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The world’s oceans are changing. There is great uncertainty about future conditions in the ocean and how
marine ecosystems may respond to climate change, acidification, intensive harvesting, and other factors.
Climate changes such as increased warming are predicted to shift the distributions of fish and invertebrates
northwards, to change the species composition of marine communities, and ultimately to decrease the
productivity of the oceans. However, these predictions are highly uncertain for any specific location. Such
changes in the ocean and its ecosystems will impact the prosperity and growth of the human communities
which depend on these ecosystems. These coupled natural marine and human systems are called marine
social-ecological systems. When marine ecosystems change, they affect human communities, but how these
communities respond will also impact marine ecosystems. In a world of uncertainty, therefore, what are the
characteristics of marine social-ecological systems which increase their resilience, and decrease their

vulnerability, to these changes to ensure the sustainability of marine resources?

I will discuss how fishing and climate together act on individual fish, fish populations, fish communities,
and marine ecosystems to make them more vulnerable to climate impacts. Fishing is unlikely to alter the
sensitivities of individual finfish and invertebrates to climate. Fishing makes populations sensitive to
climate variability by removing the older age classes, removing sub-populations, and altering life history
traits. Fishing reduces the average size of individuals and the trophic level of fish communities which
decreases their turnover time making them respond to environmental variability more quickly. Marine
ecosystems under intense exploitation evolve towards stronger bottom-up control and greater sensitivity to

climate.

These changes can accumulate and increase the vulnerability of marine systems to climate variability and
change. Dramatic changes in marine ecosystems are often called “crises”, and can have significant impacts
on marine-dependent human communities. Common strategies of human communities when faced with

marine ecosystem crises include intensification of fishing; diversification of fishing locations, times, and
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habitats; and migrations to other areas. At longer time scales, adaptive strategies include diversification
outside of fishing; networking; education; political action; and abandoning communities. Initially, fisheries
can become more diverse but eventually strategies such as fishing harder, diversifying target species, and

increasing debt loads to buy new gear or vessels may not be sustainable.

We can not know for certain the future state of the ocean. But by acting now to retain the natural resilience
of marine populations, communities, and ecosystems, and by recognising and supporting the features that
produce resilient human communities, we may be able to minimise unpleasant surprises, avoid crises, and

ensure sustainable marine social-ecological systems no matter what future changes may occur.
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