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Central question

If we can’t feasibly protect all the habitat for a
given species, what characteristics of “habitat”
might lead us to favor protecting some habitat
areas over others?




Habitat requirements

Species

Definition of core habitat

Citation

Mountain Quail

A contiguous area of habitat of medium to high quality that has an
area greater than two home ranges in size

In continuous use by the species successful enough to produce
offspring that disperses

Timossi, et al. (1995)

Marten

4

30 to 50 square km, 75% of which is in suitable stands (overstory
of at least 40% cedar, spruce, pine that has a canopy closure >
75%)

Watt, et al. (1996)

Coachella Lizard

Shall contain populations of sufficient size to be considered viable
independent of others

Core cannot be fragmented by roads or development

Core has intact processes including sand source and delivery
system for the lizard

Each contains a sand source

core habitat as patches of suitable habitat (mixed grass prairie, sandhill
prairie, tallgrass prairie, sand sagebrush or shinnery) that are:

either more than 2,000ha in area or between 500ha to 2,000ha in

area and no more than

10km from another patch of at least 500ha in size

Hagen et al. 2004 and




Starting Point: Suitable Habitat

Pronghorn Habitat
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Step 1: Habitat = Habitat Patches

Pronghorn Pronghorn Pronghorn
distribution > habitat > habitat-patch
model map map
Continuous: Binary: Nominal:
Pronghorn habitat Separates pixels Clusters of connected
suitability (0.0-1.0) into suitable and habitat cells are grouped

non-suitable classes and given a unique ID




Habitat patch geometry

e Area ‘

* Perimeter or ‘edge’ ‘

* Edge to area ratio

10m 100m




Shape complexity

Shape complexity can be summarized in terms of a simple edge/area ratio.
Most patch definition procedures provide for such indices simply, even
automatically. Vector GIS packages keep track of the area and perimeter (edge) of
each patch (polygon) in a vector coverage. More frequently, edge/area ratios are
normalized for easier interpretation. For example,

Shape Perimeter, m

Index Perimeter of most simple shape, m

compares the edge/area ratio to the expectation for a circle. A similar
normalization can be applied to compare raster shapes to a square.

Perimeter
4 * (Area)




Shape complexity & fragmentation

More complex shapes are more likely to split
into fragments...



Fragmentation: Conservation implications
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Landscape effects
— Loss of habitat
— Increased isolation of remaining habitat

— Effects on large scale natural processes
(fire, seed dispersal, hydrology)

Community effects

— Increased exposure to predation,
parasites, pathogens, invasive species
(edge effects)

Population effects

— Metapopulations, reproductive
isolation, local extirpations



Impacts of fragmentation

* Physical (edge effects)

— Alteration of the micro-climate ? oy

within and surrounding the i '
landscape remnant

* Biogeographic

— Isolation of the remnant from
other remnant patches




Effects of fragmentation

Confounding factors in the detection of species
responses to habitat fragmentation

Robert M. Ewers"®* and Raphael K. Didham'
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Physical impacts of fragmentation

 Radiation Flux
e Wind

e Water flux




Physical impacts of fragmentation
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Physical impacts of fragmentation

Radiation Flux — Potential Consequences

* Increased radiation
gradient change at the
edge.

- Latitude influences the
radiation effects.

* Air temperature increased
at edges.




Physical impacts of fragmentation

Wind — Potential Consequences

* Increased wind-throw or wind
pruning in trees.

* Wind sheer may affect bird
breeding success.

* Lower regeneration success for existing plant species.

* |Increased transfer of external seed sources



Physical impacts of fragmentation

Water flux — Potential Consequences
* Altered rates of rainfall interception and evapotranspiration.

* Changes in surface &
ground water flows.

* Decrease in buffering.

° Potential increase in erosion

* Potential salt intrusion from raised water tables.



Habitat Cores

Google Earth Engine: 1km from roads
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https://explorer.earthengine.google.com/#gallery/Roadless1km
https://explorer.earthengine.google.com/#gallery/Roadless1km

Habitat Cores

What are habitat “cores”?

* habitat area free of edge effects (zipperer 1993)
* area of limited human access (Noss 1987, Soule & Terborgh 1999)




Habitat Cores
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Mapping habitat cores

“Buffer-defined” core

Habitat - Core habitat - Core habitat
- Matrix Habitat Habitat

- Matrix - Matrix

Patch Analyst 5 FRAGSTATS:
Centre for Northern Forest Ecosystem Research



http://www.cnfer.on.ca/SEP/patchanalyst/Patch5_2_Install.htm
http://www.umass.edu/landeco/research/fragstats/faq/fragstats_faq.html

Home About

FRAGSTATS
Home

FRAGSTATS
Documentation

FRAGSTATS
Downloads

FRAGSTATS
FAQ

FRAGSTATS
Links

FRAGSTATS
Workshops

FRAGSTATS

People Publications Presentations Research Teaching

FRAGSTATS: Spatial Pattern Analysis
Program for Categorical Maps

Home Page
What is FRAGSTATS?

FRAGSTATS is a computer software program designed to compute a wide variety of landscape
metrics for categorical map patterns. The original software (version 2) was released in the public
domain during 1995 in association with the publication of a USDA Forest Service General
Technical Report (McGarigal and Marks 1995). Since then, hundreds of professionals have
enjoved the use of FRAGSTATS. Due to its popularity, the program was completely revamped in
2002 (version 3). Recently, the program was upgraded to accommodate ArcGIS10 (version 3 4).
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http://www.umass.edu/landeco/research/fragstats/fragstats.html



http://www.umass.edu/landeco/research/fragstats/fragstats.html

SDM Toolbox...

Input
Sampled Localities Friction Layer

HOME DOWNLOADS TECHNICAL INFO RESOURCES ABOUT US CONTACTS

Home

March 13, 2015. Software update (v1.1c)- Please update your version of SDMtoolbox!
Please subscribe to email software update notifications

SDMtoolbox now has a forum!

SDMtoolbox is a python-based ArcGls toolbox for spatial studies of ecology, evolution and ge-

netics. SOMtoolbox consists of a series python scripts (71 and growing) designed to auto- OUtPUt

mate complicated ArchMap (ESRI) analyses. A large set of the tools were created to comple- Haplotype Network Dispersal Network
o O-@ 3

ment MaxEnt species distribution models (SDMs) or to improve the predictive performance

of MaxEnt models (for an overview, see chapter 5 in the user guide Bunning a SDM in Max-
Ent: from Start to Finish). MaxEnt uses maximum entropy to model species’ geographic distri-

butions using presence-only data (Phillips et al. 2006) and has become one of the most
prevalent methods due to its high predictive performance, computational efficiency and

ease of use. SDMtoolbox is not limited to analyses of MaxEnt models and many tools are also Y ‘Q \ g
available for use on other data (i.e. haplotype networks) or the results of other SODM methods i & X e

\ 4

{see Universal SDM Analyses). (’% S, )
Cy g%ﬂ>ﬂ ,

\.o 1+
Software citation: Brown L. 2014, SDMtoolbox: a python-based GIS toolkit for landscape ge- [ :

netic. biogeographic, and species distribution model analyses. Methods in Ecology and Evo-
lution DOI: 10.1111/2041-210X.12200




FRAGSTATS OUTPUTs

FPatch Metrics
P7 Perimeter-Area Ratio (PARA
P8 Shape Index (SHAPE)
Po Fractal Dimension Index (ERAC)
P10 Linearity Index (LINEAR)
Pl1 Related Circumseribing Circle (CIRCLE
P12 Contiguity Index (CONTIG)
Class Metrics
C23 Perimeter-Area Fractal Dimension (PAFRAC)

C24-C29 Perimeter-Area Ratio Distribution (PARA MN, _AM. MD. BA _SD. _CV)

C30-C33 Shape Index Distribution (SHAPE MN _AM MD RA _SD. _CWV)

C36-C41 Fractal Index Distribution (FRAC MN, AM. MD. _RA _SD. _CV)

C42-C47 Linearity Index Distribution (LINEAR MN. _AM MD RA _SD _CV)

C43-C33 Related Circumscribing Circle Distribution (CIRCLE MN, _AM. _MD. RA _SD._CV)

C54-C39 Contiguity Index Distribution (CONTIG MN. _AM. MD. _RA _SD. _CV)

Landscape Meirics

L23 Perimeter-Area Fractal Dimension (PAFRAC)

L24.1.29 Perimeter-Area Ratio Distribution (PARA MN, _AM. MD. _EA _SD. _CV)

L30-L33 Shape Index Distribution (SHAPE MN, AM MD. RA _3D._CV)

L36-L41 Fractal Index Distribution (FRAC MN, _AM MD. EA _SD. _CV)

L42-1.47 Linearity Index Distribution (LINEAR MN. _AM MD RA _SD _CV)

L48-L53 Related Circumsecribing Circle Distribution (CIRCLE MN, AM _MD. RA _SD._CV)

L54-L59 Contigutty Index Distribution (CONTIG MN. _AM. _MD. _EA _SD. _CV)



http://www.umass.edu/landeco/research/fragstats/documents/Metrics/Shape%20Metrics/SHAPE%20METRICS.htm

FRAGSTATS outputs... andoutputs... and
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How to use the metrics:

Landscape pattern metrics used as “response variable”

_ (or dependent)
Forest — Some action
y = (X)

fragmentation or factor

e.g. how will clear-cuts affect forest connectivity?

Landscape pattern metrics used as “predictor variables”

: independent or drivin
Bird — (X Patch (indep 9
diversity y - shape

e.g. What aspect of patch configuration best explains
bird diversity?

PATTERN
PROCESS




(A)

Correlations of fragmentation with
social and physical variables in the
PNW

Fragmentation (y) = (x) other factors

© Table
Coefficients of forest fragmentation index linear regression models for western Oregon and western Washington®

Variahle Western Oregon Western Washington
Coefficient r-Yalue Coefficient r-Value
Intercept 33.430™ 15.720 19,062 9.713
log(population density) 9854 13.193 12315 15.905
Distance to highway —030m™ —~3.977 —~0.055 0,746
Income 0,024 0.547 0.140™ 3.463
Distance to urban center ~0.016 ~1.775 ~ 0,006 ~0.508
Percent agricultural land 0.297"" 18.327 0213 7.159
Percent federally owned —0.249™ —6.960 ~0.184™ -7472
arcsin /slope — 80,684 —13.643 —45836"" —8.101
log(population density) = distance to highway —0.427" —6.256 0357 ~5.924
Percent federally owned x arcsin ./ slope 0,890 8.556 0.782™ 11.076

® For Oregon, B2 = 0.90 and # = 605. For Washington, R = 0.68% and 1 = 841,
LAl
P < 0001

Butler, B.J., J.J. Swenson, and R. Alig. 2004. Forest Fragmentation in the Pacific
Northwest: Quantification and Correlations. Forest Ecology and Management
189:363-373.




Why characterize regional pattern

" To compare landscapes ’"etr,g only

= Different pIaces (e.g. 2 different places, similar forest types, 2
different disturbance types)

= Qver time (trajectories of change; more fragmented, less?)

= Alternate management scenarios

C
m © 'Pari,

* To look deeper into processes Other agy

= What is causing the pattern?
= How does the pattern affect the community?



Summary

* Fragmentation has varied ecological impacts
— Different temporal and spatial scales
— Magnitudes vary by species

* Fragmentation can be quantified several ways

— Patch attributes (size, shape, edge effects,
distribution)

— Landscape attributes (total area, summary stats)



