MEMORANDUM
Date: April 5, 2021

JJWY

From: C.H. Huckelberry/
County Adminis~I V

To:

The Honorable Chair and Members
Pima County Board of Supervisors

Re:

Update on Invasive Species Management Process

At the February 16, 2021 Board of Supervisors meeting, Supervisor Scott inquired about
Pima County efforts related to buffelgrass. Attached you will find a report prepared by the
Natural Resources Parks and Recreation Department (NRPR) which provides background
information on the topic of invasive species, as well as a retrospective examination of the
efforts of the Department over the past 20 years to address invasive species , particularly
buffelgrass, on the approximate 200,000 acres of land managed by NRPR.
Also addressed in the document is a summary of the on-going strategic planning efforts of
the Department working with other County Departments to increase the field identification,
recording, and treatment on all County and Regional Flood Control District-owned properties.
This process will result in the formation of an Invasive Species working group, staffed by
experts from all of our critical land management entities within Pima County government to
enhance collaboration and communication.
Grant funding opportunities are regularly pursued through similar collaborative efforts
amongst departments. In March 2020, the Regional Flood Control District was awarded
$360,000 from a Arizona Department of Forestry and Fire Management (AZDFF) Invasive
Plant Grant for controlling buffelgrass and other invasive species. Another grant application
was recently submitted to AZDFFM, and is pending, for $280,000 for ecosystems restoration
and invasive species eradication , and preparation of an application to the Federal Emergency
Management Agency is currently underway for assistance with weed control related to urban
fire safety. Receipt of grant funding from these and other sources help to expand our invasive
species eradication efforts.
In addition to these efforts, the Pima County Department of Transportation routinely deploys
a combination of Department, contracted and community partner resources to treat and
remove invasive species in the road right-of-way.
Attachment
c:

Carmine DeBonis Jr., Deputy County Administrator for Public Works
Chris Cawein, Director, Natural Resources Parks and Recreation
Ana Olivares, Director, Department of Transportation
Suzanne Shields, Director, Regional Flood Control District

NRPR Invasive Plant Program History, Accomplishments, and
Future Directions

Brian Powell
Assistant Division Manager, Natural Resources
Pima County Natural Resources, Parks and Recreation Department

March 5, 2021

Front cover photographs: (left) Buffelgrass invades Pima County’s Tucson Mountain Park near
Starr Pass, 2013. (right) Result of manual pulling by County staff and the Sonoran Desert
Weedwacker volunteers. Photos: Sonoran Desert Weedwackers. See Appendix A for additional
before and after (treatment) photographs.
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Executive Summary
Non-native, invasive plant species are one of the most significant threats to the health of the
Sonoran desert ecosystem. Species such as buffelgrass are especially problematic because of
changes to natural processes such as promoting fire into a system that has no capacity to
withstand its effect. The spread of buffelgrass and a host of other problematic invasive species,
is accelerating as a result of climate change, development, and human-caused spread.
The buffelgrass problem, in particular, began to be realized in the late 1990s. As a result, many
organizations came together to address the problem; they started buffelgrass pulling events in
places such as Tucson Mountain Park. Pima County staff from the Natural Resources (NR)
division of the Natural Resources, Parks and Recreation Department played an active role in
organizing these volunteer events. Since that time, volunteers and staff have cleared and
treated buffelgrass and other invasive plants on thousands of acres of land at Tucson Mountain
Park and other NR-managed properties. Volunteers have contributed over $1.1M worth of
labor towards invasive treatments, an effort which has been leveraged to receive federal and
state grants to treat even more land. As a result of all of these efforts, large portions of Tucson
Mountain Park are now free of buffelgrass.
The threat of buffelgrass and new invasives to the region (e.g., stinknet) will continue to be a
problem in the 200,000 plus acres of land under NR management. To address these threats,
additional resources are needed including a well-developed and vetted strategy for all NRmanaged lands, greater cooperation among—and participation from—all relevant County
departments, and new data collection and summary tools. With a strategy and other tools in
place, Pima County will be in a better position to help ensure the long-term protection of the
community’s investment in natural resource conservation.

2

NRPR Invasive Plant Species Report, March 2021

1 Introduction
1.1 Threat posed by non-native, invasive species
Non-native, invasive (herein invasive 1) species are those that evolved outside of the system in
which they are introduced and that spread—often aggressively—beyond their point of
introduction. Invasive species become problematic because they lack natural predators and
have life-history traits (e.g., high seed production and/or novel seed dispersal) that allow them
to outcompete native species (Richardson et al. 2000). In the Sonoran Desert ecoregion, there
are over 150 documented invasive plant species and in areas with relatively complete
inventories, invasive species made up 7-9% of all plant species recorded (Powell et al. 2006;
Powell et al. 2007; Schmidt et al. 2007). The number and extent of invasive species in our
region has been increasing more rapidly in the last few decades, most likely due to increasing
international trade and human travel.
1.2 Buffelgrass emerges as a key threat in the Sonoran Desert Ecoregion
Approximately 30 invasive species are cause for concern in the Sonoran desert ecoregion
(Marshall et al. 2000); these species range from small annual plants (e.g., filaree, Erodium
cicutarium) to large trees (e.g., salt cedar, Tamarisk spp.). Among the most problematic invasive
species is buffelgrass (Cenchrus ciliare) 2, a perennial grass species native to Africa and southern
Asia that is now rapidly spreading throughout the Sonoran Desert ecoregion of Arizona and
northern Mexico.
Actively planted in Sonora, Mexico for cattle forage and erosion control (Franklin et al. 2006),
buffelgrass has now become widespread and naturalized in lower-elevation areas of Pima
County due to its extraordinary seed production and its ability to grow under a wide range of
environmental conditions. Most importantly, buffelgrass’ competitive advantage is that it forms
dense stands (Figure 1) that, when dormant (dry), burn easily and at extremely high
temperatures3, thereby creating post-fire conditions that are ideal for recruitment of even
more buffelgrass plants (Figure 2). In the lower-elevation areas of the Sonoran desert, where
capacity fire is not a widespread natural process, buffelgrass is promoting fire into a system

For the purpose of this report, non-native, invasive species are collectively referred to as
invasive species. Native species can also be invasive, but rarely threaten ecosystem structure
and function, as do some of the most aggressive non-native, invasive species. Examples of
native invasive species in the Sonoran Desert include snakeweed (Gutierrezia sarothrae) and
desert broom (Baccharis sarothroides).
2 Fountain grass (Cenchrus setaceum) is closely related to buffelgrass and has similar ecological
impacts, though more often in xeric riparian areas rather than in uplands, where buffelgrass
thrives.
3 Dense stands of buffelgrass can burn at over 1,400°F, almost three times hotter than fires
generated by flammable native vegetation (McDonald and McPherson 2013).
1
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Figure 1. Buffelgrass (lime green/yellow grass in the mid-ground) invading a site in the Tucson
Mountains (2015), creating nearly continuous grass cover that promote fire when the grass is
dormant. By contrast, canopies of native grasses such as tanglehead (Heteropogon
contortus), lower left, are more open and therefore are less likely to carry fire and damage
fire-sensitive plants such as native cacti and succulents.
with no ability to withstand its effects (Logan Simpson Design Inc. 2010; McDonald and
McPherson 2011). As a result, buffelgrass is a threat to the structure and function of the
Sonoran desert uplands where it invades by converting the biodiverse native shrubland into a
savanna with only one dominant species.
In addition to the ecological devastation that it poses, buffelgrass also has the potential to
negatively impact the almost $I billion tourism industry in our region (Pima County 2019) as
well as public health and safety issues associated with increased fires. For this reason, Pima
County’s Office of Emergency Management highlighted the threat posed by buffelgrass in the
County’s multi-jurisdictional hazard mitigation plan (Pima County Office of Emergency
Management 2017).
The current status of the buffelgrass problem in our region is largely unknown given the lack of
data for some areas and because of the ever-changing extent of infestations in many areas.
However, it is likely that buffelgrass is now present in every section (640 acres) of land in Pima

4

NRPR Invasive Plant Species Report, March 2021

Figure 2. Buffelgrass fuels wildland fires, such as the Mercer Fire in the Santa Catalina Mountains,
August 2019. The result is often a complete loss of native plants, such as saguaro cacti. Post-fire
conditions are ideal for the recruitment of new buffelgrass plants (as seen in photo on the left).
Photos from Kim Franklin, ASDM.
County below approximately 4,000 feet elevation 4. As a result, its potential impact on the
Sonoran desert is enormous (Figure 3). With the exception of Tucson Mountain Park and a few
other locations (see Section 2), the extent of the buffelgrass problem is largely unknown on
lands owned and managed by Pima County Natural Resources, Parks and Recreation
Department (NRPR; but see section 3).
This report highlights the history and current status of invasive (primarily buffelgrass) species
mapping, control, education, and coordination efforts in Pima County in general, and NRPRmanaged properties, in particular. The report further identifies data needs, actions being taken
to address those needs, and finally how NRPR will be planning for future invasive species
mapping and control efforts.
1.3 Invasive species control methods
Chemical and manual methods are the two primary methods used to control invasive species.
For buffelgrass, the herbicide glyphosate is the most effective treatment method while plants
are still green. These chemical treatments are applied using a variety of equipment, from
backpack spray units holding a few gallons to truck-mounted 200 gallon spray units. More
recently, spraying has been tested using helicopters (see section 1.5.4). For tree species such as

The distribution of plants is governed by many factors in addition to elevation including
aspect, slope, and soils. Buffelgrass, for example, can be found above 4,000 feet elevation on
south-facing slopes.
4
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Figure 3. Modeled extent and severity of buffelgrass invasion in the Tucson region, from Logan
Simpson Design Inc. (2010). Model assumed buffelgrass spread without control. Red = high
potential, yellow = moderate potential, green = low potential for infestation.
Tamarisk and Sumac, stumps are treated with Polaris after the tree is cut. Manual removal of
plants is also an effective—albeit time-consuming—solution to treating invasive plants. Most of
the effort spent in clearing buffelgrass from Tucson Mountain Park has been accomplished by
volunteers using manual methods (i.e., simple picks and digging bars and leaving the plant on
site).
Regardless of the initial treatment method(s) employed, 100% mortality is rarely achieved on
the first pass; therefore, successful long-term treatment of an area is often only possible with
follow-up treatments. Treating buffelgrass, for example, can be hampered by rains washing
away glyphosate before the chemical has sufficiently been absorbed, or sometimes plants are
overlooked under other plants or are small enough that they are difficult to distinguish from
native grasses. A commitment to follow-up treatments is critical to successful control efforts.
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1.4 History of invasive species control in Pima County
1.4.1 Citizen involvement
Awareness of the threat posed by invasive species began to be realized in the late 1990s when
staff from the Arizona-Sonora Desert Museum (ASDM) began organizing concerned and
motivated citizens around buffelgrass and fountaingrass control 5 efforts at Tucson Mountain
Park as a response to awareness of the issue there. That early group, known as the Tucson
Mountain Weedwackers, would later become the Sonoran Desert Weedwackers (SDWW),
which has proven to be the most consistent, dedicated volunteer group for pulling buffelgrass
in the region (more on SDWW in Section 1.5). In addition to the SDWW, other volunteer
“weedwacker” groups formed in the mid-2000s including: Saguaro National Park Weedwackers,
Weed-free Trails Program, Tanque Verde Weedwackers, Oro Valley Buffel Busters, Marana
Weedwackers, and Saddlebrooke Weedwackers. In addition to groups formed specifically to
address this growing threat, dozens of neighborhood groups and other non-profit groups
organized buffelgrass eradication events and actions. These early volunteer efforts were
tailored on a successful plant detection and removal strategy spearheaded by Organ Pipe
Cactus National Monument in the late 1990s (Marshall et al. 2000).
1.4.2 Civic leadership and organizations
As the understanding of the threat posed by buffelgrass grew, over a dozen federal, state, and
local governments and non-profits formed the Pima County Invasive Species Council in 2000.
Active member participation through education, outreach, and action made this group a
national model for multi-stakeholder invasive species engagement and treatment efforts. Yet
the threat posed by buffelgrass, in particular, became more acute as the plant continued to
spread rapidly in neighborhoods, along roadways, and into natural areas.
In 2006, the Buffelgrass Working Group, made up of representatives of agencies and
organizations who had contributed financially to regional buffelgrass research and control
efforts, began meeting to explore buffelgrass control alternatives. In February 2007, the
Buffelgrass Summit, which was attended by 120 concerned agency personnel, researchers, and
citizens, was held to start the development of the Southern Arizona Buffelgrass Strategic Plan,
which was finalized a year later (Rogstad 2008). The strategic plan called for the creation of the
Southern Arizona Buffelgrass Coordination Center (SABCC; a 501(c)3 organization), which went
on to serve a variety of needed functions including public outreach coordination, hosting
mapping and treatment data, and seeking grant funding to lead control efforts. Despite its
importance and notable accomplishments, SABCC disbanded in 2018, after which major
Unless otherwise noted, “control” is used to summarize treatment methods for invasive
species, most notably pulling plants and/or spraying herbicide. Post-treatment monitoring and
follow-up treatments are also control activities. Eradication (i.e., complete removal) is possible
for discrete areas, but has not been accomplished over larger areas such as a mountain range.
5
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functions were assumed by the ASDM, which more recently leads the Sonoran Desert
Cooperative Weed Management Area group. This group brings together a diversity of
stakeholders in the understanding and management of invasive species in this region. NR staff,
along with other Pima County staff, regularly attend the Cooperative Weed Management Area
meetings.
1.5 NRPR’s role in invasive species efforts
Pima County has been at the forefront of the buffelgrass control effort since early 2000 and
NRPR has been a leader in this effort, starting with the nascent creation of the SDWW and in
the many efforts noted in the previous section. The County’s involvement with the SDWW
group, through dedicated NRPR staff time, continues into the present. Key contributions,
outcomes, and value of NRPR efforts from 2000-2019 include directing SDWW efforts each
month, working with other community groups and providing opportunities for the public to
engage on this issue, treating invasive species, and providing educational opportunities to the
community. These activities are summarized in the following sections.
In addition to directing SDWW, NRPR has also developed a long and important relationship with
Saguaro National Park (Tucson Mountain Unit) to create opportunities for dozens of out-oftown volunteers (from environmental organizations, colleges and universities) to help in the
buffelgrass control effort throughout the Tucson Mountains. In these situations, NRPR has
provided tools, campsites and evening campfire environmental presentations, while Saguaro
National Park has provided camping equipment, presentations, food, and other needed
resources. Other NRPR-directed community groups involved in treating buffelgrass have
included: local schools, the Boy Scouts of America, Pima County summer youth programs (one
summer resulting in over 5,000, 65-gallon bags removed), and court-imposed community
service for youth.
Spraying glyphosate herbicide on green plants is the most effective method to kill buffelgrass
over a large area. NRPR staff have provided a consistent and sustained herbicide spraying effort
over the years, treating thousands of acres since 2000. Most of the spray effort has focused on
Tucson Mountain Park, but has also taken place on ranches and other NR-managed properties6.
1.5.1 Data management: Mapping and Treatments
Data on location of invasive plants and treatments has been collected since the beginning of
the County’s efforts. Paper data sheets were the original form of data documentation of
invasive species control efforts. During the early 2000s, Pima County did not have an invasive
species database, therefore all data collected by NR staff was provided to the Southwest Exotic
Mapping Program for entry into their database. Because data could not be adequately retrieved
Invasive species removal efforts by the NRPR Operation division, which manages urban parks
such as the Chuck Huckelberry Loop, are not addressed in this report.
6
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from that system, NR staff instead began providing data to the ASDM, which appeared to have
the capacity to deliver data back to the County. However, the ASDM eventually discontinued
storage of invasives data. Next, NR staff provided paper data sheets to a volunteer with the
SDWW who initiated an effort to enter the data into a Web-based software. This software was
discontinued and the volunteer then sought an alternative Web site to store data.
With the increasing need for Pima County to house its own data, Pima County IT attempted to
develop an invasive species database several years ago. NRPR data was entered into the
database, but similar to the County’s first experience with invasives databases, it was difficult to
retrieve the data. At the same time, SABCC began collecting data from Pima County and other
jurisdictions to create a region-wide invasive species database, but after SABCC dissolved, that
database was no longer supported. Finally, in 2016, NRPR began centralizing the NR invasives
data into a file geodatabase, where the invasive species data is currently housed.
Currently, invasive treatment data are gathered through various means, most significantly by
NR staff who carry GPS units at all invasive control (manual and herbicide treatment
application) outings. After collecting this information in the field, they then meet with NRPR GIS
staff and append the collected data into the department’s geodatabase. Data on treatments
also come to NR staff from SDWW volunteers, who also collect location data using GPS devices
and send the information to NR staff for upload into the geodatabase. Finally, invasives location
(i.e., inventory) information is collected by other Pima County staff, including from OSC, who
record observations while on NR-managed properties. Summaries of treatment data can be
found in Section 2.
1.5.2 Collaborative control and research efforts
NR staff have been actively engaged in the many collaborative efforts over the years including
SABCC, and more recently at the quarterly meetings of the Sonoran Desert Cooperative Weed
Management Area. NRPR staff have also been engaged in annual meetings of the Southwest
Vegetation Management Association, where staff have interacted with other land managers
and scientists working on invasive species issues throughout the southwest. Finally, NRPR staff
played a key role in a pilot research effort at Tucson Mountain Park in 2010, an effort which
helped determine the efficacy of using helicopter-mounted herbicide spraying equipment to
control buffelgrass (Figure 4).
1.5.3 Community outreach
Invasive species often become a problem because small infestations are overlooked, thereby
allowing the species to take hold. Therefore, one of the keys to fighting invasive species is to
inform a broad range of concerned citizens about the problem and empower them to take
action. While difficult to quantify, NR staff efforts to educate the public have made a difference
in our community beyond the boundaries of County-managed properties. An important tool has
been the development and production of the buffelgrass pocket guide (Figure 5), which is
handed out at a variety of events and locations. This outreach tool has been used, in particular,
9
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by neighborhood groups and home owner associations to inform community treatment efforts
and to maintain vigilance in their respective areas. Pima County has printed 13,000 copies of
the guide; almost half have been distributed.
The Environmental Education section of the NR division has used this guide and other materials
in dozens of community outreach events specific to the buffelgrass issue; buffelgrass awareness
also makes its way into other, more general outreach efforts that focus on Sonoran desert
ecology. NR staff have also been involved in the Beat Back Buffelgrass annual event, which has
been expanded in recent years to a month-long event now known as Save Our Saguaros. Over
the years, NRPR staff have educated and engaged hundreds of citizens to become aware of the
threat of buffelgrass and take action in their respective communities to minimize the threat.
Finally, where manual pulling events have intersected with road rights of way and other public
areas, NRPR and Pima County Department of Transportation have partnered to provided
guidelines and procedures for the public to follow (Appendix B).

Figure 4. A helicopter sprays glyphosate in a test trial at Tucson Mountain Park, 2010. This
research effort, in which NR division staff played a leading role, showed the efficacy of aerial
spraying, which is currently being employed in Saguaro National Park. By one estimate, over
12,000 acres along the south side of the Santa Catalina Mountains is infested with buffelgrass; such
aerial spraying may be necessary given the extremely rugged nature of that terrain.
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Figure 5. Buffelgrass pocket guide has been provided to citizens involved in removal efforts
and other outreach opportunities. This 20-page guide is filled with information such as
highlighting the threat, how to identify the plant (and native species that look like it), and
control methods. NRPR staff played an important role in developing content and Pima County
paid for printing the second edition of the guide.
1.6 Other Pima County actions to address the invasive species threat
In addition to NRPR’s efforts towards the control of buffelgrass and other invasive species,
other Pima County actions are worth mentioning, including:
• Funding SABCC and ASDM. As noted in Section 1.4, SABCC played an important role in
coordinating a regional response to the buffelgrass threat. SABCC was funded from a
variety of governments and grants, including approximately $60,000 annually from
Pima County. Since SABCC’s functions were taken over by the ASDM, Pima County has
continued to fund the inter-agency effort and contributed $49,000 from the Outside
Agency grants to the ASDM last fiscal year. Total County contribution to regional
coordination since 2010: approximately $600,000.
• Weed ordinance. In 2008, the Pima County Board of Supervisors adopted
changes to the Pima County Code (Title 7, Chapter 33), which identifies
buffelgrass and other “noxious weeds” 7 as subject to regulation. The County
Noxious weeds are designated by the State of Arizona in the Arizona Administrative Code (R34-244). There are eight species (including buffelgrass) designated as a “Regulated Pest” (may
be controlled), and other species that must be quarantined if found (“Restricted Pest”) and
those that people are prohibited from bringing into the state (“Pest”).
7
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•

•

•

Code allows the County’s Department of Environmental Quality the authority to
issue property owners in unincorporated Pima County an “Opportunity to
Correct”, seek a court injunction, or abate the property when buffelgrass poses a
significant public safety threat such as fire.
Inter-departmental cooperation. Multiple agencies are involved in invasive
species control, most notably the Regional Flood Control District (RFCD), which
now includes planning for control of invasive species into major restoration
projects such as Paseo de las Iglesias and Arroyo Chico. RFCD staff were also
instrumental in securing a $340,000 grant in 2019 from the Arizona Department
of Forestry and Fire Management for buffelgrass control efforts on both RFCD
and NRPR managed lands. The OSC, which has staff regularly visiting NRPR and
RFCD properties, provides location data of key invasive species to the respective
managing departments. In the past, the County’s Department of Transportation
has allowed citizens to perform invasive plant removals on road rights of way
after following certain procedures (Appendix B). However it is unknown if this
procedure is still in place.
Monitoring and Detection. The OSC also oversees implementation of the
County’s Multi-species Conservation Plan. As part of that plan, Pima County
agreed to prepare an invasive plant monitoring protocol, which was completed
this year (Webb 2020). That plan prioritizes invasive plants for monitoring and
recommend tools for early detection. NR staff have also begun mapping the
extent of buffelgrass in Tucson Mountain Park; see Appendix D.
Public safety. Pima County’s Office of Emergency Management has long
recognized the fire threat posed by buffelgrass when it’s dormant. For this
reason, the Office commissioned a large-scale modeling effort in 2010 (Logan
Simpson Design Inc. 2010), which helped frame the threat to critical
infrastructures like Tucson International Airport and Mission Road Complex.
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2 Results: Inventory, Treatments, and Volunteer Hours
As noted in the previous section, NR has performed a host of invasive species control activities
over the last 20 years, using either volunteers or having staff performing manual removal or
spraying herbicide. This section summarizes the results of efforts from 2000-2019.
2.1

Data Summary

2.1.1 Inventory
An invasive plant inventory is the observation―but not treatment―of an invasive species.
From 2001-2019 NR staff and volunteers recorded 4,251 observations of invasive species.
Polygons made up the majority of data collected (69%) though points (29%), and line (2%) data
were also collected. Data on 12 species of invasives were recorded and buffelgrass made up
97% of the observations (Table 1). Invasive species were observed at 19 properties, with Tucson
Mountain Park and Cienega Creek Natural Preserve making up 45% and 41% of all observations,
respectively (Table 2). The total number of observations by year varied from zero in 2004 to
almost 2,500 observations in 2013 (Figure 6); differences among years is unknown, but may
have been related to funding sources. The median number of observations per year was 43.
Table 1. Total number of inventory observations by species, 2001-2019.
Species
Scientific name
Common name
Arundo donax
Giant reed
Cynodon dactylon
Bermudagrass
Enneapogon cenchroides
Soft Feather Pappusgrass
Eragrostis echinochloidea African Lovegrass
Eragrostis lehmanniana
Lehmann's Lovegrass
Eragrostis curvula
Weeping lovegrass
Melinis repens
Natal Grass
Cenchrus ciliare
Buffelgrass
Cenchrus setaceum
Fountain Grass
Brassica tournefortii
Sahara Mustard
Centaurea melitensis
Malta Starthistle
Tamarisk spp.
Tamarisk species
Total

13

Inventory
2
13
10
13
4
1
10
4,130
48
2
4
14
4,251
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Table 2. Number of inventory observations by NR-managed property, 2001-2019.
Property
A7 Ranch
Bar V Ranch
Carpenter Ranch
Cienega Creek Natural Preserve
Desert Willow
Diamond Bell Ranch
Feliz Paseos Park
Habitat for Humanity Property San Juan
M Diamond Ranch
Marley Ranch
McKenzie Property
Painted Hills Property
Raul M Grijalva Canoa Ranch Conservation Park
Six Bar Ranch
Starr Pass Conservation Easement
Sweetwater Preserve
Tortolita Mountain Park
Tucson Mountain Park
Willock Property

Number of observations
44
12
1
698
2
2
7
85
6
10
10
29
10
6
4
10
2
774
2

3000

Number of Observations

2500

2000
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1000

500

0
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19
20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

Figure 6. Number of inventory observations of all invasive plant species, 2001-2019. Data
combines polygons, points, and lines.
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2.1.2 Treatments
A total of 4,275 invasive species treatments took place from 2001-2019 (Table 3). The size of
treatments ranged from single plants to infestations of over 1,000 plants. A total of 9,810 acres
were treated 8 (Table 3), a majority (74%) via mechanical methods (Figure 7). Buffelgrass had
the most treatments (Table 1) and highest number of acres treated (N = 7,592). Tucson
Mountain Park had—by far—the highest number of treatments (94%) and most area (75%;
Table 4); the Painted Hills property had the second-highest number of treatments (1.1%) and
acres (3.9%).
Table 3. Total number of treatments by species, 2001-2019.
Species
Scientific name
Common name
Bromus rubens
Red Brome
Cynodon dactylon
Bermudagrass
Enneapogon cenchroides
Soft Feather Pappusgrass
Eragrostis echinochloidea African Lovegrass
Eragrostis lehmanniana
Lehmann's Lovegrass
Melinis repens
Natal Grass
Cenchrus ciliare
Buffelgrass
Cenchrus setaceum
Fountain Grass
Tamarisk spp.
Tamarisk species
Total

Treatment type
Chemical
Manual
1
2
6
4
5
4
4
5
1
2,259
1,903
4
43
34
2,277
1,998

3500

Acres of Treatment

3000

Chemical
Manual

2500

2000

1500

1000

500

0
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19
20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

Year

Figure 7. Total annual acres of treatment by chemical and manual means. Only polygon data
are summarized.
8

These data only include polygon data. Point and line data were not converted to area.
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Table 4. Treatments actions by NRPR-managed property, 2001-2019.
Property
A7 Ranch
Bar V Ranch
Carpenter Ranch
Cienega Creek Natural Preserve
Colossal Cave Mountain Park
Desert Haven Natural Resources Park
Feliz Paseos Park
Honey Bee Canyon Park
King 98 Ranch
Lords Ranch
Los Morteros Conservation Area
Mission San Agustin
Painted Hills Property
Rancho Seco Ranch
Raul M Grijalva Canoa Ranch Conservation Park
San Juan Trails Park
Southeast Regional Park
Sweetwater Preserve
Tortolita Mountain Park
Tucson Mountain Park
Tumamoc Hill
Sum

Miles
(roads)
45.7
1.2
5.0
2.0

Treatment Data
Points
3
1
331
2

0.7
0.5

7.2
0.1

4
24
4

109.9

9
1
2,345

172.3

2,724

Acres
119.9
46.8
92.9
35.6
20.0
74.5
0.3
57.2
12.7
188.4
378.4
17.2
125.3
115.1
185.2
899.5
7,339.9
101.8
9,810.7

2.1.3 Volunteer Effort
As highlighted in Section 1.4, the SDWW has been the primary volunteer labor force working on
the manual removal of buffelgrass. Volunteer hours are tracked by NR staff who receive the
data from sign-in sheets that volunteers fill out when they attend an event. The group has
provided the County with an average of over 3,000 hours of community service per year since
2010 (when volunteer service started to be tracked consistently; Figure 8). The financial value
of this contribution exceeds $1.1M 9.

Based on a per-hour multiplier ($25.43) established by Independent Sector. This per-hour cost
is less than the cost it would take to hire a contractor to perform similar work; therefore, the
actual value provided by the SDWW is likely greater than $1.1M.

9
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Figure 8. Sonoran Desert Weedwacker volunteer hours, 2010-2019. The majority of this effort was
in Tucson Mountain Park. The value of volunteer labor has exceeded $1.1M since 2000.
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3 Moving forward
The threat of invasive plant species in Pima County is only getting more severe; the number and
extent of invasive species infestation is increasing. For example, new and emerging invasives
such as stinknet (Oncosiphon piluliferum) are extremely concerning. To address these threats,
additional resources are needed including a well-developed and vetted strategy for all NRmanaged lands, greater cooperation among—and participation from—all relevant County
departments, and new data collection and summary tools. With a strategy and other tools in
place, Pima County could be a better position to help ensure the long-term protection of the
community’s investment in natural resource conservation. This section highlights current and
future activities that will pave the way for further progress in the development of the invasive
species program
3.1 Strategic planning
During the development of the SDCP in the late 1990’s, it was recommended that a strategic
management plan for invasive species be developed. This plan was never realized, and while
current efforts targeting key species at select locations has been very encouraging, there is no
comprehensive document or planning process that has looked at the problem across the
entirety of NR-managed lands. Therefore, last year NR contracted the Tucson Audubon Society
to develop beginning elements of the division’s strategic plan for invasive plant species. The
final report and attendant documents have been received, which included the following
elements:
• Using input from County staff, TAS honed a list of over 60 invasive plant species down to
a group of seven, known as target species, with top priority given to species that change
ecosystem function and structure:
o Giant Reed (Arundo donax),
o Stinknet (Oncosiphon piluliferum),
o Yellow Bluestem (Bothriochloa ischaemum),
o Sahara Mustard (Brassica tournefortii),
o Buffelgrass (Pennisetum ciliare),
o Fountain Grass (Pennisetum setaceum),
o Salt Cedar (Tamarix spp.).
• Review of relevant literature and other information sources related to target species;
• Review of existing data sources for treatment efforts on County/RFCD lands as well as
taking regional view of existing efforts and rates of spread;
• Review of treatment methods and timing of treatment actions for each target species,
whether these methods are currently used or not by County staff;
• Review of current distribution of target species within the County and RFCD owned and
leased lands;
• Recommended monitoring activities to track spread of target species and early
detection of new species.
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•

Suggested outreach to the community, especially where herbicides are used.

The TAS effort was a critical first step in the planning process. The next steps will be for NR to
make the difficult decision to prioritize management actions to specific properties or groups of
properties. Issues to be considered include feasibility and cost, including travel time,
volunteers, and other factors. In addition, the strategy will need to address management
objectives within these priority areas. Management objectives would include complete
eradication, containment, and monitoring. Finally, the strategic plan will need to estimate
resources needed to meet the identified management objectives.
3.2 Development of new data tools
The current system for recording observation of plants and treatment actions using hand-held
GPS units can be inefficient. NR and OSC staff spearheaded an important planning exercise to
clearly articulate a set of system requirements that a new data collection system must meet for
data collection, processing, storage, display, and summary of invasives inventory and treatment
data (Appendix D). That effort led to development of an ESRI Collector app that is currently being
deployed in Tucson Mountain Park (TMP) as a pilot for broader application to other NRPR-managed
lands. Appendix D provides an overview of this data tool and effort. These data will be used to
estimate the resources needed to meet the management objectives that come from the
strategic planning work (see previous section). This new mobile data collection system will
allow for real-time mapping and reporting. In addition to developing these tools, we will also
establish operating procedures that will ensure the standardization of data collection moving
forward.
3.3 Establishing a baseline for key areas
How much buffelgrass is currently in some of our key properties and what resources will it take to
remove them? Unfortunately we can’t answer these questions right now because no inventory
mapping has previously taken place. However, the pilot mapping project being deployed at TMP will
allow us to get a first look at the extent of the problem there; this mapping effort is being
conducted using a sampling framework that will allow us to extrapolate our findings. An overview of
the mapping effort will be presented to County staff via an MS Teams meeting on April 14th (see
also Appendix D).
3.4 New procurement tool to contract spraying in remote locations
A few years ago, NR staff used the landscape master agreement to hire AAA Landscaping to
treat buffelgrass at a remote site in TMP. This pilot effort was not successful because AAA staff
lacked the training and skills necessary to carry out the job. As a result, NR staff have been
working with Pima County Procurement to draft a new master agreement for backcountry
invasive species treatments. The draft language is currently being reviewed by Procurement
staff. It is anticipated this master agreement will be put into effect prior to summer 2021.
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3.5 Additional resources needed
The scale of the invasives species problem requires that we have additional funds to carry out
treatments. Given the County’s current budget situation related to addressing Covid-19, it is
unlikely that significant new funds will be available from the County in the coming year or
more. Therefore, it is recommended that we begin applying for grants that would be
administered by our department and implemented on-the-ground using JOC contractors under
the new backcountry master agreement. A significant pool of new funds will be available
through the Arizona Department of Forestry and the Federal Emergency Management Agency.
3.6 Fostering greater coordination among County departments
The invasive species issues in our region transcend land-ownership and management
boundaries. In the past, NRPR has stood out as the most active of Pima County departments on
invasive species issues. In recent years, RFCD has also begun to take a key leadership role in the
County’s efforts. Yet the emergence of new invasives (e.g., stinknet) requires greater leadership
and coordination among key county departments, including Department of Environmental
Quality and Transportation. One strategy to help ensure this coordination occurs would be to
resurrect the County’s Invasive Species Work Group, which directed Public Works departments
to work together to “coordinate and prioritize invasive species identification, mapping, control,
and eradication efforts on Pima County lands and invasive sources that will directly impact
County lands where possible.” All aspects of early detection, mapping, and treatments would
benefit from greater cooperation among County departments.
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Appendix A. Examples of how manual treatments are an effective tool for removal of
invasive species. Photographs on the left are before treatment and photographs on the right
are after treatment. All photographs from Tucson Mountain Park by Doug Siegel and/or
SDWW volunteers.
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Appendix B. Guidelines and procedures available to the public to participate in invasive
species removals on roadways and other public areas. These guidelines are on the County
website, but are not currently being followed. A review of this procedure is recommended.
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Appendix C. Pima County Public Works standard operating procedure for buffelgrass control.
Many of the activities outlined in this document have taken place since it was put into effect
in 2009, but others (e.g., NRPR staff training of other departments) has not taken place; a
future review of this document and NRPR responsibilities are recommended.
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Appendix D. Invasive plant species Collector App: objectives, data fields, and deployment at
Tucson Mountain Park.
Program Element Goal: Development of an efficient and precise field data capture process that
allows for timely results reporting across multiple departments.
Objectives: The following objectives (grouped by characteristics [underlined]) were considered:
• Efficiency and technical capacity
o Data are collected efficiently to reduce staff time in the field and/or time in the
office.
• Data quality
o Data are accurate and minimize bias.
o Transcription errors are minimized
• Data reporting and access.
o Meets required functionalities, including
 Invasive plant capture:
• Polygons/buffered points denoting total area cleared of invasives
species (i.e., no longer contains target species), type of treatment
(i.e., chemical or manual), ability to quantify amount of effort
required to treat mapped area.
 Inventory of infestations
• Polygons/buffered points denoting the area of large/small
infestations that would subsequently be treated by internal staff
or contractors, ability to map areas at a distance while qualifying
level of mapping accuracy.
 Ability to map area at a distance from an observer without needing to
physically walk to a specific area – saving a massive amount of staff time.
Area status of invasive plant presence:
• Polygons created for area surveyed but where no target species
was detected.
• Polygons created for area not surveyed.
o Data are accessible to the public and cooperators in near real-time.
• Database function and maintenance
o Easily and quickly extract, share, and analyze data after it has been QC’d.
With these objectives in mind, there was an analysis of potential solutions, which included:
• Paper data sheets
• Hand-held GPS units
• ESRI Survey 123 application
• ESRI Collector application
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It was determined that the ESRI Collector 10 application provided the strongest set of features
for most of the functions needed to record invasive species by staff 11 and trained contract staff,
most notably the ability to draw and edit polygons and quickly and easily edit data while in the
field 12. Additionally, the ability to sync field data and efficiently edit data on a desktop
computer greatly minimize the overall effort required.
Data Fields and General Considerations
The data model used was based on a Collector application (app) that was provided to Pima
County by Tucson Audubon and the National Park Service. Many of the fields in that app were
very similar to data fields in the County’s invasives geodatabase. These databases and tools met
most of the objectives for the program, but did not meet all of the County’s needs, most
notably to delineate areas where no invasive species were observed or areas that were not
surveyed. Below are additional details of these data elements.
Infestation Points and Polygons data fields:
•
•
•
•
•
•
•
•
•
•

Unit Code: This is the park unit code. Currently defaults to TMP (more on that later).
Site ID: Unique identifier for small, discrete survey area polygons (see section on
Implementation at Tucson Mountain Park);
Surveyor: drop-down list of staff and contractor names
Date/Time: Auto fill or manual entry
Species: Each point or polygon is for a single species. The list includes dozens of
invasives plants, with the most common and problematic species (e.g., buffelgrass and
fountaingrass) occurring first on the list
Growth: Status of the plant at the time of observation. Includes dead, flowers, senesced,
etc.
Number of plants: 7 bins: 1, 2-5, 6-25, 25-50, 51-100, 100-500, >500.
Treatment: Type of treatment (no treatment, chemical, hand pull, etc.)
Disturbance: Observed disturbance (e.g., fire, roadside, mowing, other, etc.) on the site
that might impact/explain the presence/abundance of the invasive species.
Record Type: actual perimeter (walked), visual estimate (drawn)

Collector will soon be phased out by ESRI. Their Field Maps application will provide
comparable functionality to Collector.
10

A separate Survey123 application has been developed for use by volunteers. That application
is not addressed here.

11

There may be times when paper data or hand held GPS units are needed (e.g., because of
equipment failure) and circumstances when less technology might be required such as for some
volunteers with less experience/ comfort with these new tools.
12
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•
•

Notes: Freeform line to add pertinent information.
Attachments (ability to take a photograph[s] and append to observation).

Status Polygon (* if same as above)
•
•
•
•
•
•

Unit Code: *
Site ID: *
Surveyor: *
Date/Time: *
Status: “No Invasives Observed” and “Area not Surveyed” dropdown fields
Notes: *

General Considerations for Utilizing Data Field
1. Mapping Actual Location or Perimeter of Infestation Points and Polygons (in the field)
• Record Type: Actual point, Actual perimeter. The Collector app allows for the creation of
points or polygons when the observer is at the actual location of an invasive species
infestation.
• Points should be created only when the extent of the infestation is < 5m diameter.
Points should be used sparingly (for only a few plants) because it is not possible to
accurately derive area from points.
• Polygons should be created by walking the perimeter of an infestation or treatment;
polygons are preferred because they allow for the expression of area infested, even if in
low densities.
2. Mapping Approximate Location or Perimeter (Distance Inventory) of Infestation Points and
Polygons (in field or office)
The Collector app also allows for creation of points or polygons when the observer is NOT at
the actual location of the invasive species infestation. The “visual estimate” feature, in
particular, allows for a very powerful mapping tool, particularly for inventories by increasing
the area surveyed within a period of time. This function of mapping invasives species,
known as distance inventory (DI), applies to those situations where the invasive plant is
viewed from afar and subsequently mapped. DI works well in the following situations:
• In field situations where an observer can clearly see an area of interest. Use of
binoculars and/or scope are critical, as is obtaining viewing location(s) that allow for an
unobstructed view of a survey area. (Few areas can be seen in their entirety; this is
discussed below). Conversely, this method does not work well in field situations with
heavy vegetation and/or where there is no way to get an unobstructed view of an area.
• For species that are very visible from a distance. Species in this category include
buffelgrass, fountaingrass, and saltcedar. Smaller species such as brome and stinknet
(except when blooming) would not be appropriate using this method.
• Conditions allow for the plant to be distinguished from similar species. Many grasses, in
particular, change color among seasons and hue within a season. The ability to
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•

•

differentiate between target and non-target species assumes an observer is properly
trained and comfortable making this distinction. Development of a field guide to
similar species would be a good future addition.
When the field conditions allow for the assessment of an area. Of particular importance
is surveying in proper lighting condition, which will depend on a host of factors, most
importantly that not a lot of deep shadows are present. Surveys should be avoided first
thing in the morning or late in the day due to long shadows and dappled light. Surveys
early or late can work in some situations and for some species (e.g., buffelgrass) where
the species is illuminated from behind. Surveys in the middle of the day are best.
Cloudy days are often good for DI mapping as light is uniform (i.e., lacks shadow).
When infestations are large enough to be easily seen. In other words, this will miss
individual plants.

Field Deployment of DI
Assuming the conditions outlined in general considerations (#2) have been met, DI infestations
or status poly should be done with the following tools and protocols:
Equipment:
• Tablet. A large screen (e.g., 7-10 inch) tablet is important to be able to view baselayers
and toggle between them. Preliminary test of mapping using smartphones was not very
successful because of the small screen areas, but more tests are likely needed.
o Recommended base layers to be loaded onto hard drive:
 High quality aerial image to pick out features such as rock outcrops, trails,
differences in soil color, etc;
 Hill shade map;
 Topographic map with property boundaries.
• Binoculars. A high-quality pair is essential if mapping takes place beyond about 100m
from an observer.
• Good spotting scope and tripod can useful, but only for areas that are too far away to
view with binoculars. Can be cumbersome to deploy.
• Compass
• Range finder, preferably one that can provide ranges >1000 yards 13.
Methods. Distance inventory requires at least one unobstructed view of the target area. Ideally
an area is mapped using multiple vantage points to be sure of the species and its extent (or lack
of the target species). It is imperative to systematically scan the entire area to be surveyed
multiple times.
• When target plants have been found:
A SigSauer Kilo 1800BDX rangefinder has been deployed and the results have been
encouraging as we are consistently getting readings at over 1 km.

13
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o Locate the area on the various baselayers. Sometimes toggling among layers will
allow for some features to stand out. It might be helpful to use a compass, first
by making sure tablet is aligned to the N (be sure not to bring compass too close
to the unit, tested by watching the needle on the compass as it nears the unit),
then sighting the infestation, and lining up compass with the tablet. It might also
be valuable to disable the autorotation feature on the device.
o “Collect New” Infestation points or Infestation Poly. Fill out as much information
as possible in the field, including notes field.
o Draw polygon using a stylus that best represents the area of the infestation.
Practice is important. To do this, check your work by drawing a number of
polygons on the map, then hiking to those polygons and seeing how well your
polygon represented the infestation. Adjust the size and shape of the polygon
and change other data within the Collector app, as needed. In general, staff have
found a tendency to overestimate the area of the infestation.
 Important notes: we know that drawing points and polygons to represent
infestations far from an observer will have inherent lack of accuracy; this
is especially true for infestations really far from an observer and/or in
areas where it is difficult to differentiate features. This lack of accuracy is
understood and, though less than ideal, it is better to get a polygon on
the map that bears some resemblance to truth rather than no data at all.
Also, as we move toward deploying crews for treatments, more refined
mapping may be necessary.
o One of the key challenges of mapping invasive plants is to determine how to
draw a polygon, particularly for sparsely distributed species that have many
individuals spread across a large area and/or density (i.e., % cover) varies across
a site. The following are considered good “rules of thumb”:
 If the target species are scattered and relatively evenly distributed across
a large area, create one large polygon and designate Canopy cov class as
<1% for that area. Estimate number of plants, including perhaps using the
notes field, noting, for example, “scattered throughout” or “10 clumps of
about 25 plants each”, etc. etc. (More thought can be given, perhaps to
dropdown of common notes, which would help for future deployment of
treatments efforts). Also, the observer could visually isolate a
representative part of the polygon with the scope and count the # of
plants/clumps, and then extrapolate to what one thinks is the total area
of the polygon.
 If the target species has quite variable densities along a larger area, it is
best to create a number of distinct polygons that correspond to the
different Canopy cov categories. For example, it is often the case with
buffelgrass that where there are areas of high density infestations (2650%, 51-100%), there are other, lower density areas, often (but not
always) downslope and/or on the perimeters of the main infestation.
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•

Don’t get too worried about exact boundaries and don’t try to draw too
many polygons.
When target species has not been found
o After scanning the target area (again, ideally from multiple vantage points) and
no target species has been observed, Collect new “Status Poly”:
 Input surveyor, date.
 Under status, select “no invasives observed.”
 Draw a polygon to represent the area where no target species were
observed.
• Note the wording: “no species observed”. This is different from
saying “no invasive species present”. This is an important
distinction because we may be missing some individuals of the
target species using this method; this is an acceptable lack of
accuracy, which we are trading for efficiency.

Testing the App at Tucson Mountain Park
To test this survey technique and app, we wanted to map buffelgrass and fountaingrass in large
portions of Tucson Mountain Park (TMP). At over 20,000 acres, TMP is, of course, too large and
topographically diverse to survey at once, so we looked for a way split the park into
manageable and discrete survey areas. We decided that an area approximately 50 acres in size
was reasonable to survey in one morning. Pima County IT staff split TMP into 400 survey unit
polygons (average size 50.1 + 42 [SD] acres), each with a unique site-id (e.g., TMP-179). (Those
site_id are available in the dropdown under unit_code, which is automatically populated to
“TMP” during the course of this test). Each polygon roughly corresponded to areas that would
be visible from one or several vantage points, essentially a single viewshed. In most cases IT
staff used natural landforms, especially ridges, to define the boundaries of survey area
polygons. Also used were major roads, some washes, and park property boundaries (Figure D1).
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Figure D1. 400 survey units in TMP (boundaries in orange). Each polygon has a unique Site_ID
code.

During each outing, the goal is to, as best as possible, fill in all areas of targeted survey units
with polygons that represent the location of invasive species, no invasive species observed, or
not surveyed (Figure D2). Based on these data, we will be able to inform management decisions
and derive statistics for number of acres with buffelgrass as well as status of areas without
surveys or no invasives observed.
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Figure D2. Example of an area of Tucson Mountain Park (area leading to Gates Pass) after data
were input into the Collector app. The polygons outlined in orange represent the Survey Areas
for TMP; they average 50 acres. The other polygons represent the status of that area relative to
target invasive plants; areas in blue contained buffelgrass while the peach areas represent no
invasive species found and the yellow areas were not visible.
Additional data elements to address.
This application is a work-in-progress, and as such, there are many changes that will,
undoubtedly, need to be made in the future, including:
• Testing app with Field Maps. Need to work with IT to see how well Field Maps performs.
Testing ongoing, but lack of Android tablets is a hindrance for deployment for distance
inventories. Looking into getting Android tablets.
• NRPR Location Tracking. In Collector, the Location Tracking feature places points down
on a regular interval, from every 1 second to every 1 hour. The interval must be changed
by an account administrator. Ideally, this would be changed by a user depending on the
field setting. Location Tracking has the most relevance for crews that are doing
treatments; a large series of locations would indicate area treated without having crews
or volunteers take their devices out and marking individual points. Location Tracking
points would form the foundation of treatment polygons, but would not be imported
into the geodatabase nor would they be used for DI.
• Walking an area to create a polygon. Due to constraints of the Collector app, it is not
possible to walk the perimeter of an infestation or treatment and see the route walked
as a segmented line or polygon. It is hoped that this will change with ESRI Field Maps.
• Adding/Modifying fields.
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•

o Target Species. Think about adding a field for “Target Species”. That way one
can match the field observations of the target species (or lack thereof) with a
target species list. This would only apply to Status Poly.
o Extensive versus intensive treatments. There are a number of ways that people
do treatments and at the simplest it can be boiled down to: 1) intensive
treatment where a dense patch of invasives is removed, usually in a small area,
or 2) extensive treatment area were the invasive is more sparse and widely
distributed and the corresponding area of treatment is much larger. Creating
two types of treatments will allow for us to better understand the status of an
invasive and to report results in an “apples-to-apples” way.
o Effort. Need a way to append field effort to treatment polygons. This would
allow us to track amount of effort and cost to specific areas and be available for
input into the SLM projects layer. We could summarize by treatment type, park
unit, etc., which could lead to better planning and future deployment.
Integration into the geodatabase. Data from the Collector app need to be moved into
the geodatabase, which will require modifications to data fields. Discussions among staff
are ongoing.
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