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Goal of the group was to identify the most relevant and interesting research questions that were sufficiently broad that they could be moved forward as projects that integrated or compared data across the three programs. These questions must also reflect the needs, interests, and data realities of the predator group.

First the group defined top predators as those large zooplankton, fish, birds, seal, whale species that are /were economically, culturally, and /or ecologically important (critical) to the focal ecosystems and their functioning, as well as to management needs. 

Then, the group agreed that it was very important for synthesis and integration within the  GLOBEC framework to use GLOBEC data as a basis, but also to include any and all other relevant datasets and study species that could help in furthering an understanding of the systems and questions. 

· To further this goal, it is critical to identify existing short- and long-term datasets that can supplement GLOBEC datasets. This is especially true since many technologies now used to study top predators were not available when the earliest GLOBEC programs started, and there have been many other ‘GLOBEC-like’ studies in areas near, or connected to, GLOBEC areas. For example, animal movements and behaviors can now be studied by deploying tags on animals as small as salmon smolt, and satellite tags deployed on larger animals can simultaneously collect information on environmental parameters such as salinity and temperature. 

The group decided not to focus on the questions in the handout, but instead worked to identify critical research questions. We identified the following areas: 

1. The role of human harvest on the dynamics of the three GLOBEC systems. GLOBEC was designed to focus on bottom-up processes in systems that have all experienced exploitation. How much of observed ecosystem dynamics is truly due to climate change and natural fluctuations, and how much is a result of lingering human impacts and/or unbalanced ecosystem structure? This is particularly important in light of continuing &/or increasing harvest pressures in many of these systems. Trophic modeling will be essential to separating top-down and bottom-up effects in these systems. 
2. The causes and consequences of ‘hot spots’. All GLOBEC programs have identified regional hotspots, or local areas within a wider system where predators exist in greater than expected numbers. What are the physical and biological features that create these ‘hot-spots’, how general are these processes, and how similar are community structures within these hot spots? Given that climate change may alter the presence and temporal/spatial persistence of prey patches, it is important to understand how robust hotspots are to climate change, and understand how sensitive different species and community assemblages are to the spatial and temporal spacing and persistence of the hotspots. Inherent in this, is the realization that climate changes are likely to impact top predators in ways that are not captured by monitoring changes in mean (physical) parameters. As part of this effort, it would be useful to extrapolate from the fine-scale understanding of the key physical features that lead to the creation of hotspots identified in the GLOBEC studies, to types of information that can be obtained over a broader scale with less effort, such as remote sensing.

3. Development of functional linkages between climate change / lower tropic level models and upper trophic levels. While there are well developed models that link environmental conditions to zooplankton abundance and distribution, models that link changes in prey fields to the behavior of upper trophic level species are largely absent. Concentrations, densities, and presence/absence may not be the best way to characterize predators, which demonstrate a variety of behaviors and differ in their ability to respond to changing environmental conditions. To make these linkages, information on preyfield species composition, energetic content, and temporal and spatial variability may need to supplement biomass estimates.  The challenge is to find a way to identify and integrate relevant behavioral data into models at appropriate spatial and temporal scales. Models that can be transported across systems by retuning of parameters would be particularly helpful. 
4. Linking GLOBEC regions to the surrounding oceans. All of the GLOBEC study areas are shelf systems that are influenced by their connections to the surrounding ocean, and where the magnitude of the retentive and flow through processes strongly influenced productivity at the lower trophic levels. In addition, it may be that shelf systems are more sensitive to small changes in climate (temperature) than pelagic systems, such that small climate changes will have much larger impacts on upper trophic levels, possibly through temporal mismatches in key physical and biological processes. Understanding the sensitivities of shelf systems to climate change, as mediated through water mass structure, advection, mixing, etc. will be important to resolving these issues. 
5. Broader Management Implications GLOBEC has been a large-scale, intensive (and expensive) program that focused on collecting fairly fine scale data on a limited number of target species and parameters. It would now be useful to identify the appropriate scales at which to study top predators, and the spatial and temporal extent of the habitat which must be studied to capture relevant changes in predator populations. Part of this effort should be the identification of the data streams and their appropriate spatio-temporal scales that were /are / would be most useful for understanding the system, and making recommendations about key types of data that could /should be collected in future that would best benefit future synthetic studies and management activities
