MEETING MINUTES
Modeling the Effects of Sea Level Rise on the Ecology of Shoals and Migratory Birds
October 26 – 27, 2010
Berkeley Room, Doubletree Executive Meeting Center
200 Marina Boulevard, Berkeley, California
WORKSHOP GOAL:  Discuss approaches for modeling the effects of climate change on shoal geomorphology, ecosystem and community dynamics, and habitat suitability to generate spatially explicit predictions of avian response to sea level rise through: 1) downscaled climate change models, 2) three-dimensional geomorphic modeling, 3) benthic invertebrate response to geomorphic change, and 4) avian response to geomorphic and invertebrate change.  This workshop is supported by the Fish and Wildlife Service, California Landscape Conservation Cooperative and the U. S. Geological Survey. A report on workshop findings will be sent to all attendees and interested parties.
TUESDAY, OCTOBER 26, 2010 (Day 1)
9:00am – 9:30am:  Welcome / Workshop Goals and Logistics:  

Bruce Jaffe (USGS Pacific Coastal and Marine Science Center)

John Takekawa (USGS Western Ecological Research Center)
ATENDEES PRESENT:
· L. Arriana Brand (LAB)
U.S. Geological Survey- Western Ecological Research Center

Wildlife Biologist

arriana_brand@usgs.gov
· Susan De La Cruz (SWD)
U.S. Geological Survey- Western Ecological Research Center

Wildlife Biologist

sdelacruz@usgs.gov

· Amy Foxgrover (AF)
U.S. Geological Survey- Pacific Coastal and Marine Science Center

afoxgrover@usgs.gov
· Rebecca Fris (RF)
U.S. Fish and Wildlife Service- California Landscape Conservation Cooperative

rebecca_fris@fws.gov

· Neil Ganju (NG)
U.S. Fish and Wildlife Service- Woods Hole Center

nganju@usgs.gov

· Matt Gerhart (MG): Wednesday afternoon only
California State Coastal Conservancy


Deputy Program Manager
· Brenda Goeden (BG): Tuesday (full-day) and Wednesday morning
San Francisco Bay Conservation and Development Commission

brendag@bcdc.ca.gov

· Wendy Goodfriend (WG)
San Francisco Bay Conservation and Development Commission

wendva@bcdc.ca.gov
· Bruce Jaffe (BJ)
U.S. Geological Survey- Pacific Coastal and Marine Science Center

bjaffe@usgs.gov
· Noah Knowles (NK):  Tuesday (full-day)  and Wednesday morning
U.S. Geological Survey- Menlo Park Center

nknowles@usgs.gov
· Marilyn Latta (ML): Tuesday afternoon only
Subtidal Habitat Goals Project
mlatta@scc.ca.gov

· Tsewang Namgail (TN)
U.S. Geological Survey- Western Ecological Research Center

Post-doctoral Researcher

namgail@ncf-india.org

· Dano Roelvink (DR)
UNESCO-IHE, Deltares
d.roelvink@unesco-ihe.org

· Aariel Rowan (AR)
San Francisco State University

Graduate Student

aro@sfsu.edu
· Laura Shaskey (LS)
U.S. Geological Survey- Western Ecological Research Center

Wildlife Biologist
lshaskey@usgs.gov

· Christina Sloop (CS)
San Francisco Bay Joint Venture

Science Coordinator

csloop@sfbayjv.org

· Janet K. Thompson (JKT): Tuesday (full-day)Wednesday morning
U.S. Geological Survey- 

jthomso@usgs.gov

· John Y. Takekawa (JYT) 

U.S. Geological Survey- Western Ecological Research Center

Research Wildlife Biologist

john_takekawa@usgs.gov

· Sam Veloz (SV)
PRBO Conservation Science

sveloz@prbo.org

· Isa Woo (IW)
U.S. Geological Survey- Western Ecological Research Center

Biologist

iwoo@usgs.gov
9:30am – 11:00am:
PRESENTATIONS

· Noah Knowles (USGS Menlo Park Center)—CASCaDE and Modeling Sea Level Rise in San Francisco Bay
· Neil Ganju (USGS Woods Hole Center)-- Geomorphic Change in Suisun Bay Under Future Climate Change and Sea Level Rise Scenarios
· Susan De La Cruz (USGS Western Ecological Research Center)—Carrying Capacity Modeling of Diving Benthivores on San Pablo Bay Shoals
11:00am – 11:15am: 
Break

11:15am – 4:15pm:
DISCUSSIONS 

11:15am – 12:15pm:   
Key Parameters and Interaction with Geomorphic Change Modeling
BJ: What is the effect of sea level rise on diving, energy cost of diving, and assumption that prey density doesn’t change with water depth? (influence of wave energy?)
JKT: Depends on which part of the bay in terms of fetch (wave energy), species, etc.
· Prey for shorebird habitat (intertidal) is very different than the deeper shoals
· Change in bathymetric gradient will make a huge difference in prey items
· Diving ducks will be easier than shorebirds, as the intertidal habitat is more complicated of a system.  Diving ducks use a more homogeneous habitat.

· In high intertidal: ducks do not get enough food to maintain use.  (SWD- The San Pablo Bay carrying capacity for diving ducks did not include the intertidal area, even though they do use this area)
JYT: In the South Bay, we are seeing a gradient along elevation: is predation creating gradient or invertebrate response to water depth?  May try using exclosure pens to remove particular predator(s) or predation component altogether. (these are difficult to work on)  How fast invertebrates can respond to deeper waters is likely species specific and dependent on sediment type.  Does invert annual cycle depend on depth and distance from shore?

DR:  You show very clear trends of bird decline, but what are the chances of reproducing in modeling of future scenarios? Need to know events of the past to determine what’s driving trends.

BJ: Can bird decline be hindcast?
JYT:  Refugine Models 

· Abundance change relative to prey resource change
· We have bird numbers that are questionable (mid-winter aerial survey- transects developed more recently)
· Need a good understanding of the invertebrates and change in the bottoms and disturbance
· Difficult to hindcast the population from the condition of the benthos.
JKT: We know most recent years and we have data on drop in birds.
SWD:  Data might be there, but this has not been tried.  Would be difficult to hindcast, might be possible for more recent portion of decline (i.e. 2000s).  Beyond that, data is more incomplete.
DK:  Can you separate out the effect of carrying capacity of the San Francisco Bay on the overall population.

SWD:  However, all the factors contributing to overall population decline in the flyway are not known.  

JYT:  We cannot tell if the winter conditions (habitat loss-urbanization, poor body condition, contaminants) are the drivers of whole population decline (i.e. affecting breeding success).  We can track population declines in wintering surveys and in breeding surveys.   However, it’s more difficult to determine if food sources are the limiting factor.
SWD: Trends in Pacific Flyway and SFB survey numbers correlate.  The stronger correlation from 1988 onward is due to better transect surveys starting in 1988.
JYT:  Pacific Flyway surveys include several wintering areas, but San Francisco Bay holds a large portion of the total.
CS:  What was their main food source before Corbula introduction in 1986? 
SWD:  Macoma (native clam) was the predominant prey.  Corbula provide greater prey value (energy) in some respect, but they are depleted faster. (gone by January)
JKT:  Richman and Lovvorn (2004) covered this well.    They are also near the surface, which will influence how fast they are depleted.
SWD: Corbula is the main clam that dominates the benthos.

NG:  What is the salinity tolerance for Corbula?
JKT:  More stressed in the 2-10 ppt range (salinity tolerance of clams is 2ppt to full ocean salinity—35ppt)
Do clams have a preferred depth range? 
JKT:  Clam density doesn’t appear to be depth dependent, but may be energy dependent.
JKT:  Corbula eat phytoplankton, bacteria, zooplankton larvae, microciliates.  They go away every year in San Pablo Bay in shallow water because birds take them out.  By January, they are gone in shallow water, but still there in deeper water.  They are affected by both annual predation and extraordinary predation.  In 2004, Corbula totally disappeared due to due to the arrival of offshore predators (shrimp).  What do diving ducks eat when there are no clams?
SWD: 2005 diet samples showed them eating Corbula until January.  Clam siphons are in GI tracks later on, and GI tracks were empty in many birds in the area.  Little else was found in grab samples.  Most birds move to other areas 
CS:  Are you thinking about modeling this?
JYT:  The difficult part is that there are multiple predators, so experiments excluding fish and birds would be useful.  Hard to determine size of exclosure when dealing with both fish and birds.  Look closely at major fish species that compete with major invertebrate size classes.  Ducks in the shoals are easier, while shorebirds compete in the shallow intertidal water with everything else (waterfowl and fish coming in at high tide).  Most animal models go with one prey and one predator, simply because of lack of knowledge and lack of data for pulling in other species.  The mathematics are difficult to put together.
JKT:  None of the fish have been modeled in this system. The duration we’re seeing bat rays is expanding.  

JYT:  The numbers of bat rays and sharks are high, and they are working the flats.  They are seen in the salt ponds of South Bay.  Jim Lovvorn is breaking down the size classes of prey for competitors.
JKT:  The duration we are seeing bat rays is expanding beyond the fall to other times of the year.

SWD:  We are seeing them in San Pablo Bay in the fall.

BJ:  Mentioned that competitors are important to the balance.  Do we know the potential indirect effects of sea level rise on the predators? (i.e. hydrodynamics and energy)  Will it encourage or discourage certain predators depending on energetics?  What do they prefer? 

JYT: How will food sources change with sea level rise? 
· Shorebirds with biofilm  and invertebrates
· Nowhere for flats to go (with sea level rise, envision the loss of intertidal habitat as it moves landward and potentially into hard structures).  As a result, foraging areas in intertidal flats disappear for shorebirds, and duck habitats lose suitability as water gets deeper.  We want to model how prey is reduced.
NK:  What is the depth threshold for diving birds? 
SWD:  Suitable depths vary by species and it relates to the size of the bird.
NK:   If bathymetry didn’t change, just change water depths (i.e. add 1m , 1.5m) and see how habitat availability change for different species.  What is worst case scenario?  Ignore the geomorphology if it’s a sediment poor system with a hard shoreline.  Geomorphology would be the next step.
BJ:  If you have a hard structure, do you lose your mudflat? Is that a good assumption?  Determine what happens to mud flats with wave reflection from hard structures. (could increase erosion)  Also, if flats stay submerged and you will no longer have a tidal flat.
NG:  Decreasing sediment availability is specific to site.  A lot of sediment will be coming in on the shorelines in the next 50 years (not from the delta but from marsh edge as we lose marsh)  Redistribution of sediments in the near future, but gone in longer-term future.
BJ:  About 1 million metric tons of sediment a year. Area of SF bay is approximately 1000 sq-km.  If bay has to keep up with sea level rise (5mm per year), 5Mcm sediment needed per year to keep pace. Material could deposit a few million mcm/year. If preference is placed on specific habitats, we won’t need that much.  Determine how much to maintain mudflats, and determine where sediments are coming from?  It an open question regarding what’s going to happen.
DR:  Eastern Skelk? (area of Holland) range change, 500mcm to fill it up, about 1mcm a year to nourish shoals to keep up with losses due to sea level rise.  Engineering is going to be important to determine what kind of management options are available (fill, etc.).  There is concern with boulders in the SF Bay-Delta that could result in more of sediment sink if they are removed. (NK)
JYT:  Important to know which levees will be retained, and incorporate this into modeling work of suitable water depths.
NK:  Army Core of Engineers is working on it, but no update yet.  Could use information from LIDAR survey currently being flown with 1m resolution.
JYT:  Use the same management approach toward salt ponds.  Important to know what areas won’t be allowed to drown.  Need a political coverage and then the ecological question could be applied over.  Also need to know the height and condition.  
WG: We have money at BCDC to do a transportation vulnerability assessment, and we want to leverage that to get better information on the shoreline.  Take first steps and work on a subregion of the bay.  Let us know if you have particular area in mind.  Determine locations of shoreline protection, and what ramifications will it have on sea level rise effects on adjacent wetlands and mudflats.  Look at available data with levee maps and new imagery (location, height, construction material, conditions of levees).  There’s interest in getting that data for the entire region, but we don’t know if that is possible right now.
NK:  The Delta DWR LIDAR set has the same specks.  UCD came up with levee geometry (height, width, and shape) 
WG: Earthen levees, more consistent to model
BJ:  Need to determine sea level rise effects on mudflats through sediment dynamics. Importance of looking at profile shape of accretional vs. erosional mudflats.  Larger wave energy in erosional mudflats (convex up), and concave down in accreting areas that are building up.  
DR: Carl Fredrick’s work is very relevant (empirical ways of looking at different profile shapes around the bay with sediment size, tidal range, and wave exposure)

BJ:  This was a study funded by California Coastal Conservancy.  SF Bay behaves like other places around the world.  When have large tidal range, favors the concave down shape.  When there’s larger wave energy, favors the concave down shape (indicating erosion).  That type of analysis could be done with the new LIDAR dataset, to get a pulse of what the mudflats are like around the bay.  The shape is very indicative of what is going on with them.
WG:  If flown at low tide, will it be low enough for that kind of analysis?

BG:  It’s the best that we’re able to get.  At low tide, we will get as far out as the LIDAR will be able to penetrate.  There is still some penetration in the shallow water.
NK/BJ:  In this case, water penetrating LIDAR is not being used.
BG:  I was informed that SBSP needs 32 million cubic yards of sediment for restoration – is it available? Depositional enough to cover that magnitude of sediment in Dumbarton Shoals. (BJ: probably, but we should talk in detail about that))  I have some other questions related to the Corte Madero study, and looking at wave attenuation in front of wetland.  How can we build up sediment supply for wetlands and mudflats to support system in face of sea level rise?  (in order to maintain habitat for wildlife) Where is it possible and not possible? Where is there sufficient sediment supply? (i.e. Petaluma) 
DR:  Look at wave energy, and reducing wave impact for sedimentation .  Reducing wave action locally through reed screens and other actions (look at Holland and Venice Lagoon).  There is an influence of sediment deficit, dredge and dumping, however reducing wave impacts will help to increase sedimentation. Actively building wetlands by importing sediments and dampening wave energy.
LAB:  This effort screams for scenarios, given the large number of management approaches in the bay.  

· Need to preserve habitat with realistic possibilities of how management will proceed.
· Interesting comparison between north bay and south bay.  The north bay has potential for upland habitat (with exception of Highway 37) while the South Bay doesn’t.  A lot of your modeling involves sea level rise scenarios, but is it possible to involve management scenarios?
BJ: Maps are a first step that could possibly be done for the Bay.  Done for hazards, coastal erosion, tsunami, hurricane surge, with with coloration of hazards to show degree of potential influence.  Put a line in front of the shoreline.  May be disagreement on accuracy, but it could be a way to get a discussion going for management lines).  Which areas are managed or are going to be managed?  Question for NG – What was the number that you came up for San Pablo Bay in your geomorphic model? (NG: estuarine geomorphic number)  What would it take to figure it out a similar number for tidal flats?”  

NG: Perhaps SPB has the best coverage compared to Suisun Bay and Grizzly Bay.  Can you delineate intertidal areas from historic surveys?
BJ: Yes, when you go back to the earliest surveys, you can delineate from zeros above MLLW on some tide sheets.

NG: Quantify change in tidal flat (BJ poster), then identify parameters (i.e. sediment supply, etc.) that affect tidal flat change (Fredrich, others).  Useful and easy.  Determine scale of wave energy, tidal currents, and sediment availability.  Plot number through time against mudflat change, and see if they line up.  
BJ:  That would be interesting.  You could refine numbers by using the hydrodynamic and sediment transport models.
NG: In reference to BG comment about Corde Madera –  Waves might be our friend with sea level rise.  If you dampen waves and sea level rise comes up there is no mechanism for sediment re-suspension and deposition on the marsh.  May need wave energy to distribute  sediment.  Need wave energy to attack the marsh in order to build mudflats.
NK: Marsh and mud flat are in competition.
DR:  Need relatively high concentrations of mud around.  
NK:  The only way to do that is to eat away at the marshes.
DR:  It’s a matter of balance on a yearly basis between sedimentation and erosion.  On the mudflats, it’s wave action vs. tidal filling and emptying.  However, in the marshes, it’s only during the storms that there is erosion and distribution of sediment.
NK & BJ: If you could manage to protect marshes in a way that would only be exceeded during storm events, you could get a win-win situation of only getting sediment from marsh during storms.  Possibly protection during non-storm times, while open during storm.
WG:  In the SF Bay management community, there’s going to be a tension about preserving mudflats and the marsh, because you are preserving different species.  There will be further tension if the marsh protects the inland developed areas from flooding.  If looking at changing profile of wave attenuation, what is the end ramification?  How does a disconnect of the different habitats (and altering the amount of them) change the end result?  There will be a lot of political pressure regarding where you will treat, restore, and protect.
JYT:  Mudflats are the underdog because everyone is focused on tidal marsh.  We are trying to save these endemic species in the marshes, but we need to consider the importance of the shoal habitats in order to complete the picture.  Competition between supporting habitat for the migratory birds vs. the “last 10” clapper rails in the bay.  Our Center is interested in landscape ecology and using structured decision making.  Some of these predictions will help us assert that.  Logical that shoals discussion with climate change links to the tidal marshes because its an extended systemIf you don’t link the two habitats, you won’t get the full answer.  It’s a gradient that must be taken as a whole.  We are working with both habitats.  Connect the modeling aspect of the bay proper with the modeling in the marshes, because it’s a continuum.   
BJ:  If you want to understand the mudflat, you have to understand the marsh (NG: and vice-versa)

DK: Protecting the mud flat is protecting the marsh.

LAB:  Also need to incorporate salt ponds.  It is one of the primary competitors of the sediment.  There is large uncertainty regarding the amount of salt ponds in the South Bay that will be converted from pond to marsh (50-90%).  Need to take sediment demand into account. (huge range of sediments required)

NG: There is an equilibrium between when the mudflat starts to go away, the marsh starts to get attacked more, and then the mudflat starts to regenerate.
BJ:  Beach erosion and bluff erosion is an issue.  The beach will come and go, but once you erode the bluff, it’s gone. Marshes take a while to form. New marsh differs from older marsh as far as ecosystem function.
BG: However, we don’t have places for marshes to form.
DK: A healthy shelf and flat system has constant erosion followed by regeneration of marsh somewhere else.
NG: There is not enough sediment to keep up with sea level rise in this system(except Petaluma, Sonoma Creek, and maybe south of Dumbarton)

BG:  Josh Collins talks about our disconnected system of sediments.  Used to have well connected system, with creeks feeding the marsh from the backside.  Also tidal sloughs on the other side that weren’t necessarily connected to the creeks.  There’s no backside sediment supply from watershed or tidal sloughs anymore.  There are potentially more sources of sediment in the system (stuck up channel).  It’s an issue of how we move this sediment.
JYT:  It is an evolving moving system, except in places that are more restricted.   Need to keep transitional state alive in the mudflat.  Determine if we can model the scenario to identify places that would allow for natural processed to keep occurring. (like in areas of the Mississippi River).  However, we often can’t push higher up the system, because of limited land and levees (due to the proximity of the cities).  Need to determine where we can maintain the transitional zone in the bay area. 

12:15pm – 1:15pm:   
LUNCH 

1:15am – 2:00pm:   
State of the Art of Avian Ecology Modeling

BJ: Is avian ecology modeling state of the art? Is it mature? How developed are the models, error assessments, and evaluation of quality?
SWD: Modeling of foraging ecology has been going on for decades, but there is a lot of variability in the types of models
BJ: Is there knowledge of inputs in determining effects of climate change?  Are the results successful based on what is known?

NK: Do you have the ability to hindcast?
SWD: Modeling is variable by system.  Not as precise as geomorphic modeling.  Modeling ocean systems and data on upwelling can be used to assess changes on productivity
BJ: When you read an avian ecology paper, how do you treat results and evaluate the model?  This seems difficult for temporarily variable system.
SWD: Verifications of models do occur (like taking data from a year).  Also, you need to consider life history of the species

BJ: Mud has a simple life history…

JKT:  CASCaDE built from climate model in the bay or outside the bay?  We need to CASCaDE from something the same scale as CASCaDE global models.  What are the critical forcing factors?  There’s not one equation or one principle that can be universally used to go to the next step (modeling sense that there are no equations from first principles).  Will not work in a different system.  Do you have the prey data to analyze flyway-wide connections?  What is the variability created by external forcing like flyway-wide (into the future), and if you hindcast to see how you are doing, do you have the data to evaluate it?
SWD: It is limited by what you want to define.  Carrying capacity of SFB is independent of flyway.  It is a limiting factor.
BG: There is variability depending on where food source is available.  Dynamics influenced by sediment, hydrodynamics, and spatial location.  Due to dependence on food sources, can we model benthos and predict bird usage from that?  Do you know energy need?  When energy source is not available, birds are going to leave.  Where are the benthic invertebrate concentrations?

SWD: The Benthic Atlas is the first step to determine foraging areas (density and abundance). Identify what is depleted first.
JKT: Interannual and seasonal variability must be accounted for, but this is not in the Benthic Atlas.  Dramatic changes can occur overnight.
BJ: (Drew example graph showing regular fluctuations in invertebrates, but with overall long-term trend increasing or decreasing.)
JKT:  The Benthic Atlas does not give us the variability.  Is the invertebrate population we have today what we want to go with?  The benthic system we have now has changed many times.  In the North Bay, we have enough from 1986 to say what is the norm.  The South Bay would be harder to determine.  Seasonal patterns are very predictable in the north bay because of the birds.  Grazing shows up in the crash of benthic populations.  However, biomass is driven by phytoplankton.  
DR: How do you specify the grazing?

BJ: CASCaDE as a starting point.  You could take biomass from CASCaDE or from some other model.
JKT: Yes, that would be the way to do it.  Within Delft the whole idea is to make bivalves, phytoplankton dynamic (CASCaDE II).  There are a couple ways to model (i.e. using biomass).   The magnitude between years fluctuates, but we see the same patterns year to year.  It’s a food limited system, and it goes to zero very fast.
LAB:  There is invertebrate variability across seasons, but there is also bird variability across seasons.  It’s possible to narrow the scope to be season specific.
BJ:  Would you be tracking one season through time?  
LAB:  Need to determine the most limiting period. Winter is tremendously important and migratory stopovers are essential.  Maybe eliminate summer out of the model, because birds bird abundance is very low.  Could potentially look at annual sediment.
BJ:  Could look at seasonal variation in hydrodynamics.  Don’t be concerned if it affects another season…?
NG: Annual sediment is related to watershed.  Ignore annual cycle and look at seasonal analysis.  If sediment input is not important in the future, could do a simplified model for just winter based upon tidal flat profile. Look at tides and waves during that time of year.  Seasonal analysis is a focus with a 1-D profile for a season (6m deep in San Pablo Bay to the marsh).
BJ:  Interannual variability of sediments will set the profile.  (seasonal vs. long-term changes)
NG:  If there’s no sediment coming down the watershed?  (i.e. just tides and winds)
NK:  However, sediment is cumulative, so the whole year still needs to be included?
DR: Need to reduce down, and separate short term modeling.  Determine fine scale distributions and variation in microtopography.  Use short term scenarios now, and then project future with long term morphology changes.  What is most reliable to predict morphological changes?  Maybe need different scales of models or short-term scenarios and some projections with acceleration factors.
NK: Longer term with acceleration factor, snapshot from short-term.
LAB: Would want to use those as assumptions (different future scenarios).  There’s a paper on linking geomorphology, hydrology, and vegetation using economic models of development, population size changes.

JYT: Conduct cost benefit energetic model of what flats provide and birds take up.  There’s the issue of survival of species vs. survival of individual.  Assume that body condition of birds dictates flyway decisions.   If this estuary results in hindered body condition, it could cause birds to go elsewhere.  If an individual has poor body condition and then it can’t breed.  Looking at the minimum for birds to simply be here may not be indicative of actual suitability and health.  Food is the resource and the currency in bioenergetics modeling (we need to scale down).  Model of salt ponds was habitat based (water, landscapes). 
LAB: Bioenergetics modeling is associated with bird abundance.
JYT: Energy from prey base will drive bird populations through the winter in the bay.
DR: What time series and spatial resolution of food sources are necessary?  Is the overall carrying capacity done for each year?

JYT: One bird multiplies out to all the rest to get the whole system.  It’s a big assumption, but it’s a rough estimation that helps us to see if doing enough for the resource.  Use structured equation modeling.
LAB: Look at pathways of causation and a correlation based approach.  Determine what goes into bird abundance (food, weather, etc.).  What are the confounding factors?  What are the correlations and colinearities?  
TN: The scale issue is really important.  What is the correlation with large climate changes like El Nino? (vs. local factors?)  The scale of one year is different than large scale climate projections.
JKT: Are you defining habitat by prey?

JYT: Yes, the current models that we’re using do.  They are spatially explicit area-based, characteristic-based, bioenergetics models.
JKT: The overlap of the physical area and the prey needs to be considered.  Habitat is important in how it affects the prey.  What is more believable, bird or benthic invertebrate modeling?  Behavior is the biggest wildcard.

NK: Pulling scenarios out of global climate models (NPGO?)

JKT: Must look at upwelling, which is a very important factor in the bay.  Dan Cayan and Jim Cloern are looking at NPGO upwelling results in predators (fish, shrimp, and crabs) spawning offshore and coming into the bay for nursery in good upwelling years, and remove bivalves in South Bay. San Pablo Bay is quite different. Bottom feeding crabs and shrimp with lag effect (after settling).   Can we predict upwelling?
DR:  What are the lag effects on the birds?  Is this dependent on what happened in prior years? Include boundary conditions of upwelling, etc. over a 10 year period? (every year)

JYT:  We are not looking at lag effects across years in carrying capacity. Carrying capacity modeling is independent each year.  How many use days for this year?  Focus down in an estuary within a year.  This gives us capacity within the bay, but doesn’t tell us about the bird populations.  For population and reproductive response, you do need to look at lag effect.
JKY: There are various scales in the models

JYT: We can’t predict on the flyway level, but can at least look at what resource value is available here.  What is the underlying food value and can we hold that?
BG:  Are we working towards the goal of being able to make suggestions of what could be done to increase populations?
JYT: Determining capacity can help guide management.  The mantra of the Goals Project is “no net loss.”
SWD: In habitat goals ventures, they’re often dealing with environments where food and prey are manipulated by man (i.e. agricultural seed for food, etc.).  The Bay is much more complicated.
BG: Can we promote certain acres of shoals?
BJ: We don’t know the system enough to be able to do this
BG: Once we understand the system, can we go further?
DR:  Eroding shoals, mudflats, and marshes considered a bad thing.  Can we change this approach?  Could it actually be good to maintain dynamics and increase habitat?
LAB: What is the spatial extent of modeling effort?   There is a trade-off of between marsh and mudflat.
NK: There are several scenarios:  we let marsh erode or we harden shorelines.  This will determine the amount of sediment in the system.
NG: The geomorphic scale should be over 100 years.  Look at individual profiles of bay to marsh (5-6 keystone profiles) and run those over sea level and wave profiles.   See how they change under a variety of scenarios (sediment, bathymetry, upwelling, etc.) and scale up to see where species would utilize habitat. Then look at location specific modeling for assessing bird carrying capacity and response.  Spatial distribution of land is what we can model and use the variability of benthos, etc. as scenarios we can change.
NK:  What Neil is describing is something that could be used to characterize the different types of environments.
DR: However, in modeling changing benthic communities from year to year, the spatial scale is bigger.
BK: Need to incorporate benthos and phytos in the model.
NG: Invertebrates are difficult to predict from year to year.  Spatial distribution of habitat is the biggest thing.  Inverts are too unpredictable and subject regular fluctuations.  Habitat can also be based on morphology.
JKT: Prey distribution is being considered as habitat (that’s a different approach). Spatial prediction is dicey.
DR: Need a full spatial description
.
NG: Do you need a full 2d resolution of entire bay to assess the location specific changes?  (new clam may come in; spatial-benthic exploration)  How will shorelines evolve? Why not use this as the basis of ecological modeling?
JYT: Habitat conditions that cause changes in invertebrates are the driving factors of bird response.
DR: Temperature and salinity are important.
BJ: There are data limitations and complexities.  We have tools to do the model, but the rest is unclear.
JYT: How can you believe the geomorphic models?  How do we choose between the different models to focus on? (hydrology, birds, etc.)  Need to narrow down the range to determine what individuals need.  This is still better than guessing, as we are more informed.  Link physical processes with biotic stochastic processes.  Blend the physical and biotic models and run sensitivity analysis, etc. to narrow down the important parameters.
DR: Salinity, temperature, chlorophyll, benthic data, etc. are important to understand at least part of the system.
JKT:  Could have a lively discussion on what model would be more believable: bird or benthos model?  Behavior models are really messy.  Cannot nail inverts down to that level of prediction.  The engineering world is different.
BJ:  My understanding is there are 3 main approaches: 1) Energetic approach, 2) Habitats approach, 3) Structured equation model – work with system that has as much data as possible.
LAB: Let the data guide you into how the system works.
CS: The system is nested together, so you need to feed information between the models.
SV: You could incorporate it, but the information is often not there.  You often need to parameterize the energetic model first with additional data collection.  PRBO modeling is habitat-based.
JYT:  A mechanistic approach is important and can be scaled up.  Look at how much a hectare could support and use the total number of hectares to get bird numbers.  Is your currency area, habitat, and/or food?
JKT: Errors in the models are your big informative moments.
BJ: Especially if two models tell you different things…
TN: What is your definition of habitat?  (food, habitat, contaminants, etc.) Combination of both food and habitat is the best approach. What are you documenting?  What about predation effects?
BJ: Where do you cut it off?  How many habitat variables? (reference to posters)
LAB: When if you use a food based model, you still need a habitat based model for the invertebrates 
DR: The habitat model is a little more of a black box.  You need to use both models.
JYT: We need to know how the habitat affects the prey.
NG: Label the dotted lines between the different forces in the poster (shoals conceptual model). 
2:15pm – 3:00pm:  Spatial and Temporal Scales of Shoal Systems (Linking Ecology to Geomorphology)
NG: Start at physical processes we can model and then move up to invertebrates and then birds.  Start with what you can predict first.  Do short term modeling now, and then move into the future.
Initial list of what is important to all the models:
· Phytoplankton

· What influences light availability? (dependent on suspended sediment)

· When do you go eutrophic?

· If there is more water, the clams will be less effective

· Salinity stratification could make it worse (less vertical mixing; influence of deepening of shipping channels)
· Already have lots of nutrients in sediment and water column

· No positive net phytoplankton growth in the channel (what is the boundary? Depends on which bay… Clams were having an effect north of Suisun Bay)

· Phytoplankton bloom initiated in the shallow shoal environment (gives cells increased opportunity for light)
· Can decrease in suspended sediment offset the increase in water depth? (can model this)

· Temporal scale


· To 2100 or 30 years? (will we lose that much intertidal habitat in next 30 years?)

· Longer term modeling could help to determine management strategies; respond with different strategies depending on short-term outcomes

· Linkage between hydrology/geomorphology and birds

· Water depth and movement of tidal line influences available foraging time and accessibility of prey

· Inundation/exposure and salinity are biggest factor for invertebrates (food source for birds)

· Effects on invertebrates
· Separation of inundation/exposure from predation pressure would be difficult (need exclosure experiments to get at this)
· predation pressure dependent on foraging time and water depth
· Invertebrate exposure determined by intertidal gradient and inundation regime

· Salinity

· Temperature

· Linkage from shoals to tidal marsh
· Nursery for biota (inverts- amphipods, isopods; fish)

· Proximity of roosting habitat for birds (In Vancouver BC, evidence of birds flying for hours because they have no place to land)
· Sediments (system is entirely fine sediment)

· Salinity

· Salt pond restoration areas (creation of new marsh; accreting areas are part of the gradient as transitional habitats; increase the carrying capacity of mudflats?)

Are there sediment requirements for invertebrates?

JKT:  Yes, but it’s all fine sediment and that will not be changing.  Salinity and inundation/exposure regime are the biggest factors.

LAB:  Birds don’t seem to utilize salt pond levees (possibly due to predation pressure).  New marsh vs. historic marsh may serve a different role.  Transitional habitat provided by ponds growing new marsh is providing valuable habitat that may be lost if they are fully restored to marsh. 

JYT:  Yes, but sea level rise is going to counteract this.  Birds respond well to dynamic systems.

RF:  Have not determined the time scale of LCC goals.

JYT:  30-year timescales are manageable and help to inform management decisions.

DR: What are the tipping points or thresholds?  Incorporate sensitivity into avian models.  Find the outer bounds and when they might occur.  Longer term models could identify tipping-points that are unfeasible.  Could also assume geomorphology fixed.  
NK: Could do step runs.

BJ: If Bay is deeper, at what point do you hit a tipping point?

JKT: Phytoplankton depends on residence time, grazing, and light availability (depends on SSC).  When deeper, clams have of an less effect, because vertical turnover is not enough.  Stratification can make it worse (i.e. Chesapeake).  There is no positive net phytoplankton growth in channel – deeper separates present grazer in water column.  Clams are having effect in north Suisun Bay, but not in South Bay.  They are driven by the shoals.  Eutrophic conditions will also cause a problem, because it’s already a nutrient-rich system (no limit for phytoplankton).
IW: Phytoplankton is initiated in shoals and moves to channels.  If sea level rise makes shoals deeper, would blooms be lost?
JKT: Shoals are important for blooms, because cells have more opportunity for light.  There is a balance between decrease in SSC and increase in depth (boils down to light attenuation).  Working on unidirectional system.  Possibility of stratification increasing (see Chesapeake) – deeper areas have less vertical change, less freshwater, and farther intrusion of saltwater.
DR:  Will there be deepening of shipping channels in the future?

WG: Have not heard that, but perhaps channel to Stockton (Stockton Ship Channel) which is still tidal area.
DR: Impact of salinity intrusion – channelization effects on habitats is an international issue (Holland example)
BJ: Increasing tidal prism deepens channels.
WG: A hurdle is the limitation on disposal of dredge materials.  Disposal is still in conflict.

3:00-3:15 pm:  Break
3:15-4:15pm:  Spatial and Temporal Scales (continued discussion)
JKT: Return discussion to temporal and spatial scales (bay vs. sub-embayments, etc)
NG: Spatial scale (Suisun bay): 200m square resolution, better for smaller resolution
DR: Had 10m resolution for the finest unstructured grid size.  One model time-step is limited by most critical cell. If also including marsh, will we need to develop some subgrid modeling techniques.  Possibly look at interaction between vegetation and mud at the smaller scale?  For small areas like Corte Madera, we could have this very fine resolution.   Need small creeks to flood marshes and they must be parameterized.  In Corte Madera, could do a 2-D model and resolve major creeks.  Look at interaction of vegetation growth in marshes.  Process needs interlinking so it behaves reasonably.  There have been successful efforts of interlinking models.  Limited by understanding of process interactions as well as computer time. 
NK: Can we focus this in the near shore areas?  We have to parameterize out the subgrid models.  
JYT: Shorebirds are more refined in the habitat they utilize vs. waterfowl.  Density and distribution of prey, water depth, and elevation of flat are all important local variables.  Birds using the west side of Dumbarton generally won’t migrate to the east.
BJ: What’s the general spatial scale of prey data? (100m, 200m grid?); Geomorphic models are not limited by spatial scaling.
JYT: Generally the data is less dense than the 100m spacing they use at Dumbarton.
NG:  Does microtopography scale linearly with distribution of large scale topography?
IW: There’s a 10 cm difference over a year of water data.  At Dumbarton, change in water level led to 5% change in inundation time
DR: What resolution needed to assess plover response to water depth changes?
JYT: Shorebirds and invertebrates both follow the tide line edge.  The availability of food (both invertebrates and biofilm) is influenced by fine-scale movement of the tidal line.
WG: Are birds feeding at night? 
JYT: Telemetry indicates birds are feeding at night but it’s poorly understood.  Kuwae has been using a video system to document birds feeding at night and estimate consumption rate by measuring bird output (poop rates).
WG: What if the best low tide foraging time shifts to the night?
JYT: Increased disturbance occurs during the day and this creates unavailability, which could be causing birds to feed at night; However, other factors could be creating more uncertainty.
BJ: The high tide cycle changes over the decadal scale as far as when they occur (day vs. night)
JYT: There are different predators between diurnal and nocturnal, as well as different levels of predation.
BJ: Geomorphic and hydrodynamic models are crude, but prey models are even more limited in terms of spatial scale.
DR: We are really all on the same level, as we all neglect about 90% of the factors taking place (e.g., critical sheer stress for mud can vary 20% over year or from place to place).  Must consider shape of mudflat and there’s so much variability.  There’s so much that could go wrong with the geomorphic models.  Plus there’s additional variability and seasonally and between locations at fine scale.  How is sediment transported into salt pond restoration areas?  How does sediment come into marsh? How does it spread out?  The calibration in the past is not a guarantee for predicting the future.   
NG:  Reference to Useless Arithmetic Book (Oren Pilke).  Focus on scenario modeling to deal with uncertainty.
LAB: Is it too grand of an approach to model the whole bay?  
DR: For fine scale modeling of shoals it’s important to assess locally, but it’s also important to use larger models/maps to see general trends. You don’t want maps to be too specific, because of fine-scale inaccuracies (e.g., in Venice Lagoon modeling, shell-fishing showed models were wrong in specific areas).
WG: Managers are interested in what’s happening to their distinct local area.  The scale needs to be appropriate.
BJ: Is it too much to look at whole Bay? The San Pablo Bay Delft model went from ocean-delta, and was easier than boundary condition of smaller model to San Pablo Bay.
NG?: Another approach is to specify boundary conditions (Freeport and Carquinez) 
CS:- Are there different classes of shoal systems?  Is there any mapping of shoals? Do we have a good inventory of shoals and what characterizes them.  Are they the same types and how big are they? Can we conduct scenarios of different types of shoals?
BJ: There’s some dated data on it.  Bathymetric surveys were conducted in late 70s to early 90s (some sections done more recently).  Instead of doing the entire bay, focus on specific area based on distinct characteristics, and look at similarities between profile shapes.
JKT: Larger scale is important for hydrology and geomorphology, but biological forcing factors are at the scale of embayment, Subbay level is important for the birds, so why would you run model larger than sub-embayment?  It would increase error.  Physics need to be run at that scale, but don’t push the biology to match.  Phytoplankton is a much bigger issue though.  Phytoplankton needs a larger scale than sub-embayment, because of advection.
LAB: Cell-by-cell analysis is more accurate in areas where you collected your data.
BJ: Are all shoals equal? No.
JKT: Is there more than one type of embayment?  Shoals in south bay are very different than those in SPB- don’t get same densities or necessarily same species composition.
SWD: Prey differences at the subbay level that will influence the responses of birds
BJ: How does prey density on wide shoal vs. narrow shoal influence carrying capacity?
SWD: There are different densities in the different regions (recent dense patches are found in SPB vs. San Mateo).
How good is the shoals data for the entire bay?
NK: There’s near shore bathymetry data.
BJ: last comprehensive Bay survey 1980s-1990s (done at high tide).  Up to 5 ft. above MLLW- the gap was interpolated to shore. Gap was 100m horizontal. Now can reassign.
AF: With LIDAR elevations we could re-determine the mean high water line and refine shoreline extrapolation.
NK: Mean data is 1m horizontal.
WG: Test data for NOAA LiDAR should be available by January.
JKT: Delta to Golden Gate to Coyote Creek? First phase doesn’t matter.  The subgrid model would be possibly by embayment.
BG: Is it valuable to attack the different systems at the same time (South Bay, San Pablo Bay)
BJ: Going from delta, subbay, to golden gate would be too big for the subgrid analysis; Refine a nested grid. However, the big model would still be done for the entire bay (Pt. Reyes to Delta)
DR: Determine microtopography and depth distribution within a cell.
JKT: That will be more successful in San Pablo Bay (start with a larger grid size).  In San Pablo Bay, flats are wide and hydrology models are better developed.  Good reach of grids in San Pablo Bay, while South Bay has a much smaller shoal area.
JYT: More shorebirds in South Bay, but more ducks in North Bay.  Scenarios with salt ponds and sediments/hydrology.  Shoals in the south bay may be more useful to start with, because of the shoals project that is already underway
JKT: Experience with CASCaDE… modeling is not easy.  Prey data north of san mateo bridge is very sparse 
LAB: Shorebird data is off of Eden landing.  We have a 2-year baseline of invertebrate data prior to changes in salt ponds at Alviso.  Could also be major issues of climate change in the south bay/San Jose.
JKT: Start with less complexity and then hope for the best.
WG: Is scaling done as a stepwise process? (vs. just large model going to small scale grid) Is there an intermediate grid size?
DR: Have a diffusion process.  There are different types of models: channels, shoals, diffusion between.  Look at different temporal scales (box model types for decadal scales).  

NK: Spin-offs would be unlikely without a lot of data.
4:15pm – 4:30pm:
Update from Marilyn Latta (Subtidal Goals)
-managing SF bay Subtidal Habitat Goals Project

-developing priorities for better protecting and managing subtidal habitats
-6 habitat types: soft substrate(mobile sediments), rock (large islands and outcrops), artificial, shellfish, eelgrass, seaweed beds

-combined mud, sand, pebbles into soft substrate (basically mobile substrate)

-included native oyster, eelgrass

-lack of data in all the different habitat types

-defining highest level stressors to the different habitat types (focusing on function and knowledge of stressors)
-Wim Kimmerer (Science advisor) – conceptual model for these stressor types (visual diagrams from Univ. MD).

-NOAA, BCDC, SCC – working together on management committee, defining stressors to 6 habitat types.

-scale, irreversibility, scope leads to goals recommendations.

-science, protection(management), and restoration are the 3 main goals

-determine key research questions to answer the most pertinent management questions (many research questions due to data gaps; methods are left to field experts).
-Consultant Reports:
· Kathy Boyer- eelgrass opportunities and constraints
· Grosholtz- shellfish
· SFEI- surveyed derelict pilings (33,000 and estimated >30,000 below tideline, significance, action plant for removal)
· Andy Cohen- 5 stressor narrative papers (contaminants, bottom sediments, suspended sediments, nutrients, artificial structures).

-All consultant reports will be available as part of report (draft link will be sent to us and we can distribute).  Hope for final report Dec 2010. 

-website will be available, along with final report

-connectivity and linkages between habitat types also included

-key areas of subtidal resources will be linked to future designs and plannings.

-concept of living shorelines: 
· using natural materials as natural buffers on shorelines to stabilize sediment, reduce wave action, and also provide habitat- oyster reef, eelgrass beds 

· would like to develop pilot projects at 3 sites (corte madera, eden landing, and?)
RF: Will implementation directed at resource managers?
-report directed toward resource managers, but useful for anyone working in subtidal areas
-50 year set of goals
-intertidal mudflats were also included, because not included in the original Goals Report

4:30-5:00pm:  Key Questions and Priorities for Day 2


Are bird counts the final metric or carrying capacity (bioenergetics)?   All managers can do is supply the best habitat.
Terminology:  

What is the definition of shoal? 

· Extend out from intertidal zone
· shoals encompasses subtidal (all non channelized areas in the bay)
Mud flat vs tidal flat? 
· refers to sediment composition (although amount of sand is not specified)
Additional Areas of Discussion:
- contaminants

- water temperature

- el nino effects

- upwelling

- transition into wetlands

- microtopography

- bioturbation

- tension between preservation of shoals and vegetated tidal marsh, and where in the Bay

5:30pm – 7:30pm:
DINNER IN BERKELEY

WEDNESDAY, OCTOBER 27, 2010 (Day 2)

9:00am – 9:45am:  Summary of Day 1 and Workshop Progress/Goals: 

Key Ideas of Day 1:
· Shorebirds and diving ducks use different areas of shoals, but can overlap (intertidal and subtidal)
· Difficulties in discerning seasonal and spatial variability in invertebrates
· Defining habitat by prey, geomorphology (physical- water depth, sediments, slope)
· Potential influence of upwelling on predator invasion to estuary
· Gradient and linkage between marsh and mudflat (where is the back side of marsh?)
· Effectiveness of 1D vs. 2D vs. 3D models
· Impact of increased wave energy from sea level rise on marshes (increased sediment redistribution)
· Competitor (fish, crustaceans, rays, sharks) dynamics in effectively modeling carrying capacity
· Different spatial scales necessary between biological and physical models
· Bird responses to tidal cycle (daily, seasonally, timing) and geomorphology
· Prey accessibility and costs/benefits of foraging
· Biofilm as a food source

Additional Topic Areas and Questions to be Discussed:

· Are bird numbers the final assessment of the model?
· Drivers of invertebrate density and distribution (water temperature, salinity, phytoplankton, slope)
· El Nino and NPGO effects
· Upwelling, marine influences, and increased predation
· Transition into wetlands
· Microtopographic role in avian foraging
· Bioturbation
· Extreme events
· Issues for model integration
· Appropriate model domains, resolutions, approaches
· Early bird products using 1D vertically-integrated models 
· Product based on timing of tides and effect on communities
9:45am – 11:45am:
PRESENTATIONS
· Dano Roelvink (UNESCO-IHE, Deltares)—Delft3D Modeling in San Francisco Bay
· Isa Woo (USGS Western Ecological Research Center)— Temporal and Spatial Patterns in Benthic Invertebrates in the San Francisco Bay
· Aariel Rowan (San Francisco State University)— South Bay Mudflats and Their Carrying Capacity for Shorebirds

11:45am – 5:00pm:   DISCUSSIONS 
11:45am – 12:30pm:   Extreme Events 
BJ: Discuss the effects of extreme events on birds, geomorphology
JYT: Could result in increased burying and loss of food availability

JKT: In one week saw 8cm of deposition at their site.  Can look at which species can respond over what timescale.
Another event saw 2 feet of red algae deposited on shore and mudflat went anoxic.  It took 2 years to recover.
JYT: If extreme events become more frequent in future how will ecology respond.  Compare model of the mean vs. model of extremes.
NK: Marsh erosion, etc., can happen in extremes.
JYT: Can the change in frequency be captured in models?
NK: For water levels yes, but not speaking to geomorphology.
BJ: There is a problem for long term geomorphology modeling.  For San Pablo Bay, had to simplify with 2 end-member conditions

JKT: However, scale here is different for shorebirds focusing on very narrow band.  Do we have data on wave energy and slumping?  We’ve seen accelerated slumping in recent years.  Publication by Callahan et al. on modeling capabilities. (patchy results)

JYT: In South Bay, with primary sediment source coming from north, will future scenarios change influence of local tributaries?
NK: There’s no consensus on how storminess will change with climate change.  Snowpack variability is agreed upon but won’t affect tributaries in non-snowpack areas.  It may affect salinity more than sediment.
BJ: Fresh water signal can make it to the San Mateo Bridge.  Sediment can make it south, be deposited and redistributed.  Sediment from delta is important for the South Bay.
NK: More extreme flow events are a possibility.  Total water input may not change a lot but timing and degree could.
JKT: Invertebrates are still primarily structured by salinity.  Flow changes could alter this (e.g., large flow events 1995-98 changed invertebrates), and can also see this in large rain events with changes in the mudflats.  Different species respond differently, and we will see a community change (soft-bodied species more susceptible, some species burrow deeper). 

LAB: Is there invertebrate data to support changes associated with large storm events?
JKT: Their time series is the longest available (back to 1974) but site was contaminated prior to 1980s.  DWR data is not intertidal.  San Pablo Bay shallow subtidal data goes back to ~1986.
DR: Are we certain this will cause important changes?
JKT: We do have indications that things will change in the high intertidal.
BJ:  However, it is still uncertain on whether or not storminess will change with climate change.
BJ: How long will signature from large events persist? (geomorphic change)
DR: Will it just expedite already existing trends or really change things?

JKT: Saw a delta form off of San Francisquito Creek in 1995 (due to flood) that persisted for many years (still visible in 1998, and stayed nearly 10 years).
WG: Can you discern events that the system can recover from vs. threshold/tipping-point events that result in system change?
DR: Formation of a delta is a good example that they can recreate with models, however subsequent slow erosion may be more difficult.
NK: In context of climate change, the largest change is in terms of sea level rise.  Storms may not change.  Flood peaks will change in the delta and management will likely respond.  
WG: River stage and tidal stage will affect the bay.  Concern where extreme tide and river will coincide (where high river meets high sea level rise).
NK: Could be a factor in the North Bay, but inflows in the South Bay won’t change that much.
JKT: The event scale needs to be focused by what’s of greatest concern to birds.
TN: Is there historical data set that spans extreme events so we can tease apart effects.
SWD: Historical data is single point per year, so hard to capture extreme events.  However, strong year to year site fidelity may reveal trends.  (Oil spill example)  You might observe localized effects.
JYT: Disturbance by people trying to preserve habitat in response to oil spills can also cause birds to move to different sites.
BJ: What about upwelling and the role of time period?  Is the most intense period important or just upwelling event?

JKT: Productivity is driven by upwelling.  Large events drive nutrient availability, and the more food availability, the more predators:  Have an index number for this, and could likely model.
BJ: Need to know what wind is doing on the coast.  Coastal winds may determine upwelling value.
NK: We’ll continue to look at upwelling and improve ability to model this.  Is there a time scale that you need for an upwelling event to have the biological effects?
DR: Do toxic algal blooms vary with temperature increase?
JKT: Yes, looking at it with CASCaDE.  There has been increased influence of algal blooms due to temperature in some areas.  Do birds respond to this?
JYT: Santa Cruz mortality of birds associated with bloom events on the coast (demoic acid?)

SWD: There is data on related mortality events in birds:  Most recent data in Washington had to do with it covering their feathers.

WG: Reports of bird mortality in Lake Michigan (associated with toxic algae? Botulism? Zebra mussels clearing the water?)
WG: Any need to think about acidification effects on invertebrate shells and benthivores in the bay?

JKT: Don’t know of any need, as bays/estuaries tend to be more buffered than open-coast.  Some studies of acidification are being conducted at Bodega Bay.
JYT: Some people at Tomales Bay may be looking at this.
BJ:  There is still a great ocean influence in the bay. Acidity has different behavior in the bay, but the bay would likely follow ocean.
LAB: Greg Shoellenberger has PH data on some of his instrumentation at South Bay (Alviso, and other areas?)
DR: Are there any nesting shorebirds?  What is the factor of inundation on nests?
LAB: Yes, there are some nesting birds (primarily avocets, stilts, terns, wading birds, and marsh birds- i.e. clapper rail).  However, the ducks are gone during the summer.
JYT: Terns forage out in the flats, so mudflats indirectly affect nesting.  Clapper rails are adapted to water flows, because their nests and eggs can float and potentially survive inundation
IW: The leading influence of nest failure in other areas is flooding.  However, in the SF Bay, studies show that contaminants and predation are of higher concern than flooding right now.
NK: What is the importance of contaminants? (look at in CASCaDE II)
SWD: Diving ducks are getting really high Se concentrations, however there are not much measurements of bird condition in response.  Effects have generally been shown on the immune system and subsequent survival.  The fact that some contaminant concentrations have increased recently is interesting.
BJ: Importance of modeling contaminants with hydrodynamics?  Should we incorporate contaminants to see if influenced by climate change?
NK: Should speak with Robin regarding her work with transport & contaminants.  What is the influence of hydrodynamics on where the trends are going? (i.e. how will climate change effect selenium?)
JYT: It is of potential concern, but could be a secondary step in our efforts.  What happens when rip-off shore of tidal marsh? (increased methylization, etc.?)
JKT: Selenium enters the food web through phytoplankton.  Need to assess the effects of Se inputs on concentrations down the line.  (Robin is looking at transport)
TN: Whether or not the system (at SF Bay level) is in equilibrium may determine how large of an effect global patterns and events will have. Globally, there are some analyses that show climate effects on a species, and time scale has an effect.  When you look at the climate envelope of a species, the population dynamics of a species is influenced by the northern oscillation, southern oscillation, and El Nino.  Determine how this is affecting populations over 20-30 years.  The NPGO at 30 years may be more important than climate change effects.  
BJ:  There will be a short term water level increase over short periods of time.

NK: Over the short-term, water elevation could rise up to 20cm due to El Nino events, and this may last a few months Kelvin-waves, and warmer at the coast

BJ: It could make marginally suiable foraging habitat no longer acceptable.  How big will the effect be?
JKT: At least these larger El Nino-type events are not only confined to SF Bay – might see influence across many sites.  Bird data is one piece of the whole system.  Migration may be seen across areas.  What is the effect on species that hop-scotch up the flyway? Has anyone looked at the shorebird counts?

TN: Some in Europe have looked at N/S oscillations relative to migratory populations.
SWD: Temperature affects the chronology of the migration relative to spawning, plant phenology, and snowpack (effects nesting).
JKT: Is duck data more extensive than shorebird data?  
JYT: Yes, waterfowl data is more widespread (transect surveys conducted across N. America). Shorebirds infrequently counted in different sites, but working towards a Pacific effort.  There are two snapshots of 3-5 years of shorebirds in SF Bay.  Birds have a choice: move, adapt, or die.  It’s important to look at the right datasets.  
DR: Concern with what types of models we’re going to nest our  parameters in.  Ocean conditions may be difficult to nest within.  We need time series through the winter and inputs to the Bay.
NK: We can do water level analysis with storms, El Nino, and tides (Dan Cayan did with CASCaDE I) to produce projections of water levels with climate change in the future.  Regression models for climate models incorporating tidal factors.  
JKT: What about water temp?  Water temperature is difficult, because it’s related to global ocean models.
NK: That could be harder, but we can probably get by it.  If we consider upwelling, we can have some information.
NG: JPL has several years of available data with US West Coast ROMS model and you could pull temperature, salinity, currents, and upwelling data out to build model of temperature of bay.  (available realtime)
NK: There will always be some gaps that will be difficult to fill in.

JKT: Jim Cloern has a couple recent publications regarding toxic blooms that are associated with water temperature and ocean conditions
NK: Yes, tied to global change.
12:30pm – 1:45pm:   
LUNCH BREAK 
1:45pm – 3:00pm:  Participant Comments:

NG:  Important to narrow the focus.  Will CASCaDEII be an integral part of this, or is it meant to stand alone? If cascade II doesn’t come along fast enough, what would change? (figure out what you can model and what you can’t) If there are important things you can’t model, you have to leave them out and start simply.  Start with depth and how that relates to carrying capacity.  Depth ranges are most important.  Look at complex patterns of tidal rectification without other factors, and then build up from that. Microtopography is tougher to accomplish and model with the same fidelity as the depth ranges.  The prime importance is predicting what prey is available for the birds; Could learn a lot by distilling to1D type profiles(wave attenuation) and look at how sea level rise impacts the wave and the marsh.  Focus on type localities, how much habitat is there and what waves would do to it.  
DR: Look at profile behavior to make sure incorporated in the bigger model (“model check”).  Would be hard to discern what’s driving those processes if looking at whole bay.  Use a simplified model and bring to a bigger model.  Also, do you want to protect the marshes and/or the shoals?  Make tool to look at cross-shore behavior and marsh response.  Bring what you learn from this tool into parameterization of bigger model and could run sensitivity analysis on this (waves, sediment types, vegetation response, tides).  Also, look at the representation of more complex small-scale topography, by looking at probabilistic depth-distribution by cell.  This has been done for hydrodynamics, but not so much for transport.  Simplify model scale for the whole chain of modeling up to the birds.  We have birds vs. hydromorphology people, but some of the in-between modeling (water quality and primary production- algal blooms, nutrient cycles) would be helpful for spatial-temporal patterns of invertebrates.  Those people are missing from this group.  These factors are not locally determined, so you cannot use a line model.  Important to do profile modeling, but you need to know what will happen to the prey source.  
BJ: Dano suggested a broad 10-year (or 5-year) plan as part of this document.  If we have unlimited money and time where should we go with this project?  Also include flow charts in our plan.  

DR:  We have many individual flow charts, but it would be interesting to see if we can connect them.
WG: This seems like a lot of modeling work.  As Noah said, unless you know the questions you want answered, you won’t get those answers as spinoff of this project.  It’s important to be able to include other projects and people (widen the web- land management, ecological) to help get more integrated understanding of what’s going on. How large a scope is possible, without being too complicated and still being feasible with limited resources.  Important to capture different topologies and shoreline types (capture transition from tidal flat to vegetated marsh), and see how these will be effected by sea level rise.  Use Corte Madera to make some generic, simplified characterizations of habitat transitions.  What are the management implications of tidal marsh restoration on sensitive species?  BCDC will have a hard time pushing work unless related to endangered or threatened species. 
JYT: We are integrating shorebird and diving duck data in the same area, and we need to do the external integration of the different levels of datasets.  What outputs from CASCaDE II will be useful in this effort?  We should know if CASCaDE II will be funded by November and whether or not we can build off of that. 
How do we make decisions based on uncertain aspects of climate change, at what point do we need to be concerned (if this… then…).  Rand-  modeled different points in time (if certain things change with water supply at a certain time, then you have a specific recommended response); People need to know when they need to shift their management frame;  when planning for infrastructure and communities around the bay- triggers, rebound, resiliency ideas are also being used.
LAB: Like the idea of 10 year plan.  Many interesting topics to look at beyond the timeline of the initial study proposal. We do need to narrow the focus.  For example, would scenarios include climate with management? What is the spatial extent? (will marsh and salt ponds also be included with shoals?)  Use a 2-pronged approach between the physical and the biological (build upon both at the same time and then link).  Develop flow chart diagram with specific linkages, inputs, and outputs for each of the sub-models.  Narrow the focus and determine what is data needed for the 3 submodels (physical, invert, bird, and perhaps water quality).  It’s important to go with the carrying capacity approach with invertebrates as the unit of energy, but would also explore other approaches.  Could use spatially-explicit habitat suitability models or indices (HSI) like in the Everglades. - What are the key factors influencing different groups of birds and using this to determine degrees of suitability of different areas.  You cannot just choose between carrying capacity models and habitat models.  We could do a structural equation model with invertebrates and birds on the Dumbarton now. Decision support system needs to be incorporated for modeling decisions (develop tools from the model).  However, structural equation modeling will not be as suitable for assessing effects of sea level rise.  Habitat modeling approach could be more useful.

SV: PRBO is more focused on habitat-based models (especially for tidal marsh species). We are building up the capacity for doing these types of models for different groups of birds.  It would be good to see if we could integrate these with carrying capacity models.  (explore how we can link our work together) The differences (the strengths and weaknesses of each model) would be informative.  In regards to the linkage between tidal marsh and shoals, what’s going on with the sediment and how does that influence species?  There may be tradeoffs between which species are protected.;  
TN: This looks to be a complicated process that is extremely diverse.  Need to distinguish between bird vs. invertebrate habitat relative to geomorphology.  Are we considering roosting areas for birds? It would be good to have stratification in modeling.  Include global factors by modeling at different scales.  Do modeling for the entire Bay.  Also, how will human distributions be affected and how will this influence the system.  Related to our discussion of extreme events, are there data on industrial influences affecting nutrients in the bay?  Like the idea of carrying capacity, but need clear cut questions (species specific or whole range of species? -guilds, communities), and need to take all the species into account so you don’t miss the interaction.  Capacity for one species may not consider other species consuming its prey.  Also must consider temporal influences in determining carrying capacity.
RF: Need to narrow down about the most important next steps.  LCC has a priority of developing partnerships and interdisciplinary conversations, but to move forward all must agree on the important next step.  Need to have a complete conceptual model and timeline laid out.  Narrow the scope down to what is the most feasible, doable, an applicable to the most people. At some point, be connected to the management side (like BCDC). Be able to provide the tools necessary for the people making decisions.  Bring in additional partners and share with others so they can build off your work (make sure data is usable, accessible, and applied).  Also look at interaction between human dimensions.  Phase in a 10-year plan that would fit into a big picture.
JYT:  The report will be shared, and that will allow for wider connections.  The cooperative web between all these different groups is very important.  We may not go to structured decision making models, but we’ll work to make results applicable to managers.
CS: This collaborative discussion is wonderful and very useful.  However, we do need to really focus and nest the scenarios so we have smaller pieces that are applicable to the real world. Scenarios and nesting would be a good way to focus and conceptualize.  Involve the managers and the larger community so the information is useful.  It’s also important to know the reality of possible management decisions.  We need to know the threshold value for species or group of species and can we effectively determine this?  What is really key? (like a certain prey species is needed)
AR: Exciting to learn what the physical modelers are able do.  Looking forward to bringing the biological and physical together, however it’s important for biologist and physical scientists to be clear on the scale that is used. Choose target species and target areas.What is the error involved at the different scales? (e.g. Neil’s presentation on depth ratios on edge of marsh vs. channel) Error will depend on the scale used for elevation and tidal data (larger error or variability in shallow areas can have a larger effect).  It would be interesting to see how this relates to birds.
IW: Agree with everything said.  There are uncertainties that can be addressed, but which ones are the critical ones to know on the short term and the long term.  There is uncertainty regarding the benthic distributions in the flats and how are they affected by predation pressure.  Are they really not there, or are they just being eaten?  Need to check deeper water and prey availability with the exclusion of predators.  This is a highly managed system and everything does need to be applied.  How will science effectively guide management and restoration?  With salt pond restoration to tidal marsh, are we going to be redistributing the sediment in a positive way.  Will sediment go from shoals to ponds?
SWD: Need to understand the competition between species and effects on prey base for the carrying capacity models.  What is the interaction between species with a shared prey base?  Need to go forward with separate modeling and then merge them together, but using too many species in the same model would get extremely complicated.  Use several different types of modeling at different scales, so you can make progress on them individually while working toward the bigger picture (broad-scale).  Can work at broad scale, but also pull in important aspects at smaller scale. We are still working out the connections between birds and habitat distribution (basic surf scoters modeled across Bay Area looking at presence/absence and density).  Pull in detailed models and incorporate into larger scale models.  Incorporate the factor of disturbance and management.  Still need to influence management decisions now, with detailed models begin conducted at the same time.  For example, determining foraging areas for scoters and what is needed for protection.   Continue to think about modeling that could be applied across the flyway at a courser level.  This is difficult, but how could it be applied? 
CS:  Would be helpful to get threshold conditions for species (or group of species) out of larger models.  Give key indicators:  if a trend is this way, then a response would be recommended.

LAB:  - Scenario approach is very important, because of uncertainty of what will happen in the future.  Use that as a tool for decision making.  For Arizona ground supply, a decision support system was developed.  Models were run and there were many things that could be changed depended on what happens (allow managers to examine groundwater drawdown; specific location of wells and water could be tested across all of the models).  Modeling happened behind-the-scenes.  Models allowed for a range of scenarios, and let managers pick different conditions to see to how they would change.

SV:  PRBO has incorporated a decision support system with levels of sea level rise).  Website allows for variation in sea level rise to test changes and time periods.  You can turn levees on and off to see the result.  You can sign up to get access, and we are looking for feedback.
WG- With decision making in the light of uncertainty, it’s difficult to determine specific options or tipping-points.  We do know many of the various impacts, but we don’t know when they will occur.  We need to know likelihood factor (simplify to a specific tool).  How do we provide management support?  (require change in management when a certain condition is met) This is something they’re doing for Corte Madera with only looking at changes in sea level & marsh vegetation.  Example of drinking water supply.  Want to know at what point the shoals get so narrow, so steep, or the tidal inundation is altered enough to impact shorebird numbers.  How are you going to monitor and know when to shift your management frame?  Concepts are the same for decisions in the land-use community (i.e. resiliency, tipping-points, adaptation, etc.).  
LS: Important to focus on finer-scale profile areas to get a sense of both the physical dynamics of specific regions and also what predators/competitors should be involved in the modeling.  Must account for local differences in microtopogaphy, sediment dynamics, and tidal regime.  Stepwise building up from smaller models is an essential part of the process, in order to develop accurate predictions to guide specific management decisions.  
3:00-3:30pm: Model Integration and Inputs/Outputs

JYT:  What are we measuring and how do the models integrate?  We need to finalize what we need for inputs/outputs for each of the physical and biological models.
DR: One point that could act as focus:  Do operational modeling (run from day to day) to give you information of what’s happening around the bay.  Get daily feedback to see if it makes sense.  Cover shorter time periods, so the computational time is realistic.   Running models on a daily basis can be very useful, as it provides information with everyday feedback.  PORTS or ROMS models allow running models on a daily basis.  Then determine the key parameters for long-term modeling (“set the alarms”).  
BJ:  There is probably no analogy for the birds, because it is so time intensive to collect the data.  

JYT: Can operational models be difficult to do over very short time periods?  Can you do adaptive modeling to inform management at a small scale?  
DR:  You could get signals with maybe a week prediction time, and then check to see how birds respond.

CS: For those scenarios those threshold values would be critical to know ahead of time.  What are the risk factors and what is their influence?  Do long term monitoring of key parameters.
JYT:  Are you making decision for people, or are people making decisions based on all the information presented?
BJ: You need to help managers as much as possible in making the decisions, because they usually have a ton on their plate.  The tsunami community uses this, but must watch for false alarms.  If the light goes off too many times, people won’t listen.
AB: Scenario like conditions would be the most appropriate, because you’re not putting your neck out so far as you are with direct predictions. “What can people do to change the effect climate change?  With management however, tools can be used for decision making.
WG:  We can use if… then… statements to deal with the uncertainty regarding when changes will occur.

BJ: The CASCaDE project won’t use term “predict” or “forecast.”  Dan and Mike will say “probable scenarios”
CS:  May not be a prediction, but need to know the risk factors.
NG: Dan and Mike will say “probable scenarios.”  Prediction is a difficult word to use.  Regardless of politics, there are 2 types of modelers (those that think models are a reflection of reality, and those that think models represents a tool to experiment with the mechanisms involved- i.e. lab experiment).  Models are a tool.
DR: Can we get farther along in determining reality/predictions?  Weather “predictions” are often good, so terminology is not bad.  
BJ: People assume a guarantee when they were the term “prediction.”  There is uncertainty of climate predictions because numerous different stations used across the country.   USGS predicted an earthquake and it didn’t happen, resulting in numerous issues.
WG: Concepts like “risk” and “likelihood” are difficult to translate into daily action.  Need concepts that get managers to act and change how we manage the bay.
NG: Managers want a “cone” (like a hurricane cone- are you in the danger zone?)
DR: When people want emergency decisions, they need only yes or no.

TN: You make so many assumptions in a model, and when you test your model you are just testing your assumptions.  However, having a model is better than nothing.  
DR: Do modeling often and put results out very often, so a large group of people  can regularly test the reliability.
3:30pm – 4:30pm:  Workshop Summary (Model development and proposal direction)

BJ: Unexpected outcomes of sharing a model and making it public domain (opens up a new way of thinking).  I understand birds better and the linkages that have to be made between biological and physical models in determining the effects of global change.   Phasing of tides and daylight is pretty basic and worth pursuing, and determining how this intersects with bird foraging behavior.  Is it valuable to do this type of workshop again? (have a field trip out on the mudflats- NG)  If there is a funded project and we started doing the specifics of the model, then it would be valuable to do another workshop.  We would be more solid in what we really want. We can then involve managers about trigger points.  

Integrating models from CASCaDE (linked computation models, linked “organic” models).  The success of that project was largely attributed to the people working on it and communicating well across disciplines.  Is it possible to do a request of exactly what we need from the different parties (i.e. grid size, time steps, specific parameters).  We could do an “organic mind dump” for needs- what do bird people need from geomorphic? (and vice versa)  What time-scales and grid-sizes are necessary?
JTY: We want to understand the linkage between the physical environment that drives the invertebrates, which are eaten by the birds (along with climate change changing the physical processes).  Determine changes in tides, water depth on food resources.  We need to have better predictions of water depth and the interaction between potential geomorphologic, so that we can move forward with specifics of bird and invertebrate response.
BJ:  We could determine relative changes in water depth, with the interaction of sea level rise and erosion vs. accretion in certain areas.

DR: Is this exercise useful for 20 people? Should we choose a volunteer to integrate the flow chart?  Probably a better task for one person as opposed to a large group.  
BJ: Define area extent, inundation, water depths, etc.
IW: Landscape perspective is important, like proximity to roosting sites.  This could be analyzed in GIS.
LAB: Issue of temporal scale (periods of exposure and tidal datums).  In addition, how would you stratify the bay, Neil?
NG: Categorize dominant type localities of shoal/mudflat around the bay (vertical marsh faces, sloping, terraced) and determine proximity to a certain type.  
DR: Use these models for gross estimates and refine for bird models.  Feed with time series of wave height, sediment concentration, water level, flows, wave stirring and then involve invertebrates so that the bird models could be more accurate.  If we don’t understand it at the profile model level we won’t understand it at the bigger model.
LAB: Model percentage of shoals that are available/accessible (habitat based for birds and invertebrates).  Then for a specific period of time, you could determine what percentage of shoal habitat was available or accessible.  This is habitat based, but invertebrates are also habitat based (area, elevation)  
JYT: Is it enough to allow us to do predictions on the invertebrate side?

NG: Relative water level and bed level was included in the model. The differences in scenarios were very small; Might be best to just look at scenarios of wet years vs. dry years.
BJ: You want number of acres at certain elevation, and how moving water line will change according to profile shape, slope, and tide.
JYT: Changes in slope are really important to consider for both waterfowl and shorebirds.  
NG: Look at profiles, slope (coarse 200m), and impose artificial changes in  water level.  Could look at number of acres at a certain elevation.
JYT: Can we see how channel widens/deepens and influences the shape and slope of flat? (Yes- NG)

BJ: We can’t do things that aren’t local.  They would have to be done schematically.
DR: Have a play model with functions of the different dimensional models.  Would be good to develop simple 1D model for different parameters; e.g., sheer stress, orbital velocity, waves, and play with different parameters separately.
LAB, John, SWD, IW: We need to decide on the spatial extent.  Roosting is important consideration for energetics. It’s habitat-based, but  it’s a separate model.  Jim Lovvorn has done energetic cost of distance to roost area, as well as other studies in the central valley.
TN: You have a gradient of habitat type and risk of predation that could be included in the model.  Need to also have input from fish biologists- what will happen to fish communities?  How will that influence predator and competitor interactions?

IW: Aariel’s work on the benthic atlas is important for looking at spatial variability and elevation effects, but how are restoration projects changing this environment? 
JYT: What is salt pond value energetically? (something we are currently modeling)  It’s extremely challenging to include both salt ponds and the flats in this model.
BJ: Sea level rise scenarios could be conservative estimates, since IPCC doesn’t include catastrophic glacial melt
WG: There are things that we can’t account for.  Does it matter how fast we get there? Does rate of change matter for birds? What is the number of inches that is the tipping point? We can manage for a range of rates, but it’s difficult to manage for catastrophies.
JYT: The rate will affect what happens to the flats/marsh (would just be imposing water level without time for geomorphology to respond).
BJ: If you have a chance of things happening, you can develop a contingency plan.  If there is a chance of sea level rises being higher than expected, then we need to know that and develop a potential response plan. (like tsunami response plan in certain areas)
LAB: Does CASCaDE look at effects of human inhabitation? 

BJ: CASCaDE I had operation of different water conveyance systems.  Scenarios approach is a practical approach because you can’t model everything, so you limit it to the scenarios of interest.  If we develop tools, then we are informed on making decisions for levees, which would then require changes to the models.
WG: What is the influence of sedimentation on rate of sea level rise?  
DR: Typically tidal flats tend toward a certain height relative to mean sea level.  If rise is slow, flats will rise with itbut if water levels go too high, too fast then the flats will drop out.  The faster water rises, the bigger the delay of sediments.  At some point you get drowning of systems as the tipping point (e.g., Venice Lagoon subsidence converted from channel shoal system to lake)
Matt Gerhart (Sate Coastal Conservancy): Main interest to synthesize different modeling efforts and see where they have interfaces with different ecosystem processes.  Seeing the constraints are interesting.   Likes the idea of scenario-based runs (if you have x, y, z inputs, what is the range of outputs?)  You have a wide range of uncertainty.   Coastal Conservancy needs models to inform investments in future infrastructure projects and how to guide habitat projects.

IW: What are the next steps?  What do we want to accomplish?  Who is doing what?  Are we going to integrate these models?  Or are we coming up with our own models separately?

BJ: Determine how tied we are to CASCaDE II? Profile models on the bird and physical side could be developed.
JYT: We need to distill down from discussion into specific targets on types of modeling to try initially.  LCC has a January timeline.  It would be great if money for CASCaDE II came through.
NG: It took CASCaDE I several years to determine if they could decide on  indicators.  We need indicators at each of the modeling steps (hydrology to geomorphic to invertebrates and bird.  For example, fish people coming up with temperature thresholds for watershed models.  Then determine days of year exceeding that temperature.  It would be more informative to develop these thresholds from the beginning.  
JYT: It’s harder when it’s flexible.  We want to know when the indicator is reached (i.e. small flat, steep flat)
LAB: We could collect data and look at mudflats of different sizes.
BJ:  We’ll put together a summary of workshop and distribute for comments.
IW: Include the conceptual diagrams (flow-charts) in the summary/report

DR: It would be great to patch the different diagrams together according to the inputs and outputs of the models.

5:00pm – 7:00pm
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