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Figure 6. Sample Frequency Tables for Ownership and Land Use Allocations

Compatible data and tables are saved
in the species-specific geodatabase (see
Figure 7 at right), and other results from the
statistical processes are saved in a generic
output folder. The tables of counts may
include double-counted observations for
observations that overlap multiple
environmental factors; for example, one
observation could be on both BLM and Forest
Service land and would be counted twice. If

the totals in the tables do not match with the

Figure 7. Sample Qutput
Geodatabase Files

total number of observations, this is likely the reason.

Interpretation of these results is not the focus of this project and is

expected to be done by the agencies when they are ready to conduct species

analyses. However, the information and data generated by the application




can be expected to quickly provide counts of
species observations across multiple scales and
in different environmental conditions that can
be used to support agency decision-making
processes. The statistical results (see Figure 8
at the right for sample hot spot analysis) may
also be useful for supporting furtheranalyses or
conducting habitat-level analyses to assess
future areas to survey or where to focus
management efforts for the species. For species
with few observations, the results may not be
as informative, although they will inform the
agencies that the species are known to occur in
few locations and may warrantcontinued

protection.

DISCUSSION

Perry-33

Sample Statistics Data
Boletus pulcherrimus

Hot Spot Counts

A -
B -
0 30mi -7
[ ] | EEE

Figure 8. Sample Hot Spot

Analysis Data

This project was conducted to establish an application with GIS-based

tools and data thatcan improve efficiencies of species distribution analyses

for the BLM and Forest Service. The application was also designed to provide

flexibility with the input data and accommodate easy modification of the

parameters and variables to adapt it for different purposes and with different

datasets. This functionality provides an opportunity for the agencies and
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others to incorporate the application into their GIS-based analyses. The
overall concepts of the application—to select one or more values and run
those values through a series of geoprocessing analyses—can be used for a
variety of purposes.

This application was specifically designed with species observation data
provided by the BLM and Forest Service and is intended to provide
information on species distributions across a portion of the Pacific Northwest
in order to support BLM and Forest Service management actions and
planning for species they manage. It can be used by agency staffor

consultants to the agencies on an as needed basis.

AREASFOR FURTHER RESEARCH

With furtherresearch, the application may be improved to include
other geoprocessing tools and spatial analysis processes and to export
results of the modelin a reportformat, such as in Microsoft Word. Other
analyses may be desired depending on the use of the application, and as the
need arises, additional tools may be added to the application to enhance its
use. The statistical analyses may also be modified or adapted to provide
different types of statistics to assess relationships between the species
observations and different data. For project-level analyses, these
adaptations may include incorporating site-specific data and creating maps

to display the results.
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Otherrefinements to the application to add functionality may include
adding tools to join or relate species data with information from other tables,
such as regulatory status. This type of refinementcould allow the user to
then select a group of species for analysis based on their regulatory status
(for example, all Survey and Manage species).

Python has the abhility to further enhance the functionality of the
application through the development and incorporation of scripts into the
application. For example, Python has a dictionary that allows the user to
export information from one source into a Microsoft Word document. A
search and replace-type script would enable the application to export results
of the geoprocessing tools into a Word template that is set up with tables
and text to report the results. This option would provide species-based
reports thatcould be used as supporting documentation for agency decisions
and be provided in a format that anyone can read.

Some of the literature reviewed for this project should also be further
reviewed to determine if the types of tools and processes used for the
studies could be adapted to conduct furtherresearch on agency-managed
species in the Pacific Northwest. Tools developed by Brown (2014) and
Etherington (2011), for example, may he adapted with data from the
agencies to conduct focused research on rare species or model habitat for

species with limited life history information. Results of the species
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distribution application may also help the agencies determine which species
should be the subject of more focused research.

As new tools and functions become available in newer versions of
ArcG IS, the application may also need to be adapted to work best in the
latest version. The application was developed using ArcGIS 10.2.2, which
has more tools and functions than older versions, such as ArcGIS 9.3.
ArcGIS is constantly being updated and adapted to improve its operations,
and furtherresearch on these improvements should be conducted to

enhance the application accordingly.
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OVERVIEW OF APPLICATION

The species distribution application was developed using ArcGIS 10.2.2
(Arcinfo version) and is accessible via ArcToolbox. The application includes
various models developed using Model Builder and scripts developed using
Python 2.7. The input data default to data used during application
development, but they can be modified to any dataset meeting the same
parameters, as described in “Data Requirements.”

The primary intended purpose of this application is to assess
distribution patterns of Survey and Manage species to support species
reviews and analyses conducted by the U.S. Department of the Interior,
Bureau of Land Management (BLM) and U.S. Department of Agriculture,
Forest Service (Forest Service). However, the application can also be used
for other species with recorded observations in agency geodatabases with
some modifications to the input data and parameters. To support the
primary purpose, the application contains the tools/models listed below and
described furtherin “Geoprocessing Models”:

v Select species observations by attribute (species name) from

master geodatabase and import into a new species-specific
geodatabase

v Generateacountof total species observations in the region (range
of the northern spotted owl)

v Conduct statistical analyses of species distributions bhased on the
observations (nearestneighbor and multi-distance spatial cluster
analysis)

* Intersect species observations with physiographic province data,
generate a count of observations per province, conduct a hot spot

Appendix A:Species Distribution Application Guide
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analysis across the provinces using a spatial join, and produce
graphs of the statistical results

v Perform a spatial join of species observations and counties, conduct

a hotspot analysis across the counties, and produce graphs of the
statistical results

' Intersect species observations with land ownership data and
generate a count of ohservations per owner type

' Intersect species observations with BLM and Forest Service
ownership data, intersect results with BLM Districts and National
Forests data, and generate a count of observations in each District
and on each Forest

' Intersect species observations with land use allocation data,
generate a count of observations per allocation type, and calculate
the proportion of observations in reserve land allocations [not
currently part of application]

v Perform a spatial join of species observations with forest types and
generate a count of observations per forest type

v Select species observations that fall within regionally mapped late-
successional old-growth (LSOG) forests, get a count of the total,
and calculate the proportion of observations in LSOG forests [not
currently part of application]

DATAREQUIREMENTS

Multiple datasets are necessary to run the application. All input and
output data are projected in NAD83, UTM Zone 10N or have a geographic
coordinate system of North American 1983. The default input data include:

v Agency-provided extracts of GeoBOB and NRIS species
geodatabases

v Master geodatabase of species observations, combined and
modified from GeoBOB and NRIS

v Boundary data for the range of the northern spotted owl (Northwest
Forest Plan area), physiographic provinces, states, counties, BLM
Districts, and National Forests from BLM, Forest Service, or public
domain sources (e.g., U.S. Census TIGER Line Files)

v Land ownership data for California and Washington/Oregon from
State of California and BLM
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v Land use allocation data for BLM and National Forest System lands
in the range of the northern spotted owl from BLM and Forest
Service

v Forestcover raster data for the range of the northern spotted owl
from BLM and Forest Service, reclassified by forest type
(coniferous, mixed hardwood-coniferous, and hardwood) and
converted to shapefile format

v Late-successional old-growth forest cover for the range of the
northern spotted owl from BLM and Forest Service

Some of the data have limitations because of their regional scale. Land
ownership data were created by merging data available from different
sources (BLM and State of California), which contained different attributes
and were developed at different times. These data may also notrepresent
the latest information on ownership across the region, but they do represent
the best available regional-scale data for land ownership and were
determined to be the best data for this application. Similarly, the land use
allocation data from the agencies does notincorporate changes to these
designations since the data were developed (2002), and the data do not
include riparian reserves, which are designated at a local level (by National
Forest or BLM District). The forest type data are a reclassification of forest
cover data, which representone interpretation of the forest cover data. The
original data could be reclassified using other factors to generate different
results.

Each of the input datasets can be replaced with a newer version of the
data or a different dataset based on userinput, but the data need to be in

the same format (i.e., only replace polygon data with polygon data or
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geodatabase data with geodatabase data) with attributes that match the
criteria in the models to avoid complications with the models. The application
presents an option for the user to select the master species dataset to use;
the default is set with the data that were available at the time the
application was developed. Other data can be updated, as well, but may
need to be changed within the models themselves (see “Troubleshooting”
section).

The application generates output data based on user-specified values
for the species to evaluate and the geoprocesses to run. For a typical
application run, the following output data and files will be generated:

v Species geodatabase, named based on the species code (for flora)
or abbreviated species name (for fauna) and used to save all

subsequent data

v Species observations feature layer (named based on geodatabase
name, which is used for all subsequent data)

v Species observations intersected and joined with physiographic
province data

v Species observations intersected with ownership data

v Species observations intersected with BLM and National Forest
System lands data

v Species observations intersected with BLM Districts and National
Forests boundaries data

v Species observations intersected with land use allocations
v Species observations joined with forest types

v Species observations joined with late-successional old-growth
forests

v Species observations joined with county boundaries

v Files depicting the results of counts generated from the
geoprocessing steps and results of statistical analyses

Appendix A:Species Distribution Application Guide
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GEOPROCESSING MODELS

As noted above, the application contains various geoprocessing tools
as models to run with the default or user-provided input data. This section
discusses the models included in the application and the parameters

established to provide flexibility with the application.

Species Input Data Model

The species input data model combines input data from GeoBOB and
NRIS and generates an output geodatabase of all species observations from
the agency geodatabases (refer to Figure A-1 below). The input feature
classes include observation points (NRIS flora points, GeoBOB fauna
observations) and polygons or sites (GeoBOB and NRIS flora sites/polygons,
NRIS fauna polygons). It includes steps to buffer point data, merge polygon
data, and modify attributes to simplify and standardize the data for purposes
of the application. This model may need to be modified to incorporate
queries for the data prior to processing, such as to select reproductive sites
of certain fauna. Alternatively, the input data could be queried with a
definition query prior to running the model to only pull in those features that

satisfy the query.

Appendix A:Species Distribution Application Guide
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Figure A-1. Master Species Model Flow Diagram

This model also dissolves the observations to combine overlapping
polygons with the same species code (flora) or scientific name (fauna); the
resulting master species feature classes are used as the primary input into
the rest of the application. Two Separate processes are currently set up in
the model to establish “Master_Flora” and “Master_Fauna” feature classes.
Parameters set up for the model include the input datasets and buffer
distances for point data; these parameters can be modified prior to running

the model. Output data include a combined feature class and a dissolved
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feature class for flora and fauna with the fields and attributes listed in Table

A-1.

Table A-1. Attributes of Species Data

Field Name

Description of Attributes

Combined Flora and FaunaData

OBJECTID Default ID for polygon assigned by ArcGIS

Obs_Date Date of observation from GeoBOB or NRIS (if
available)

Sp_Code Assigned species code for flora and fauna (if
available) from GeoBOB or USDA

Sci_Name Scientificname of species as reported in
GeoBOB or NRIS

Source Source of the observation (GeoBOB or NRIS)

Date_Run Date data were created

Shape_Length

Autom atic length field

Shape_Area

Automatic area field

Master Flora and Fauna Data

OBJECTID

Default ID for polygon assigned by ArcGIS

Sp_Code (Flora only)

Assigned species code for flora and fauna (if
available) from GeoBOB or USDA; field used
for dissolve of combined flora data

Sci_Name (Faunaonly)

Scientificname of species as reported in
GeoBOB or NRIS; field used for dissolve of
combined fauna data

Shape_Length

Autom atic length field

Shape_Area

Automatic area field

Once the species geodatabase was created, it was enhanced with the

addition of tabular data containing lists of the species, alternate species

names or codes, and regulatory statuses of the species. This tabular

information was imported from a Microsoft Excel workbook, which can be

updated as species names orregulatory statuses change. The relationships

and tables can be viewed in ArcCatalog, and tables can be added to ArcGIS.

Appendix A:Species Distribution Application Guide




Perry-A-8

Species Geodatabase and Selection Geoprocesses

The first step of the main application (main model for species) is to
identify the input data, field to select by, and output folder and select the
species to evaluate (parameters for the model). Once the species are
selected (one or more species can be selected to run through the model),
the model creates a geodatabase specifically for each species with a feature
class containing the extracted species observations from the master species
data. Depending on the species selected (how many and which ones), the
model may take about an houror more to run through all the steps. A
submodel runs the geoprocesses automatically as part of the master model
based on user input (Figures A-2 and A-3), and the output data feed into the
rest of the submodel to run geoprocessing tools. The default naming
convention for the geodatabase and species feature class is the flora species
code, as depicted in the master species data, or an abbreviation of the fauna
species’ scientific name, as depicted in the master species data. [Tools to he
developed: The selection model also pulls in observations of the species
based on alternate species codes ornames imported from the Excel
workbook into the species geodatabase. If alternate species codes or names
exist, the model updates the attribute field of the species data to use the

current accepted code or name.]
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Figure A-2. Main Model for Species Flow Diagram

The tools' included in the main model for species from Figure A-2 are:

v Choose Multi Value Script: This is a Python-based script file that
includes specific parameters for a feature class, field, and value. It
includes a validation code that presents a list of values derived from
the field attribute of the feature class. The list allows the user to
check one or more of the values to run through the model. When
the model is opened from ArcToolbox, a window pops up that
presents the parameter options; when the “OK” button is clicked,
the model automatically runs in its entirety for the selected values.

v Species Analysis Processes Submodel: This model pulls in the
“Values to Iterate” based on the user selection and runs them
through the processes outlined in the next section. The parameters
of the submodel are the output folder location and species data,
which can be selected by the user at the main window when
selecting input data and the values to use. Other parameters can
also be set, such as the specific ownership or land use allocation
data to use as inputs for the model, but this requires a modification
to the model and is not the current default.

"The modelsappearmostly white because they are waitingforuserinputonthevaluestouse.Defaultdataand
valuesare already set forthecomponentsofthe modelincolor.The “P"indicatesaparameterforuserinput.
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Figure A-3. Species Selection and Geodatabase Creation Flow Diagram

The tools shown in Figure A-3 for a portion of the submodel for species

analysis processes2 are:

Iterate Multivalue: This tool pulls in all the selected values from
the main model and tells the model to run all subsequent processes
for each value. This is a Model Builder-only tool, and Model Builder
only allows one “iterator” toolin a model. Because of this
subsequent steps were set up as individual processes, although
some additional efficiency may be realized if multiple iterations
could be done (this would require use of Python scripts).

Make Feature Layer and Select Layer by Attributes: These
tools are creating a temporary selection of the species from the
combined species feature class in order to pull in the species code
for flora and use that code for naming and selection purposes later
in the model. The species code of the selected species hecomes a
variable in the model and is cross-referenced later. For fauna, the
selection is by scientific name and a Python script creates the file
name from that name instead of these tools and the Get Field Value
and Calculate Values tools described below.

“The subm odelwassetupspecifically foruse with the flora data,which havesetspeciescodesalready.Aseparate
modelisprovided forfaunaspeciesthatessentiallyrunsthesamebutabbreviatesspeciesnamesforfilenaming.
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v Get Field Value and Calculate Value: These tools extract the
species code from the selected data and create the variable called
“Name” for use with the subsequent processes.

v Create File GDB: This tool creates a file geodatabase in the
designated output folder with the species code (Name). This
geodatabase is used as the output location or workspace for
subsequent processes.

v SelectlLayer by Attribute and Feature Class to Feature Class:
These tools select the species from the master species data (note
this is the dissolved version of the combined species data, which
prevents duplicate features) and export the selected data to a new
feature class in the file geodatabase set up in the previous step.
The name of the new feature class is the “Name” variable.

Intersection and Frequency Geoprocesses

For each geoprocessing step that entails an intersection, the selected
species data are intersected with another dataset (e.g., physiographic
provinces, land ownership) to produce a new feature class in the selected
species geodatabase with a name specific to the species and the intersected
data. The output data are then queried to countthe number of observations
with specific attributes (e.g., owner as BLM, province as Cascades, LUA as
OTHER), and the counts by attribute are exported to database tables in the
geodatabase. The purpose of these tables with counts is to quickly obtain
summaries of the numbers of observations in each unique attribute of the
intersected data. The geoprocesses rely on specific fields in the input data to
run the queries, as listed in Table A-2. The input data used to intersect or
analyze the selected species data can be exchanged for other data with
minimal effort, but the fields noted below should be incorporated into the

input data to avoid complications with the model.
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Data

Field and Attributes

Use in Model

Species Feature (outputof
first steps of submodel)

Sp_Code (unique code for flora
species)

Sci_Name (uniquename for
fauna species)

Data of species
observations; file name
derived from Name variable
and used as name value for
alloutput data and tables

NWFP Provinces (input
physiographic provinces
data)

NAME (name of physiographic
provinces)

Field used to count
observations that fall within
gach province

Owner_WA_OR_CA (input
merged land ownership
data)

Owner (name of owner; e.g.,
USFS, BLM, ST, PVT)

Field used to count
observations that fall within
each ownership status

Owner_USFS_BLM (input
ownership data extracted
for USFS and BLM owners)

Owner (USFS or BLM)

Field used to selectspecies
observations managed by
each agency

ForestType (inputforest
cover data)

GRIDCODE (designated
gridcodes established during
conversion of raster data to
shapefile; 1 = coniferous, 2 =
mixed hardwood-coniferous, 3
= hardwood)

Field used to count
observations that fall within
gach forest type

R5_R6_Forests (input
National Forest boundaries
data)

Mgmt_Unit (name of
managementunit,e.qg.,
Willamette National Forest)

Field used to count
observations that fall within
each National Forest

BLM Districts WA _OR _CA
(inputBLM District
boundaries data)

Mgmt_Unit (name of
managementunit,e.g., Coos
Bay District,Redding Field

0 ffice)

Field used to count
observations that fall within
each BLM Districtor Field

0 ffice

NWFP_LUA_FS_BLM

LUA (code of land use
allocation,e.g., CR, LSR,
OTHER)

Field used to count
observations that fall within
each land use allocation on
BLM or National Forest
System land

Counties_WA_OR_CA

NAME (name of county)

Data used for spatialjoin
and statisticalanalyses

Also as part of the model, the totalnumber of species observations

from the selected species data and the number of observations that fall

within LSOG forests are counted, and the results are exported to database

tables in the geodatabase.
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The tools shown in Figure A-4 for a portion of the submodel for species
analysis processes are:

v Intersect: The species feature class is intersected with multiple
datasets (all separately) to produce a new feature class that
incorporates attributes of the intersected data with the species
data. For example, the intersect with the owner data results in
owner values added to each species feature, where the data
intersect.

v Spatial Join: For larger datasets (Forest Types and LSOG), the
species observation data is spatially joined with the data to create a
new feature class of the joined data. This tool was selected over the
intersect tool to minimize processing time.

* Frequency: The frequency toolis used to obtain counts of species
observations based on specific attributes (e.g., how many
observations are in each owner type orin each province?). The
result of this toolis a unique table imported to the geodatabase and
named using the species name, intersected or joined data, and
count.

L. T Frequeney (£} <re-|-e". Ls )
. _( “Species \J- —‘.[ ] 06 oot
*  Spatial Join (7) Featue L LS —_— e S
J . = =
— —_—

7 /

: } <”;_-.'p-='_- ™,
b Fmqueney ) Feature®,
Court

—

[

Spatial Join

Figure A-4. Example Intersection, SpatialJoin, and Frequency Flow Diagram

Spatial Statistics Geoprocesses

The selected species data are also run through a series of spatial

statistics geoprocessing steps to assess statistical significance of distribution
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patterns and relationships between datasets. The processes included with
the models are:

v Average Nearest Neighbor to determine the distribution pattern of
the species observations (clustered, random, dispersed) by
evaluating the distance between the feature centroids and their
nearestneighbors (Spatial Statistics Tools-Analyzing Patterns-
Average Nearest Neighbor, Euclidean Distance);

v Multi-Distance Spatial Cluster Analysis using Ripley’s K-function to
assess how the spatial clustering or dispersion of feature centroids
(species observations) changes when the distance band or
threshold distance changes (Spatial Statistics Tools-Analyzing
Patterns-Multi-Distance Spatial Cluster Analysis, 10 distance bands
with 9 permutations as default);

v Spatial Autocorrelation to evaluate the statistical significance of the
distribution pattern of the species observations joined with the
province and county data (Spatial Statistics Tools-Analyzing
Patterns-Spatial Autocorrelation, Countas input field, inverse
distance with no distance value); and

* Hot Spot Analysis with Rendering to identify the locations of
statistically significant spatial clusters of high values (hot spots) and
low values (cold spots) of the species observations joined with the
province and county data (Spatial Statistics Tools-Rendering-Hot
Spot Analysis with Rendering, Countas input field, default distance
band).

The output results of these processes are HTML files and tables.
Default file names are used for HTML files (pending resolution of renaming
issues with the statistics tools), so the output files will need to be reviewed
to determine which species they belong with (the input data file name is
noted in the HTML file to track to the species). The results window in ArcGIS
should also be reviewed to determine if any errors or issues were
encountered during the processes and obtain some of the results

information. User interpretation of these results will be necessary to better
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understand the species distributions and applicability of the statistical

processes.

TROUBLESHOOTING

This section presents information on common errors associated with
the application and possible solutions to fix the errors and maintain the
application.

The main models for species are linked to the choose multi value script
and species analysis processes. If these links are broken, the model will not
run. All of the files are saved in a single toolbox, but they can easily be
copied into a new toolbox to modify or use with other models or scripts. The
files should be copied together to ensure operation of the model. The
workspace for the models should default to the folder where the data are
saved, butif not, this can easily be updated in the model properties dialogue
box. The default workspace for ArcToolbox should he checked and set as the
desired output folder prior to running the model. Also, if the Species toolbox
is opened in a different map document than the one provided with the
application, the data links may need to be verified before running the
models.

The statistical geoprocesses may notrun correctly for data with too
few observations. This should not stop the model, and an error message

should appear in the results window once the model is done running.
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If multiple species are selected to analyze, the models may take a long
time to run (e.g., more than an hour), particularly if the species have
numerous observations (e.g., more than a couple hundred). To test the
model, it is best to select one or two species to see how long the processing
takes.

The application uses tools, specifically the Frequency tool, thatrequire
the user to have an Advanced ArcGIS license. The application will generate
an errormessage if a user attempts to runiton a computer with a lower
level license. Similarly, the application was setup in ArcGIS 10.2.2 and may
notrun correctly in lower versions of ArcGIS or in ArcGIS 10.3.

If data errors arise, any modifications to the input data should be
verified to ensure they match the original input data used with the
development of the application. The data should be in the same format and
contain at least one field that matches the parameters used in the models.

[findividual tools or scripts are not working correctly, a quick solution
is to search GIS StackExchange (http://gis.stackexchange.com/) or ESRI
help pages (http://resources.arcgis.com/en/help/) and blogs to determine if

others have experienced similar errors.
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