GLOBEC PR Synthesis Workshop Wed, Nov. 29

WG 3:  How are climate effects manifested in the GLOBEC study regions?

· Through what physical mechanisms?

· Through what biological mechanisms?

· How imp. are episodic events and hot spots? Are other temporal and spatial scales more relevant to ecosystem considerations?

· What key attributes characterize systems that vary on these scales? What obs. methods/networks would best capture them?

Don’t answer the questions, but discuss approaches to answer them, prioritize important ways to address them.

Rephrase question:

How are climate effects manifested globally, and how are they seen in GLOBEC regions?

NEP more strongly influenced by large-scale forcing than GB?  This is assertion, how can this be demonstrated?  Are the same climate effects manifested in the different regions?  How strongly influenced are study regions? 

What is climate variability vs episodic event?

Sensitivity to climate change – are the regions similarly sensitive to climate change?

Shelf systems more sensitive than open ocn systems?  Different drivers will lead to diff responses.  All regions are shelf regions?

Define sensitivity? Same effect making larger difference -> more sensitivity.  
T as forcing function – in NEP, large biogeogr shift, probably wouldn’t happen in AA.  But if winter temp changes a few degrees, GB systems would probably change.

What is appropriate forcing fcn for climate?  Suite of fcns that can be related to clim change, and can produce responses at a variety of ecosystem levels.  Find common ones that can be compared.

Recommend common suite of predictors and responses?  

In AA, major perturbations, temp range is greater than in NEP, must normalize to compare. Part of system is how the normal state is, what the normal variability is.  How flexible the animals are – some are more able to adapt.

What ecosystem functions are driven by climate?  Spring bloom, species evolution? Some might be more sensitive to clim change than others.

Biological mechanisms:

Timing of spring bloom, FW input, upwelling

Timing of initiation of reproduction, synchrony with system productivity (mismatch in timing), duration of reprod cycle, rates of development
Distance to biogeographic boundary – large impact where boundary is, less in center of range.  Is this advective feature, or result of reprod and biological cycling?  Hydrographic boundaries vs bathymetric boundary?  Species replacements.  How does proximity to a bioeogr faunal boundary impact response of system to climatic change?
Fish in NEP must come back to same place, but prey fields might change (mismatch in space).  Many vertebrates separate reprod and feeding areas.  Implications of this is much different from species replacements, or range changes.
Patchiness – distance between patches, and different quality of patch.

Complexity of system, stability of species, diversity, changes seasonally and interannually?  Could calculate from GLOBEC data.  Functional biodiversity – what are the roles of spp, what are they doing?  This could relate to sensitivity to changes.  Gets to ecosystem.  

Is there enough ecosystem data to address this?  Focus on target species leaves out a lot of other spp in ecosystem.  Lots of information available from NMFS & other programs, not analyzed in this context.  Data for SO focused on krill – is there enough to do this?
Rate of development and growth – affected by T and other factors, shift cycling.

Carrying capacity for particular guilds – might be spp changes, but overall carrying capacity might not change.  If climate changes carrying capacity, this will have large effect.

Habitat – ice in SO, particular spawning temps? Physical forcing in SO is direct, because of ice.  Others in other regions?  Physiological boundaries?  Compare and contrast phys. Characteristics of spp.  Geomorphology of system matters – wind, rings, etc. may affect some types of systems more than others.

Recirculation cells?  Present in NWA and SO, perhaps not in NEP.  Eddies not same feature, but can retain.

Climate effects vs climate change effects?  Inherent attributes of ecosystems different because of different climate between regions.  If climate changes, what is at risk?  We have chosen areas that will be influenced.
Episodic events/hot spots
Wind events, rings on GB, delay of upwelling in NEP, 

Episodic event
Hot spot – this is good place most of the time, or patches where everything comes together.  Predictability of hot spots? Can have persistent or ephemeral hot spots.  Will a study of this be appropriate for PR Synth?  Regional studies include areas other than those in hot spot, give a different view of ecosystem as a whole.  GLOBEC regional progams all focused on hot spots – preselected for this.  Signal should be stronger in hot spots, consequences should be bigger.  What makes them a hot spot from a physical perspective, and what will the consequences of climate change be?  Are there common features that create hot spots?  Reasons for hot spots are bathymetry, buoyancy-driven flows.
Probably can’t distinguish climate influence on these episodic events.

Warming of ocean causing larger scale features to be less important, variance changing.  If frequency and extent of event is influenced by climate, then episodic events can be climate effects.  

Want to be able to predict boom and bust cycles as well as extinction.

Long-lived spp might be able to deal with 3-4 ENSO events, but not 10 events.  Life history adapted to some variability, recruitment events take place at certain years, if all years are unfavorable, decline.  Harvest has profound effects.

Temporal/spatial scales larger/longer than hot spots.  Press vs pulse ideas.  LTER sites investigating this.  Can system recover more easily from press than pulse or vice versa?  Both scale are imp, but do different systems react differently to these?  Few ocean sites in LTER, GLOBEC could contribute to this.  (CalCOFI is LTER site.)  
Retrospective analyses of GLOBEC should be included in PR synthesis, as well as modeling to address press vs pulse issues.  Do people think that models can represent press vs pulse issues?  Yes for physics.  Pulse relatively short duration – hurricanes, storms, this can be captured in phys models with the right wind fields, can this be done with biology? We can hindcast a lot of these events, potential to do these comparisons.
Remote event (intrusions of different water masses) lead to pulse event.  

Sensitivity as a fcn of time and space scales.  
History of study sites not known for long time scales – ice sheet in Marg Bay 40-50 yrs ago.  Systems we study have been totally perturbed, top-down control missing.  Are there ways of seeing if loss of top species has affected system sensitivity/resilience?  Modeling approach can shed light on this.  Harvesting issue imp to past as well as present.  E.g., Aleutians today different from past because of removal of sea otters, nothing to do with climate, but response to climate is different.  
If GLOBEC areas are hot spots, have common harvesting, how do they differ from areas without these characteristics.  What evidence can be brought to this question? 
Hot spots will be areas of ecosystem-based management.  

What will be key attributes of systems?  Is bathymetry a universal feature for hot spots?  What are relative roles of bathymetry, recirculation, FW inputs, etc. in different regions?  Know these are important, but don’t know how, what linkages exist.  Regional GLOBEC studies can make progress on this.  Challenge for synthesis.  Re-examine initial assumptions that made us choose these areas. 
All regions have broad continental shelf, except CCS – consequences of that?  Comparisons of ACCs (both Alask coastal current and AA coastal current)

Does GLOBEC position us to better and more quickly detect and predict regime shifts? Can PR synth help us address this?

Harbingers of regime change – results of questions above can help identify these.
Do we know how to make better observations? 
Can we predict impacts on biological systems of observed changes?

Stochastic vs deterministic
What obs networks would capture attributes of systems?
