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Problem Statement

m Abundance indices of several pelagic fishes in the upper
San Francisco Estuary (delta smelt, age-0 striped bass,
longfin smelt, and threadfin shad) had remained
unusually low since early 2000s

Seek to examine simultaneously the effects of multiple
potential drivers on one or more fishes and place these
declines in the broader context of estuarine degradation

Modeling monotonic declines of a species using

correlative approaches can be difficult as other factors
with monotonic declines should correlate well.




Our Approach

m Instead of using correlative approaches, use simulation
modeling

Instead of solely modeling populations in decline, also model
populations that were increasing

Use our knowledge of the ecosystem (esp. food web and
habitat) to explore potential hypotheses to explain the decline

Use a modular building-block approach
Understand energetic flows in system (Ecopath)
Explore hypotheses about the system using simulation (Ecosim)

Build spatially-explicit model using lesson learned from exploratory phase
(Ecospace)

Incorporate hydrodynamics for a Management Strategy Evaluation tool
(coupled model)




Ecosystem Modeling: Ecopath with Ecosim (EwE)
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Presenter
Presentation Notes
Ecopath is used to organize data on trophic interactions and population sizes. Has routines for entry of key data on the biology and exploitation of ecosystem groups, and for creating a mass-balance “snapshot” of an ecosystem.
Ecosim builds dynamic predictions by combining the data with foraging arena theory. Provides dynamic simulation of effect changes in fishing or environmental regimes may have on fisheries catches (volume and value) and the abundance of various groups in the ecosystem.
Ecospace for addressing spatial policy questions, esp. marine protected areas.
Ecotrace for exploring ecosystem effects of persistent pollutants
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Ecopath Mass Balance

B. *(Ej * EE, —ZH:BJ. *(%j *DCH -Y. *E. —*BA =0

i j=1 j

B= Biomass,

P/B= Production per Biomass,
Q/B=Consumption Per Biomass,
DC= Diet Consumption,

EE= Ecotrophic Efficiency,

Y=Yield (removals), E= Emigration, BA=Biomass Accumulation




Ecosim

m A time-dynamic simulation tool for hypothesis
exploration and studying management policy
options

m Ecosim builds on Ecopath

m Typically,
s Use Ecosim to estimate vulnerability parameters by
fitting to time series data,

= Then use Ecosim to project implications of policy and
management decisions




Ecosim Master Equation
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B; biomass of trophic groupi M, other mortality rate
g, growth efficiency F, instantaneous rate of
Q; consumption of prey (j)  fishing mortality

Q;; consumption by predators e; emigration rate

immigration rate




Ecosim: Time series data

Drivers Evaluation
m Mortality rates Biomass (relative,

m Fleet effort absolute)

m Biomass (force) Total mortality rates
m Time forcing data Catches/Removals
(e.g., prim. prod., Average weights

salinity) Diets




Ecopath: Mass balanced snapshot
of SFE In early 1980s
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Ecosim: Simulation of the POD
species since early 1980s




Ecosim: Hypotheses explored

m Decreased primary
productivity/
Chlorophyll-a.

= striped bass

threadfin shad
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m Invasive species
m Corbula Clams,
= Limnoithona, and

m Submerged aquatic
vegetation — SAV)
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Invasives-Food Web

Model effects

Type of
function/
Model ID

Chl-a

Forcing
Function

Corbula Limnothoina SAV

Forced Forced Forced
Biomass Biomass Biomass

Sum of
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X
X

X
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187.2
214.5
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Conclusions

m Best fit comes from forcing primary production and SAV,
suggesting an exogenous factor driving the system (i.e.,
not necessarily Limnothoina or Corbula)

m HOWEVER using a “Top-Down” model

m also estimates of invasives could be improved

m \We can re-work Ecopath for a “Bottom-Up” model to see
If initial conditions have an effect on conclusions

m \We can build spatially explicit model that does not rely
on forcing functions



Presenter
Presentation Notes
I agree with the SAV because you really need that to explain largemouth bass.  Remember our discussions that Largemouth bass are largely dependent on the SAV food web rather than the pelagic food web.

Our estimates of Corbula biomass densities are pretty crappy at the moment so I’m not surprised that forcing chlorophyll works better than the Corbula grazing estimates.  That doesn’t mean that Corbula isn’t part of the story of decreasing chlorophyll right?  Maybe the better conclusion is that we need to just take a closer look at processes that might affect chlorophyll rather than saying anything in particular is not important.  People around here really latch on to such statements when they support their agenda.  I like the mention of working the model from top and bottom.


Parting point to consider

“Ecosystem models... will frequently be the best
sources of such [resource management]
Information. In its absence, managers and
decision-makers will have no choice but to fall
back on their own mental models which may
frequently be subjective, untested and incomplete,
a situation which is clearly to be avoided.”

The ecosystem approach to fisheries. Best practices in ecosystem
modellin% modelling ecosystem interactions for informing an ecosystem
approach to fisheries. No. 4 Suppl.2.1. Rome, FAO. 200. 44p.
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Presentation Notes
I like the parting point.  You might also want to mention where there were big data gaps.  We collect a lot of data here but not much of that data was super useful for your modeling efforts correct?  It would be good not to sound critical but maybe just touch on some things that would make it possible to develop a better EwE model.


Extra slides




Fitting to data

Formal (Statistical) Estimation
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1. Forcing and Mediation
Functions
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1. Forcing and Mediation
Functions

h,T,

D.

' 1+) a,BTM,

aij is the rate of effective search for i by |, Ti represents prey relative feeding
time, Tj the predator relative feeding time, Sij the user-defined seasonal or
long term forcing effects, Mij the mediation forcing effects, and Dj represents
effects of handling time as a limit to consumption rate




Initial conceptual model of SFE
Fisheries Ecosystem

San Francisco Estuary Fish Food Web
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Why Model?

Usually not feasible to monitor all performance indicators directly, but
performance indicators can be extrapolated from measurable variables.

Management plans rest on implicit assumptions about causal relationships
between plans and desired outcomes. Models necessitate formalization of
the assumptions and provide structure for organizing relationships.

Models enable projection. Projected changes in indicators help to identify
needs for adjusting management plans and policy decisions.

The application of equations that capture essential aspects of systems or
processes often lead to the discovery of unknown properties of the systems
or processes in question, just through standard mechanical algebraic or
other mathematical manipulations

“It is useful to test prospective management strategies against ecosystem
models: if they don't work on simple models why should they work in
reality” - Keith Sainsbury , icEs/scor conference, Montpellier March 1999
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