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 “Marine Mammals”

group # aquatic (marine or freshwater) species

Cetacea – odontocetes 67 + marine,  4 freshwater

Cetacea – mysticetes 13 + marine

Pinnipeds 34 marine (not all entirely so), 2 freshwater

Mustelids 6 marine (only 2 entirely so), 7 freshwater

Sirenians 5 marine

Ursids 1 marine

Evolutionary relationships
(Murphy et al (2001) Nature 409:614)
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 Marine Mammal Toxicology
What are the chemicals and where do they come from?   

• Anthropogenic and natural sources
• Parent compound and biotransformation products

• Organochlorine pesticides
• Organophosphate pesticides

• Halogenated aromatic hydrocarbons (HAHs)
- PCBs, PBBs
- chlorinated dioxins and dibenzofurans
- brominated flame retardants (PBDE: polybrominated diphenyl
ethers, tetrabromo-bisphenol A)
- chlorinated naphthalenes
- natural organohalogens (Q1; halog. Bipyrroles)

• Petroleum hydrocarbons

• Polycyclic aromatic hydrocarbons (PAHs)

• Algal toxins
- brevetoxin
- saxitoxin
- domoic acid

• Elements  (Hg, Se, Cd, Pb)
• Organometals (methyl mercury, butyltins)

• Emerging contaminants
- brominated flame retardants (BFRs)
- pharmaceuticals and personal care products
  (e.g. contraceptives; triclosan)
- phthalate esters (plasticizers)
- perfluorooctane sulfonate (PFOS; ScotchGard)

• Endocrine disruptors (Hormonally active agents)
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Questions and issues in marine mammal toxicology

• To what chemicals are marine mammals exposed?
When, where and how much?

• What is the impact?
- individuals
- populations
- community/ecosystem

• What life stages are most sensitive?

• How can we measure the impact?

• What can we do about it?

• What are the mechanisms by which chemicals affect marine
mammal health?

• To what extent can we extrapolate data from laboratory studies
in rodents to marine mammals?

• What information do we need to determine whether
extrapolation is valid or to reduce the uncertainty of extrapolation?
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• What is the relationship between exposure, dose, and effect?
Key issues:
- shape of D-R curve
- conservation of mechanism?
- species differences in uptake, distribution, excretion,
biotransformation
- relative timing of exposure and effects
(acute vs chronic toxicants, e.g. algal toxins vs PCBs;
delayed toxicity e.g. fetal exposure leading to adult disease)

• Exposure is usually to mixtures.  What is the relative role of
various chemical types?
e.g. PCBs versus algal toxins vs metals?
Interactive effects? (additive, synergistic, antagonistic)

• What is the impact of chemicals relative to other stressors?
- noise
- ships
- disease
- bycatch/nets

And how might different stressors interact?
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• What unique or specialized features of marine mammal
physiology/life history make them more or less susceptible to
chemical effects?

- large size (scaling?)

- trophic level / food type / feeding style
(chewing macrophytes vs. filter feeding copepods vs. gulp feeding
small fish vs. teuthophagy vs. top predator carnivory)

- blubber

- lipid-rich milk

- first born vs. later offspring

- fasting / seasonal cycles of lipid storage and mobilization

- long lifespan

- deep diving adaptations

- important role of sound

- lack of turbinate bones increases susceptibility to airborne
particulate contaminants
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• What role do chemically contaminated marine mammals have in
the health of human consumers?

- immunosuppression
- cognitive deficits

•  How do global contaminant transport systems impact the
relative levels of exposure and effect at different latitudes and
hemispheres?
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Approaches to addressing questions
in marine mammal toxicology

• Direct exposure to chemicals? (toxicity testing)

• Semi-field studies (feeding studies)

• experiments in surrogate species

• Epidemiological studies (retrospective, associative)

• Biomarkers of exposure, effect, susceptibility

• in vitro, mechanistic studies
(How do we translate up the levels of biological organization:
molecules – cells – organs – individuals – populations??  A major
challenge in toxicology!)

• feeding marine mammal tissue or food to rodents

• Extrapolation / Risk assessment
(Note parallels with human health risk assessment)

• Demographic population modeling

• Weight of evidence



“Globally, with the possible
exception of the belugas of the St.
Lawrence River, no marine mammal
population appears now to be
threatened by contaminants…”

Robert Risebrough
in Marine Mammals and Persistent
Ocean Contaminants:  Proceedings
of the Marine Mammal Commission
Workshop, Keystone, Colorado, 12-
15 October 1998



Weight of evidence approach
for assessing impact of contaminants

• Epidemiological and observational studies
in free-ranging marine mammals

• Mechanistic and dose-response studies in laboratory animals
• Feeding studies in captive marine mammals
• Feeding studies in laboratory animals
• Comparative mechanistic studies in marine mammal systems

modified from PS Ross (2000) Marine mammals as sentinels in ecological risk assessment.
Human and Ecological Risk Assessment 6: 29-46.



Marine mammals:  Surrogate/Model species

Odontocetes bottlenose dolphin
beluga

Mysticetes bowhead whale
(right whale)

Phocid seals harbor seal
Otariid seals California sea lion
Ursids polar bear
Sirenians manatee
Mustelids mink

Adapted from Marine Mammals and Persistent Ocean Contaminants:  
Proceedings of the Marine Mammal Commission Workshop, 
Keystone, Colorado, 12-15 October 1998.
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