs of improvement. Body condition
improved with time in BB, incrementally decreasing
from 25 % in poor body condition in 2011 to 9% and
6% in 2013 and 2014, respectively. Poor body condi-
tion has been positively correlated with poor survival
in common dolphins Delphinus delphis (Sharp et al.
2014); therefore, the decreasing prevalence of BB
dolphins diagnosed with poor body condition could
be partially attributable to the death of underweight
dolphins between 2011 and 2013-2014. In fact, 2 of
the 5 BB dolphins diagnosed as underweight in 2011
were either confirmed or presumed dead within a
year after their evaluation (Lane et al. 2015).

Similar results were observed for Prince William
Sound river otter (Lutra canadensis) populations
assessed for injury following the 1989 Exxon Valdez
oil spill (EVOS). Immediately and up to 2 yr post-
EVOS, river otters sampled from oiled sites had a sig-
nificantly lower mass:length ratio than otters sam-
pled from non-oiled sites (Duffy et al. 1993, Bowyer
et al. 2003). However, a difference in mass:length
ratio was not detected for otters from oiled habitats
sampled 3, 7, and 9 yr post-EVOS as compared to
otters from non-oiled areas, and body mass signifi-
cantly increased over time (Duffy et al. 1994, Bowyer
et al. 2003).

BB dolphins also showed improvement in previ-
ously observed clinicopathologic abnormalities, in-
cluding inflammation, hypoglycemia, and altered
iron metabolism. In subsequent sampling years, 28 %
(2013) and 19% (2014) of BB dolphins still had indica-
tions of inflammation, but these proportions were not
significantly greater when compared to SB dolphins.
There were no hypoglycemia cases observed in BB in
2014, and the number of cases with abnormal iron
and anemia reduced by nearly half. Among MS dol-
phins sampled in 2013, the prevalence of health
panel cases was very similar to findings from BB in
2013; since sampling did not occur in 2011, we can-
not determine if this was an improvement over time.
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As reported by Schwacke et al. (2014), nearly half
of the dolphins examined in BB 1 yr following the
DWH oil spill were deemed unhealthy, as evidenced
by the prevalence of guarded or worse prognosis
scores (48%). In 2013 and 2014, the prevalence of
unhealthy animals improved (37 and 28 % respec-
tively), but still remained elevated in comparison to
the SB reference site (11 %), although the difference
between BB 2014 and the SB reference site was no
longer statistically significant at the oo = 0.05 thresh-
old (p = 0.097). Dolphins examined in MS in 2013 had
a prevalence of unhealthy animals that closely paral-
leled BB 2013 (MS: 35% vs. BB: 37%). These data
confirmed that animals living in areas affected by the
DWH oil spill were more likely to be ill, and demon-
strated that some improvement in prevalence has
occurred over time. Long-term health monitoring is
needed to determine if the BB prognosis scores will
continue to improve with time, and if a similar trend
will occur in MS.

It can be difficult to discern whether the improve-
ments in population health observed over time in BB
resulted from individuals recovering from health
issues, the death and loss of sick animals from the
population, or a combination of recovery and loss.
However, dolphins initially sampled in BB 2011 and
then resampled in BB 2013-2014 did provide some
insight into the health of survivors. Improvement was
seen in many, but not all, of the clinicopathologic,
endocrine, and body condition abnormalities previ-
ously identified in resampled BB dolphins (Table 2).
Of the 12 BB dolphins sampled in subsequent years
and assigned a prognosis score, none of the animals
with a good/fair prognosis score degraded into the
guarded or worse prognosis category, and half of the
animals improved with time. Additional data from
previously sampled BB dolphins would be needed to
determine the relevance of these findings to overall
population recovery.

Although evidence of lung disease and an im-
paired stress response persisted in heavily oiled BB,
signs of gradual improvement have emerged. From
BB 2011 to 2014, incremental improvements were
detected in clinicopathologic findings, body condi-
tion scores, and overall prognosis scores. Similar
findings in MS, another DWH contaminated site,
strengthened the supposition that exposure to toxic
oil components likely caused and/or contributed to
the adverse health conditions detected in the after-
math of the DWH disaster. Long-term monitoring of
these impacted dolphin populations is critical for
fully understanding the potential for and timeline of
individual and population recovery from a large-

scale oil spill event. Special emphasis should be
placed on the well-studied BB population, as these
dolphins will continue to provide valuable insight
into the long-lasting effects of oil on marine animal
and ecosystem health.

Disclaimer. This work was part of the DWH NRDA being
conducted cooperatively among NOAA, other federal and
state Trustees, and BP PLC. The findings and conclusions in
this paper are those of the authors and do not necessarily
represent the view of NOAA or of any other natural resource
Trustee for the BP/Deepwater Horizon NRDA.
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