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BIO/FIS/MEQ/TCODE/FUTURE Topic Session (S8)
Ecosystem indicators to characterise ecosystem responses to multiple stressors in North Pacific marine
ecosystems
Co-Convenors: Vladimir Kulik (Russia), Chaolun Li (China), Ian Perry (Canada), Jameal Samhouri (USA)*,
Peng Sun (China), Motomitsu Takahashi (Japan) and Chang-Ik Zhang (Korea)
______________

* Jameal Samhouri was unable to attend PICES-2013 due to the U.S. government partial shutdown.
Invited Speakers:
Isabelle Côté (Simon Fraser University, Canada)
Yunne-Jai Shin (Institut de Recherche pour le Développement, France)
Mingyuan Zhu (First Institute of Oceanography, SOA, PR China)
Background
Multiple natural and human stressors on marine ecosystems are common throughout the North Pacific, and
may act synergistically to change ecosystem structure, function and dynamics in unexpected ways that can
differ from responses to single stressors. These stressors can be expected to vary by region, and over time.
Understanding the impacts of multiple stressors, and developing indicators which capture their behaviours and
changes, are major challenges for an ecosystem approach to the North Pacific and for the PICES FUTURE
project. The objective of this session was to present potential indicators of ecosystem responses to multiple
stressors in the North Pacific (with the focus on multiple, rather than single, stressors). One goal of the session
was to determine if these proposed ecosystem indicators can provide a mechanistic understanding of how
ecosystems respond to multiple stressors. For example, 1) are responses to stressors simply linear or are
changes non-linear such that small additional stressors result in much larger ecosystem responses; 2) do
different parts of the ecosystem respond differently (e.g., across trophic levels); 3) how do stressors interact
and can these interactions be adequately captured by the proposed indicators? Conceptual, empirical and
model-based analyses are welcome. The results of this session contribute to the work of PICES Working
Group 28 on Ecosystem indicators for multiple stressors on the North Pacific.
The session was deeply saddened by the untimely death of Dr. Mingyuan Zhu, and a moment of silence was
held in his honour. He was a very important scientist for PICES.
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Summary of presentations
The session was well-attended, and with strong participation in questions and discussions. All of the presenters
were congratulated for leaving time for questions after their presentations. The session introduced much new
information and new ideas, all of which are relevant for the work of Working Group 28. A number of
presentations proposed ecologically-based indicator sets and/or methods to evaluate the efficacy of the
indicators. A number of talks also discussed how multiple stressors can interact. One important finding from a
meta-analysis was that 35% of studies examined found that multiple stressors interacted synergistically, and
that antagonistic interactions occurred in 42% of the studies examined. The conclusion from this analysis was
that interactions were not additive in the majority of analyses studied, which is usually the default assumption
in frameworks examining the impacts of multiple interacting stressors. An important implication of these
results is that management actions may not produce the intended result because such actions may alter the
interactions among multiple stressors, in particular if the interactions are antagonistic. Overall, discussions
questioned how well existing indicators can address temporal scaling issues and the interactions of processes at
larger (and smaller) temporal and spatial scales. The issue of sub-lethal stressors and their effects was also
discussed, with the potential for indirect stressors to interact with direct stressors. It was recognised that many
indicators can be proposed; when developing indicators of human actions and responses an inclusive process is
needed. Overall, the consensus was that a good job is being done currently of beginning to model and evaluate
responses of indicators to observed and modelled ecosystem changes, although questions remain as to whether
these models can adequately address the three types of stressor interactions (additive, synergistic, antagonistic).
Participants felt the current state of the art was doing a better job simulating fishing and climate interactions in
models. Participants also concluded that no single indicator will be adequate and the use of multiple models
was recommended to reduce model-based uncertainties. But an important question was raised: how, and
whether, multiple indicators can be combined into smaller sets of summary indicators. At present, it seems the
most common way to assess the impacts of more than two stressors is via expert opinion, and sometimes
modelling. These techniques have their own important limitations and biases.
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IndiSeas in the Sea of Okhotsk

Session Summaries 17

Session Summaries-2013
Kirstin K. Holsman and Stephani Zador
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