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Toward ecosystem management

A Consider feeding interactions: fish eat fish

A But living organisms are smart
I Behavior impacts interactions
I Human behaviompacts fishing



Main elements of Ecosim

A Includes biomass and siggructure dynamics
I mixed differential and difference equations

A Massbalance (Ecopath) for initial state

A Variable speed splitting
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A Effects of micrescale behaviors on macro

scale rates



Sizestructured dynamics

A Multi-stanza size/age structure by monthly
cohorts, densityand riskdependent growth;

A Adult numbers, biomass, mean size
accounting via deladifference equations;
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property of competition/predation
Interactions of juveniles.



Biomass dynamics in Ecosim

A Gross food conversioBficiency,
GE = Production / Consumption

A dB/dt = GE - ConsumptierPredation- Fishery
+ Immigration- Emigration- Other Mort.

A Consumption ¥ micro-scale rates
A Predation 3 micro-scale rates
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Foraging arena
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Top-down vs.bottom-up control
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Predation mortality: effect of vulnerabillit
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Foraging arena theory

A argues that the same finscale variation that
drives us crazy when we try to survey
abundances in the field Is also critical to leng
term, largescale dynamics and stability

A Foraging arenas can now be shared between
predators, (e.q., by different yeatasses)

A EWE now allows bout feeding



Finescale arena dynamics: food concentration
seen by predators should be highly sensitive to
predator abundance

Predation
rate:

aVvP
(mass action
encounters,
within arena)

This structure implie¥ NJ-RISALES Yy pr&igtin@ates:
V=yN/(v;+v+aP)

(rate per predator decreases withcreasing predator
abundance P



Food concentration in arenas should be
highly sensitive to density of animals
foraging there

dV/ dt = (mixing i(mixing out}(consumption)
= WwN - @Q+ - avP

Fast equilibration of concentratiomplies

V =vN K aP) ¥ Q b



Effect of local competition on food densi

A Fast equilibration of concentration
implies: V wN K aP) JQ b

=
kN

Arena food density (V)
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Predicts strongffects at lowdensities

Trout in BC lakes
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Movingpredictionsto larger scales
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Behavior impliedBevertonHolt recruitment model
(1) Foraging arena effect of density on food available:

Food Strong empirical
density support

Juvenile fish density
(2) implies linear effect on required activity and predation risk:

ACtl\t/Itl}’t, Emerging empirical
mortality support (Werner)

Juvenile fish density
(3) which in turn implies the BevertonHolt form:

Net recruits Massive empirical
surviving support

Initial juvenile fish density



BevertonHolt shape and recruitment
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600+ examples now):




Predicting consumption
Basic consumption CHAA B ij

equation: Qij V.4V +a oP
1] 1] 1] J
Adding additional realism to the consumptiequation:

a owV. 0B oP ol oT S oM./ D.
J J ' J ' J 1] J J

J V.+V. ol. oM. +a. oM. P «S «T./ D.
i ] | | | J

Q =consumption S= seasonality or lorterm forcing
a = effective searchate M =mediation

v =vulnerability T= searchime

B= biomass D=f(handling time)

P= predator biomass atumber



Mediation

A Non-trophic mediation of interaction between
a consumer and a prey group
I Tunac smallpelagics; albatrosses
I Piscivoreg macroalgae; juvenile fish
I Trawlingg resuspensior primary production
I Primary productiorg shadingg macroalgae
i X
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Functional response?

A Serves to limit consumption
rates when moving away
from initial condition

A Foraging arena provides &
flexible representation of :
functional response

A Foraging arena: main " e
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functional response
formulation

I Incorporates prey behavior
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Ecosim seeks to predict changes In
mortality rates, Z

wZ=F+ sum ofV;
(predationcomponentsof M)
where M;; 1s Q;/B;
(iInstantaneougisk of being eaten)

¢ M; varies with
¢ Changes in abundance type | predators

¢ Changes in relative feeding time pseyi and
predator|



Time predictions from an ecosystem model of the
Georgia Strait, 1950000

With massaction (LotkaVolterra) interactions only:
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models?

A No model fully represents natural dynamics, and henc
every model will fail if we ask the right questions;
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policy choices, I.e. makes correct predictions about th
relativevalues of variables that matter to policy choice

A No model can predict t
every possible policy c

ne response of every variable t
noice, unless that model is the

system being managec
approach).

(experimental management



