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Lousy lessons learned

Study design and parameter estimability for spatial and
temporal ecological models using data cloning
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Parameter estimability
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Introduction: Data cloning

Data cloning

« Estimability of parameters in your model

increasing number of clones >

Lele et al. 2007 Ecology Letters



How does data cloning work?

1. Create a K cloned data set

2. Using MCMC, generate
draws from your posterior,

based on some (proper) prior

and the likelihood of the
cloned data vector

3. Compute means and sample
variances from the marginal
posteriors from the MCMC
output

Given enough clones....

4. The MLE is the mean of the
posterior, and the variance is
K times the MCMC sample
variance

Marginal density

k times

DfK=D,D,...,p D:data

k : number of clones
M : model
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> install.packages(“dclone™)

Lele et al. 2007 Ecology Letters



Data cloning and estimability

Variance in posterior should decrease at a rate of 1/K
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Data cloning and estimability

Posterior mean should be invariant to the choice of prior
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Case study: sea lice on juvenile salmon

1. How does one address problems of parameter
non-estimability?

2. How does one avoid such problems to begin
with?




Case study
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Data:

Spatial surveys of sea louse abundance

location of

O
salmon farms
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Case study

The model

What is the relative
contribution of farm
and ambient sources
of sea lice?

KrkoSek et al. 2005 Proc Roy Soc B: Biol. Sci.
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Case study

farm location

Three hypotheses:

—_—

. No effect of farms

2. Point source of sea lice at
location of farm

3. Both backgroun
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The math

farm location y4

L(x) =k + f f(x)

Expected number of lice of each stage:

C(z) = ,B/Z:\ L(x)dx
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b transmission coefficient (unknown)
i distance migrated during stage i (days)
Si survival of lice from stage i to i+1




The math

farm location

Infection pressure

M(z)
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Case study

Model results
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Case study 1. Addressing non-estimability

Non-estimability of parameters
2006 data
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Case study 1. Addressing non-estimability

Density

Density

Density

Non-estimability of parameters
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Case study 1. Addressing non-estimability

What to do about non-

estimability”?
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Case study 1. Addressing non-estimability

Revisiting model structure

farm location

L(x) =k + f f(x)
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Case study 1. Addressing non-estimability

Revisiting model structure
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Scaled variance

Case study 1. Addressing non-estimability

Ndosastabdibyitf phpanasheters

Before

o

0.992 0.994 0.996 0.998 1.000

Sc-pink

\
IIIIII___
[ T T T T 1

I I I I 0.001 0.003 0.005

sp-pink

Density

Density

090 092 094 096 0.98

Sc-pink

0.47 0.49

Sh-pink

1.00

@ON

20



Case study 1. Addressing non-estimability

Revisiting our hypotheses

farm location

Density of larval sea lice

T~ 3.Both-k&f
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Relative strength of farm vs. ambient sources of lice:

Original 2006 model (non-estimable) 29 - 16,165
f / k Revised spatiotemporal 2006 model 578

(estimable)

Published 2004 estimates 28 - 21,445

Krkosek et al. 2006 PNAS

How did non-estimability
influence our conclusions?
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Case study: sea lice on juvenile salmon

2. How does one avoid such problems to begin
with!?
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Case study 2. Avoiding non-estimability

Which sampling design should be
adopted to ensure k and f are estimable?
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Case study 2. Avoiding non-estimability

Estimability of
ambient and farm
sources of sea lice

Scaled variance
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Case study 2. Avoiding non-estimability
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Case study 2. Avoiding non-estimability

Parameter estimates
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Lousy lessons learned

Check parameter estimability!
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In our case estimability was fixable by: OR avoided by investigating
v Fixing parameters different spatial/temporal designs

v Revisiting model structure

v Collecting more/
different data*
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