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Marine Mammals as Sentinels in Ecological Risk
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ABSTRACT

As high trophic level organisms in the marine environment, fish-eating seals,
dolphins and whales are often exposed to very high levels of fat-soluble environmen-
tal contaminants. Assessing the sources, levels and patterns of contaminants found
in the tissues of marine mammals, and the biological effects of these contaminants
on individuals, is essential to determining any population- or species-level impacts.
While the number of contaminants to which marine mammals are exposed is
staggering, designing strategies to assess the effects of complex mixtures represent
a challenging yet vital part of an understanding of the “real world”. At present, an
accumulated “weight of evidence” suggests that ambient levels of lipophilic contami-
nants have adversely affected aspects of reproduction, immune function and endo-
crine function in marine mammals inhabiting a number of industrial coastal re-
gions. This body of evidence is drawn from a combination of (1) epidemiological
or descriptive studies of effects observed in free-ranging populations of marine
mammals inhabiting contaminated areas; (2) mechanistic, cause-and-effect, labora-~
tory rodent studies, using single- or multiple- chemical exposures in acute or
chronic designs; (3) semi-field or captive studies of marine mammals fed fish from
contaminated areas; and (4) laboratory studies where rodent species are used as
surrogates for marine mammals, and are exposed to extracts of complex contami-
nant mixtures found in fish. While these approaches have been used to delineate
the effects of historically introduced environmental contaminants such as PCBs and
DDT on wildlife, they may serve to identify the ecological risks presented by (1) the
continued leaking of stored, discontinued, chemical supplies that have not yet been
destroyed (e.g., PCBs); (2) new chemicals that may have lipophilic or persistent
characteristics similar to those found currently in marine mammals; and (3) diet
selection as a source of contaminants for humans, since certain human groups share
the same food chain with marine mammals. Contaminant mixtures to which marine
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mammals are exposed differ greatly from the original industrial mixtures as a result
of differing rates of accumulation and capacities to metabolize certain chemical
types by the various trophic levels (e.g., invertebrates, fish, and marine mammals) of
the food chain. Marine mammals ultimately provide information on the chemicals
which present the greatest risk to consumers at the top of the food chain, something
that cannot be adequately described or predicted in laboratory models.
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INTRODUCTION

Many marine mammal species occupy elevated trophic levels in the oceanic
environment and have been found to accumulate high concentrations of numerous
fat-soluble environmental chemicals, including the polychlorinated biphenyls (PCBs),
-dibenzo-p-dioxins (PCDDs or dioxins), and -dibenzofurans (PCDFs or furans), as
well as pesticides, including the DDT family (Addison et al., 1986; Tanabe et al, 1993;
Norstrom and Muir, 1994). While it is difficult to directly assess the risks associated
with the exposure of wildlife to complex environmental mixtures of chemicals,
marine mammals can serve as useful indicators of ecosystem contamination. Studies
of contaminants and contaminantrelated effects in marine mammals are important
for (1) wildlife managers and conservationists concerned with the well-being of
viable populations of these animals in our coastal waters and oceans; (2) managers
and policy makers concerned with the degree of contamination of the marine food
chain, since marine mammals bioaccumulate high levels of fat-soluble contaminants
and thereby “integrate” contaminant information in the environment (i.e., marine
ecosystem health); and (3) health experts and managers concerned with the health
of certain human consumer groups that rely heavily on fish consumption, including
aboriginal groups and fishers, who share the same food chain with marine mam-
mals, or people who consume marine mammals.

In addition, because of the differential bioaccumulation potentials and excretion
capabilities for the various contaminants at different levels of the aquatic food
chain, marine mammals and other high trophic level consumers are exposed to
mixtures that often differ greatly from the original industrial product. Laboratory-
based toxicological studies examining the effects of particular chemicals therefore
may not accurately gauge the risks associated with real world exposures. Studies of
wildlife, including fish-eating birds and marine mammals, can provide an indication
of more realistic environmental exposures.

While the complex nature of the contaminant mixture to which marine mam-
mals are exposed in the environment has precluded any conclusive mechanistic
understanding of a possible toxicity (Addison, 1989), there is an increasing “wetght
of evidence” that implicates anthropogenic contaminants with adverse effects in
freeranging marine mammals. This evidence is based largely on four lines of
toxicological research, including (1) epidemiological (correlative) or descriptive
(associative) studies of free-ranging populations of marine mammals inhabiting
contaminated areas; (2) mechanistic, cause-and-effect, laboratory rodent studies,
using single- or multiple-exposures in acute or chronic designs that support obser-
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