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This group discussed cross-cutting issues that might be profitably addressed in pan-regional synthesis studies.  The major topics of discussion included an overarching question, the biological mechanisms relating ecosystem response to physical forcing, the formation of “hotspots”, and the relative roles of short, episodic events versus slow changes for the regional ecosystems.  The group’s perspectives on these topics are fleshed out below. 

The overarching question or theme that arose was an evaluation of the relative sensitivity of the different GLOBEC study regions to climate variability.  It was felt that the process of carrying out this evaluation would have the useful outcome of identifying the actual elements of the climate forcing (the predictors) and the aspects of the ecosystems of interest and importance (the predictands). One goal of GLOBEC regional synthesis will be to identify relationships between forcing and response for each of the GLOBEC regions individually.  This will provide insight into the key mechanisms/interactions for each GLOBEC region in a comparative sense.

The physical mechanisms through which climate impacts are expressed on the GLOBEC ecosystems did not receive much attention.  This was a conscious decision by the group, but by no means because the topic lacks importance.  It is just that the group felt that these physical mechanisms are already well appreciated (they were identified in the charges to the working groups), if not necessarily quantified, and that the group’s time could be most productively spent on consideration of biological mechanisms.

A variety of biological mechanisms were discussed, with the goal of itemizing broad themes amenable to pan-regional analysis.  A strong consensus emerged on the importance, and feasibility, of pursuing the general problem of match/mis-match between trophic levels, namely as related to the timing and hence availability of suitable prey.  Comparisons on this problem between the GLOBEC regions should help increase our basic understanding of how marine ecosystems react to climate variability, i.e., bottom-up effects.  The second idea to receive considerable attention was the concept of the distance between a population and limiting biogeographic boundaries, in that this distance essentially determines the sensitivity of this population to climate-induced shifts in these boundaries.  A third theme arose on the concept of complexity, in that there were likely to be payoffs from a comparative analysis of how the diversity of the various GLOBEC ecosystems relate to their resiliency to climate (and other) variations.  In some cases, total carrying capacity of an ecosystem may not change, but the individual species present, and their comparative abundances, may differ due to climate forcing, with associated ecosystem effects.  There was additional discussion of the life span and migration patterns of organisms and how that might influence adaptation/sensitivity to climate changes.  

The concept of “hot spots” was suggested as a topic of consideration, which received much discussion.  It was pointed out that GLOBEC focused on hot spots by design, and therefore direct information is scanty on the differences in ecosystem dynamics between productive and nearby less productive environments.  The discussion therefore centered on how it would be fruitful to assess the relative importance of the various mechanisms that are potentially responsible for making the GLOBEC regions productive.  Because hotspots are by definition regions of high productivity, they are also areas of special emphasis from a management standpoint.

The group had substantial interest in impacts associated with episodic events, as compared with those due to low-frequency variability, expressed as “pulse versus press”.  While the intensive field operations for GLOBEC were conducted over short time spans relative to slow variations in climate, both data from additional long-term monitoring efforts, and the results from biophysical models, could be used profitably to address this issue.  One implication of this pulse versus press concept is predictability, in that if episodic events (slow variations) dominate a system, then that system might be characterized as more stochastic (deterministic). 

The group’s session ended with a short conversation on future observing networks.  While little specific recommendations could be made in this forum, there was no quarrel that GLOBEC synthesis, in general, would help provide guidance for the design of observational arrays for monitoring ecosystem structure and function. An extremely useful outcome of pan-regional synthesis would be to identify harbingers of regime change that could be measured by observing systems to predict change in an ecosystem.  The scientific questions involved in identifying these harbingers are at the heart of the issues discussed above.
