diffusion approximation
approaches for metapopulation
viability analysis



‘'stochastic approximation’ approach:
example from single population

f4*¢s
f3*¢4

Se*8e81*8182*8283*8

— Asymptotic stochastic model
In Ni,..=In N; + pt+e, € ~ N(O,6 sqrt(r))
~ Markov or diffusion approximation

In N;,.,=In N; + p+¢, € ~ N(0,0)



corrupted diffusion model

f4*¢s
f3*¢4

Se*8e81*8182*8283*8

4+ Various types of observation and other extraneous variance

~  State-space model

In Ni,1= In N{ + p+e, ¢ ~ N(O,0)
In Yt+1 In Yt+l + &, & — f(V Gs)



lots of things affect metapopulation
dynamics
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JUCN Red List Criteria

» Criteria A2: “A reduction of at least xx%,
projected or suspected to be met within the next
XX years....”

 Criteria C1: "Population estimated to number
less than xx and an estimated continuing decline
of at least xx% within xx years....”

 Criteria E: "Quantitative analysis showing the
probability of extinction in the wild is at least xx%
within xx years...”



diffusion approximations for

metapopulations

A theoretical framework for ‘diffusion
approximations’ for metapopulations

Application to declining metapopulations
Example using chinook salmon

Some conjectures regarding management
implications



focus on declining metapopulations

Snake R Spr/Sum Wild Chinook
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local internal dynamics

N;(t) = N; (t-1)e*™

stochastic population growth

—d,(t-DN; (t-1)e*"?

dispersal out

+> a; (t-1)d; (t-1) N, (t-1e "

J#i

dispersal in

Any spatial pattern of dispersal (any kernel)

Any temporally varying distributions of dispersal rates as
long as the distributions are stationary

Any spatial pattern of correlation in growth rates among
sites

z's need not be normally distributed



Matrix representation of
stochastic metapopulation

N (4 N ()"
N, (t+1) N, (t)
N;(t+1) | = A(t)<&N3\(t)

| ——_ stochastic

_Nk(t+1)_ _Nk(t)_ matrIX
((1-d,)e* a,d.e?  aude® ... a,de*
a,d.e*  (1-d,)e? a,d.e® ... «de*

Alt)=| a,de* a,d,e? (1-d)e* ... ade"

B alkdleZl CZdezezz a3kd3ezs cee (1_dk)e2k_



N, (t+7) | N, (t) |
N, (t+7) N, (t)
N,(t+7) |[=At+r-D)xA(t+7-2)x... A(t+1) x A(t) x| N,(t)

Product of random matrices

N (o). N0,

v
INnM(t+7) >InM({)+7u, +¢

o

In Ni(t+2')t—> In N.(t) + 71, +¢

g ~ normal (0, aﬁ)



simulated example of long-term
dvnamics
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observed vs theoretical distribution
of metapopulation size
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— true value O actual relationship

[ distribution of estimates — correct relationship
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from theory to application

Develop of approximation: In M(t)/M(0) =
normal(tu, to)

Develop of statistical methods estimating
parameters: uand o

Cross-validation using data
Use of approximations for PVA purposes






Shake R Spr/Sum
Chinook Salmon




Snake River spr/sum chinook
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management conjectures
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Observed subpop rates of decline
do not reflect local conditions

At equilibrium, observed differences In
local trends occur by chance

 Actual local conditions (plus connectivity)
are reflected in local density



* This has work has
implications for how
trends of individual
stocks in a
metapopulation are
interpreted.

 How do you account
for non-equilibrium
dynamics?

 Transients?
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“bang-for-effort”

Uniform Local Growth Rates
Dispersal Sources and Targets with Global Dispersal
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|ocal Density Rank

i o e I e B
thoh oo O —=
1 1T T T [ 1 ]

“bang-for-effort”

Vanable Local Growth Rates

Dispersal Sources and Targets with Neighborhood Dispersal
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Somewhat intuitive
implications for
distribution of habitat
protection efforts -
protect pristine areas with
high population densities

Counter-intuitive in-
stream harvest closures
- allow harvest in low
density-streams and
close harvest in high-
density streams








