Using spatially explicit population models to
evaluate habitat restoration plans for the San
Diego cactus wren.
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When thinking about ideal cactus wren
habitat, consider primary threats:

-y

Fragmentation gfSersie

* Fragmented habitat patches
are genetically isolated

e Small patches are
demographically vulnerable

e Connectivity allows for re-
colonization

* Fragmentation protects
patches from single
catastrophic fire

e Good habitat often occurs
in fire-prone areas
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Potential habitat (south facing, coastal sage, preserved, low elevation)
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To choose a restoration site, we need a meta-
population model that:

Incorporates risk due to fragmentation and isolation

 Population, or patch, size
 Annual adult survival
 Annual juvenile survival
* Fecundity

 Dispersal

Incorporates risks due to fire

 Fire frequency
e |mpact of fire
e Dispersal




Compare two modeling techniques

RAMAS — matrix metapopulation model
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These models differ primarily in how they treat the space between
habitat patches.

Forecast 50 years into the future and compare outcomes under

different strategies for restoring 20 and 200 hectares of cactus wren
habitat.
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Model 1: Limitations

Simple interpretation of the landscape

e Patch or no patch

e No “matrix” in between patches

* No edge effects

* No fire spread

 Dispersalis probabilistic, not deliberate
* No cost to dispersal

e (Cannot consider patch geometry



Model 2: Individual model

The entire landscape is considered, impacting:

(i) how fire is modeled,

Wren adult and juvenile survival
and fecundity are the same
between the two models.
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Model 2: Fires in the individual model
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Model 2: Births and deaths in the individual model

| Occupied cactus habitat
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Model 2: Births and deaths in the individual model

~ | Occupied
B Unoccupied



Model 2: Births and deaths in the individual model

Cost to dispersal:
0.5-2% chance of dying per cell traversed

~ | Occupied
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Model 2: Individual model
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Model Comparison

RAMAS — matrix metapopulation model
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Advantages:

e Simpler
e Developed methods and software
e Short computation times

Advantages:

* Realistic fire spread
* No loss of habitat geometry
e Cost to dispersal
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Results (20 ha of suitable habitat added)
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Average Final Abundance (wren pairs)

Results (20 ha of suitable habitat added)
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Results (20 ha of suitable habitat added)
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Results (200 ha of suitable habitat added)
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Sensitivity of individual-based model, adding 20 ha
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Sensitivity of RAMAS matrix model, adding 20 ha
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Summary

When 20 ha are restored, habitat augmentation is best

When 200 ha are added the models recommend
different strategies

Cost of dispersal is important
Edge effects matter

Geometry of the landscape is
predicted not to be important
at our site
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Results: Isolation versus occupancy
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Model 2: Births and deaths in the individual model

Each occupied grid cell represents a breeding
pair.
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Model 2: Dispersal in the individual model
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Model 2: Dispersal in the individual model
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Model 2: Dispersal in the individual model
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Results (200 ha) — Individual-based model

Dispersal Low (0.98), Big & small patches have Dispersal High (0.995), Big & small patches ha
different vital rates different vital yates
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Results: Adding 20 hectares
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Results: Adding 200 hectares

)
O
a
S n
i
AT
O O O0Oogowo
8SB8 T g¢
= = = bobo
O 003>
vooo<<
OEESRA
I T T T
= = = = = = = =
] = = = (] = (]
Mo [N L™y =T (na] L] |

oUBpUNQY [EUY 22130y



Results: Sensitivity tests
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Results (200 ha of suitable habitat added)
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Results (200 ha) — Individual-based model

Dispersal Low (0.98), Big & small patches have Dispersal High (0.995), Big & small patches ha
different vital rates different vital yates
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Results: Isolation versus occupancy
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