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Timeline of dolphin studies in the Barataria Basin
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DWH Oil Spill
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DWH oil spill Apr-Jul 2010

Cetacean Unusual Mortality 
Event 2010 – 2014

Natural Resource Damage 
Assessment (NRDA) 2010-2015
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DWH NRDA Settlement
April 2016

Today
Dec 2021
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Potential routes of exposure

Vapors / 
VOCs/

Aerosols

Liquid 
Oil/Droplets

Incidental 
from water, 
sediments

Contaminated 
prey

• Inhalation
• Direct aspiration

• Ingestion
• Dermal, ocular contact

Oil on surface, 
water column 

Absorption

AspirationPhoto: Whale in DWH oil spill, John L. Wathen Flight, SouthWings

Photo: Dolphins swimming through DWH oil, Ron Wooten
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NRDA documented adverse effects

See Endangered Species Research, 2017 vol. 33, 
Special Issue on Effects of the Deepwater Horizon oil spill on protected marine species
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Injury quantification via population models
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DWH oil spill Apr-Jul 2010

Cetacean Unusual Mortality 
Event 2010 – 2014

Natural Resource Damage 
Assessment (NRDA) 2010-2015

GOMRI / CARMMHA studies 
2016-2021

Timeline of dolphin studies in the Barataria Basin

Please visit CARMMHA.org

+ the cross-taxa workshop!
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Using cross-taxa data to inform MM research

A multi-disciplinary, collaborative approach 
to analyzing, interpreting, and synthesizing the wealth of data 

on the toxicological effects of oil 
on humans and vertebrate wildlife. 
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NRDA Toxicity 
Testing Program

So many parameters!

But enables comparisons 
across taxa!

Pulled from the DWH PDARP.
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So many studies on one contamination event
Unprecedented number and variety of laboratory and field studies

Scientists on behalf of natural resource trustees, federal agencies, academics, industry, and many others

NRDA studies included studies with plankton, invertebrates, fish, turtles, birds and mammals and there was 
particular emphasis placed on investigating sub-lethal effects.

In parallel, there were many groups studying DWH’s effects on humans:
• National Institutes of the Environmental Health Sciences
• Uniformed Services (e.g., the Coast Guard)
• Army Corps of Engineers
• Centers for Disease Control
• Academic institutions



Stage / System 
/ Response Taxa

Respiratory

Gill damage 
DNA single strand 
breaks in gill
Observed 
asphyxiation
Maximal metabolic 
rate ↓
Aerobic scope ↓

Cough / dyspnea
Air sacculitis 
Open-mouthed 
breathing

Observed 
asphyxiation

Moderate-severe 
lung disease
Bronchopneumonia

Respiratory 
disease

Cardiovascular

Cardiotoxicity in 
early life stages
Disruption to K+ 
and Ca2+ ion fluxes
Stroke volume ↓
Cardiac output ↓
Cardiomyocyte 
shortening during 
stimulation ↓

Damage to 
myocytes
Myocardial 
contractility ↓
Arrhythmia
Possible dilative 
cardiomyopathy 

Possible effects 
indicated by 
changes in 
hematology and 
blood chemistry

Heart attack risk ↑
Palpitations ↑
Acute chest pain

NOAA. Photo taken under research permit.

NOAA
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Endocrine System

Example of conceptual model and impact pathways 

F: Fish
B: Birds
T: Turtles
MM: Marine mammals
H: Humans
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Some of the cross-taxa consistencies included:
• Oxidative damage
• Cardiotoxicity
• Disruption of blood cells and their function
• Immune system dysfunction
• Impairment of stress responses and adrenal gland function
• Effects on locomotion 

Cross-taxa conclusions

Getty Images

FL FWCC

NOAA. Photo taken under research permit.

Solarnavigator.net
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Dietary/Trophic
Analyses

Cardiac Assessment Immune Assessment

Immune cell & 
signaling molecule 

assays

Cardiac veterinary 
assessments & 

biomarkers

Developing Innovative Techniques Analyze fatty acids & 
stable isotopes in 
archived dolphin & 

prey samples

Integrative Modeling

CARMMHA 2018 Field Studies

Dietary 
samplingBottlenose Dolphin Health Assessments

TOV findings

1 2SDG

Characterize lingering health (e.g., lung disease) and reproductive effects

3 4
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Establishing dolphin cardiology techniques/baselines

Auscultation

Echocardiography

ECGs

Histopathology

Gross pathology



Cardiac health

• 1st studies examining the cardiac health of wild dolphins

• Barataria dolphins had evidence of cardiac abnormalities
• Thinner heart walls and smaller chambers
• Abnormal heart valves
• Pulmonary hypertension (n = 2)

• Not previously reported in a wild cetacean 

• Are these BB dolphin cardiac abnormalities related to oil? 
• Or due to chronic pulmonary disease from oil?
• Or due to differences between populations?

15Linnehan et al.: https://doi.org/10.3389/fvets.2020.570055 (and another paper just accepted to PLOS One)

https://doi.org/10.3389/fvets.2020.570055


Dietary studies

• Stable isotopes and fatty acid patterns in dolphin 
tissues and prey species in relation to environmental 
parameters

• Did not find direct evidence of prey shifts over time 
following the spill.

• But stable isotope patterns (indicative of dolphin 
habitat use) can help predict exposure to 
morbillivirus. 

• Stable isotopes and movement trends can predict a 
dolphin’s relative resilience to environmental 
changes.
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N=15 N=12 N=13 N=12 N=5 N=8 N=12 N=19N=7N=29 N=27 N=29 N=16 N=13 N=18 N=18

Pulmonary health
Prevalence of lung disease persisted through 2018

and was worse than unoiled reference areas

Some conditions 
(e.g., alveolar interstitial syndrome)

became more prevalent
over time!

Pulmonary Consolidation

Severe AIS



Reproductive health

FETUS 
qSize / growth 
qMovement
qHeart rate
qLung:liver brightness ratio 

(pneumonia)
qOrgan development

PLACENTA
qUteroplacental unit thickness
qPlacental appearance

UMBILICAL CORD
qVessels & urachus
qTwists & turns
qAttachment
qBlood flow

Developed ultrasound techniques and indicators to detect abnormalities as early as the first trimester



Ultrasound Abnormality FAILED SUCCESSFUL

Abnormal uteroplacental unit (UPU) appearance 59% (16/27) 11% (1/9)

Large corpus luteum (CL) 31% (8/27) 0% (0/7)

Thick uteroplacental unit (UPU) 30% (7/26) 0% (0/8)

Maternal peritoneal effusion 22% (6/21) 0% (0/9)

Placental separation 15% (4/23) 0% (0/9)

Excessive umbilical cord coiling 5% (1/19) 13% (1/8)

Reproductive health
Abnormal Reproductive Ultrasound Findings
Barataria Bay Dolphins (2011-2019)
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Reproductive Health

Overall Status: 
• Failed pregnancies in Barataria dolphins had evidence of 

maternal illness

Potential Mechanisms: 
• Failed pregnancies in Barataria dolphins had ultrasound 

evidence of placental dysfunction as early as the first 
trimester of pregnancy

• Pulmonary disease likely contributed to acid-base 
imbalances and may have contributed to fetal hypoxia
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Barataria Bay dolphin 
health trends over time
Health of Barataria dolphins exposed to DWH oil 
has not improved, and likely has worsened, in the 
decade after the spill. This could be related to:

• Dolphins getting older
• Chronic diseases getting worse
• Increased susceptibility to other stressors 

(e.g., infectious pathogens)

Health parameters for Barataria dolphins born 
after the spill appear to be within normal range
(with exception of immune*)

• Short monitoring period and small sample sizes

*See De Guise et al. 2021, ET&C 21



Updating the population models

1. Added a cohort of exposed animals 
that do not recover

2. Expert elicitation on what proportion 
of exposed cohort recover

3. Expert elicitation on density 
dependent fecundity

4. Improved spatial models for survival 
and abundance

5. Other moderate adjustments to 
underlying demographic/life history 
parameters
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Predicted BBES dolphin population trajectory

Maximum 
proportional 

decrease (MPD)

Years to 
recovery 

(YTR)

Schwacke, Marques, et al. submitted

Est. 95% CI

Maximum 
proportional 
decrease (MPD)

0.44 0.15-0.73

Years to 
recovery (YTR) 35 19-65

Lost dolphin 
years (LCY) 
(thousands)

31 7-90
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Conclusions

1. A decade after the DWH spill, disease conditions persist and have 
recently worsened in Barataria dolphins alive during the spill

2. Dolphins born post-spill are in better health

3. BBES population is likely at a minimum point now in its recovery 
trajectory, and is 44% lower [95%CI 15-73%] than without the spill

4. BBES Population will take decades to recover (35 years [19-65])

5. Predictions for other dolphin and whale stocks are about to be 
published.
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DWH oil spill Apr-Jul 2010

Cetacean Unusual Mortality 
Event 2010 – 2014

Natural Resource Damage 
Assessment (NRDA) 2010-2015

GOMRI CARMMHA studies 
2016-2021

Restoration Project Planning: 
Mid-Barataria Sediment 

Diversion (MBSD)

NOAA, NMMF & 
collaborator studies 

examine impact of MBSD 
for dolphins

Image Credit: CPRA

Timeline of dolphin studies in the Barataria Basin

What about future spills?
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What’s next for marine mammals and oil spills?
The work on the DWH oil spill has:

• Established a catalog of important techniques to use to 
characterize likely adverse health effects in exposed marine 
mammals

• Provided a framework for integrated individual and 
population-level injury assessment

• Demonstrated the importance of precise estimates of baseline 
and post-disaster survival/density

• Demonstrated the importance of long-term health monitoring

• Provided a robust foundation for cross-taxonomic oil toxicity 
comparisons

Other oil spills have already affected 
marine mammals since DWH 
(e.g., Texas and California).
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What’s next for marine mammals and oil spills?
Other oil spills have already affected 

marine mammals since DWH 
(e.g., Texas and California).

But we still need to:

• Continue characterizing the mechanisms behind poor health, decreased 
survival, and decreased reproductive success

• Refine standardized strategies for efficient assessments of smaller events 
(e.g., remote assessments)

• Continue to develop a broader approach to MM restoration

• Continue to develop robust response/rehab programs

• Consider how to apply what we’ve learned to other species/areas

• Consider the effects of multiple stressors

• Investigate how oil exposure might impact behavior/social structures

• Understand how dispersants influence exposure and apply what we’ve 
learned to response efforts

• Integrate affected coastal communities into our planning and evaluations 27



Fieldwork was conducted under NMFS research permit 
no. 18786.

Thank you to our CARMMHA partners and the many 
collaborators who supported our field efforts. 

This research was made possible through a grant from 
The Gulf of Mexico Research Initiative.

Thank you!


