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Federal Wildfire Occurences (1980 20]2)

Kernel Density of the Number of Fires (Unwelgh’red)
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Spatiotemporal models

“Conventional” state-space models
nlt+1 =f(nlt )+&lt
gt ~Normal(0,072)

State-space models using random fields
NI+l =fF(N It )+ELt
ELt ~GRF(0,012 C)

Which means that...
nlt+1 (s)=/(nlt(s) )+&lt
Elr (S~ Multivariate Normal(0 X(s))



Spatial population models

Spatial delay-difference model
— Simplest approach to age-structured models

— Accounts for spatial variation in density
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Thorson, J.T., lanelli, J.,, Munch, S., Ono, K., Spencer, P., In press. Spatial delay-difference modelling: a new
approach to estimating spatial and temporal variation in recruitment and population abundance. Can. J.
Fish. Aquat. Sci.



Spatial population models

Limitations
1. No movement
 Wasn’tincluded in spatial delay-difference model

* Could cause difficulty with separable estimation

2. Little-used model

 Delay-difference isn’t widely used
 Students I've worked with aren’t taught it

Solution
— Build spatial surplus production model with movement



Spatial population models

Predicted biomass

bit+1 =g(M (bt xexp(—ultelt)))xexp(edt)

— b, is vector of biomass at different locations
— e, is vector of fishing effort

— M is a matrix of annual movement rates
— g() is a function for density dependence and population growth

— &,is process error, €4 ~MVN(0,2d&)

Density dependence
— Gompertz-form

gxirt ))=xirtexp(at+wilr—Llog(xirt /wir ))

— atwir is spatial variation in productivity for each location r
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Spatial population models

M is a movement matrix

— Advective diffusive movement
d/dt dit =(uV+V-EV )dlt

—So
M=matexp (4¢(uV+V-XV))

— And using the Euler approximation with n steps:
M~ (/+uV+V-2V /1 )Tn



Spatial population models

Highly separable computation
— 200 triangles + 20 years =5 min. on laptop
— Seems to recovery dynamics and density
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Big skate in the California Current
Analyze data from 2003-2013

— Survey catch rates
— Total fishery catch
— Information regarding spatial distribution of fishing effort

Assumptions

1. Catchability coefficient equals 1
* i.e., that survey covers population and all of population is available
e Often used in data-poor methods

2. Known management target for exploitation fraction
e Derived from natural mortality and life history information

3. No movement
 Wasn’t estimable without tagging data
 Results were insensitive to different diffusion rates



Big skate in the California Current




Big skate in the California Current

e Abundance is stable but
fluctuates over time

1500

— Increase from 2008

1000

e Harvest has declined a

Abundance and harvest (tons)

bit .

— (My understanding is
that there’s concerns i
that recent harvest has ©7 2004 2006 2008 2010 2012
been higher) Year

° 8996 metric tonnes OFL » Estimated OFL (black line, with +/- 1 SE

. as grey area)
In 2013 « Observed harvest (dashed line)
* Units: metric tonnes



Simulation testing

e Unbiased estimate of o
OFL

— (Given that Fmsy/M
and M are correctly
specified)

Relative error

* Fairly precise

) 1 : | I | T
— 80% of simulation 2004 2006 2008 2010 2012

replicates within 15% Year

of true value * Relative error (black line, with 80%
simulation interval as grey area)

RELt=(OFL It —OFLit) | OFLit



Conclusions

1. Possible to include movement in spatiotemporal
models

— Euler approximation to advective-diffusive movement

— Can be used to test sensitivity to likely movement rates

|H

2. Useful as “operating model” for testing models

— Spatially explicit simulation models are computationally
efficient

— Could be used during Management Strategy Evaluation
 E.g., Pacific hake in the California Current



Conclusions

3. Likely not possible to estimate movement from
real-world survey data
— Easier using tag-resighting data
 Generally not available for data-moderate species in the U.S.

— Still theoretically possible but probably requires

 Survey with low “residual” (nonspatial) variation
 Fast species dynamics
* Long time series



Conclusions

4. Difficult to define “complex” or “simple” models!

Different meanings of complexity...
Conceptual
For communication
Ecological
Computational
Statistical

Data poor # simple model

Data-poor methods make many assumptions

If you’re using many assumptions, you should be smart about
it!
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