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Map 14. Distribution of leafy spurge (Euphorbia esula) at the U.S. Air Force Academy in 2002
and 2007.
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Map 15. Distribution of myrtle spurge (Euphorbia myrsinites) at the U.S. Air Force Academy

in 2007.
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Map 16. Distribution of common St. Johnswort (Hypericum perforatum) at the U.S. Air Force
Academy in 2002 and 2007.
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Map 17. Distribution of yellow toadflax (Linaria vulgaris) at the U.S. Air Force Academy in
2002 and 2007 (within high priority conservation areas only).
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Map 18. Distribution of Scotch thistle (Onopordum acanthium) at the U.S. Air Force Academy
in 2002, 2005, and 2007.
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Map 19. Distribution of tamarisk (Tamarix ramosissima) at the U.S. Air Force Academy in
2002 and 2007.
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Map Date: 01/08/2008

Map 20. Distribution of targeted noxious weed species at Farish Outdoor Recreation Area in
2002 (from Anderson et al. 2003).
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Map Date: 01/08/2008

Map 21. Distribution of targeted noxious weed species at Farish Outdoor Recreation Area in
2007.
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DISCUSSION

Weed map data are extremely useful for developing a weed management program
(Barnett 2007). The baseline data obtained in 2002 provided critical insights into the
distribution and relative size of the infestations of target species at the Academy and
Farish. These data made it possible for the Natural Resources staff to accurately target
weed management efforts, set goals, and develop an integrated weed management
strategy. The baseline weed map has been a valuable tool for identifying opportunities
for strategic weed management that maximizes the cost to benefit ratio (as discussed by
Hobbs and Humphries 1995).

By mapping targeted noxious weeds again in 2007, a temporal dimension was
added that greatly increases the value of the spatial and tabular data. Comparing the data
from 2007 with the baseline data from 2002 offers far greater insights and provides
answers to some important questions. With only a single year of map data it was not
possible to draw inferences regarding trends, rates of spread, or patterns of invasion.
However, it is crucial for these factors to be quantified in order for managers to measure
progress towards meeting weed management goals and make strategic improvements to
their weed management programs.

Assessment of Progress Towards Weed Management Objectives

By comparing 2002 and 2007’s weed map data and utilizing results from the
Academy’s monitoring program, it is possible to measure progress towards the weed
management objectives assigned by Carpenter et al. (2004). These objectives
(summarized in Table 25) are ambitious but reasonable, but as weeds continue to spread,
meeting these goals becomes more difficult and costly.

Although progress has been made with some species, weed management
objectives have not yet been reached for any target weed species. The Academy is
closest to reaching management goals for Russian olive. Russian olive has been reduced
by 62%; the management objective for this species is 90% suppression. A reduction of
90% or greater is well within reach if management practices that have been used in the
past are continued.

Significant progress towards meeting management objectives has been made for
common St. Johnswort, myrtle spurge, Russian knapweed, and Tamarisk. Objectives
could be reached relatively easily for all of these species, and also for Scotch thistle,
through the strategic use of herbicide, biocontrol, and pulling.

For other species, the window of opportunity has closed somewhat since 2002.
This is especially true for spotted knapweed. Ambitious herbicide treatment of this
species over the next two to five years could still turn the current trend around. However,
since this species has now been in a phase of rapid spread for 3 to 5 years it has become
entrenched enough that reversing the trend will be relatively costly. Leafy spurge and
diffuse knapweed have also become significantly more widespread over the last five
years. At Farish, yellow toadflax, Canada thistle, and musk thistle are all spreading into
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new areas rapidly, but because of the small area involved, reversing these trends is still
feasible.

In advancing towards achieving weed management objectives, it can be
challenging to minimize impacts to conservation targets. Many areas of the Academy
and Farish are highly sensitive, and some would be impossible to restore within a
reasonable management timeframe. One example is the wetland habitat occupied by
Porter’s feathergrass at Farish, where any use of herbicide would be risky. These
considerations and likely conflicts between noxious weeds and conservation targets are
reviewed by Spackman Panjabi and Decker (2007).

Table 25. Noxious weed management objectives for species targeted in this study (from
Carpenter et al. 2004), with priority from Spackman Panjabi and Decker (2007), and
estimated relative cost of achieving weed management objectives based on current
distribution at the Academy and stage of invasion after Hobbs and Humphries (1995).
Estimated costs of achieving objectives are somewhat subjective.

Weed Cost of
Management | Recommended Prior- Achieving
Species Objective Reduction itization Action Priorit Objective

Spotted Eradicate 100% All Eliminate all Very High Moderate
knapweed plants

Musk Suppress 50% All Prevent all seed High Moderate
thistle dispersal

Bull Suppress Prevent all seed Medium Moderate
thistle dispersal
Fuller’s Suppress 50% All Prevent all seed | High Moderate

teasel dispersal

Leafy Suppress Reduce canopy Very High Moderate
spurge cover
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Mapping as a Monitoring Tool

There are many advantages to monitoring species through mapping, although
there are some limitations as well (Barnett et al. 2007). As a means of quantifying the
status of targets, mapping offers several benefits. Because it is a census, the data are not
subject to the same risk of type | and type Il errors that a random sample is subject to. It
has also proven to be reliable and cost-effective, and has effectively provided data needed
to manage weeds and measure progress towards weed management objectives at the
Academy.

While these methods are in many ways ideal for monitoring weeds at the
Academy, they are most applicable for relatively rare species that can be censused within
a reasonable timeframe. Species such as Canada thistle and yellow toadflax are too
abundant and widespread for the practical use of census techniques, and even within high
priority conservation areas it is necessary to conceptualize their mapped distributions as
rigorous samples rather than a complete census. Spotted knapweed has begun to
approach a population size and distribution threshold that is fairly labor intensive, though
not impossible, to census annually. While the percentage of undocumented infestations is
not known, it is certainly small. Although the area surveyed is large, the stratification of
the study area and ratio of area surveyed to hours in the field suggest that relatively few
infestations remain undocumented. Updating the base-wide noxious weed map is
deemed sufficient for monitoring yellow toadflax (within high priority conservation
areas) and bull thistle. Wherever possible, we recommend that this method of monitoring
weeds be continued, and we strongly support recommendations to conduct another base-
wide noxious weed survey in 2012.

Data Sharing and Collection

The value of the data from this project will be maximized if they can be shared
with weed management professionals at the Academy and with other weed scientists and
management professionals. The dataset from 2002 and 2003 has already been showcased
by the Nature Conservancy and NatureServe scientists and has been incorporated into
databases maintained by the State of Colorado (Colorado Department of Agriculture
2008a) and the National Institute of Invasive Species Science (U.S. Geological Survey
2008). Data from this project are of potential interest to weed scientists worldwide.

The mobile mapping technology employed by CNHP and Natural Resources Staff
at the Academy would be highly effective if utilized collaboratively by weed
management professionals. The high level of precision and detail of the monitoring and
mapping data collected over the last five summers at the Academy and Farish could be
used to lead weed management professionals to areas needing treatment, increasing the
effectiveness of the weed management program while decreasing the time required to
relocate mapped infestations. Weed management professionals could also use the
geodatabase created for the weed mapping project to document treatment applications
and treatment success. This would facilitate cooperation towards achieving weed
management goals and would add transparency to the weed treatment activities at the
Academy.
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APPENDIX A- WEED MAPPING INSTRUCTIONS

OPEN AFA_WEEDS.MXD IN ARCMAP. MAKE SURE ARCPAD TOOLBAR IS
TURNED ON (View => Toolbars => ArcPad) AND THE ACTIVE DATA FRAME
IS “WGS84” (right-click on Data Frame and select “Activate”)

1) Back-up the geodatabase. In Windows Explorer, copy J:\ NaturalRes\Noxious
Weeds\2007_CNHP_Weed_Survey\AFA_Weeds WGS84.gdb to
J:\_NaturalRes\Noxious Weeds\2007_CNHP_Weed_Survey\Backups and rename with
the current date (ex. AFA_Weeds WGS84 04 14 2008.gdb)

2) In the ArcMap document, AFA_Weeds.mxd, undo any layers checked out for editing
(3rd button from the left in the ArcPad toolbar). Select all and click on Undo. If this is
grayed out, then there are no layers checked out for editing and you are OK to proceed.

3) Check data out by clicking on “Get Data for ArcPad 7 (4th button from the left on the

ArcPad toolbar). Checkmark weed points, lines and polygons. Click on next and
checkmark weed points, lines and polygons again. Click on next.

Select “The full extent of the selected layer(s)”

Uncheck “Only get features specified in layer’s definition query” and “Only get fields
specified as visible in layer’s properties”

Use the default folder name, DataForArcPadl

Under “Where do you want this folder to be stored?”, browse to J:\_NaturalRes\Noxious
Weeds\2007_CNHP_Weed_Survey\

Uncheck “Create an ArcPad map referencing the data”.
Click on finish

4) In Windows Explorer, copy everything in the Forms folder (apls and dbfs) into the
DataForArcPadl folder. Select “Yes to All” to overwrite files in DataForArcPadl. This
will replace the generic data entry forms created in ArcMap during the check-out process
with AFA’s custom data entry forms.

5) Transfer the entire DataforArcPadl folder to the PDA’s Storage Card using MS
ActiveSync. Get Connected using Activesync and transfer the DataForArcPad1 folder to
the PDA in Storage Card/Weeds.

6) Edit data in ArcPad
Point, line and polygon weed data are available for editing with custom data entry forms.
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After mapping new weeds or updating existing weed shapes or attributes ...

7) Copy DataforArcPadl folder from the PDA into J:\_NaturalRes\Noxious
Weeds\2007_CNHP_Weed_Survey\ and overwrite the existing folder.

8) In the ArcMap document AFA_Weeds.mxd, make sure the WGS84 data frame is
active and put the AFA_Weeds WGS84 geodatabase in “edit mode”. Make sure the
Editor toolbar is turned on (View => Toolbar => Editor). Then go to Editor => Start
Editing. If prompted, select AFA_Weeds_WGS84.gdb. If no other data layers are in the
data frame, then AFA_Weeds WGS84.gdb will automatically be in edit mode and no
prompt will occur.

9) Add your edits to the geodatabase. Click on “Check in edits from ArcPad” (2" button
from the left on the ArcPad toolbar).

Select any shapefiles you edited in the field (if you modified points, but not lines and
polygons then just check in the point file). This will add any new shapes, remove deleted
shapes or modify changes to existing shapes in the geodatabase.

*Note: if no files are marked for check in repeat Steps 2 and 3 EXCEPT in Step 3
check data out to the folder DataForArcPad2 (instead of DataForArcPadl). Copy
everything in DataForArcPadl into DataForArcPad2, overwrite all files and try
“check in” again.

10) Stop editing and save changes (Editor => stop editing)

11) Activate the “STATE PLANE” data frame (right-click on the “STATE PLANE” data
frame and select “Activate”). Open the Toolbox and scroll to AFA Weed Tools.
Double-click on “Weeds Step One” and hit OK. Double-click on “Weeds Step Two”, add
the date to the end of the file names (ex. AFA_Weeds04 25 2008) and hit OK.

*Note: “Weed Tools” should automatically be in your ArcMap document when you
open the toolbox. If for some reason it is not, turn on ArcToolbox, right-click, select
“Add Toolbox” and browse to the J:\ NaturalRes\Noxious
Weeds\2007 CNHP_Weed_Survey\. Select “Weeds” and click on open. You should
now see a category for “AFA Weed Tools” in ArcToolbox.

12) Right-click on the newly created shapefile, click on the symbology tab and import the
legend from the old weed shapefile. Once you have copied the symbology to the new
file, you can remove the old file from your ArcMap document. At this point, it would be
best to copy the old shapefile into the back-up folder.

13) Browse and make sure your edits were completed. Once that is confirmed, you can
delete the DataforArcPadl folder on the PDA and on your computer.
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