= & Q

PNAS

Physical Sciences
Featured Portals

Physics
Chemistry
Sustainability Science

Articles by Topic

Applied Mathematics

Applied Physical Sciences

Astronomy

Computer Sciences

Earth, Atmospheric, and Planetary Sciences
Engineering

Environmental Sciences

Mathematics

Statistics

Social Sciences
Featured Portals

Anthropology
Sustainability Science

Articles by Topic

Economic Sciences

Environmental Sciences

Political Sciences

Psychological and Cognitive Sciences

Social Sciences

Biological Sciences
Featured Portals

Sustainability Science

Articles by Topic

Proceedings of the
National Academy of Sciences
of the United States of America

NEW RESEARCH IN


https://www.pnas.org/
http://physics.pnas.org/
http://chemistry.pnas.org/
http://sustainability.pnas.org/
https://www.pnas.org/content/by/section/Applied Mathematics
https://www.pnas.org/content/by/section/Applied Physical Sciences
https://www.pnas.org/content/by/section/Astronomy
https://www.pnas.org/content/by/section/Computer Sciences
https://www.pnas.org/content/by/section/Earth, Atmospheric, and Planetary Sciences
https://www.pnas.org/content/by/section/Engineering
https://www.pnas.org/content/by/section/Environmental Sciences
https://www.pnas.org/content/by/section/Mathematics
https://www.pnas.org/content/by/section/Statistics
http://anthropology.pnas.org/
http://sustainability.pnas.org/
https://www.pnas.org/content/by/section/Economic Sciences
https://www.pnas.org/content/by/section/Environmental Sciences
https://www.pnas.org/content/by/section/Political Sciences
https://www.pnas.org/content/by/section/Psychological and Cognitive Sciences
https://www.pnas.org/content/by/section/Social Sciences
http://sustainability.pnas.org/
http://twitter.com/share?url=https%3A//www.pnas.org/content/early/2014/03/19/1320950111&count=horizontal&via=&text=Deepwater Horizon crude oil impacts the developing hearts of large predatory pelagic fish&counturl=www.pnas.org/content/early/2014/03/19/1320950111
https://www.pnas.org/content/115/49/12321
https://sciencesessions.podbean.com/mf/play/6h2zek/blairHedgesPodcast.mp3
https://www.pnas.org/content/early/2018/11/06/1808603115
https://www.pnas.org/content/early/2018/11/06/1810025115
https://www.pnas.org/content/early/2018/11/07/1719794115

Agricultural Sciences
Anthropology

Applied Biological Sciences
Biochemistry

Biophysics and Computational Biology
Cell Biology

Developmental Biology
Ecology

Environmental Sciences
Evolution

Genetics

Immunology and Inflammation
Medical Sciences
Microbiology

Neuroscience

Pharmacology

Physiology

Plant Biology

Population Biology
Psychological and Cognitive Sciences
Sustainability Science

Systems Biology

Deepwater Horizon crude oil impacts the developing hearts of
large predatory pelagic fish

John P. Incardona, Luke D. Gardner, Tiffany L. Linbo, Tanya L. Brown, Andrew J. Esbaugh, Edward M. Mager, John D. Stieglitz,
Barbara L. French, Jana S. Labenia, Cathy A. Laetz, Mark Tagal, Catherine A. Sloan, Abigail Elizur, Daniel D. Benetti, Martin Grosell,
Barbara A. Block, and Nathaniel L. Scholz

PNAS published ahead of print March 24, 2014https://doi.org/10.1073/pnas.1320950111

Edited by Karen A. Kidd, University of New Brunwsick, Saint John, BC, Canada, and accepted by the Editorial Board February 24, 2014 (received for review November
6, 2013)

Figures & Sl Info & Metrics Y PDF

Significance

The 2010 Deepwater Horizon (MC252) disaster in the northern Gulf of Mexico released more than 4 million barrels of crude oil.
Oil rose from the ocean floor to the surface where many large pelagic fish spawn. Here we describe the impacts of field-
collected oil samples on the rapidly developing embryos of warm-water predators, including bluefin and yellowfin tunas and an
amberjack. For each species, environmentally relevant MC252 oil exposures caused serious defects in heart development.
Moreover, abnormalities in cardiac function were highly consistent, indicating a broadly conserved developmental crude oil
cardiotoxicity. Losses of early life stages were therefore likely for Gulf populations of tunas, amberjack, swordfish, billfish, and
other large predators that spawned in oiled surface habitats.
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Abstract

The Deepwater Horizon disaster released more than 636 million L of crude oil into the northern Gulf of Mexico. The spill oiled
upper surface water spawning habitats for many commercially and ecologically important pelagic fish species. Consequently,
the developing spawn (embryos and larvae) of tunas, swordfish, and other large predators were potentially exposed to crude oil-
derived polycyclic aromatic hydrocarbons (PAHs). Fish embryos are generally very sensitive to PAH-induced cardiotoxicity, and
adverse changes in heart physiology and morphology can cause both acute and delayed mortality. Cardiac function is
particularly important for fast-swimming pelagic predators with high aerobic demand. Offspring for these species develop rapidly
at relatively high temperatures, and their vulnerability to crude oil toxicity is unknown. We assessed the impacts of field-collected
Deepwater Horizon (MC252) oil samples on embryos of three pelagic fish: bluefin tuna, yellowfin tuna, and an amberjack. We
show that environmentally realistic exposures (1—15 pg/L total PAH) cause specific dose-dependent defects in cardiac function
in all three species, with circulatory disruption culminating in pericardial edema and other secondary malformations. Each
species displayed an irregular atrial arrhythmia following oil exposure, indicating a highly conserved response to oil toxicity. A
considerable portion of Gulf water samples collected during the spill had PAH concentrations exceeding toxicity thresholds
observed here, indicating the potential for losses of pelagic fish larvae. Vulnerability assessments in other ocean habitats,
including the Arctic, should focus on the developing heart of resident fish species as an exceptionally sensitive and consistent
indicator of crude oil impacts.
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