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NEP – Northeast Pacific
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NWA – Northwest Atlantic

GB – Georges Bank

AP – Antarctic Peninsula

SO – Southern Ocean

How are climate effects manifested in the GLOBEC study regions?

(1) Through what physical mechanisms?

The group’s approach was to prepare a relatively comprehensive list of dominant physical processes through which climate effects are manifested in each study region, and to compare the relative importance of these processes between regions. The following list was derived:

· Phenology/Seasonality: The relative timing of seasonally driven physical processes and biological life cycles is critical to ecosystem productivity and structure in each study region. CCS: wind forcing, spring transition to coastal upwelling; NWA: spring bloom, retentive closed circulation, wind-forcing; SO: development of Antarctic Peninsula Coastal Current. It will be important to explore climate’s role in changing seasonality in each region.

· Freshwater Input: Different sources of FW, but important in each study region. GOA/NWA/AP: seasonal buoyancy-driven coastal currents fed by FW input; CCS: Columbia River plume impacts properties, stratification on upper layer waters in northern CCS.

· Advection: Changes in magnitude of advection, or in water properties being transported is important in each study region. NWA: Scotian Shelf Water Crossovers, low-frequency low salinity anomalies; NEP: anomalous advection associated with El Niño events, bifurcation of the West Wind Drift and relative proportion of transport into the California and Alaska Currents.

· Retention/Loss: Changes in mesoscale circulation patterns will impact the retention or loss of planktonic organisms. NWA: effects of NAO-related shelf-ring interactions; NEP: climate connections to mesoscale variability, including propensity of eddies and fronts, EKE; SO: climate-driven variations in the Antarctic Circumpolar Current (impact on krill).

· Land-Sea Temperature Contrasts: Variation in land and sea heating associated with global warming could lead to variable wind forcing in each study region. NEP: changes in the strength of alongshore wind stress (upwelling – the Bakun hypothesis); NWA: SST changes; SO: changes in catabatic winds.

· Vertical Structure: Water column density structure is critical to biology in all study regions. NEP: effects on upwelling efficiency and nutrient supply; NWA: local heating is critical; All regions: direct effect of rising temperatures on biological rate processes.

(2) Through what biological mechanisms?

The group’s approach was to prepare a relatively comprehensive list of dominant biological processes through which climate effects are manifested in each study region. All biological processes were deemed equally important in each of the study regions. The following list was derived:

· Heating Effects on Vital Rates: Most biological rate processes are strongly temperature-dependent, so direct heating effects (global warming) will have a big impact.

· Temperature-driven Range Shifts: Latitudinal shifts in species ranges can occur due to large-scale temperature changes. Shifts in species composition of potential prey items are important to higher trophic levels.

· Predator/Prey Relationships, Ecosystem Structure: Physical changes (temperature, advection, etc.) can cause changes in predator-prey relationships, or changes in ecosystem structure (due in part to range shifts).

· Ecosystem Efficiency: The efficiency at which an ecosystem can convert primary production to upper trophic levels can change due to climate-driven fluctuations in the components of food webs (e.g., food chain length).

· Resilience of Target (and non-target) Species: Some species (target or non-target) may have more resiliency to climate-driven changes than others; would be good to identify the response potential of different ecosystem components.

· Time Scales of Advective-Life History Processes: The relative time scales of advective processes and life cycle strategies could shift. Species have evolved life history strategies to take advantage of known physical processes; changes in these processes could interrupt life cycle closure for some species.

· Fronts/Thin Layers: These are features that are exploitable by “intelligent” organisms (most upper trophics, but also zooplankton); location and intensity of these features will change with climate.

· Biogeochemical Variability: Changes in ocean biogeochemistry (e.g., ocean acidification) will have biological impacts. This is an area where GLOBEC can link to IMBER.

· Interaction between Climate Change – Human Activity: Activities such as overfishing will affect the resiliency of an ecosystem (e.g., its ability to “recover” from a regime shift or other climate perturbation).

(3) How important are episodic events and “hot spots”? Are other temporal and spatial scales “more” relevant to ecosystem considerations?

Depending on the system, episodic events and spatial “hot spots” can be very important. We chose not to rank the relative importance of different time and space scales, since variability on all scales have important impacts. We also noted that the terms “episodic” and “hot spot” are scale-dependent. One could consider the entire Georges Bank a hot spot. However, we identified a number of important processes/features/scales that have different levels of importance in each study region.

· Tidal mixing and shelf-slope fronts are important hotspots of new primary production and biological activity across many trophic levels in the NWA.

· Topographically-controlled hot spots have important consequences for mesoscale circulation and the retention/loss of biogenic material. CCS: Hecata Bank has relatively long residence time on the Oregon shelf, as well as upwelling shadows around capes and headlands in numerous coastal areas; SO: topographically-steered flow of Upper Circumpolar Deep Water onto the shelf.

· Hypoxic events have become chronic on the Oregon/Washington shelf in recent years.

· Long-lived mesoscale eddies can transport significant quantities of coastal water (nutrients, planktonic organisms, other biogenic material) to oligotrophic offshore regions. GOA: Haida eddies are important transporters of nutrients (including iron) to offshore waters, seeding productivity in the open ocean.

· Top predators regularly utilize hot spots (persistent or recurrent features or regions, generally of enhanced productivity) in all study regions. These hot spots can serve a variety of ecological functions (e.g., foraging, migration, reproduction).

· Riverine inputs supply nutrients and freshwater episodically, and can alter stratification. Important in NEP.

· Other episodic events are important: NEP: intraseasonal oscillations (possibly associated with MJO); NWA: Scotian Shelf Water Crossover-related salinity anomalies; All regions: storm events.

· Of equal or greater relevance to these episodic events are lower-frequency climate variations. NEP: ENSO, PDO, AO; NWA: NAO, AO; SO: SAM.

(4) What key attributes characterize systems that vary on these scales? What observing methods/networks would best capture them?

· It was noted that there is low observability and predictability for episodic events and hot spots.

· We must sample appropriately for the process being studied (e.g., intraseasonal resolution is required in the CCS to capture the spring transition).

· What observing methods/networks are needed?  We need long-term high-frequency moored samplers, satellite-based sensors, species-specific sensors (for taxonomic information), ship-based studies, AUVs, Lagrangian instruments (drifters, floats), electronic tags on top predators. All these data sources need to be linked to interactive, data-assimilative high-resolution coupled physical-biological models.

· We need to maintain current capabilities in satellite sensors (at least), whose near-term future for ocean observing looks bleak. We also need to maintain and expand our ship resources.

