Special Workshop on Salmon Escapement Goal Science
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Summary of Findings
(Updated January 6, 2011)
Introduction
Trout Unlimited hosted this scientific workshop (sponsored by State of the Salmon) as part of a project funded by the National Fish and Wildlife Foundation and several other collaborators. The workshop assembled technical experts to explore innovative ways to estimate the number and diversity of wild salmon that could fully utilize the productive capacity of existing habitat in a river basin, as a means of improving salmon abundance, productivity, diversity and spatial distribution. The first day was devoted to experts’ presentations and the second day comprised a wide–ranging discussion exploring how best to advance the science used to determine habitat-based salmon production potential.
This summary includes the findings from the workshop, based on conclusions from experts’ presentations, comments and ideas raised during the discussion, and from additional comments submitted since the workshop.
Workshop Objectives:

1. Identify and summarize current technical methods used to set escapement goals.
2. Identify emerging research and modeling tools that can help improve the scientific basis for establishing escapement goals.
3. Identify opportunities to coordinate research and modeling efforts to develop new scientifically rigorous approaches to setting escapement goals, based on the productive potential of existing habitat, that address diversity as well as abundance.
Summary Of Current And Emerging Technical Methods
One of the objectives of the workshop was to identify current tools, and another was to identify emerging research and modeling that can help improve estimation of the capacity of habitats to produce salmon.  These objectives were generally addressed in three ways: 

1) the group was first presented a partial list of known methods as a starting point for the discussion, 

2) additional information on current and emerging tools was gleaned from the technical presentations (see http://www.wabc-afs.org/news/eventspage/upcoming-meetings-and-events/salmon-escapement-science-workshop/workshop-abstracts/).
3) Participants added information on tools that were not included in the original table or in the presentations.

The resulting complete list of methodological tools is presented in Table 1. (If you notice that a specific tool is missing from the list, please contact Eric Knudsen at ericknudsen@gci.net.)
Overview Of Technical Presentations 
Abstracts and the PowerPoint files for most of the presentations are posted on the website.  Some highlights and further observations relevant to the workshop discussion are listed here under each presenter’s name:
Jack Williams
Why New Approaches Are Needed For Salmon Escapement Goals 
· Salmon populations are degraded in the Pacific Northwest

· A majority of the major funding is focused on habitat restoration, hatcheries, and hydro power effects on salmon, less on the process of ensuring that salmon habitat is fully seeded with spawners.
· A number of anthropogenic and natural conditions will challenge salmon production in the future.

· Some important emerging science supports the potential for advancing salmon escapement goal science.

· There are many complexities that potentially confound salmon modeling.

· It is essential that the four Hs be integrated in modeling for advancing escapement goal management.
Kit Rawson
A manager’s view of the needs for improved escapement goal science 
· There are many uncertainties in salmon escapement goal science
· Improvements can be made by incorporating information about the salmon lifecycle

· Important too include information on the VSP parameters of abundance, productivity, spatial distribution, and diversity.

· A key concept is to account for information at all stages of the life-history using “Key ecological attributes (KEAs)” (Tables 2 and 3).
· Estimates of factors such as spatial distribution, survival, individual growth, and population growth are recorded for each life history stage.

· This serves as an excellent bookkeeping system for life history information.
· Following the open standards for conservation (from the Nature Conservancy), described strategies and threats, and how they affect habitat and salmon life history.
· Use “results chains” to predict and track the expected results of restoration actions.
Eric Knudsen

Emerging science for estimating salmonid production potential
· Fully integrated salmon escapement models of the future will set the stage for fully utilizing all the existing salmon habitat and therefore maximize production.
· Ultimate goal to integrate all four Hs but, for now, focusing on integrating all factors that determine the productive potential of habitat.

· Proposed the conceptual “Salmon Production Potential” model.  The core of the model includes physical habitat, hydrology, environmental variation, nutrient inputs, food production, predation, and competition.  The core model is then adjusted by components representing each of the four Hs.

· These models are admittedly extremely complex.

· A listing of existing and emerging will be helpful for the remainder of the workshop, as a basis for evaluating the next steps in advancing modeling science (see Table 1.

· Proposed a method for tracking and evaluating the features of various existing and emerging models for the purpose of summarizing workshop results.

Ray Beamsderfer

Escapement-based management: problems and solutions in Alaska’s Cook Inlet salmon fisheries
· There are a number of issues with customary spawner–recruit–based escapement goals (e.g., non-stationarity, randomification, mixed-stock fisheries, etc.).  
· Need escapement management method that accepts and incorporates stochasticity, therefore we need risk assessment models.
· Risks posed by harvest are greater with smaller populations because of depensatory processes

· Need to improve models to deal with what we know, as well as better use risk management to deal with what we don't know.
· The key is to use precautionary tactics, i.e. safety factors, when estimating escapement goals.
Mark Chilcote (absent due illness but submitted a presentation)

The escapement goal / recruitment modeling knot vs. an alternative: the red queen paradigm

· Examined spawner–recruit data from 121 steelhead, coho, and chinook populations from Washington, Idaho, and Oregon using three different models.
· Overall, only 25% of model fits were significant and the median r2 for all of the populations was 0.04.
· This makes using spawner – recruit modeling highly questionable
· Plotting the residuals over time reveals a very striking a consistent pattern whereby populations across a wide geography vary consistently, perhaps indicating consistent marine survival in response to broad scale climatic variations.

· But including PDO, river flow, snowpack, and the air temperature in the models increased the fit of the models significantly (avg r2 = 0.44).

· Salmon are in a race between the climatic changes in their evolutionary ability to adapt to those changes.
· Therefore we need a management paradigm shift to make the evolutionary speed of salmon and steelhead populations the primary management goal
Greg Blair
Simulating salmon life history diversity and population performance using the Ecosystem Diagnosis and Treatment model

· The EDT model can be considered an expert system

· Need to consider life history type: active, transitory, our resident

· Uses a “life history diversity template” wherein habitat shapes diversity, abundance, and productivity of each life history type

· Calculates cumulative production capacities, by life history stage and life history type, and through progressive habitats as necessary, by estimating survival at each life stage (over relatively short time Spans, e.g. weeks if necessary)

· In the future, add growth and other variables two understand survival

Steve Cramer

A Habitat and Life-History Based Approach To Estimating Basin Carrying Capacity For Chinook Salmon
· Unit Characteristic Method(UCM) breaks channel units down by functionality for different species at different life stages (e.g., mid-channel areas in large rivers are largely devoid of juvenile fish).
· We have the ability to link habitat with life stages and run timing to determine where production comes from; therefore can target restoration and protection actions to greatest benefit and to correct habitat scale
· Details of life history survival in each relatively small habitat unit can be accounted for 

· Fish distribution is determined by known or assessed habitat preferences

· Methods have been developed to account for the differing contributions of fry, parr, and smolts to future production.

· Carrying capacity can be linked back to specific habitats and life histories that support the total capacity.
 

Jody Lando

Using Landscape-Based Modeling to Predict Salmonid Habitat Capacity and Productivity Potential at the Watershed Scale
· RIPPLE is a digital, terrain-based model that predicts the distribution of fish habitat conditions throughout a watershed and simulates salmon population dynamics. 

· good in data poor (fish) environments because uses habitat characteristics to estimate productive potential
· RIPPLE uses geomorphic characteristics and physical habitat characteristics, combined with density and suitability criteria by species and life stage, to predict reach-specific historical, current, and potential future salmon habitat conditions.

· RIPPLE then employs a multi-stage, stock-production model to predict long-term average abundance for each life stage.

· There may be a potential link between RIPPLE and OBAN (see below)
 

Noble Hendrix

Winter OBAN (Oncorhynchus Bayesian Analysis), a Statistical Life-Cycle Model for Winter-Run Chinook
· OBAN statistically first population vital rates and accounts for fact that capacity and productivity are variable over time
· Incorporates uncertainty in the model structure and model coefficients through Bayesian estimation.
· Evaluates multiple anthropogenic and environmental driver variables at various life stages

· This model uses B-H functions at each evaluated  life history stage.

· The parameters of the B-H functions can change over time

· Can incorporate environmental and anthropogenic changes.

· Uses non-linear models in ADMB with a VB front end

· Delivers MLE estimates 
· Similar to EDT, UCM, RIPPLE, and the advanced Parken method (below).
  

Dan Rawding

An Approach for Developing Biological Reference Points for Steelhead Populations in the Lower Columbia Region
· Big problems with methods currently used to set steelhead goals in lower Columbia tribs; steelhead don't fit Ricker curves well

· New escapement goals will be much lower than the previously established under MSY goals 
· Need to define what management objectives we are seeking to achieve through escapement goals
· Approach uses hierarchical Bayesian SRR based on empirical Spawner and smolt data standardized four RRS and watershed area

· Programmed in WinBUGS but could use some other statistical packages

· Hierarchical SRR does estimate PRP across the lower LCR albeit with assumptions
· SRR uses abundance, productivity, diversity (age structure of smolts), spatial distribution, and stochasticity.

· Used a Bayesian approach and could incorporate priors from other models, use model averaging, or possibly combine different models to simultaneously estimate BRP.

· Limitations are: only as good as the data; all models are wrong summer useful; limited to spawners and smolts; he and assume RRS from few studies, and hierarchical model.

Mark Meleason

Estimating Coho Habitat Capacity Using GIS-based Variables
· Links a dynamic landscape model with a habitat-based life cycle model for Oregon coastal Coho to explore scenarios of natural disturbance and forest management.
· Landscape data taken from the Coastal Landscape Analysis and Modeling Study (CLAMS) are the inputs to the landscape model.

· The Coho life-cycle model is based on the approach used in Nickelson and Lawson (1998).

· The life-cycle model links to the habitat landscape via the over winter survival

· Smolt capacity was estimated from stream survey data using the Habitat Limiting Factors Model (HLFM). 

· This study estimated habitat capacities at various life stages based on simulated estimates of sediment, wood, and physical characteristics of the channel from a 10 m digital elevation model. 

· When complete, this model will explore the implications ofSpawner distribution within a basin.

· This is a good example of linking multiple models.

Rishi Sharma

Using accessible watershed size to predict management parameters for Chinook salmon, Oncorhynchus tshawytscha, populations with little or no spawner-recruit data: a Bayesian hierarchical modelling approach

· The question was how to address issues about declining productivity for Chinook salmon. This is a new approach using empirical data, based on a technique developed by Parken that relates watershed size to total Chinook production.

· It can be used to develop goals on systems without data.
· Can also be used to manage according to environmental conditions – final model included a number of environmental variables such as PDO latitude, ENSO, and SST.

· Helpful for setting a sustainable exploitation rate targets for depressed stocks.

· Could eventually be used to evaluate different management strategies.

Martin Liermann
Essential ecological considerations for managing salmon populations

· This is a summary of relevant activities at NOAA fisheries.

· Populations with more life history diversity have higher productivity and less variability.
· Achieving vs. setting escapement goals.

· Predicting population parameters and spatial distribution.

· Predicting temporally based recruitment.

· More fish allowed expression of more life histories.

· Stocks with more diversity have higher productivity and less variability.
Jay Hesse
Historical Accounts: Outliers or Anchor Points?

· Escapement estimates should take into consideration historical accounts, ecosystem function, and dynamic conditions.

· Ecological escapement results in biological sustained yield (BSY)
· The emphasis is on the biological needs of the population where greater escapement is not viewed as waste but rather a tool to encourage intra-specific competition, hone fitness, and expand the range.

 

Opportunities for Advancing Salmon Escapement Goal Science
Day 2 was devoted to identifying opportunities to coordinate research and modeling efforts for new approaches to setting escapement goals that are scientifically rigorous and address diversity as well as abundance.  It was generally agreed at the start of the workshop that the goal of the discussion would be:
“To facilitate development of model(s) that enable the best estimates of the productive capacity for wild salmonids in currently existing habitat “
Issues and Concerns

During the discussions, a number of issues and concerns were expressed by the participants. They are listed below, by several general categories. Although the notes were taken chronologically, they have been reorganized by topic below.

As a framework for the discussion, the group further considered the following general hypothesis:  “We are not fully seeding existing habitat in a way that best advances salmon recovery across the VSP parameters, and there are modeling advances that could better inform escapement management“ (Rich Lincoln).
Need to remember that some of the escapement goals are limited to MSY by PSC treaty language (Jim Dalton).

Statistical vs. mechanistic models

There are two basic options for addressing this: (1) Incorporate variability in spawner-recruit relationships by adding co-variates to S-R equation and/or varying productivity and capacity parameters in equation; and/or (2) mechanistically estimate inherent productive potential of existing habitat. The majority of previous work has been on the former; new and future work will most likely focus on the latter, as informed by the former.
There is a distinction between mechanistic and statistical models. We need to apply the right types of models depending on the data available (i.e., mechanistic models where we know the nature of the interactions and statistical models where complexity is too great). (Jody Lando). Any future models that are based on empirical data need to be tested for the best fit (Rishi Sharma).
Because we always need at least one recruit per spawner in the long run, the habitat template approach may not work when recruits per spawner are too low (Brandon Chasco).

Be sure models are not constrained to assuming a certain life stage is limiting: the models should be sufficiently flexible to support evaluation of where the bottlenecks occur (Jody Lando). Be sure that sources of variation are incorporated into tools (MaryLouise Keefe). SHIRAZ uses stochastic variables to identify limiting factors (Eric Warner).

Only use the Spawner-recruit concept in freshwater; and only at the biological scale that’s relevant (Pete Lawson). 
Variables and metrics to incorporate in models:

Models should incorporate “all Hs”. Conservation biology teaches us, and our experience to date shows us, that the fish respond to the cumulative effects of all the Hs and that we must therefore think about all of them in our management (Kit Rawson).
Hatchery spawner effectiveness must be incorporated into standard production functions. It is also very important to account for hatchery fish escapement into natural habitat.  Most data sets in Washington over the last 10-40 years have hatchery fish on the spawning grounds. WDFW has some good data sets that may improve typical Ricker and BH production functions. (Andrew Murdoch).
Because the hatchery – wild issue is very important to escapement management, it is important to know whether there are any errors in present thoughts about hatchery – wild interactions. For example, some weir data is showing that hatchery and wild fish do not necessarily spawn together. Hatchery and wild fish need to be modeled separately, with an interaction term. We need hard data for who is spawning where and with whom; this probably varies tremendously by location (Steve Cramer).

There are lots of hatchery fish on the spawning grounds. Recovery goals are predicated on good habitat. When considering escapement goals, and what VSP should be, it should all be done in concert because you cannot turn off any or all of the effects (Eric Warner).

We need to consider the metrics for models; the target measurements that might be used for talking about escapement goals (Jody Lando).

New models should incorporate climate change. Beechie et al. may be good connection for this (MaryLouise Keefe). USGS in Cook also did similar work on steelhead populations at the fringe of their range (Andrew Murdoch).

Physiographic variation affects regional habitat quality (MaryLouise Keefe).

Summary of variables to incorporate into new models:

· Bio-indicators of production

· Fish counts

· Survival rates

· Diversity

· Spatial distribution 
· Consider fish condition (smolt size) in recruitment
· Hatchery and wild fish interactions
· Marine-derived nutrients and other nutrients
· Environmental factors (stream temp., land use, flow)
· Climate change
· Physiographic features/volcanology
· Ocean limitations
Data quality and availability

There is a strong need for more extensive and better quality of monitoring of escapements (Brandon Chasco). Some new weirs are being added for steelhead in the Columbia Basin (Rich Carmichael). 

A pervasive concern that is common to all modeling techniques is that baseline productivity data has been collected from populations that are likely depressed to varying degrees from their innate production potential. We need to be sure that productivity estimates are based empirical observations of fully seeded and ecologically functional habitats (Eric Knudsen).

WDFW has a lot more juvenile data than 10 years ago. This can be used to help differentiate between freshwater and marine survival. The juvenile and adult data could be analyzed as a way to steer future modeling. For one example, there may be relationships between pink escapements and subsequent juvenile production via ecosystem benefits (Mara Zimmerman). There is also good coho data on the Oregon Coast (Tim Dalton). Alaskan data on wild stocks could also be analyzed similarly to Mara’s ideas (Randy Ericksen)
Could consider modeling systems in the north that are thought to be fully seeded (Rishi Sharma). There are also good systems here (Greg Blair). Some systems in Eastern Washington are inundated with hatchery fish (Andrew Murdoch). These would be good at least for testing the additions of nutrients (Greg).

 

Strategies for Future Modeling

We need to carefully define what we are trying to do (Eric Warner). The overall goal may be to answer the question: Can we define current habitat capacity better than we do now (Michael Schmidt) ? The objective, then, is to find the best method for estimating the current capacity. This project should be limited to technical aspects of seeding all habitats with fish, including considerations for diversity and distribution (Eric Knudsen). Need to identify goals beyond just meeting escapement goals, i.e., other ecosystem benefits (Kelly Moore). There is a need for realistic targets (Rishi Sharma). (These are hopefully the same as the habitat-based capacity estimates that will come from the modeling effort.)
Preliminary Discussion on Experimental Design 

First, build on all the previous efforts to establish escapement goals; don’t ignore all previous work (Rich Carmichael). The main point here is to improve on the science.

We should consider viability as equal to full capacity. Delisting is one point along the continuum to full capacity (Kit Rawson). Need to first get sufficient spawners into a system for populations to persist; this is not the same as full recovery (Dan Rawding). 
Develop models that support hypotheses to predict how the run will perform with habitat restoration and protection programs in place, in combination with harvest management programs.  Then build in assessment of not only performance relative to harvest but also performance relative to habitat.  Then we can begin to parse out the relative effects of the different H’s on the outcomes we observe (Kit Rawson).

Habitat restoration is actually somewhat questionable; it is unknown how many fish it produces. Therefore we should strive for replications of the experiment. That is, find experimental designs to evaluate management decisions (Brandon Chasco).
It is important to empirically evaluate hypotheses about what the best methods are.  The question is: where are we on the production function curve? (Rich Lincoln). From there, need to address explanations for non-stationarity by varying the influential parameters as covariates of the S-R function (Matt Falcy). This would be an alternative to the habitat template approach (Tim Dalton).
Juvenile habitat may be limiting, so focus on that part of life history with the habitat template approach. Make sure rearing habitat is seeded and then walk the survival rates backward to estimate numbers needed in previous life stages (Tim Dalton).

Be sure that all ecosystem goods and services are accounted for in the new modeling effort. There is a difference between escapement numbers and number of functional spawners, and they should be accounted for (Jay Hesse).

Try to evaluate/quantify limiting factors (-) and potential (+) better than we do now by: 

a. Limiting factors (e.g. marine survival, competition, hatchery/wild interactions or stock condition, etc.)

b. Limiting factors and stock/habitat potential analyses may be easier than trying to precisely quantify an impact on capacity when data is limited on a particular issue. 

c. Account for dynamic factors that can lead to negative or positive impacts in some way that allows you to quantify risk/reward (e.g. floods that scour occur 3 of 10 years, PDO, interaction with pink salmon, etc.)

d. Try to aggregate that information into risk tolerance for management. The information could be rolled up into a basic measure such as a preferred exploitation rate at x level of uncertainty given that the stock and habitat are at x level of health (Michael Schmidt).

New models should try to simultaneously capture the need to link individual population goals, and recovery goals, to management techniques like escapement and smolt counts (Rich Carmichael).

Encourage modeling and sensing techniques that helps to measure and track habitat in places with limited or no access. Similar approaches could also be used for simulating habitat improvements (Jody Lando). It is important to have improved habitat assessment and characterization. Then need a way to integrate variation in fish production among seemingly similar habitats (Kelly Moore).

An ideal experimental design would be to test all new models on three species in three systems. And then add process-based models such as those by Nickelson and Lawson, Rishi Sharma, and Correigh Greene (Pete Lawson).  

Suggest starting with a simulator (Brandon Chasco). The simulator could be used for experimental probing of hypothetical populations’ responses to various habitat, hatchery, and management changes. This is similar to the approach proposed in the WDFW and PSIT 1998 Comprehensive Coho Management Plan (Rich Lincoln). Also see the experimental variation of coho escapement on the Skykomish (Greg Blair). The results will differ across species (Mara Zimmerman).

Perhaps modeling should be based on experimental watersheds (Brandon Chasco). WDFW has its intensively monitored watersheds that could be used (Mara Zimmerman). (see http://wdfw.wa.gov/conservation/research/projects/watershed_monitoring/). Focus the modeling experiments in watersheds were there is adequate data. This will allow testing of model robustness which could be limited by parametric confounding (or they could be tested with the simulation model) (Rishi Sharma).
There are lots of questions about how to test models. For one example, models such as Ripple could be tested based on field data, even if you needed to get additional data. However, we also need to be careful not to make the model so complicated that it’s difficult to parameterize (Jody Lando). The best way to deal with that is to test hypotheses in one watershed (Rishi Sharma). And then move to other watersheds (Jody). As a way to not over-parameterize, use statistical models to ID the most important variables and then use those in the new models (Greg Blair). Oregon has pretty good models linking habitat to fish production (Kelly Moore). Correigh Greene (NOAA) has also looked at limiting factors in the Skagit as (Michael Schmidt).
Focusing on productive capacity of habitat is the way to go because adaptation is triggered when fish are forced to respond to a bottleneck. Therefore not allowing enough wild fish back to "challenge" a bottleneck inhibits adaptation (Pete Lawson). Capacity is not a static number; need to account for the variation in capacity (Jay Hesse). Variability may be more important than equilibrium tendency, and may be the metric that is important to estimate and/or measure (Pete Lawson).
Focus on freshwater capacity AND be aware of scale to maintain biological meaning. Therefore, better to focus locally, than on larger scale (Pete Lawson). Use survival rate models on freshwater only, and let marine survival be an independent variable. Use multiple approaches to break into different parts of the system (i.e., a family of multiple B-H curves for different life-history stages). This will allow evaluation of survival bottlenecks (Pete Lawson).
Also consider using a varied suite of models that, taken together, can be informative about total capacity. Be cautious about over-parameterization, but most mechanistic models appear to be very informative. Recommend using small-scale habitat models because they can be more informative (Pete Lawson). We can use different approaches for different settings, i.e., “Best Approaches Packages” (Rob Masonis). These new approaches should probably be applied from fine scale to large scale and from data-rich to data-poor systems (Pete Lawson).
There may be a need to model for differences in individual fish (Rishi Sharma). Lucy Flynn has modeled individual steelhead growth with SHIRAZ (Eric Warner). There is also the bioenergetic IBM approach of Railsback (Greg Blair).

Possible Ensemble Models

The group consensus seemed to be that advancing ensemble models is most promising approach, as follows:
Model each life stage individually using the most appropriate model and then link them together. This may be mainly an effort to bring models together in something like the Salmon Lifecycle Analysis Module (SLAM), so long as it is scalable from single stock escapement management to mixed stock fisheries management (Michael Schmidt).

Consider combining Noble Hendrix’s, Rishi Sharma’s, Steve Cramer’s and Lucy Flynn’s techniques of sub-parsing populations and/or life history stages with environmental template models, and include stochasticity. This is a combination of mechanistic, deterministic, and statistical methods (Brandon, Jody, MaryLouise). This approach could help because we need to account for all attributes simultaneously (Kelly Moore). Start the process with a simulation model (Brandon Chasco).
Combine the modeling techniques by parts of the watershed, by species, and by life-history stage, i.e., model each stage separately and then re-combine (Jody Lando, Michael Schmidt). Use these as components to estimate smolt to adult survival (MaryLouise). For example, Chilcote is using SLAM, an ensemble model approach, for Willamette chinook and steelhead. The process breaks the population into life history stages and can be used for testing hypotheses of life stage survival; fill in what you know and estimate the rest. SLAM is a good model for narrowing things down, but is not the best for reach or habitat unit scale. So then need to shift to reach-scale models (e.g., SHIRAZ) (Jody). SLAM may be the modeling framework from which other more or less detailed modeling components can be tied together (Anne Mullan).
This approach will result in families of life-history stage survival curves, developed as necessary for each species and location (perhaps roughly following the organization of the KEAs shown in Tables 2 and 3). Then use a habitat-based model to estimate how many fish should be in each habitat unit, based on fully seeded habitats (Eric Knudsen). Then regroup by category (Mark Meleason). Then validate by comparing model estimates to fish production counts.
After the freshwater phase is estimated, then analyze or estimate emigrating smolt numbers compared to adults returning via estuarine and ocean survival models (Pete Lawson). Dan Bottom would be a good contact on this (Tim Dalton). Much of the smolt count data is well upstream of the estuary so be careful about how freshwater and estuarine survival is differentiated (Kelly Moore).
Summary of features of new models:

· Consider ensemble models

· Coordinate with PSC and Puget Sound PVA TRT work

· Focus on systems with adequate juvenile data

· Test model robustness/validation/hypotheses

· Be cognizant of basin differences

· Incorporate hatchery effects in production function

· Be cognizant of over-parameterization

· More evaluations of remote assessment of habitat

· Head toward models with improved ecological considerations (e.g. MDN)

· Assess numerous models using a data-rich system

· Remember that models developed on populations at equilibrium does not describe stressed populations we deal with

· Focus on freshwater capacity and scale so they have biological significance

· Need to assess limiting factors in freshwater (important to provide excess fish needed for bottleneck)

· Use empirical data to analyze carrying capacity (Wash, AK)

· Use natural experiments (opportunistic) to evaluate nutrient inputs (e.g. large pink escapements) on smolt production

· Need to link back to viability criteria and standard management counts like escapement

· Break model into individual life history stages

· Include risk analysis and consider tradeoffs between Bayesian approaches and MLEs

· Use experimental probing of simulations

· Generally follow the life-history organization of information as expressed by KEAs (Tables 2 and 3).

Possible Case-study Watersheds

Find data-rich watersheds. The Wood River in AK is one possibility (Brandon Chasco).
 

WDFW has intensively studied watersheds in each ESU that may serve the purpose (Mara Zimmerman).
 

A lot of data has been collected in interior Columbia; although there may be proprietary concerns (Rich Carmichael).
Perhaps start with maps and identify the best possible watersheds (Brandon Chasco).
Recommendations for Next Steps
By the end of the workshop, most interest seemed to be focused on advancing an ensemble modeling approach, as described above. This would be done by: 
· Assembling a core working group of interested parties to plan and execute some initial strategies. Specific objectives will be developed during this process. Partnerships will be formed as necessary to facilitate this process.
· Simultaneously, the project leaders will write a research plan to guide this project into the future. 
· Also, a group of interested authors will work on a draft manuscript intended to be published in the Fisheries magazine.
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Table 1. Summary of all known past, present, and emergent tools for estimating salmonid habitat capacity and/or escapement goals.

	Class
	Technique
	Species
	State/province
	Comments
	Citation
	Bayesian Application

	Spawner-Recruit
	Ricker
	All
	Range-wide
	Most common S-R model used in Alaska (Muro & Volk 2010)
	Ricker 1954
	Schnute et. al. 2000, McKinley & Fleischman 2010

	
	Beverton-Holt
	All
	Range-wide
	 
	Beverton and Holt 1957
	Barrowman et al. 2003

	
	Hockey-stick
	coho
	 
	Piece-wise S-R model.
	Barrowman & Myers 2000
	Barrowman et al. 2003

	
	Generalized (theoretical) S-R
	Chinook, coho
	Alaska
	Information from nearby stocks, or generalizations about the species are input into the Ricker model to estimate Smsy. Used when data is limited. 
	Ericksen and McPherson  2004, Clark 2005.
	 

	
	S-R with environmental variables
	pink
	Range-wide
	Environmental variables are added to the S-R model to improve fit.
	Chen & Irvine 2001; Chilcote, this workshop
	Su et al. 2004

	
	Hierarchical SR modeling
	steelhead
	WA Lower Columbia
	Meta-analysis uses common distribution of SR curves
	Rawding, this workshop
	 

	
	Hierarchical SR with watershed area and environmental variables
	Chinook
	Pacific Northwest
	Msy regressed on waterhsed area and with envoronmental variables to estimate exploitation rates
	Parken et al. 2006; Sharma, this workshop
	Liermann et al. 2010

	Generalized Escapement Model
	Percentile Approach
	sockeye, coho, chum, Chinook, pink
	Alaska
	Observed escapements are ranked from lowest to smallest. Contrast of observed annual escapements (largest divided by smallest) and exploitation rates determine escapement goal range based on the percentile of observed escapements. 
	Bue & Hasbrouk (unpublished), Fair et al. 2007
	 

	Habitat – Large scale
	RAP (riverscape assessment)
	 
	Range-wide
	 
	Stanford  
	 

	
	Shifting Habitat Mosaic model
	 
	 
	Part of the SaRON project
	Stanford et al. 2005
	 

	
	
	
	
	
	
	

	
	Stream length
	coho
	North America
	 
	Bradford et al. 2000
	 

	
	Lake euphotic volume (EV)
	sockeye
	Alaska
	Euphotic volume used to predict juvenile carrying capacity. Adult escapement is then estimated using marine survival rates.
	Koenings & Burkett 1987
	Bodtker et al. 2007

	
	RIPPLE
	chinook
	Alaska
	Digital terrain-based model for linking salmon population dynamics to channel networks
	Dietrich and Ligon 2008; Lando, this workshop
	 

	Habitat -- small scale
	EDT (Ecosystem Diagnostic  Treatment)
	All
	Washington
	Uses detailed habitat metrics to estimate productive potential. Now estimates survival per habitat, life stage/time step
	Mobrand et al. 1997; Blair, this workshop
	 

	
	Shiraz
	Chinook
	Washington
	The model is a framework for integrated analysis of habitat, hatchery, and harvest impacts on salmon. Uses B-H relationship.
	Scheuerell et al. 2006
	 

	
	SHIRAZ - decomposed
	steelhead
	Washington
	Same as above, but decomposes relationships into life history stages
	Flynn et al. http://www.psmfc.org/steelhead/past-2008.html
	

	
	Habitat Limiting Factors Model
	coho
	Oregon
	Stream carrying capacity determined using habitat unit types. Optimal spawners estimated from avg. fecundity, survivals, and 1:1 sex ratios.
	Nickelson 1998
	 

	
	HLFM
	 
	 
	Updated
	Kim Jones ODFW
	 

	
	HLFM - Landscape model
	coho
	Oregon
	Linking the coho life cycel model with GIS-based landscape data to estimate pool habitat
	Meleason, Lawson, et al., this workshop
	 

	
	Unit Charactristic Method
	steelhead, Chinook
	Washington, Oregon
	Stream rearing capacity is determined using channel units and other attributes and maximum rearing densities. Now estimate survival in adult equivilants per habita unit/life-stae time step
	Cramer and Ackerman 2009; Cramer, this workshop
	 

	Spatial distribution models
	Random stream network model
	coho
	All
	Uses random stream networks to analyze effects of juvenile movement, metapopulation dynamics, extinction risk, and interstream variation
	Leibowitz and White 2009
	 

	IBM bioenergetics models
	 
	 
	 
	 
	e.g., Railsback and Bayer 2002; Petersen et al.  2008
	 

	Heuristic Life-history models
	Life history model 
	coho
	All
	Excel model to deterministically calculate the relative performance of a coho population under various harvest scenarios with MDN feedback
	Knudsen et al. 2003
	 

	
	Life history model 
	chinook
	All
	Similar to above, but compares outcomes of Ricker S-R model to life-history-based computations. Includes multiple age structure.
	Hamazaki 2009
	 

	Conceptual models
	Food web model
	All
	All
	Links salmonid freshwater food production from various sources. Partly quantitative.
	Wipfli and Baxter 2010
	 

	All-H Integration Models
	All-H Analyzer
	chinook, coho
	Washington
	Uses EDT habitat info and estimates of natural production and hatchery introgression to integrate relative wild and hatchery production.
	Mobrand - Jones & Stokes 2007, Kaje et al. 2008
	 

	Population Viability Analyses
	Stochastic Risk Analysis
	 
	 
	 
	Beamesderfer 2001
	 

	
	Salmon Polulation Analyzer (SPAZ )
	 
	 
	A tool for analysis of time series data from salmon populations. It is a collection of multiple methods that can be used to fit population growth models to data and to simulate future salmon population growth for the purpose of assessing population viability and setting population goals.
	McElhany et al. 2006, http://www.nwfsc.noaa.gov/trt/wlc/spaz.cfm
	 

	
	Species Life-cycle Analysis Modules (SLAM)
	 
	 
	A tool for rapid exploration of alternative life-cycle structures and stage transition assumptions, the program can be used to evaluate the population consequences of proposed management actions that affect survival and capacity of specific life stages
	http://www.nwfsc.noaa.gov/trt/slam/slam.cfm
	 

	
	Matrix models
	 
	 
	 
	e.g., Zabel et al. 2006
	 

	Composite life stage statistical models
	Puget Sound Life Cycle Model
	 
	 
	Leslie matrix model with life history stages
	Greene  and Beechie 2004; 2005
	 

	
	 
	 
	 
	Chinook model of environmental effects by life history stage
	Greene et al. 2005
	 

	
	Winter OBAN
	 
	 
	Estimate popualtion dynamics in each life history stage to evaluate factors that influence survival
	Hendrix, this workshop
	Applies Bayesian framework

	Climate Models
	Flow characteristics
	 
	 
	Analyzing potential changes in chinook habitat availability
	Beechie, et al., in progress
	 

	Integrated ecosystem services  models
	Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST)
	 
	Willamette, OR
	Spatially explicit modeling tool predicts changes in ecosystem services, biodiversity conservation, and commodity production levels
	Nelson et al. 2009
	 

	Population management models
	FRAM
	 
	WA, OR coasts
	Model used to annually estimate impacts of proposed ocean and terminal fisheries on Chinook and coho salmon stocks
	PFMC 2007
	 

	
	Selective Harvest Calculator
	 
	 
	A program for exploring the consequences of mark-selective harvest management strategies.
	http://www.nwfsc.noaa.gov/trt/shc/shc.cfm
	 


Table 2.  KEAs and indicators for Chinook salmon ecosystem component.  The table cells are the KEAs.  The table entries are the indicators.  Abundance and productivity KEAs are covered in this table (personal communication, K. Rawson).

	Life cycle segment (subcomponent)
	Life cycle events
	Abundance
	Productivity

	
	
	
	Survival rate
	Fish

 growth
	Population

growth

	Reproduction
	Spawning
	No. of spawners


	
	Avg. size at age
	Spawners/

brood year spawner



	
	Egg deposition
	No. of redds

No of eggs

Biomass of eggs
	Size of eggs
	
	Eggs / female

	Larval

Development
	Intragravel egg 

development
	No. of emergent fry
	Egg-fry survival

rate
	Avg size of emergent fry
	

	Growth and 

Migration
	Freshwater 

rearing
	Density of fry, parr
	
	River residence time
	

	
	River 

outmigration
	No. of river outmigrants
	Egg – outmigrant

survival rate
	Avg. size of fry, parr
	Outmigrants /

spawner

	
	Natal estuary 

rearing
	Density of fry, parr 
	
	Estuary growth rate

Estuary residence time
	

	
	Estuary 

outmigration
	No. of est. outmigrants
	
	Avg. size of fry, parr, 

yearling
	

	
	Nearshore 

rearing
	Density of fry, parr
	
	Avg. size of fry, parr

Nearshore growth rate

Nearshore residence

time
	

	
	Transition to 

offshore
	
	
	Avg. size of parr, 

yearling
	

	
	Open water

 rearing
	
	Inter-annual survival 

rate
	Avg. size at age

Annual growth rate
	

	Maturation
	Coastal migration
	No. recruiting to fisheries
	Outmigrant to recruit 

survival rate

Maturation rate

by age
	Avg. size at age
	Recruits / spawner

	Spawning

migration
	Migration to 

spawning location
	Abundance of upriver 

migrants
	In-river survival

rate
	Avg. size at age
	Upriver migrants/

spawner


Table 3.  As in Table 2, but for the spatial distribution and diversity VSP parameters (personal communication, K. Rawson).

	Life cycle segment (subcomponent)
	Life cycle events
	Spatial

distribution
	Diversity

	
	
	
	Life history

diversity
	Genetic diversity

	Reproduction
	Spawning
	No of subbasins occupied

by spawners
	Timing of spawning

Age structure 

of spawners
	Effective pop size

Alleles per locus

Gene flow

	
	Egg deposition
	No of subbasins with high

redd density
	
	

	Larval

Development
	Intragravel egg 

development
	
	Timing and size 

at emergence
	

	Growth and 

Migration
	Freshwater 

rearing
	Distribution of rearing

among lowland, mainstem,

headwaters
	River residence time
	

	
	River 

outmigration
	
	Outmigration timing

Age structure of  outmigrants
	

	
	Natal estuary 

rearing
	Distribution of rearing

among estuary habitat types
	Estuary residence time
	Number of populations using estuary habitats

 (genetic stock identification)

	
	Estuary 

outmigration
	
	Outmigration timing
	

	
	Nearshore 

rearing
	No. of drift cells (?) with 

juvenile rearing

Distribution of rearing among 

nearshore habitat types

Distribution of rearing within 

nearshore habitat types
	Nearshore residence time
	Number of populations using nearshore habitats

 (genetic stock identification)

	
	Transition to 

offshore
	
	
	

	
	Open water

 rearing
	Distribution of rearing in 

the ocean
	
	

	Maturation
	Coastal migration
	No of coastal migration routes
	Age structure of fishery recruits

Timing of return to terminal

Areas
	

	Spawning

migration
	Migration to 

spawning location
	
	Age structure of upriver muigrants

Timing of upriver migration
	


