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Patch Analysis:

After you have generated a corridor polygon that connects two habitat blocks, the next step is to
evaluate how well that corridor serves the species of interest. This Patch Analysis tool is
intended for cases where you feel that some habitat within the corridor may be of poor quality,
and therefore the species will have to move through some amount of unsuitable habitat as it
makes its way through the corridor.

Presumably you have some idea of the largest distance of unsuitable habitat that the species could
move through. This distance value may be based on your knowledge of typical foraging
movement patterns of that species, or possibly juvenile dispersal distances. If your corridor
polygon contains patches of good habitat, then these patches may serve as stepping stones for the
species as it moves through the corridor, and potentially reduce the expanse of unsuitable habitat
that a species must cross at any one time.

This Patch Analysis tool identifies the path through the corridor that minimizes the distance
between patches of high-quality habitat. If no patches are available, then it will simply calculate
the minimum distance necessary to move from one habitat block to the other, while staying
within the corridor.

NOTE: This tool accomplishes its purpose reasonably well, but it can take a very long time to
work depending on the shape of the corridor and the number of patches available. For example,
the analysis illustrated in the example below took 1 hour and 22 minutes to complete. The
problem is that the tool occasionally calls upon Spatial Analyst-based least-cost-path functions
which dramatically increase the processing time. We are looking into alternatives to these Spatial
Analyst functions, which we believe should speed up the analysis, but we do not know when or if
we will be able to successfully implement these alternatives. In the meantime, if you wish to get
a quick and rough estimate of the maximum patch-to-patch distance necessary to get through the
corridor without using this Patch Analysis tool, you may use the standard ArcGIS Measure tool

7
EJ to simply draw a line over what you visually determine to be the longest gap the species will
have to cross.

USING THE PATCH ANALYSIS TOOL:

As an example, suppose that we have previously generated a corridor for Arizona ground
squirrels that connects the Santa Rita Mountains to the Tumacacori Mountains in southern
Arizona:
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The corridor itself is quite long, at about 22 km. There are also a fairly large number of high-
quality habitat patches within the corridor:
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For Arizona ground squirrels, we may feel that they will require a fairly long time to cross this
corridor. Therefore we may only want to consider patches that are large enough to support the
species for multiple generations.

If we generated these patches using the Corridor Designer “Create Patch Map” tool, then we may
have specified a size threshold which would support a sustainable population over multiple
generations. In this case we can easily identify these polygons using the “Gridcode” attribute in
the Patch polygon layer: In this example, population-level patches are identified with a Gridcode
value = 3.
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Click the Patch Analysis button B o open the analysis parameter dialog:
¢# Describe Patch-to-Patch Distances: |

[] wildiand Elack #1: [4] santaritamins

j Select I
[¥] wildland Block #2: 5] tumacacarimtns =] _seiest |
m’ Species Comidar Polygon: I 3] azgraar_1 4r_buffered_d_sj Select |

Selecting Patch Polygons

Patch polygons may be available ina variety of
sizes, and smaller patches may not be large enough
lo support the species at the lewvel vou feel iz
necessary for that species to be ahle to
successfully traverse the carriclar.

¥ Include Patch Polugons

Patch Polpgon Layer: I'I] azgrsqil_sitewidepatches

" Use All Patch Polygons
%" lse Subset of Patch Polygons, where:

—

The CorridorDesigner tool "Create Patch Magp”
allorys wou to generste patch polygons based on

=, ——,
i .

=

2 -~

i

e Corridor

Patch Atirbute Field: [3RIDCODE =] n\';’:i.;‘u
Attibute Value |>= =] |3 ct %
= =] e, ¢ High-Quality = -
_ [ Patches ,
Open tanual | Cancel | ok | <« Hide Help | ——t =T -

Select the polygons that correspond to your corridor and habitat blocks. You may only select a
single polygon for each object, although that polygon may be a multi-part polygon. If you have a
polygon layer containing only a single feature, then you may simply select that layer from the list
in the dropdown box. If you wish to select a single polygon from an existing layer, or if you wish
to select or draw a graphic polygon, then click the second item in the drop-down list “Select by

clicking on map”:

NOTE: This tool will not let you use several separate polygons as a single “wildland block” or
“corridor” object. If you wish to use several polygons for this purpose, you will need to combine
them into a single entity first. We have a separate stand-alone tool available which will do this
function, available for free download at http://www.jennessent.com/arcgis/shapes_graphics.htm

(see especially the discussion of the “Combine Features” tool).
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¢+ Describe Patch-to-Patch Distances:

X

B] tumacaconmtng
d Block #1 Source...

:t N 0N Map -
1] azarzqr_sitewidepatches

2] tezt_bwo_patches

3] azareqr_T4r_buffered d_south
4] zantantamtng

5] tumacaconmbng

[] wildiand Elack #1:

j Select I
i | Selest |
Select |

[] wildland Black #2: |

D Species Corridor Po

¥ Include Patch Poly

Lr

—

Patch Polpgon Layer: I'I] azgrsqil_sitewidepatches

" Use All Patch Polygons
%" lse Subset of Patch Polygons, where:

Patch Attribute Field: IGHIDEDDE
Attibute Y alue |>= j |3

=

Open banual | Cancel | ] | {4 HideHeIpl

Identifying Corridor and Wildland Blocks j
Thiz function will evaluate a corridor connecting two
habitat blocks. Therefare you must identity the
polyoon objects that represent the corvidor and
each hahitat block. You may zelect these polygons
by either selecting the appropriate palvgon layver in
the drop-dowen box, or by clicking on the actual
palygon tself in your mag.

|
Bl Wildlad Blosketl,
f S
- Corridor Polygon, : %“E ,? _;

I ‘ ¥ rore

|
s F”;’"‘Jwﬁ

E:P—‘_-J\"‘\__\_F_::f(_( L=
Wildland Block #2

This will enable the “Select” button just to the right of the drop-down list. Click the “Select”
button to open the “Selecting or Drawing Polygons” function (see Selecting or Drawing Polygons

[p. 7] for details on this on using this tool).

After identifying your corridor and habitat blocks, specify whether you are using patch polygons

in this analysis. In the example above, we are using patc
“azgrsqrl_sitewidepatches”, and we are only considering
>3.

hes from the polygon layer
those patches with a GRIDCODE value

Click ‘OK’ and wait for a potentially very long time for it to finish. Upon completion, the tool

will add graphic connector lines and graphic patch polyg
corridor that minimizes the patch-to-patch distances:

ons indicating the route through the

e
- Population-Level Patches

.,»F'-
[:'—Patches along Best Route

Tumacacori
Mountains

Santa Rita
Mountains
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These are only graphics on the screen and can be easily deleted using the “Delete Corridor
Designer Graphics” tool (see p. 11). You may also convert them to permanent polyline and
polygon shapefiles using the “Create New Shapefile” tool (see p. 12).

The tool will also generate a table of all the connector lengths, listed in decreasing order, and add
it as a standalone table to your map document. Remember that all standalone tables are available
by clicking the “Source” tab at the bottom of the Table of Contents window:

B Attributes of segment_le =10 x|

OlD | Unique_ID Seg_Length
1 8973877198
2 2658 006772
3 2401 874265
4 4539532379
5

G

150
94 56833

Recnrd:ﬂjl—lﬂﬂ wnw:j

Finally, the tool will generate a report detailing the analysis and results:

& k=S
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Report of Patch Analysis: -

Habitat Block #1 = zantaritamtns
Habitat Block #2 = tumacacorimtns
Corridor Polygon = azgrsogrl_14r_buffered_d_south
Patch Layer = azgragrl_siteswidepatches
* Patch Query String: GRIDCODE == 3

& segments required to move from one habitat block to the other.
Segmernt lenoths listed in decreasing ordetr:

1189738771979

2] 2655 0067720

3] 2401 8742651

4] 4539823785

5] 1500000000

5] 94 8653295

Table of Segment Lengths saved to:
DoarcGlz_stufficonsuttation'az_linkages\datasegment _lengths_9 dbf

Hote: You can uze the "Create Mew Shapefile" function to convert vour graphic
patch palygons and segment polylines to new palyline and polygon shapefiles.
Polygons and polylines produced by thiz analysis will be named "Route_Graphics" in
the newy shapefile attribute tables.

Analysiz Began: Tuesday, October 23, 2007 gt 7:20:43 P
Analysis Complete: Tyesday, Oclobper 23, 2007 gt 84244 P |
Time Elapsed: Time Eigpsed: 1 howr, 22 minktes, 1 second. . LI

Erint LCopy ta Clipboard Exit

&4

Note that in this example, Arizona ground squirrels will have to cross a gap of almost 9km in
order to make it from one habitat block to the other.

TECHNICAL DETAILS: For those interested in the methods used by this function, the basic
algorithm works as follows:

1))

2)

3)

Step 1: General Error-Checking: Just makes sure that corridor and habitat block
polygons are valid polygons, and that the corridor actually connects them. This step also
confirms that the two habitat blocks are not already connected (or are possibly referring
to the same polygon), in which case no corridor would be needed.

Prepare the Corridor, Habitat Block and Patch Polygons: This includes extracting only
the outermost ring of the habitat block polygons so that any internal holes are ignored.
The tool only intends to connect the outermost edges of the habitat block polygons and
therefore internal holes are irrelevant to the analysis. This step also involves clipping the
habitat polygons to the general extent of the corridor polygon and checking to see if any
sub-polygons of possibly multi-part habitat polygons can be excluded from the analysis.
Finally, all patch polygons are clipped to the corridor polygon. All polygons are set to
the projection of the corridor polygon.

Generate a Raster Analysis Environment: This function will likely require some Spatial
Analyst processes, and therefore generates a raster analysis environment based on the
extent of the corridor polygon +5% on all sides. The cell size is calculated as the longer
of the height vs. width of the analysis extent, divided by 600.

Last modified 25-Feb-10
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4)

5)

Generate Distance Matrix of all patches and habitat polygons. This reflects the distance
between polygons when constrained to the interior of the corridor polygon, and therefore
the connection segments may bend around corners. If patches cannot be connected (such
as if they lie within different corridor strands), then no distance is calculated.

NOTE: This step is exactly why this function takes so long. It is not difficult to calculate
the absolute Euclidian distances between polygons but it takes a long time to calculate the
distance around corners. This step first generates a connection line that connects the
closest points on each polygon, and then checks whether that connection line extends
outside the corridor boundary. If so, then the tool resorts to Spatial Analyst least-cost-
path functions to recreate that connection line.

Identify Path that Minimizes Patch-to-Patch Distances: This step utilizes a concept
called a Minimum Spanning Tree (MST), which is a method of connecting all nodes in a
graph while using the shortest overall accumulated connection segments. The patches
and habitat blocks are treated as nodes, and the method is modified a bit because the goal
is not to connect all patches but rather to connect the origin habitat block with the
destination habitat block. Therefore the origin habitat block can only have outgoing
connections and the destination habitat block can only have incoming connections, and
the analysis is complete when the habitat blocks are connected, not when all polygons are
connected in a complete MST.

This function implements a variation on Kruskall’s Algorithm to generate the modified
MST. Please refer to p. 174-177 of O’Rourke' for additional information on MSTs and
Kruskall’s Algorithm. In simple terms, this algorithm does the following:

a. Sorts all possible polygon-to-polygon connection segments by length.

b. Starting with the shortest segment, progressively builds an MST graph by adding
each successively longer segment to the graph.

c. After adding each segment, the function checks for two conditions:

i. If the two polygons directly connected by the new segment have already been
connected by some series of shorter segments, then this new segment is rejected.
This is referred to as testing for acyclicity.

ii. If this new segment forms the last link in a continuous connection path between
the two habitat blocks, then the goal has been achieved and the algorithm is
suspended.

6) At this point we have an abbreviated MST that connects the habitat blocks, plus probably

has a few extraneous branches that are irrelevant to the analysis. Therefore the final step
is to prune the extraneous branches, leaving only the single route.

Selecting or Drawing Polygons:

Four functions allow the user to do something based on a selected polygon graphic or polygon
feature, and therefore all three tools needed a way to select or draw that polygon. The Patch

! O’Rourke, J. 2000. Computation Geometry in C, 2™ Ed. Cambridge University Press, Cambridge, United Kingdom. 376 pp.
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Analysis, Bottleneck Analysis, Cross-Tabulation Table and Clip tools all provide access to the
following dialog:

i& Select Species Corridor Polygon... - |EI|£|

1] <~ Select or Draw Graphic Polygorn - o
2] azarsqrl_sitewidepatches_clip_2 E
3] azgraqrl_zitewidepatches_clip_3

4] Censzus Tract Boundaries_clip_2 J

] azareqrl_sitewidepatches_chp_2

6] Censuz Tract Boundaries Cancel |
7] azgragrl_sitewidepatches

8] azogregrl_14r_buffered_d_south Help |
9] zantaritamtnz

10] turnacacarimtng ACCEpt |

INSTRUCTIOMS:

1] Select the appropriate laver from the list above.

2] Enable the Polygon Selection toaol by clicking the croszhair
buttar - --
3] Click an the map to zelect your Speciez Coridor polygon.
4] Click "Accept’ e

hitbp: A fnay. cormidordesign. org

NOTE: The title of this dialog will change depending on whether the user is searching for a
corridor polygon or a wildland block.

This dialog allows you to:
1. Select a single polygon from a polygon feature layer, or
2. Select a single graphic polygon, or
3. Manually draw a graphic polygon on the screen.
If you select a polygon theme from the list at the top of the dialog, then the “Select Polygon”
1

button j will become enabled and the corresponding tool will become enabled on the Corridor
Designer toolbar. Click this button and then select a polygon from the theme. After you click on
a polygon, it will turn a green color with a crosshatch fill:

Last modified 25-Feb-10
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= Select Species Cortido
1] < Select or Draw Graphi
2] azareqil_14r buffered d

i - ip {0y
= ; 2 v
3] santaritamtrz ] & i el AL
4] tumacacorimtng t _J J \
Help |

- Accept | I
| =

INSTRUCTIONS:
1] Select the appropriate layer fram the list above,
2] Enable the Palygon Selection toal by clicking the crosshair

buttan - -—{-—.

3] Click. on the map ta select pour Species Caoridor palpgon.

4] Click 'Bocept,

http:# A, comidordesign. org

T N
s \\\xi\
e WQ\\%

SRS s \

& Select Species Corridor Polygon...

1] <-- Select or Draw Graphic Polpgon -»
2] azgreqrl_zitewidepatches_clip_2
3] azgraqrl_sitewidepatches_clip_3
4] Cenzuz Tract Boundanies_clip_2
5] azarsgrl_sitewidepatches clip 2

uz Tract Boundaries
7] azgraqrl_sitewidepatches
3] azgraqrl_14r_buffered_d_south
9] zantartamtnz
10] turnacaconimtres

IMSTRICTIOMS:
1] Select the appropriate layer from the list abowve.
£ Enable the Palygon Selection tool by clicking the crogshair

buttarn - -E-
3] Click an the map to zelect your Species Comdor polpgon.
4] Click ‘Accept’. i

http: £, cormdordesign. org

You may also select or draw graphic polygons, rather than selecting polygons from a polygon
layer. If you select the first item in the list, “Draw or select graphic polygon”, then both the

=
“Select Polygon” _" and “Draw Polygon” E‘ buttons will become enabled. Use the

appropriate button to either select or draw a graphic polygon. Note that the instructions change if

you select this option:

Last modified 25-Feb-10
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& Select Species Corridor Polygon...

tor Draw Graphic Polygon --»
2] azgraqr_zitewidepatches_clip_2
3] azgragrl_zitewidepatches_clip_3
4] Cenzuz Tract Boundanies_clip_2

] azgreqrl_zitewidepatches_clip_2

6] Census Tract Boundaries Cancel |
7] azgreqr_sitewidepatches

8] azarzagrl_14r_buffered_d_south Help |
9] zantaritamtnz

10] tumnacacarimtns AeEEpt |

IMSTRICTIOMNS:

1] Select the appropriate laver from the list abowve.

21 Ta SELECT an exizting graphic, enable the Palygon Selection

toal by clicking the crozzhair button on the upper night. Then click -E-
on the map to zelect your Species Comdor polygaon.

3] To DR&W a new graphic, click the Polygon Draw toaol an the E‘
[cower right and wse it to draw your Species Comidor polpgon.

4] Click "Accept’

by

hittp: A fveaay. cormidardesign. org

In all cases, selected polygons will be shaded green with a crosshatch pattern. If any of these
graphics remain in your view after you no longer need them, you can quickly clear them out using
the “Delete Corridor Designer Graphics” tool (p. 11). You may also convert any graphics to a
shapefile using the “Create Shapefile” tool (p. 12).

Last modified 25-Feb-10
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Delete Corridor Designer Graphics:

Corridor Designer Tools

neEEa@ oD o

Several of the Corridor Designer Evaluation functions create graphics on the screen. For
example, the Clip tool and the Polygon Selection tool both produce polygons with a particular fill
pattern:

Selected Polygon will turn green
with diagonal crosshatch:

The bottleneck and patch distance tools will also produce distinctive graphics.

This button simply clears out any CorridorDesigner-produced graphics, leaving any other user-
created graphics untouched.

Last modified 25-Feb-10
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Create New Shapefile:

Corridor Designer Tools

PBES & o0

E

This function allows you to either create a new empty shapefile or convert graphic shapes to a
shapefile. You may create either point, polyline or polygon shapefiles with this tool.

0 Polygon shapefiles will include attribute fields for [Unique ID] and [Area].
0 Polyline shapefiles will include attribute fields for [Unique ID] and [Length]
0 Point shapefiles will include attribute fields for [Unique ID], [X Coord] and [Y_Coord].

NOTE: If you are converting graphics to a shapefile, and if those graphics have names (right-
click the graphic and check the properties to see if it has a name), then these names will also be
added to the attribute table in a [Name] field.

This function also allows you to convert polyline graphics to polygons, or polygon graphics to
polylines, if you wish. When opened, the tool will examine your map to see how many point,
polyline or polygon graphics are available, and whether any of them are selected. The tool will
show you how many of each type are available to convert. If you attempt to create a shapefile
from existing graphics when there are no graphics to convert, you will be notified of this and
asked if you would like to try a different shape type.

NOTE: Certain linear or areal graphic shapes are not technically polylines or polygons. Polygons
that are defined by a circle or elliptic arc are not really “polygons” in the sense that they are not
composed of a series of straight-line segments. This is also true for linear features that are
constructed of Bezier curves. It is not possible to add true curves such as circles, ellipses or
Bezier curves to a polyline or polygon shapefile, so this function will convert these shapes to
standard polygons or polylines before adding them to the shapefile. It does this by generating
200 evenly-spaced points along the length or perimeter of the curve, and connecting these points
with straight segments. Therefore, if the original graphic feature is composed of true curves, then
the actual shape in the shapefile will be slightly different than the original feature.

v+ Create Shapefile: x|
r -
{~ Create new shapefile % Convert graphics to shapefile Fa
| i
. . - F
; E
1] Foint Shapefile: 0 Points 1 J ’l

€ Paint Shapefile 2] Polpline Shapefile: 2 Polylines
3] Palyling Shapefile: 2 Polulines + 3 Polyg
id] Polygon Shapefile; 3 Polygons
B] Palygon Shapefile: 2 Pallines + 3 Polpgons

£ Falvline Shapsfie

£ Folygon Shapefie
[T Orly convert selected graphics

E;}j,gﬁgg' | S patial Reference = NAD_1983_LITM_Zone_12M ok

Cutput Shapefile:
ID:'xan:EIS_stuff'xl:-:unsuItaticun"xaz_Iinkages"-.dataE"-.NEWShape_45.shp T |

You must set a spatial reference for the new shapefile. If your map has a spatial reference set,
then the map spatial reference will be the default value. You may easily change the spatial
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reference by clicking the “Set Spatial Reference” button and identifying the spatial reference you
want:

New Spatial Reference X|

M armne: |I3 C5_wih5_1984
Details:
Angular Unit; Degrees [0.01745323251534.3239] ;I

Prime Mendian: Greerwich [0.000000000000000000)
Daturn: D_'WiGS_1334
Spheroid: "G5_1984
Semimajor Axiz: B37E1 37 000000000000000000
Semiminor dxis: B3BETEZ 3142451 79300000000
Inwverze Flattening: 298 25722356 3000030000

Select a predefined coordinate system.

Impart a coordinate gpstem and =57, 2 and b
domains fram an exizting geodataszet [e.g.,
feature datazet, feature clasz, raster).

Mew ~| Create a new coordinate spstem.
. E dit the properties of the curently selected
Modify... !
coordinate zpzstem.
Clear | Setz the coordinate system to Unknown,
Save bz | Save the coordinate syztem to a file.

Finizh Cancel

NOTE: This function adds the new shapefile to map, but does not delete existing graphics so you
may not see the new shapefile when the shapes lie behind the graphics.
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