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Executive Summary

Calendar year 2021 represents the sixth annual report for Pima County’s Multi-Species
Conservation Plan (MSCP). The MSCP provides the means by which the County and certain
developers may comply with the US Endangered Species Act (via Section 10(a)(1)(B) Incidental
Take permit issued July 2016). Pima County and the Regional Flood Control District are joint
permittees.
The Section 10 permit authorizes activities that may incidentally harm 44 species (i.e., Covered
Species), otherwise known as “take.” Under this permit, the currency used to estimate take is
acres of land impacted. Up to 36,000 acres of take is authorized for a period of up to 30 years,
in exchange for avoidance, minimization and mitigation measures detailed in the MSCP. The
reporting period for the annual report submitted March 1, 2022 is January 1-December 31,
2021.
Take and Mitigation
The figure and tables below summarize the number of projects, acres of impact, and required
mitigation for covered activities under the incidental take permit. Mitigation obligations are
quantified using the acreage of Capital Improvement Projects (CIP), and private projects that
acquired a Certificate of Coverage (CofCov).
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Figure S1. Graph of cumulative take and mitigation credit (obligated and allocated) by year, 20162021.
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Table S1. Number of covered projects requiring mitigation, acres of covered impacts (take) and
obligated mitigation acres by category for calendar year 2021 and cumulatively since permitting.

CIP
CofCov
Total

Projects
Mitigated
10
69
79

2021
Total Take
71.2
1,228
1,299.2

Obligated
Mitigation
313.7
2,998.3
3,311.9

Projects
Mitigated
29
224
253

Cumulative
Total Take
309.8
1661.6
1971.4

Obligated
Mitigation
1381.2
4601.4
5982.6

Notable Achievements
Covering Projects
• The MSCP has covered a total of 509 Capital Improvement Projects completed by the
permittees to date; 29 of these were ground-disturbing projects requiring mitigation.
• A total of 411 private projects have been authorized to receive coverage; 224 have been
mitigated to-date. Private sector coverage is voluntary.
• MSCP mitigation was used to streamline compliance under the Native Plant
Preservation Ordinance for five private development projects this year.
Minimizing Habitat Impacts
• The Regional Flood Control District reported that 95.6% of applicants avoided impacting
regulated riparian habitat.
• Fourteen buffelgrass letters were issued to private property owners in 2021 by Pima
County Department of Environmental Quality.
Managing Land
• The new MSCP-compliant management plan for the Cienega Corridor was updated to
include additional area and actions.
• Pima County staff, contractors, and volunteers mechanically removed or chemically
treated approximately 4,942 acres of buffelgrass and other invasive plant species on
County preserve lands, open space, and right-of-ways.
• A new interdepartmental effort was spearheaded to bring together all the Public Works
departments that monitor and manage invasive plants. Departments include
Transportation, Wastewater, Environmental Quality, Flood Control, Natural Resources,
and Sustainability and Conservation.
• NRPR created and filled new positions for Restoration Program Manager and Invasive
Species Program Coordinator, both of which work on MSCP-related activities such as
the implementation of certain avoidance and minimization measures listed in Table 4.1
of the MSCP.
• In the Edgar Canyon riparian area on M Diamond Ranch, 7,920 linear feet of fencing
were installed to limit cattle use and protect riparian habitat for lowland leopard frogs,
ii
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•
•
•
•

Gila topminnow, western yellow-billed cuckoos, giant spotted whiptails, and a host of
other species.
The District completed a project on the west side of the Santa Cruz River installing 5,652
linear feet of fencing and three gates to deter dumping and off-highway vehicle use.
The County’s range program used remote sensing and field data in new ways to make
stocking decisions on County ranches during the drought that dominated the first half of
2021.
Forty wildlife escape ramps were cut and shaped for installation in water tanks on
County-managed ranches. These ramps will be installed in 2022.
The District led an effort to improve habitat conditions for lowland leopard frogs and
Sonora mud turtles at Catalina Regional Park.

Monitoring Species and Habitats
• Office of Sustainability and Conservation staff made 901 separate observations on
Covered Species; these were reported to the Arizona Game and Fish Department for
inclusion in the State’s Heritage Data Management System (HDMS).
• Now five years since permit issuance, County staff conducted the first analyses of
landscape pattern change and climate.
• County staff and collaborators completed the second round of monitoring for Sonoran
desert tortoise and leopard frogs, and part of the second round of monitoring for
covered bat species (cave-roosting species).
• County staff counted desert pupfish and Gila topminnow in Pond 2 at Agua Caliente
Park, both of which are thriving.
• County staff performed talussnail surveys at five sites, with partners, resulting in a live
voucher located at a new site; an initial inventory of talussnail sites on County
conservation lands is included in this report.
• In partnership with Tucson Audubon Society and the National Park Service, the County
established 20 long-term vegetation and soils monitoring plots on County preserve
lands, bringing the total number of plots to 102 (2017-2022). This marks the completion
of the first round of monitoring in the five-year rotating panel design.
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1

Introduction

Pima County’s Section 10(a)(1)(B) Incidental Take permit (herein Section 10 permit or permit)
for the Pima County Multi-Species Conservation Plan (MSCP; Pima County 2016) was signed by
the Pima County Administrator on July 13, 2016. This report is prepared for the US Fish and
Wildlife Service (USFWS) under Incidental Take permit #TE84356A and covers the time period
January 1 through December 31, 2021.
Most of the activities discussed in this annual report occur on lands managed or regulated by
Pima County and/or Pima County Regional Flood Control District (District), the two permittees
under the Section 10 permit. (Pima County and the District are herein referred to collectively as
“Pima County” unless otherwise noted).
The permit area is located within Pima County, Arizona (Figure 1). Land ownership in Pima
County is primarily tribal, federal, and state trust land (Figure 2).

Figure 1. Permit Area for Pima County’s Multi-Species Conservation Plan as of December 31, 2021 with
new preserves acquired within the reporting year shown in red.
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Figure 2. Land ownership in eastern Pima County, as of December 31, 2021. See Figure 3 for location
of changes in land ownership during the reporting period.

Annual reporting is required under the terms of the permit. The primary purposes of this
annual report, as described in Chapter 9 of the MSCP, are to:
1. Quantify impacts of Covered Activities and mitigation for these impacts;
2. Provide updates on the implementation of the MSCP; and
3. Inform the decision-making process if conditions of the permit or Implementing
Agreement are not being met, or when adaptive management is needed.
The format of this report follows the template in Appendix P of the MSCP. A glossary of terms
and acronyms (pages 89-91) is included to assist the reader and ensure consistency between
this document and the MSCP.
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2

Permit Changes

No amendments to the MSCP or permit language changes occurred during the reporting period.

*The remainder of this page intentionally left blank.
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3

Administrative Changes

Permit Area
The Permit Area represents the area within which Covered Activities could occur and has
changed slightly during 2021 (Figure 3)—as compared to its description in the MSCP—for the
following reasons:
• Annexation by other municipalities has the effect of slightly reducing the Permit Area in
which coverage of private activities would become available. Annexations are shown in
brown in Figure 3.
• Federal land acquisitions reduce the permit area. Releases of state trust land to the
private sector increase the permit area if the land released is located in the
unincorporated area. There were about 106 acres of federal land acquisitions and about
26 acres of State land releases affecting the permit area in 2021.
• Federal land relinquishments and State land additions (i.e., if subsequently released to
the private sector) may increase the permit area if they are located in the
unincorporated area. Approximately 454 acres of federal land and 47 acres of state land
were relinquished in 2021.
The permit area also includes locations where Covered Activities by the Permittees occur,
principally on the potential mitigation lands in other counties and where the Permittees work in
incorporated areas.

4
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Figure 3. Permit Area changes for Pima County’s Multi-Species Conservation Plan, January 1 through
December 31, 2021. Annexations slightly diminished the Permit Area extent.

3.2 Regulatory Streamlining
The MSCP was designed to facilitate more streamlined compliance with other regulatory
requirements. To date, there are four opportunities where leveraging MSCP mitigation provides
regulatory streamlining:
• Endangered Species Act compliance for the 18 US Army Corps of Engineers (Corps)
nationwide and regional Clean Water Act permits listed in the MSCP;
• Endangered Species Act compliance for Corps Clean Water Act Individual Permits when
the Corps and USFWS, at their discretion, determine MSCP mitigation provided by Pima
County is acceptable;
• Pima County Native Plant Preservation Ordinance (NPPO) compliance with certain
mitigation requirements for Pima pineapple cactus (PPC), needle-spined pineapple
cactus (NSPC), and Huachuca water umbel (HWU) when private development obtains a
Certificate of Coverage.
• Pima County Chapter 16.30 compliance with certain mitigation requirements for
Important Riparian Areas when private development obtains a Certificate of Coverage.
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Table 1. Number of County and private development projects that utilized MSCP mitigation to
streamline regulatory compliance.
Project Type
County
Private Development w/CofCov

2021
6
5

Cumulative Total
13
12

3.2.1 Army Corps of Engineers Clean Water Act
The MSCP streamlines Endangered Species Act compliance for the 18 nationwide and regional
general Clean Water Act permits. The USFWS, Corps, and Pima County agreed to report
annually on the status of Corps permits issued in relation to the programmatic consultation
(Appendix 1).
The programmatic consultation did not encompass Individual Permits. However, the Corps and
USFWS may, in their discretion, accept MSCP mitigation provided by Pima County as
compensation for effects to listed species resulting from County projects and private projects
participating in the Certificate of Coverage program. During 2021, no County projects utilized
this process to provide mitigation for listed species.
3.2.2 Pima County Native Plant Preservation Ordinance
In 2018, Pima County developed a procedure that allows private developments to rely on a
Certificate of Coverage to streamline compliance with certain provisions in Pima County Code
18.72 – Native Plant Preservation. Specifically, this procedure allows the PPC, NSPC, and HWU
mitigation that the County provides for a private development project receiving a Certificate of
Coverage to be used as off-site mitigation for purposes of complying with the NPPO. Under this
procedure, private developments may rely on a Certificate of Coverage to serve as off-site
mitigation for purposes of fulfilling replacement and supplemental PPC, NSPC, or HWU,
consistent with the NPPO requirements (Section 18.72.090.B).
In 2021, five private development projects that received a Certificate of Coverage leveraged
MSCP mitigation to streamline their compliance with the Native Plant Preservation Ordinance.
3.2.3 Pima County Riparian Habitat Protection and Mitigation Requirements
In 2019, Pima County and the Regional Flood Control District developed a procedure to allow
private developments to rely on a Certificate of Coverage to streamline compliance with certain
Important Riparian Area mitigation requirements under Pima County Code 16.30 and
associated guidelines. Under this new procedure, private residential single-lot developments
may rely on a Certificate of Coverage to reduce the number of required monitoring reports. It
also means private subdivision, commercial, and industrial developments may rely on a
Certificate of Coverage to reduce the required mitigation ratio for impacts to Important
Riparian Areas with underlying Xeroriparian habitat. The Board approved this procedure and it
went into effect May 18, 2021.
No private development projects utilized this process during 2021.
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•
•
•
•
•
•
•

Miscellaneous Administration Items
There were no changes to habitat models or Priority Conservation Areas.
USFWS approved the Cienega Corridor Management Plan with revisions that are
forthcoming.
The USFWS issued a finding that said federal listing of the Sonoran Desert tortoise was
not warranted.
County and USFWS staff worked together to assess and tour northern Mexican
gartersnake habitat at Cienega Creek Natural Preserve.
County and District staff continue to work closely with the USFWS on conservation of
the rare plant Arizona eryngo (USFWS issued a rule proposing a listing as endangered,
with critical habitat).
There were no information requests in 2021 by the USFWS to Pima County for the
purpose of assessing whether the terms and conditions of the permit are being met.
There were no requested adjustments to ecological monitoring schedules or activities in
2021.
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Incidental Take

This section describes incidental take caused by the covered activities identified in the MSCP. As
noted in section 3.7.1 of the MSCP, incidental take is determined by using acres of habitat loss
as a surrogate for incidental take of individuals of covered species.
Certificates of Coverage - Development on Private Land
The Certificate of Coverage Program (www.pima.gov/S10PrivateLand) affords the developer of
a home, subdivision, commercial, or industrial project an opportunity to comply with the ESA
for activities that are permitted by the County. Participation in the program is voluntary and in
the sole discretion of the private developer. A total of 411 projects have been authorized to
receive coverage since the program began in 2017. Authorization for incidental take remains in
effect for six years from the date of issuance; coverage is granted when project grading is
complete. To date, no certificates have expired and a total of 224 projects have received
coverage.
In 2021, 69 projects received coverage subsequent to completion of grading resulting in a loss
of approximately 1,228 acres of habitat (Table 2, Figure 4). Four of the covered projects that
received a Certificate of Coverage via a building permit were located on parcels 10 acres or
more in size so the associated take for these projects was calculated using the actual area of
disturbance rather than the entire area of the parcel, per the process implemented in 2019. A
total of 2,998.3 acres of mitigation is owed for private impacts.
Table 2. Certificates that provided permit coverage for private development in 2021, Pima County.
Certificate of
Coverage #
P17CC00045
P19CC00028
P19CC00031
P19CC00032
P19CC00037
P19CC00054
P19CC00057
P19CC00055
P19CC00059
P19CC00060
P19CC00068
P19CC00066
P19CC00069
P20CC00002
P20CC00004
P20CC00012
P20CC00016
P20CC00020

Actual
Habitat Loss
Acreage
5.48
4.63
2.79
2.69
4.24
2.16
1.32
1.20
0.81
3.33
2.18
45.44
9.06
1.06
3.88
1.49
0.94
3.36

Certificate of
Coverage #
P17CC00048
P18CC00043
P19CC00009
P19CC00019
P19CC00045
P19CC00051
P19CC00056
P20CC00005
P20CC00014
P20CC00018
P20CC00015
P20CC00022
P20CC00024
P20CC00028
P20CC00035
P20CC00040
P20CC00041
P20CC00047

Actual
Habitat Loss
Acreage
2.16
35.41
3.72
9.64
0.78
19.57
4.27
2.12
3.75
2.88
14.72
2.55
9.35
3.18
1.12
1.83
2.08
1.48
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Certificate of
Coverage #
P20CC00036
P20CC00037
P20CC00046
P20CC00051
P21CC00001
P21CC00002
P21CC00005
P21CC00008
P21CC00009
P21CC00013
P21CC00028
P20CC00001
P20CC00021
P21CC00098
P20CC00029
P20CC00059
P20CC00058
P21CC00004

Actual
Habitat Loss
Acreage
1.52
3.32
3.32
2.94
3.14
1.15
1.23
0.97
4.95
0.97
4.98
1.03
3.34
2.23
4.15
9.21
1.00
4.12

Certificate of
Coverage #
P20CC00031
P20CC00034
P20CC00039
P20CC00050
P21CC00021

Actual
Habitat Loss
Acreage
1.06
3.37
3.65
0.91
3.04

Certificate of
Coverage #
P19CC00048
P19CC00070
P20CC00008
P20CC00017
P20CC00025

Actual
Habitat Loss
Acreage
888.47
33.60
3.35
0.98
5.82

Actual
Certificate of Habitat Loss
Coverage #
Acreage
P21CC00030
1.98
P21CC00065
1.96
P19CC00035
3.52
P20CC00061
4.18
P21CC00025
1.46
Total
1,227.6

Figure 4. Location of habitat loss due to private projects, January 1- December 31, 2021. Locations are
enlarged for clarity. Private projects may elect coverage through the Certificate of Coverage program,
and each such project receives mitigation.

County Capital Improvement Program
Capital Improvement Program (CIP) projects are generally infrastructure projects that cost
more than $100,000 to construct. A County CIP project is reported in the Annual Report as a
Covered Activity when:
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•
•

It is initiated by County or District and determined to be “substantially” complete. This
is after most of the earthwork is done, but prior to completion of all activities such as
landscaping and payment of invoices
It is initiated by County or District and determined to be complete in the Corps of
Engineers Section 404 annual coordination report in Appendix 1. These may typically be
phased CIP projects such as removal of sediment, or non-CIP projects that required preconstruction notification to the Corps

There were a total of 21 County CIP projects covered by the permit in 2021 (Appendix 2). The
procedure for screening CIP projects during the annual reporting process changed in 2021 to
better ensure all covered CIP projects are identified, including both ground-disturbing and nonground-disturbing projects. Because of this change and the possibility that some County CIP
projects substantially completed in earlier reporting years were inadvertently omitted in
previous reports, Appendix 2 includes all County CIP projects substantially completed since July
2016 when the permit was signed. The vast majority of these projects did not cause ground
disturbance and therefore have no associated mitigation requirement, or they occurred entirely
or partly in the built environment where no mitigation was required.

Figure 5. Location of habitat loss due to Capital Improvement Projects, January 1- December 31, 2021
(includes habitat loss due to three Capital Improvement Projects not included in previous reporting
years). Locations are enlarged for clarity.
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Of the ground-disturbing projects substantially completed in 2021, 10 projects were entirely or
partly outside the built environment and require mitigation; these are shown on Figure 5.
Covered Activities also include non-CIP projects and activities that occurred in various locations
throughout the permit area but most of these are not required to be listed each year in the
annual report. However, if the MSCP coverage was relied upon to satisfy the Section 404
permit issued by the Corps, then mitigation is required and the project will be listed in Appendix
1. Such is the case for several non-notifying projects listed in Appendix 1.
Appendix 3 represents potential CIP projects that are ground disturbing and outside the built
environment which may be completed in the future years. Based on this information, it
appears that transportation, wastewater, and flood control projects will likely provide a
continuing source of impacts that require mitigation.
Appendix B of the MSCP describes the methodology used to calculate take for Covered
Activities. For the impacts caused by the County, this involves tracking the location and size of
areas altered by CIP projects. The tracking process for CIP projects has been in place for several
years and requires the submittal of Geographic Information System (GIS) polygons which
describe the location and aerial extent of completed projects. Private sector impacts are
tracked using a combination of Accela and ArcGIS. GIS acres, not survey data, are the basis for
impact acreages.
The built environment layer used for tracking impacts is not always accurate, and this resulted
in the need to discuss how to accomplish impacts tracking for several park projects with
USFWS. Parks in particular are often a mix of developed and natural areas. Pima County
intends to present to USFWS a comprehensive update of the built environment based on the
Land Use-Land Cover mapping by Regional Flood Control District that would provide a more
accurate basis for CIP impacts tracking in the future.
Covered Activities Impacts
Polygons for ground-disturbing CIP projects that were substantially completed on or before
December 31, 2021 were used to calculate 2021 impacts. The project polygons were checked to
ensure ground disturbance was correctly identified. The list of ground-disturbing projects was
then screened to eliminate any on federal or tribal lands, as these impacts are not covered
under the permit. The remaining projects were intersected with the Built Environment GIS
layer (known as CIPBUILT). Those portions outside the built environment, or federal or tribal
lands, were then intersected with the Maeveen Marie Behan Conservation Lands System (CLS)
to determine the habitat loss, as described in Appendix B of the MSCP. Each CLS category has a
specific mitigation ratio that is used to calculate the MSCP mitigation obligation (as described in
Section 4.3.1. of the MSCP).
In 2021, a total of 10 projects were identified as having impacts requiring mitigation. The
resulting 71.2 acres of CIP impacts required the County to provide 313. 7 acres of CLS
mitigation. Private sector impacts required 2998.3 acres of mitigation.
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Table 4 summarizes the total acres requiring mitigation for both CIP and private development,
along with the CLS category and mitigation ratios applicable to these impacts. There were
1298.8 acres of loss in 2021; consequently, Pima County will provide 3311.9 acres of mitigation
to compensate for impacts occurring in 2021.
Table 3. Ground-disturbing CIP projects requiring mitigation in 2021 as mapped on Figure 5.
CIP Number
CFC.5AGCL1
CFC.5SCRBS
CFM.XSELIB
CPR.PBAJA4
CPW.PWKSRW
CTR.4AJOAP
CTR.4HSBSP
CTR.4KCTHP
CWW.3TPBBS
CFC.5LKMNA

Project Name
Agua Caliente Park Pond 1 Restoration
Continental Ranch Bank Stabilization
Southeast Library
Canoa Preserve BAJA Field No 4
Kino Reclaimed Water
Ajo Airport Perimeter Security Fence
Speedway Blvd - Painted Hills to Cmo de Oeste
King Canyon Trailhead Parking
Twin Peaks - Blue Bonnet Road Gravity Sewer
El Rio Preserve Bank Protection

TOTAL

Project Acres
3.8
24.1
3.0
2.9
6.8
4.1
2.4
0.4
3.2
20.7
71.2

Table 4. Habitat loss and associated mitigation ratios for 2021, Pima County MSCP.
Habitat Loss
CLS category
Acreage
Mitigation Ratio
Mitigation Obligation
Biological Core
129.3
5:1
646.6
Important Riparian Area
62.8
5:1
352.8
Multiple Use Management Area
81.0
3:1
271.7
Special species management area
19.0
5:1
95.3
(outside other categories)
Outside the CLS
1006.7
2:1
2,015.1
Total
1,298.8
3,311.9
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5

Conservation Measures
Avoidance and Minimization

Change to Ordinances and Standards
In 2021, there were no changes to avoidance and minimization measures as described in
Section 4.2 of the MSCP.
CIP Screening and Reporting Process
No substantive changes in the CIP screening and reporting process occurred in 2021. The
screening process notifies CIP project managers of the intersections between proposed project
locations, site-specific natural resources, and protected areas in order to promote avoidance
and minimization during planning. The Pima pineapple cactus Priority Conservation Area,
burrowing owl Priority Conservation Area, potential bat habitat under bridges, and the need for
floodplain compliance are specifically included. Project managers now receive copies of their
initial polygons for verification of accuracy, as well as a report that advises them regarding
eligibility of MSCP coverage.
Advice on avoidance and minimization for individual projects is provided by environmental
compliance personnel in various County departments, and by Office of Sustainability and
Conservation as requested.
Gila Topminnow for Vector Control
The Pima County Health Department continues to maintain a breeding colony of Gila
topminnow, with guidance from the Arizona Game and Fish Department, to have at the ready a
supply of topminnow to use for vector control, as outlined in section 3.4.1.2.1 of the MSCP.
Health Department staff follow a number of guidelines when implementing a stocking,
including ensuring that topminnow are not able to escape into a natural water body. There
were no vector control stockings in 2021, though the County’s program has recently been
promoting the use of topminnow more for vector control via updates to the County’s website,
handouts, and other means (N. Ramirez, personal communication to I. Murray, January 2022).
Due to increased numbers of West Nile virus cases in 2021, the Health Department anticipates
using the topminnow more for vector control in 2022 (Appendix 4).
Riparian Avoidance and Minimization Measures
The District reported that 2,327 riparian habitat reviews occurred in 2021; there were 2,324
reviews in 2020. Of the 2021 reviews, 95.6% of the applicants avoided impacting regulated
riparian habitat. In other words, there were 2,224 instances of avoidance of regulated riparian
habitat impacts. There were 103 minimization actions, 92 of which had impacts that were
limited to less than 1/3 of an acre disturbance. Eleven instances disturbed more than 1/3 of an
acre and required riparian mitigation in addition to minimization.
5.5
Other Avoidance and Minimization Measures
Pima County Department of Environmental Quality continues to administer the weed
ordinance. No weed ordinance letters or violations were issued on allocated or potential MSCP
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mitigation lands. Fourteen buffelgrass letters, 84 weed letters, 56 waste abatement advisement
letters, and 111 waste violations were issued to private property owners in 2021.
Mitigation and Allocated Lands
To compensate for the take of Covered Species, Pima County allocates credits as described in
Appendix B of the MSCP. Land that has become allocated is known herein as Mitigation Land.
Lands located along the San Pedro River and along Cienega Creek have been allocated so far as
compensation for impacts that have occurred since 2016 (Figure 6).
The number of acres of credits available is determined by the Mitigation Land’s acreage and the
level of legal protection that the property has. When Mitigation Land is owned in fee title (as
opposed to owning partial rights or a grazing lease), the property acreage is eligible for 100%
credit. So far, all allocated lands are owned in fee simple.
The inventory of potential mitigation lands and where allocations have occurred are
represented in Figure 6 and in MSCPPORT, a GIS layer that summarizes the diverse portfolio of
lands which may be used for credit under the MSCP. (This layer may now be viewed in greater
detail by the public on the SDCP Mapguide site.) Appendix 5 provides a parcel list of lands
allocated so far.
The CLS designations are an index to an area’s biological value and are used to ensure the
quality of Mitigation Land is of equal or higher value than the land where take occurred (see
Appendix B and page 49 of the MSCP for more information). The San Pedro allocations are
primarily Important Riparian Area (IRA) and CLS-designated Special Species Management Area
(SSMA). The deeded lands allocated along Cienega Creek are primarily CLS-designated
Important Riparian Areas and Biological Core.
The credits for deeded lands allocated so far exceed the mitigation obligation for take for 20162021 (Table 5); therefore, the mitigation obligation has been satisfied. The 2016-2021 CLS
obligations are summarized in Table 6. CLS obligations for Multiple Use and Outside of CLS can
be met by any higher categories, such as Biological Core, Important Riparian Area, or Special
Species Management Areas.
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Figure 6. Location of all mitigation lands allocated under the MSCP through Dec 31, 2021. These areas
consist of the Bingham Planning Area (allocated in 2017), the allocation of the Cienega Creek Natural
Preserve and a small portion of Bar V Ranch (2019), and the allocation of additional parcels within the
both the Bingham Planning Area and Cienega Corridor Management Plan Area.
Table 5. Mitigation credits obligated and allocated for the Pima County MSCP by year.
Year Obligated
Mitigation Obligation
Mitigation Allocated
2016
52.6
267.0
2017
171.7
0
2018
977.3
4,140.5
2019
767.7
0
2020
701.9
0
2021
3,311.9
2,203.1
Total (to date)
5,983.1
6,610.6
Table 6. Cumulative CLS mitigation credits (2016-2021) obligated and allocated for the Pima County
MSCP.
Category
CLS Obligation
Cumulative Allocation
Biological Core
1,287.5
3,798.6
IRA
1,043.0
2,586.0
Multiple Use
639.3
223.4
SSMA on MU or Outside*
714.7
0
Outside*
2,298.8
2.7
TOTAL (to date)
5983.0
6,610.6
*These obligations are met with any combination of Biological Core, IRA, or SSMA.
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As part of the 10-year review, Pima County will review the habitat equivalency for individual
species (as discussed in MSCP Section 4.3.3.) such that a minimum 1:1 ratio of habitat loss:
acres of mitigation will be maintained for each Covered Species.
No replacement of lost mitigation credit was needed in 2021.
Water Rights in Relation to Mitigation Lands
Part of the newly allocated mitigation land in the Cienega Creek Natural Preserve is located in
an area where groundwater uses are subject to regulation. Pima County holds some
groundwater rights on the allocated properties, but the restrictive covenants for the deeded
Mitigation Lands limit the kinds of uses to which water can be put by the County. The covenants
prohibit increased levels of surface water or groundwater use by County without permission
from USFWS and others. To that end, Pima County and the District have established baseline
water use for each restricted property that can be integrated with the Biennial Inspection
reporting (see 2020 annual report). Each property may have multiple wells that contribute to
the baseline. In those situations, the baseline does not restrict the pumping at the well, only at
the restricted property as a whole. This allows flexibility for properties with established
pumping. For non-exempt irrigation wells, the baseline will reference the most current
allotments from groundwater rights within the Tucson Active Management Area (TAMA).
Outside the TAMA, the baseline is based on reports of historic use; for exempt wells, it will be
based on the statutory limits, as there is no reporting requirement to ADWR. Wells located on
state lands are not subject to the restrictive covenants.
Water rights quantify amounts and uses for which surface waters may be placed on property,
and identify priorities among water users in times of shortage. There are a number of historic
water right claims which Pima County and the District acquired in relation to mitigation lands at
Cienega Creek and along the San Pedro River.
Pima County and the District are defending their water right claims in the adjudication of
surface water rights in the Gila River watersheds, along with many other parties in the
state. Over 40,000 claims on the Gila River and Little Colorado River have yet to be solved. The
Santa Cruz River and the San Pedro River watersheds are tributary to the Gila River, and the
County and District have surface water rights in both watersheds. Pima County has filed
statements of claimant (i.e., Arizona Department of Water Resources program 39) with the
courts for about 68,000 acre feet, much of which is for effluent discharged into the Santa Cruz
River.
The San Pedro watershed is being adjudicated first. In 2019, the Special Master approved the
County and the District’s claims for the San Pedro watershed sites, including Bingham-Cienega
Natural Preserve, the A7 Ranch, Buehman Canyon and a number of natural springs on the
eastern flank of the Santa Catalina Mountains. The adjudication court has not yet addressed
claims to the Santa Cruz watershed, which would include claims to Cienega Creek.
The affected claims in the San Pedro have now migrated from their former status as "claims", to
their present status as water rights proposed by the Special Master for the final decree in the
16

Gila Adjudication. While this is a favorable development, it needs to be mentioned that there
are other watersheds to the Gila River, including the Santa Cruz, and tens of thousands of other
such claims to the watersheds of the Gila Rover that the court needs to address before anything
approaching a final decree can be expected. This process has been moving very slowly, and
legislation that would have set aside $500,000 in FY22 to the University of Arizona to provide
legal assistance in the adjudication did not pass through the State legislature.
Establishing Mitigation Credit for Species Enhancement Actions
MSCP Section 4.4.3. identified species enhancement actions as possible sources of mitigation
credit in addition to traditional property allocations. In 2021, three potential species
enhancement actions under the MSCP were completed, including at Agua Caliente Park and
Clyne Ranch. Two plugs of genotype A Huachuca water umbel (divided into 4 clumps) grown at
the Pima County Native Plant Nursery were planted along the shoreline of Pond 1 at Agua
Caliente Park. This experimental planting will continue to be monitored to assess
establishment and viability under a natural regimen where umbel will have to persist in the
context of other species of native marsh plants acting as competitors. Additionally, the County
worked with the Arizona Game and Fish Department to conduct an augmentation stocking of
Gila topminnow at Hospital Tank on Clyne Ranch. The District also continues to manage two
ponds at Catalina Regional Park for lowland leopard frogs and Sonora mud turtles, as well as
other species. Efforts in 2021 included installation of new rock-built aquatic planters in the
South Pond and subsequent installation of native aquatic plants to improve habitat and
contribute to better water quality. Annual monitoring of the water quality and management of
the surrounding riparian vegetation also continues at these sites.
The MSCP identified the approach that Pima County will take when attempting to determine
mitigation credit for any completed species enhancement action:
“Pima County will work with the USFWS to determine, on a case-by-case basis, appropriate
mitigation credit for these projects. Pima County and the USFWS will likely seek input from
subject matter experts to assist in the evaluation of proposed species’ enhancements. In
some instances, and for a variety of reasons, species’ enhancements may only be
temporary. In these cases, species occupancy may be allowed to be taken back to a
previously agreed upon baseline condition. Take of species related to a return to baseline is
covered under the Section 10 permit. Mitigation credit for such temporary enhancements
will be adjusted accordingly.” (MSCP Section 4.4.3)
Pima County has not yet proposed a framework to the USFWS to translate species
enhancement actions and the costs tied with creating and maintaining relevant populations of
Covered species under these enhancements into an appropriate currency (acres) that would
allow translation of these investments in conservation into MSCP mitigation credit. This is a
complex task as in many cases the species enhancement action occurs over a relatively small
geographic area (e.g., a pond), and the effort and cost associated with carrying out and
maintaining the enhancement over the long-term, as well as the potential benefits to species
recovery and conservation are not proportionate with the physical footprint of the action (they
are much greater).
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6

Land Management

Land management actions on allocated mitigation lands must be reported annually. Therefore,
management actions and planning actions on these properties will be the primary focus for this
report. However, many other management actions have taken place on non-allocated, Countycontrolled lands that have an impact on Covered Species and their habitats. Because of the
importance of conserving our extensive portfolio of potential mitigation lands for future
allocation, this chapter will also highlight key management actions and initiatives that affect
this broader suite of County lands.
Park Designations
There were no new park designations on allocated or potential mitigation lands in 2021.
Inspections for Restrictive Covenants
Pima County sent the biennial inspection reports for properties encumbered with MSCP
Restricted Covenants to the Arizona Land and Water Trust (ALWT) for review in 2021. A
number of unauthorized incursions (or in some cases potential unauthorized incursions) have
taken place on properties protected by MSCP Restricted Covenants. These are primarily cases
where unauthorized roads have been created on County parcels, that are in most cases near (or
at the parcel boundary) or through a corner of a parcel. In some cases, staff need to determine
if these actions have actually occurred on County property or are on an adjacent parcel. Initial
inspections are usually made using an online tool allowing inspection of aerial imagery from
two different time periods, and follow up field work and consultation with Real Property staff
may be required to assess whether actions have occurred on County land. In cases where this
has occurred, staff will assess the feasibility of remedial action. Unauthorized incursions onto
lands protected by these restrictive covenants do not represent a violation of the restrictive
covenant, as the County or District had no knowledge of them occurring 1.
Land Management Activities on Allocated Lands
Pima County is required to report on management activities that took place on allocated
mitigation lands. Most of the Bingham planning area and the Cienega Creek Natural Preserve
(excluding the Empirita Ranch Headquarters) were allocated as of March 2019. Additional lands
from within the Bingham planning area and the Cienega Corridor planning area are allocated in
this 2021 report (Appendix 5; Figure 11).
6.3.1 Bingham Planning Area
In January 2019, Pima County and the District completed the Bingham Cienega Natural Preserve
Resource Management Plan encompassing lands along the lower San Pedro River within the
Bingham Planning Area (herein Bingham). The majority of these lands were allocated in 2017. In
this report an additional 116.7 acres of land are being allocated from within the Bingham
planning area (see Appendix 5). The allocated lands are located on the west side of the San
Pedro River, just north of Redington. The area historically provided habitat for threatened
and endangered species such as the Huachuca water umbel and the southwestern willow
flycatcher, which were associated with a cienega and spring flows that were much diminished
This assessment has been agreed upon by Arizona Land and Water Trust, the 3rd party beneficiary to the master
restrictive covenants protecting Pima County and Pima County Regional Flood Control District conservation lands.
1
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prior to the permit baseline. Though those two species have not been observed on the site for
many years due to a lack of surface water, threatened western-yellow billed cuckoos continue to
occur and almost certainly breed on the property (as determined during monitoring in 2020).
The property provides important habitat for a variety of MSCP-covered species including Abert’s
towhee, Arizona Bell’s vireo, and probably western yellow and western red bats and desert box
turtles.
6.3.1.1 Management Actions within the Bingham Planning Area
Reporting Period. The following are actions that took place at Bingham from July 1, 2020 to
June 30, 2021.
Groundwater level monitoring. Depth to groundwater is measured in four wells within the
planning area, with three of the wells manually measured on a quarterly basis and one well
equipped with a datalogger that measures water levels every six hours (Figure 7). Compared to
2020, depth to water declined an average of 4.6 feet during the 2021 reporting period, thereby
showing degraded groundwater conditions (Figure 8). Note that groundwater monitoring data
is reported at the end of each quarter (typically in March, June, September and December).

Figure 7. Groundwater monitoring wells within the Bingham Cienega Natural Preserve.
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Figure 8. Depth to groundwater in feet below measuring point at four wells within or adjacent to the
Bingham planning area from January 1997 through December 2021.

Annual Precipitation at Bingham Cienega Natural Preserve
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Figure 9. Annual precipitation recorded at Bingham Cienega from 2003-2021.

Precipitation. Precipitation was recorded daily at the on-site weather station. There were 24.5
inches of rainfall recorded during the 2021 Calendar Year, which is 8.8 inches above the 10-year
(2012-2021) average of 15.7 inches and just over 10 inches above the 19-year (2003-2021)
average of 14.4 inches (Figure 9). Both time periods are within the current drought that has
affected the area since the mid-1990’s.
Fire management. Fire management actions within the planning area included annual
maintenance of the established fire breaks and associated fire management infrastructure
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(Figure 10). The County (NRPR) under its MOU with the District continues to work with the
Arizona Conservation Corps (AZCC) on land management in the planning area (for the 6th
consecutive year). During this reporting period the AZCC worked on clearing brush to keep the
fire lanes open and unobstructed, as well as clearing brush away from the western boundary
fence along the San Pedro River Road. The AZCC crew will continue to be used in ongoing
efforts targeting fence repair and brush management until their contract with Pima County
expires in 2023.
Water Station. No pumped water was discharged for fire response in 2021. The District and
NRPR conduct annual testing of the water station. Testing is important to assure proper
operation of electronic pump safety switches. The location of the water fill station is shown in
the map below (Water Fill Standpipe in Figure 10).
Invasive Species. Invasive plant species seen at the Bingham planning area during this
reporting period include previously recorded populations of Bermuda grass, tumbleweed,
Johnson grass, and tamarisk. A couple of newer invasive grasses have established themselves
in the preserve, soft feather pappus grass (Enneapogon cenchroides), and sticky bristle grass
(Setaria adhaerens). These species do not seem to be inhibited by the low rainfall that
occurred during this period. These grasses also establish themselves quickly. More
conversations and research will need to be done to see how to minimize and control these
invasive species. Tumbleweed has historically been mowed to help minimize and control it
spreading throughout the preserve, but tumbleweed has become too prolific to control
completely. It is now only removed and mowed on the fire lane portions of the preserve. The
larger tumbleweed populations are predominantly found in the west-central part of the
planning area, in what used to be an open cienega. Native and nonnative grasses have been
dominating the tumbleweeds in this area in the last two growing seasons and shrinking the
tumbleweed population. Rare occurrences of Johnson grass are treated by manually
removing the plant. Tamarisk, which is limited to the river edges, and at one site
that was once a pond in the north part of the planning area (but which has
been dry for many years), has not been removed and currently there is no plan in place
to address the tamarisk.
Feral hogs continue to be observed periodically in the planning area, primarily in the eastern
portions of the central and north part of the preserve. Observations suggest that the hogs
move onto the preserve from the adjacent San Pedro River channel and that they feed and bed
down in thick areas of mesquite bosque vegetation. Their impacts to the property seem to be
minimal, however.
Fence maintenance. Trees killed (due to a 2003 wildfire and the ongoing drought) continue to
fall on sections of the fence necessitating repeated repairs of the fenceline and removal of
downed trees. This year there was an increase in trespass cattle moving onto the planning area
where fences were compromised due to fallen trees. Ongoing management includes repairing
the fence lines on the boundary in the northeast and southern portions of the preserve.
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Figure 10. Bingham Planning Area fire management infrastructure map.
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Cienega Corridor
6.3.2.1 Cienega Corridor Management Plan
Most of the Cienega Creek Natural Preserve (CCNP) was allocated as mitigation land in the 2019
Annual Report submitted to U. S. Fish and Wildlife Service. The allocation triggered a two-year
window to complete a MSCP-compliant management plan for the area (the Cienega Corridor
Management Plan. Additional parcels within the Cienega Corridor planning area are added to
the sum of allocated land as of this 2021 report, as well as 116.7 acres of land within the
Bingham Cienega planning area (See Appendix 5). The allocated land is largely owned by the
District and managed by NRPR. Lands within the planning area that are unallocated include a
large part of Colossal Cave Mountain Park, as well as two private properties over which the
County holds conservation easements (Wendt and Mumford). Figure 11 shows the geographic
scope of the management plan.
The Cienega Corridor Management Plan (management plan) was finalized in January 2022 after
USFWS review and Director approval. The management plan incorporates climate change
adaptation into management of natural and cultural resources, and attempts to reduce the
effects of other stressors such as groundwater pumping and recreation through a variety of
new and continued actions. For example, the plan includes a much-improved approach to fire
management, and re-instates the permit requirement for creek-bound recreation north of the
Gabe Zimmerman trailhead. A new program, called the Park Ambassadors, will assist with
maintaining expectations of user behavior consistent with the richness of the cultural and
natural heritage. Land acquisition priorities have also been updated. Ongoing and planned
efforts in Cienega Creek Natural Preserve include a second round of Cienega Corridor cultural
resources survey that will cover about 400 acres as well as plans over the next several years to
repair and install miles of fencing around portions of the Preserve (i.e., 5.5 miles of fencing have
been identified as high priority) and of the Agua Verde parcels to minimize incursions of cattle
from neighboring properties as well as incursions of OHVs. Pima County recently hired a new
park manager tasked with overseeing Cienega Creek Natural Preserve and Colossal Cave
Mountain Park, and the on-the-ground efforts of the new manager as well as by staff during
quarterly wet-dry mapping afford regular opportunities to assess and report any OHV and cattle
incursions as well as to opportunistically monitor presence and condition of riparian resources
and species of interest.
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Figure 11. Cienega Corridor management plan area with individual properties labeled. Allocated lands
as of 2021 are indicated in green.

6.3.2.2 Management Actions within the Cienega Corridor
Management actions within the Cienega Corridor focus heavily on the Cienega Creek Natural
Preserve (CCNP) as it was the only property within the planning area allocated for mitigation in
2019. Additionally, CCNP has a history of intensive management as it represents one of the only
remaining intact riparian systems within the breadth of County conservation lands. Reporting
on management actions will increase now that the Cienega Corridor Management Plan is
completed.
Groundwater level monitoring. Depth to groundwater is measured every six hours in eight wells
along Cienega Creek and Davidson Canyon: six of the wells are monitored by the District and
two wells by Arizona Department of Water Resources (ADWR) (Figure 12). District staff
measures two other wells biannually (typically in January and June). Figure 13 displays the
water level hydrographs for all ten wells since 1994. At three wells in the Upper Cienega Creek
area, depth to water decreased (water levels rose) an average of 7.5 feet (12%) during the 2021
reporting period (through December 2021), thereby showing much improved groundwater
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conditions. Two wells in the middle of the Preserve showed more improved groundwater
conditions, with an average water level increase of 9.2 feet (35%) from January 2021 to January
2022. Unlike 2020, when water levels sharply decreased, the downstream portion of Cienega
Creek (below Pantano Dam) significantly increased in 2021, with an average water level rise of
about 35 feet (41%); note that November 2020 datum was used for PN-2 due to no data
available for December 2020 nor January 2021. The groundwater level along Davidson Canyon
just upstream of Interstate 10 significantly increased in 2021 – a total of 17.5 feet (62%), after
showing a highly degraded condition the previous year. Note that surface flow was observed in
the stream channel adjacent to the well when the measurement was taken. Groundwater in the
well located on the upper ridge to the West of Davidson Canyon Wash showed a decline in
water level of 2.6 feet (2%) over the course of the year; this well is located primarily in
fractured bedrock and may not feed into Davidson Canyon Wash, but rather flow directly
Southwest towards the main Tucson aquifer.

Figure 12. Groundwater monitoring wells within the Cienega Creek Natural Preserve: Upper wells are
Empirita CCI, Empirita 2 & O’Leary; Middle Wells are Jungle & Cienega; Lower Wells are Del Lago, PS-1
& PN2; Lower Davidson Canyon wells are Davidson Bar V and Davidson #2.
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Figure 13. Depth to groundwater in feet below land surface at ten wells within the Cienega Creek
Natural Preserve from July 1994 to January 2022. Note the different y-axis scales between plots.

Precipitation. Precipitation is recorded instantaneously in gauges maintained by the District as
part of its Automated Local Evaluation in Real Time (ALERT) network of sensors, located
throughout and surrounding the Preserve (Figure 14). Rainfall totals over the reporting period
ranged from 11.41 inches in the downstream area (gauge 4220) to 24.09 inches at Davidson
Canyon near Interstate 10 (gauge 4310), with an average of 15.86 inches reported from nine
rain gauges (Figure 15). The overall average is 4.79 inches higher than the 10-year average
(2011-2020) and 5.32 inches higher than the 20-year average (2001-2020) for this region. Note
that all of the gauges reported totals well above their average.
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Figure 14. District Rain Gauges (ALERT) located within and around the Cienega Corridor.
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Figure 15. Cumulative rainfall in inches from January 1 – December 31, 2021 recorded by nine rain gauges (bars
in the graph) within and nearby the Cienega Creek Natural Preserve.
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Invasive Species Management. In November 2021 the County worked with the Tucson Audubon
Society’s invasive plant species management crew to manually remove three well –established
clumps of invasive giant reed (Arundo donax), as well as a few smaller plants that had started to
spread from the mature individuals (Figures 16, 17). One large clump was partially buried by a
downed cottonwood tree, and may require follow-up treatment due to inaccessibility, but all of
the others were completely removed down to their rhizomes.

Figure 16. Established clump of invasive giant reed that had survived heavy floods in 2021. Photo
taken August 2021.

Figure 17. Same clump as pictured in August 2021, shown subsequent to manual removal by the
Tucson Audubon invasive plant crew in November 2021.
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Erosion Control Projects. In the Fall of 2020, District staff coordinated with Watershed
Management Group (WMG) to implement erosion control and water stabilization projects in
the Pantano Jungle and Horseshoe Bend areas of the Preserve. Funding for these projects was
obtained by WMG through a grant administered by the Arizona Department of Environmental
Quality. South of Pantano Jungle, imported rock was used to construct check dams and a large
zuni bowl within an arroyo along an abandoned dirt road in order to stem headcutting through
the mesquite bosque and reduce the downstream sediment load. At Horseshoe Bend, dead
mesquite wood was gathered to reduce fire hazard and mixed with rock collected onsite to
construct brush and rock media lunas to stem arroyo downcutting within the mesquite bosque
and reduce the downstream sediment load. In the Fall of 2021, WMG staff revisited the two
sites to repair and modify the structures after they were damaged by successive flooding events
during the ‘higher-than-normal’ Summer Monsoon period.
Fencing. The County and District are in the process of re-installing post and cable anti-OHV
barriers within Cienega Creek and its tributaries subsequent to these barriers to OHV incursion
being washed out during the 2021 monsoon season. Additionally, riparian cross-fencing is being
maintained in response to trespass livestock within the preserve. A larger effort to rebuild
priority perimeter fencing on the preserve will be initiated in 2022 and is anticipated to take
several years to complete. This effort is needed to prevent livestock entry into the Preserve
from adjacent properties and will be funded by a District Capital Improvement Project. Other
upcoming efforts targeting installation and repair of fencing to keep livestock out of riparian
areas includes fencing projects planned for the Agua Verde riparian area.
Fire Management. There are currently no active fire management activities taking place within
the preserve. A revised fire management plan will be developed in the future, as indicated by
the Corridor Management Plan.
Wildlife Cameras. Sky Island Alliance and its volunteers monitored one camera in a portion of
the Preserve south of Interstate 10 during 2021. Before being washed out during the summer
monsoons, images from January to July of 2021 were collected and are currently being
analyzed. Future camera monitoring by this group will include two additional locations in the
Preserve, upstream of the Marsh Station Road crossing.
Property Enforcement. No updates to property enforcement actions in 2021.
Land Management Activities and Planning: Unallocated Mitigation Lands
Staff from three Pima County departments undertook a wide range of management activities on
unallocated lands that help to preserve the value of these lands to Covered Species and their
habitats. Key highlights of these management actions are included below.
Land Management on Potential Mitigation Land
6.4.1.1 Altar Valley Resource Management Plan (AV-RMP)
Efforts on the Altar Valley Resource Management Plan (AV-RMP), formerly known as LAVA
Resource Management Plan (LAVA RMP), were largely on-hold in 2021 as staff worked to
finalize the Cienega Corridor Management Plan as discussed above. AV-RMP development was
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revitalized at the end of 2021 in anticipation of future allocation needs. This planning area
includes potential fee and lease mitigation lands, many of which Pima County actively manages
as ranches under its Range Program. The AV-RMP also covers other conservation properties
that are not potential mitigation lands (i.e., Old Hayhook Ranch fee land). Figure 18 highlights
the properties covered by this planning effort.

Figure 18. Altar Valley Resource Management Planning Area map of included Pima County lease and
fee lands.
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There is an ongoing and collaborative effort, led by the Altar Valley Conservation Alliance
(AVCA) and supported by the District, Pima County Natural Resources, Parks and Recreation
and Office of Sustainability and Conservation, and the Bureau of Reclamation, to develop the
Altar Valley Watershed Plan. Targets of this plan include restoring and improving hydrological
functions in the Altar Valley (e.g., reduce erosion and channel incision and increase water
retention and infiltration), as well as enhancing and restoring native grasslands and their
associated diversity of plant and animal species. The already well-developed Altar Valley
Watershed planning effort has already resulted in fine tuning of the resource priorities, key
threats and stressors, and desired future conditions within the planning area, all of which will
provide valuable input and guidance to the AV-RMP, which has a high degree of geographic
overlap.
Invasive Species Control
In partnership with a variety of local, state, and federal organizations, Pima County staff from
multiple departments are involved in the monitoring and management of invasive plant species
across County lands. The District worked with Arizona Conservation Corps (AZCC) crews in 2021
to remove invasive plant species on several conservation properties, including Bear Canyon
Preserve, Morkis Open Space, and others. These efforts resulted in 85 acres of land treated for
invasive species (manual removal) that resulted in approximately 147 bags of buffelgrass
removed, as well as substantial amounts of trash removed. Properties where these actions
took place harbor known populations of MSCP-covered species, including talussnails, Sonoran
desert tortoises, Tumamoc globeberry, Pima pineapple cactus, and a host of other species.
During FY21 4,847 acres of potential mitigation lands, open space, and right-of-ways were
treated for invasive plant species (chemical and manual treatments). Additional efforts included
working with Tucson Audubon’s invasive vegetation crew to remove tamarisk from about 10
acres on Carpenter Ranch in Tortolita Mountain Park.
David Hall at the University of Arizona, as well as his field team continue to coordinate bullfrog
survey and removal efforts in our area. David and his team surveyed the County’s Hospital Tank
on Clyne Ranch several times in 2021, including during and after the summer monsoons, and did
not observe any American bullfrogs (Lithobates catesbeianus) near or at the site. This
monitoring showed that Chiricahua leopard frogs reproduced successfully at Hospital Tank in
2021, and that leopard frogs from this site colonized other sites where they had recently
disappeared from, such as Clyne Pond on nearby BLM land and Goat Well Pond on Sands Ranch.
A male green frog (Lithobates clamitans) that had been observed by a team monitoring the
topminnow was removed from Hospital Tank by David’s team, and no additional observations of
this species have been made in the area. How this species came to be at Hospital Tank is
unknown, but it almost certainly would have had to have been released there, as there are no
known established populations in the area, or even the State.
New in 2021, NRPR created and filled a new position for an invasive species program
coordinator, as well as a restoration program manager. This development will enable more focus
and time spent on tackling invasive species on NRPR- managed lands, and will enhance the
department’s participation in partnerships related to invasive species management.
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Habitat Restoration and Land Management Activities
Both the NRPR and the District departments have staff who are focused on habitat restoration
and land management activities, and this section highlights several projects that were initiated
or completed in 2021.
6.4.3.1 Open Space Land Stewardship Projects
In 2021, County staff continue to work closely with the nonprofit Tucson Clean and Beautiful
and many volunteers to clean up trash and debris from the major watercourses in metro
Tucson. In 2021 there were 8 trash clean up events in the Santa Cruz River, 10 clean up events
along the Rillito River, and 1 trash clean up along the Cañada del Oro Wash. Events such as this
not only remove substantial amounts of garbage from these riparian areas, they also engender
important community awareness and pride in conservation and stewardship.
District staff completed new access control projects (new fencing and gates installed) and repair
of existing access control (repair or bolster existing fencing and gates) on 8 and 3 properties,
respectively. Additional stewardship actions included installation of new signage clarifying
appropriate land use on 3 different properties, as well as demolition and removal of garbage
and structures on one property.
6.4.3.2 Wildlife Enhancement Projects
Staff continue to improve infrastructure across County owned and managed lands for wildlife
safety and access. In 2021, an effort was revived to install wildlife escape ramps on more of the
County’s ranches after several dead birds were found in a particular tank (Figure 19). Materials
were purchased and about 40 ramps have been cut and shaped. Ramps will be installed in 2022
at Rancho Seco and Sopori Ranch. Other enhancements occurring in 2021 included installation
of a new wildlife drinker on Rancho Seco. This drinker and associated infrastructure and
erosion control was built using a USFWS Partners for Wildlife grant with support from the
Arizona Conservation Corps (AZCC). The ground-level drinker maintains a 13-foot-long water
surface distance, exceeding the minimum 10-foot surface water distance that Bat Conservation
International recommends to enhance availability to bats. Large colonies of bat species occur
in the nearby Las Guijas Mountains, including MSCP-covered Townsend’s big-eared bats and
California leaf-nosed bats, and a large cave myotis colony, all of which may benefit from this
available water. Other efforts included continuing to fill or cap open-topped pipes in order to
prevent mortality of birds and other small animals who enter them and cannot escape, and the
capping of an open well on Diamond Bell Ranch preventing entrapment of wildlife and
protecting groundwater. Staff will continue to implement similar projects which minimize the
impact of County infrastructure on covered species and their habitats in future years.
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Figure 19. Drowned Greater roadrunner in a water storage tank with no escape ramps on Sopori
Ranch. Note bones from other likely drowned animals in the background.

6.4.3.3 Fencing Projects
Land management and restoration efforts during 2021 on unallocated potential mitigation
lands, as well as other conservation lands, included extensive fencing repairs and installation of
wildlife friendly fencing on properties including Rancho Seco, Six Bar, King98, Old Hayhook, and
M Diamond Ranches. These efforts will ensure sound grazing management as well as
restoration of vegetation and enhancement of wildlife habitat. For example, 7,920 feet of
fencing was installed in the Edgar Canyon riparian area on M Diamond Ranch, to limit cattle use
of this area and to protect riparian habitat for lowland leopard frogs, Gila topminnow, western
yellow-billed cuckoos, giant spotted whiptails, and a host of other species.
6.4.3.4 Northern Altar Watershed Area Project
The County’s Northern Altar Valley Watershed Area (NAWA) restoration project is a
collaborative effort involving the Altar Valley Conservation Alliance and the USFWS Partners for
Fish and Wildlife Program. Beginning in 2016, the goals of this project include the restoration
of vegetation cover and subsequent minimization of soil erosion and fugitive dust on
abandoned agricultural lands once used to grow cotton. This has been accomplished through
the increased retention and infiltration of water via a cascading flow pattern of contoured
berms and strategic vegetation management. Efforts in 2021 included working with two
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Arizona Conservation Corps (AZCC) crews to repair approximately 3.5 miles of fenceline
extending along parts of the western boundary of this site to manage trespass grazing and the
installation of an improved gating system controlling access into the site. Monitoring in 2021
subsequent to heavy monsoons showed that the constructed berms were mostly intact, though
a few had small areas where they had blown out. Native annual and perennial vegetation was
the dominant cover on the site (e.g., whiplash pappusgrass, Mexican panicgrass, and
globemallow), though there were small areas where Russian thistle remains after removal
efforts taking place in 2020. Pools of standing water on the site, including experimental ones
dug in 2020 to serve as water catchments to promote additional vegetation establishment, held
toad tadpoles and numerous nearby toad metamorphs (e.g., Great plains toads), as well as
tadpole shrimp (Triops longicaudatus). Numerous tracks from mammals such as deer,
raccoons, and coyote are a testament to this area’s value to local wildlife.
6.4.3.5 Aquatic Species Management Actions
Pima County NRPR continues to manage the two ponds at Agua Caliente Regional Park for native
species, providing well used opportunities for recreation and enjoyment of the public in the
process. Gila chub salvaged from Sabino Canyon during the 2020 Bighorn Fire and released into
Pond 1 continue to be present in good numbers (336 chub trapped in mini hoop nets and
minnow traps) as found by AZGFD during July 2021 monitoring. No chub fry were noted, but all
of the size classes present during the initial salvage continued to be present in Pond 1.
The Gila topminnow stocked in both parts of Pond 2 as well as Pond 1 are present in large
numbers and reproducing, as are the Desert pupfish that were stocked into the southern portion
of Pond 2. Pima County had worked with the USFWS and AZGFD to establish Gila topminnow at
these sites for conservation, education, and vector control, under the MSCP. Desert pupfish
were stocked by AZGFD under a Safe Harbor Agreement that Pima County and the Regional
Flood Control District are participating in. Though the pupfish is not an MSCP-covered species,
this action supports conservation and recovery efforts targeting this native fish species.
Pima County and District staff continue to contribute towards and stay involved in conversations
targeting management and conservation of the rare plant, Arizona eryngo. The Pima County
Native Plant Nursery is growing eryngo (See Chapter 7) and has been successful growing the
species from seed harvested from individual plants growing on District property at La Cebadilla.
Approximately 4 eryngo were planted and are growing and flowering on the wildlife island at
Agua Caliente Regional Park’s Pond 1, two were planted and have flowered along the shoreline
of Pond 1 in an access-controlled area, and one mature individual continues to survive on the
margin of Pond 2 (out of an original 10 plants installed), subsequent to planting trials
investigating what the best locations would be to establish the species (based on difficulties
maintaining appropriate water levels, the margin of Pond 2 is not an ideal location).
Pima County worked with AZGFD to stock Gila topminnow in a large dirt pond on the County’s
Clyne Ranch in August 2020. The department made a second stocking in October 2021 at this
same site to augment the population, which was spread out over a very large area subsequent
to record level monsoon precipitation in the summer of 2021.
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During 2020, Pima County also completed a project to deepen and restore two ponds on the
old Wastewater grounds at Agua Nueva. During 2021, Pima County continued to work towards
ultimately connecting these ponds and the surrounding grounds to the Chuck Huckelberry Loop
trail. Ongoing management actions here include plans for a restored mesquite bosque on part
of the grounds. Gila topminnow stocked by AZGD in both ponds continue to thrive as indicated
by AZGFD monitoring in summer of 2021. During August of 2021 AZGFD stocked endangered
desert pupfish in both ponds under the County and District’s participation in a Safe Harbor
Agreement. Small numbers of sterile juvenile grass carp were released into the ponds here in
2021 to assist with control of thick duckweed growth.
The District’s 2.5-acre pond and associated cienega-like area below its outflow on the Historic
Canoa Ranch continue to be managed for recreation, wildlife habitat, and as an available water
source for necessary firefighting applications as well as irrigation of vegetation enhancement
projects east of the pond. The pond is visited frequently and well-known by the birdwatching
community, and is an ebird.org hotspot based on the high diversity of birds that are attracted
to the site. The District continues to develop its U.S. Army Corps of Engineers In-Lieu Fee
Mitigation Program for disturbances to Waters of the United States occurring under Section
404 of the Clean Water Act.
In 2021, AZGFD made an additional augmentation stocking of Desert pupfish (the original
stocking was in 2020) to the site under a Safe Harbor Agreement, and the pupfish are
reproducing and doing well in the pond. Monitoring by AZGFD in July 2021 using baited
minnow traps captured 810 Desert pupfish. County staff at Canoa Ranch continue to remain
vigilant for the presence of invasive species such as nonnative fish and bullfrogs, and respond
appropriately by alerting managers and where possible removing the invasive species (e.g.,
bullfrogs that colonize the site from elsewhere). Goldfish were illegally dumped into Canoa
Pond in 2021. Though most of them did not survive, small numbers of them are still present
and have been observed being consumed by egrets, hooded mergansers, and osprey. Future
conservation efforts may include working with AZGFD to stock Gila topminnow in the pond
under the MSCP, as well as planting Arizona eryngo into the recreated cienega, or other
appropriate locations. Two seed-grown eryngo sourced from La Cebadilla and grown by the
County’s Native Plant Nursery continue to survive and flower in irrigated plantings around the
pond shoreline. Future efforts may include experimentally planting eryngo grown by the Native
Plant Nursery into the cienega area below the pond’s outfall.
The District and Pima County Natural Resources, Parks and Recreation manage the South pond
at Catalina Regional Park for passive recreation as well as native species, including Sonora mud
turtles and MSCP-covered lowland leopard frogs. The District continues to monitor water
quality at this pond as well as two smaller ponds at Catalina Regional Park, and these efforts
show that oxygen levels in the South Pond remain compromised and extensive growth of
duckweed continues to be a problem. During ongoing efforts to improve the aquatic habitat
and work towards improving water quality, the County and the District constructed various rock
planters in the South pond filled with gravel and sand to allow establishment of emergent
plants. Yerba mansa, spikerush, yellow nutsedge, and marsh pennywort sourced from a private
pond in Tucson, were planted and are establishing well. Plants were held in buckets of water
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that were changed multiple times over a period of several weeks off site, in advance of planting
to minimize the spread of unwanted animal species. The smaller Central Pond at Catalina
Regional Park had vegetation management, including opening the canopy to allow increased
penetration of sunlight, as well as other improvements during 2021. Nonnative mosquitofish
and lowland leopard frogs continue to occur at this site, a supplemented water site originally
developed through the USFWS Partners for Fish and Wildlife program.
Off-Highway Vehicle Management
Management of off-highway vehicle (OHV) traffic is a continuing issue. The west side of the
Santa Cruz River between Ina Road and El Camino Del Cerro Road has been a wildcat OHV and
illegal dumping area. In 2018, the District began fencing sections of this reach with a new OHV
resistant fence design. The fence uses two 3/8” cables to deter unauthorized access and has
been effective in keeping illegal uses from impacting this area. The final phase of the project
was completed in September, 2021. 5,652 linear feet (LF) of fencing and three vehicle gates
(allowing access by managers and emergency responders) with pedestrian access were installed
(Figure 20). This project helps to protect numerous cultural resource sites and natural resources
on the property, and prevents OHV traffic from accessing the newly constructed Loop path.

Figure 20. New 16-foot vehicle gate with pedestrian access.

Water Rights Management on Potential Mitigation Land
Claims to surface water are being adjudicated in the San Pedro watershed. The Sands and the
Clyne ranches, both County-owned MSCP lands, are located at the very top of the Babocomari
watershed, a major tributary to the San Pedro River. In 2017 and 2018, the Special Master for
the Gila River adjudication approved the County’s stockwatering and stock pond claims on the
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ranches. In 2019, the Special Master approved the County and District’s remaining claims to
surface water in the San Pedro watershed.
Adaptive Management
In an effort to be more proactive over the short term during anticipated continuation of
drought in 2021, the County’s Range Program developed a “Rangeland Monitoring for Drought”
toolbox and process in Winter/Spring 2021. First, County staff encouraged each Ranch Partner
to reduce livestock numbers based on the extreme drought conditions and Fall monitoring
results from 2020 at their annual meetings. Most Ranch Partners had already reduced their
herds by 30-50% by early 2021. Second, County staff coordinated additional field monitoring
sessions with Ranch Partners to gather herbaceous production and precipitation data at
permanent transect locations in pastures planned to be grazed in Spring and Summer 2021.
Next, County staff integrated the production data collected in the field with relevant remote
sensing tools to assess herbaceous forage production and seasonal precipitation at the
individual ranch level in Spring 2021. The remote sensing tools used consisted of gridded
climate products including: the DroughtView Tool, a platform developed by University of
Arizona containing precipitation PRISM datasets (Oregon State University) and annual
production datasets (USDA, USFS derived from Landsat TM satellites); GrassCast Productivity
Forecast (USDA – Climate Hubs), FuelCast Weekly Fuel and Rangeland production forecast
(USDA – USFS), and the Rangeland Analysis Platform vegetation mapping application that can
be used at multiple scales (BLM, NPS, NRCS, University of Montana), and the Standardized
Precipitation Index tool. The combined analysis of field data at the ecological site level, and
analysis of remote sensing data at the ranch level, helped inform whether proposed livestock
numbers and pasture rotations were appropriate for conditions on the ground on each ranch
during the driest time of year and in the presence of ongoing exceptional drought. Finally,
County staff communicated this information and all the data to each Ranch Partner in the form
of a “Drought Management Letter”. In most cases, grazing plans could continue as planned
with follow-up monitoring and further reductions if needed, but in two cases, two ranches (J Six
and Diamond Bell Ranches) had to be rested entirely from grazing until herbaceous production
was sufficient to support grazing and all other biological objectives (i.e., after sufficient warm
season or other future moisture was received).
County staff added the component of tracking perennial grass mortality to the Fall 2021 trend
and condition monitoring protocol as a follow-up action from the Spring monitoring. While this
data could not be used to determine if the drought in 2020-2021 caused any of the detected
die-off (readings of this measure had not been conducted prior to the monsoon of 2021), it was
useful to establish a baseline dataset for tracking perennial grass plant mortality. County staff
will continue to implement the Rangeland Monitoring for Drought process as well as track
perennial grass plant mortality as part of regular monitoring in order to better understand the
effects of perennial grass plant life span, drought, and livestock grazing on perennial grass plant
mortality rates.
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7

Monitoring

The Pima County Ecological Monitoring Program (PCEMP) is a key requirement of the MSCP,
and monitoring results must be reported to the USFWS. Although fulfilling these obligations are
the impetus for the following monitoring report, the County hopes that the insights from this
work will contribute to research and conservation beyond County property boundaries. The
PCEMP officially began in 2016, at the time of permit issuance, but many of the elements within
this program have long received some degree of monitoring or data collection as important
parts of Pima County’s Sonoran Desert Conservation Plan (SDCP). The PCEMP’s goals include
monitoring a variety of parameters that are covered by five basic themes - species, habitat,
landscape pattern, threats, and climate.
The MSCP is structured such that the many elements covered by the PCEMP are rolled out in a
phased approach. In other words, some protocols were established between 2016 and 2020,
while others were still in development in 2021.
Notable monitoring campaigns during 2021 included implementing a second round of Sonoran
desert tortoise monitoring, installing and reading all of the County’s soils and vegetation
monitoring plots (each round occurs over a five-year period) and continuing with monitoring
efforts assessing key aquatic sites and leopard frog occurrences. Substantial efforts were also
invested in developing a proposed Pima pineapple cactus monitoring protocol ahead of planned
implementation during 2022, as well as continuing various property inventories and
opportunistic data capture addressing management needs and MSCP-covered species
observations.
Property Inventories and Assessments
PCEMP staff continued property inventories and assessments in 2021 on potential mitigation
lands. During these property assessments, staff record incidental observations of species of
interest, threats, infrastructure issues, or other features of interest. Observations related to
threats or resource damage were passed along to the appropriate Pima County managing
department.
PCEMP staff performed 111 individual visits to 37 properties from January through December
2021 (Figure 21). Staff visited Tucson Mountain Park more than any other property given the
emphasis on tortoise monitoring during 2021 (N=45). A key feature of property inventories was
the collection of observations on Covered Species. Toward this end, staff made 901 separate
observations, of which 195 (22%) were Pima pineapple cactus, 125 (14%) were Arizona Bell’s
vireos, 104 (12%) were needle-spined pineapple cactus, and 99 (11%) were Sonoran desert
tortoises (Table 7). Staff made observations on 17 of the 32 (53%) vertebrate and plant
Covered Species. The Arizona Bell’s vireo, rufous-winged sparrow, and Abert’s towhee were
the species found at the greatest number of preserves (Table 8; N=12, 11, 11).
Property Inventory and Assessment Highlights
•

The PCEMP discovered a previously unknown population of Coleman’s coralroot orchid
on Clyne Ranch in June when the orchids were flowering.
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•
•
•
•

Staff vouchered the MSCP-covered Posta Quemada talussnail (Sonorella rinconensis)
from Posta Quemada Canyon in Colossal Cave Mountain Park, which has not been
collected live in this canyon for > 50 years.
Citizen scientists and partners from other agencies and organizations contributed a total
of 37 survey days to the County’s Sonoran desert tortoise monitoring effort.
PCEMP observations of drowned wildlife in cattle tanks helped spur a renewed effort to
install about 40 more wildlife escape ramps on County-managed ranches.
Staff located 195 Pima pineapple cactus during surveys in 2021, the majority of which
were previously unknown, many of them in under-surveyed areas south of the Cerro
Colorado Mountains, near Sopori Wash.

Figure 21. Number of property site visits in 2021 by PCEMP staff. Visits made by other Pima County
staff are not reported here.
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Table 7. Number of observations of Covered Species in 2021 and since the Section 10 permit was
acquired in June 2016. For many species, the number of observations does not correspond to the
number of individuals; however, those data are recorded. For the Sonoran desert tortoise and
talussnail, the number of observations includes both live individuals and sign such as scat and
carcasses/empty shells. Chiricahua leopard frog, lowland leopard frog, fish, and bat reported numbers
represent the number of observations, rather than the number of individuals observed.
Number of
observations
in 2021
0
104
195
32
0
0
1
3
2
0
0
79
125
0
50
0
3
0
1
0
0
0
29
39
1
9
0
0
99
0
84
1
44
901

Taxon Group
Plants

Species
Huachuca water umbel
Needle-spined pineapple cactus
Pima pineapple cactus
Tumamoc globeberry
Mammals
Merriam's mouse
Lesser long-nosed bat
Mexican long-tongued bat
California leaf-nosed bat
Townsend's big-eared bat
Western red bat
Western yellow bat
Birds
Abert's towhee
Arizona Bell's vireo
Cactus ferruginous pygmy owl
Rufous-winged sparrow
Southwestern willow flycatcher
Swainson's hawk
Western burrowing owl
Western yellow-billed cuckoo
Fishes
Desert sucker
Sonora sucker
Gila chub
Gila topminnow
Longfin dace
Reptiles
Desert box turtle
Giant spotted whiptail
Groundsnake (valley form)
Northern Mexican gartersnake
Sonoran desert tortoise
Tucson shovel-nosed snake
Amphibians
Lowland leopard frog
Chiricahua leopard frog
Invertebrates Talussnail species
Total observations
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Total number of
observations
since June 2016
0
702
813
90
0
0
32
4
25
4
11
318
764
61
394
0
94
1
107
0
0
8
62
168
5
41
0
0
806
0
330
96
948
5884

Table 8. Covered Species and Pima County properties where each has been found since the Section 10
permit was acquired in June 2016. Properties where species were observed in 2021 are shown in
BOLD and new property records are shown in RED. Includes only those properties where live
individuals were found by either county staff or a partner organization working on a County preserve.

Pima pineapple
cactus

Tumamoc
Globeberry

Mammals

Mexican longtongued bat
California leafnosed bat
Townsend’s bigeared bat

Western red bat

Property
A7 Ranch
Bar V Ranch
Buehman Canyon
Cienega Creek Natural
Preserve*
Cienega Corridor
Colossal Cave Mountain Park
Empirita Ranch
M Diamond Ranch
Six Bar Ranch
Bar V Ranch
Canoa Ranch
Diablo Village Estates
Diamond Bell Ranch
Elephant Head Sec. 15 Mitigation
lands m
Madera Highlands
Marley Ranch
Rancho Seco
Sopori Ranch
Southeast Regional Park
South Wilmot LLC
Buckelew Properties
Painted Hills Preserve*
Morkis Property
A7 Ranch
Buehman Canyon
Cienega Creek Natural Preserve
Colossal Cave Mountain Park
Rancho Seco
Tucson Mountain Park
Buehman Canyon
Cienega Creek Natural Preserve
Colossal Cave Mountain Park
Marley Ranch
M Diamond Ranch
Old Hayhook Ranch
Oracle Ridge
Rancho Seco
Tucson Mountain Park
Agua Caliente Regional Park
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Species
Western yellow
bat
Abert’s Towhee

Birds

Plants

Species
Needle-spined
pineapple cactus

Arizona Bell’s
Vireo

Property
Agua Caliente Regional Park
A7 Ranch
Ajo Detention Basin
Bar V Ranch
Bingham Cienega
Black Wash Preserve
Blanco Wash Preserve
Brawley Wash/Manville-Garcia
Buehman Canyon
Catalina Regional Park
Cienega Corridor
Cienega Creek Natural
Preserve
Colossal Cave Mountain Park
FLAP
Lords Ranch
Highlands Wash
Los Morteros
M Diamond Ranch
MHPERP
Rancho Fundoshi
Rocking K
Santa Cruz River FLAP
Tanque Verde Creek
Tanque Verde & Houghton
Partners LLC
Tortolita Mountain Park
Tucson Mountain Park
Tumamoc
West Branch Preserve
A7 Ranch
Agua Caliente Regional Park
Agua Verde Creek
Ajo Detention Basin
Bar V Ranch
Bingham Cienega
Buehman Canyon
Canoa Ranch
Catalina Regional Park
Cienega Creek Natural
Preserve

Birds cont.
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Swainson’s
hawk

Western
burrowing owl
Birds cont.

Rufous-winged
sparrow

Species

Western yellowbilled cuckoo

Gila chub
Longfin dace
Fish

Cactus
ferruginous
pygmy-owl

Property
Clyne Ranch
Colossal Cave Mountain Park
Empirita Ranch
FLAP
La Cebadilla Cienega
Marley Ranch
M Diamond Ranch
MHPERP
Rancho Fundoshi
Rancho Seco
Sands Ranch
Santa Cruz River FLAP
Six Bar Ranch
Sopori Ranch
Tanque Verde Creek
Tortolita Mountain Park
Verdugo
West Branch Preserve
Diamond Bell Ranch
Lord’s Ranch
Marley Ranch
Old Hayhook Ranch
A7 Ranch
Agua Caliente Regional Park
Black Wash Preserve
Blanco Wash Preserve
Buckelew Properties
Cienega Creek Natural
Preserve
Colossal Cave Mountain Park
Canoa Ranch
Catalina Regional Park
Cienega Creek Natural Preserve
Cienega Corridor
Colossal Cave Mountain Park
Diamond Bell Ranch
Elephant Head Sec. 15 Mitigation
Lands
El Sereno Estates
FLAP
Kings 98 Ranch
La Cebadilla Cienega
Lords Ranch
M Diamond Ranch
Marley Ranch
Morkis Property
Old Hayhook Ranch
Paseo de las Iglesias Phase 1

Gila topminnow

Desert box turtle

Reptiles

Species

Giant spotted
whiptail

Property
Rancho Seco
Rocking K
Sopori Ranch
Southeast Regional Park
Tucson Mountain Park
Tumamoc
Verdugo
West Branch Preserve
Bar V Ranch
Bingham Cienega
Buckelew Properties
Canoa Ranch
Cienega Creek Natural Preserve
Clyne Ranch
Empirita Ranch
La Cebadilla Cienega
Rancho Seco
Sands Ranch
Six Bar Ranch
Sopori Ranch
Verdugo
Bingham Cienega
Bingham Cienega
Buehman Canyon
Cienega Creek Natural Preserve
La Cebadilla Cienega
M Diamond Ranch
Tanque Verde Creek
Tucson Mountain Park
Cienega Creek Natural Preserve
A7 Ranch
Buehman Canyon
Cienega Creek Natural
Preserve
Agua Caliente Park
Cienega Creek Natural
Preserve
M Diamond Ranch
Cienega Creek Natural
Preserve
A7 Ranch
Buehman Canyon
Diamond Bell Ranch
Empirita Ranch
M Diamond Ranch
Rancho Fundoshi
Six Bar Ranch

Amphibians

Sonoran desert
tortoise

Lowland leopard
frog

Property
Tanque Verde Creek
A7 Ranch
Agua Verde Creek Preserve
Bar V Ranch
Carpenter Ranch
Cienega Creek Natural Preserve
Cienega Corridor
Cochie Canyon
Colossal Cave Mountain Park
Diamond Bell Ranch
El Sereno Estates
FLAP
M Diamond Ranch
Madera Highlands
Marley Ranch
McKenzie Ranch
Morkis Property
La Cebadilla Cienega
Old Hayhook Ranch
Painted Hills Preserve
Rancho Seco
Segurson Donation
Six Bar Ranch
Sweetwater Preserve
Tucson Mountain Park
Tesoro Nueve Ranch
A7 Ranch

Bingham Cienega
Buehman Canyon

Species

Chiricahua
leopard frog

Talussnail
species

Invertebrates

Species

Property
Catalina Regional Park
Cienega Creek Natural
Preserve
M Diamond Ranch
Oracle Ridge
Six Bar Ranch
Clyne Ranch
Sands Ranch

A7 Ranch
Buehman Canyon
Cienega Creek Natural
Preserve
Colossal Cave Mountain Park
El Sereno Estates
FLAP
Kidwell Donation
Los Morteros
Marley Ranch
M Diamond Ranch
Old Hayhook Ranch
Oracle Ridge
Rancho Fundoshi
Rancho Seco
Six Bar Ranch
Tortolita Mountain Park
Tucson Mountain Park

* denotes species observed directly adjacent to County properties, but not on that property since the beginning of
the permit period (2016)

Species Monitoring
The MSCP identified species-level monitoring elements for 15 of 44 covered species (see
Appendix Q of the MSCP). These species-specific monitoring commitments are staged at
particular time intervals (e.g., Sonoran desert tortoises are monitored every three years) or may
follow key species restoration efforts (e.g., monitoring subsequent to native fish
translocations). During 2021, staff implemented repeated (required) monitoring for Chiricahua
and lowland leopard frogs, Sonoran desert tortoises, and conducted post-translocation
monitoring for one newly established Gila topminnow site. Additionally, staff worked with
partners to monitor several cave and mine bat roosts occupied by Covered bat species. Short
narratives discussing each submitted element are included below, while additional information
containing full monitoring protocol updates and results can be found in respective appendices.
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Required Monitoring – Completed Monitoring
7.2.1.1 Sonoran Desert Tortoise
In 2021, Pima County completed the second round of Sonoran desert tortoise monitoring.
Monitoring surveys were implemented during and shortly following the monsoon season (July –
mid October), with 20 monitoring plots each surveyed three times. Forty tortoise detections
were made across all plots with an additional 13 incidental sightings outside sampling plots or
surveys. The County’s occupancy study design and field sampling are both outlined in more
detail in the monitoring protocol (Gicklhorn and Murray 2019). A full report on 2021 monitoring
results may be found in Appendix 6.
We found 51 individual tortoises (39 on plots
and 12 incidental individuals), and fully
processed 48 (recorded mass, midline
carapace length or MCL, etc.) one of whom
was measured on two separate occasions (at
first capture and then when captured again
later in the season) (see Figure 22 showing a
processed tortoise with ‘license plate’). One
tortoise could not be retrieved from a caliche
cave, but it was a recapture that had been
fully processed in 2018. The 51 tortoises
included 16 females, 16 males, 6 unknownsex adults, and 13 juveniles of unknown sex.
Female and male tortoises did not differ in
mean mass or MCL, although the longest and
heaviest tortoises were male. Consequently,
mean adult mass was 2264 ± 207 g and mean
adult MCL was 226 ± 9 mm. On average,
juvenile (individuals < 180 mm MCL) mass was
361 ± 199 g and MCL was 105 ± 20 mm.
Maximum adult MCL and mass were 278 mm
Figure 22. A juvenile tortoise is given a unique
and 3,700 g, while minimum juvenile MCL and numbered "license plate" during processing.
mass were 51 mm and 31 g. Twelve of the 49
tortoises voided during processing 4 females, 1 unknown, and 7 juveniles), though only 6
voided >1 mL. We calculated a body condition index (g mm-1) for adult tortoises found in 2018
(n = 26) versus 2021 (n = 31). Body condition did not vary significantly across years (2018 = 10.9
± 0.34 g mm-1; 2021 = 10.4 ± 0.28 g mm-1).
Recapturing 10 tortoises from 2018 allowed us to compare their condition in 2018 to 2021. As
expected, smaller tortoises grew faster than larger tortoises. All but one tortoises recaptured in
2021 had a higher MCL than in 2018 (average of 15.2% increase). Tortoise 239 had a small (6
mm) decrease in MCL, likely due to observer error. Rate of MCL growth decreased with an
increase in tortoise MCL in 2018. All but one tortoise recaptured in 2021 also had a higher
weight than in 2018 (average 34.6% increase); tortoise 290, a large male, was the exception.
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Rate of weight increases declined with an increase in the weight of tortoises when first
observed.
We used program RPRESENCE (Hines 2014) to
analyze monitoring data and estimate percent area
occupied and detectability across both 2018 and
2021. RPRESENCE allows users to determine the
relative importance of potential covariates on both
occupancy and detection. We estimated overall
percent area occupied to be 0.61 (95% CI = 0.23 0.88) across all top-ranking models. Number of
available shelter sites was the strongest predictor
of occupancy, with percent of plot facing east being
weakly predictive. Overall detection was estimated
at 0.59 (95% CI = 0.43 - 0.74) across both years.
Percent of plot surveyed by a highly-experienced
observer positively influenced detection. Our
estimates of percent area occupied were slightly
lower than a comparable Saguaro National Park
study at 0.72 (95% CI = 0.56 - 0.89); however,
detection was higher than the estimate from same
study at 0.43 (95% CI = 0.33 - 0.52) (Zylstra et al.
2010).

Figure 23. Volunteers from other agencies and citizen
scientist contributed their time to survey for tortoises, and
got to learn about them in the process.

Health indicator observations suggest that there
may have been more illness in 2021 compared to
2018. Signs of potential respiratory illness were more severe and more frequent in 2021
compared to 2018. In 2018, 4.8% of tortoises captured showed signs compared to 12.5% in
2021. It is possible that drought in 2020 and early 2021, or an increase in buffelgrass cover since
2018, may have affected tortoise immunity or patterns of illness, though data are insufficient
for determining a causal link between climate, buffelgrass, and tortoise health. All tortoises
with signs of possible illness were adults (≥ 180 mm MCL) in both 2018 and 2021.
Tortoise monitoring efforts resulted in a significant amount of outreach, education, and
volunteerism (Figure 23). PCEMP is grateful to have had assistance from partner organizations
that contributed a total of 21 survey days, and citizen scientists who volunteered another 14
survey days. Furthermore, multiple homeowner’s associations were contacted. Contacts were
initiated to ask for special parking access to minimize hiking time to plots, but provided other
opportunities for communication. Permission was consistently granted, and was accompanied
by curiosity and enthusiasm for tortoises and tortoise conservation. PCEMP was able to follow
up with HOAs after monitoring to share fun facts about tortoises near their neighborhoods, and
to let their members know if they see a tortoise, they can look for a license plate, take a photo,
and send the observation to the County. The hope is that these communications can encourage
a sense of pride and stewardship in communities surrounding the study area.
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7.2.1.2 Chiricahua and lowland leopard frog
The leopard frog monitoring protocol and initial round of monitoring were completed in 2018
(Gicklhorn and Murray 2018). The County has agreed to monitor the occupancy of any newly
established Chiricahua leopard frog (CLF) populations on County lands on an annual basis for
the first three years, and thereafter every three years. In 2021, the County monitored CLF at
three sites (one at Sands Ranch and two at Clyne Ranch): Goat Well Pond, Hospital Tank, and
Turney Spring (Table 9). Unlike the other two sites, Turney Spring was not included in the 2018
protocol since it was not known to be a site where CLF occurred. However, given the persistent
surface water at this small spring and its proximity to other occupied sites, staff look for leopard
frogs here during wet/dry monitoring and conducted a timed survey this year. Staff use the
most current visual encounter survey form as indicated by USFWS and AZGFD to survey for CLF,
and send copies of the datasheets to the relevant species leads at both USFWS and AZGFD.
CLF numbers were much lower in 2021 than in 2018 at both Goat Well Pond (3 adults, 3
potential adults, and one egg mass in 2018) and Hospital Tank (21 adult and juveniles, many
tadpoles though some were likely bullfrog tadpoles in 2018). American bullfrogs were not
observed at either site in 2021, despite multiple surveys, although an adult male green frog
(Lithobates clamitans) was found and removed from Hospital Tank during the summer of 2021
(D. Hall, personal communication to I. Murray). It may be that chytridiomycosis has diminished
populations, particularly at Goat Well Pond where tree canopy keeps temperatures low and
where this small pond is more isolated from other potential source populations as compared
Table 9. Summary of 2021 Chiricahua leopard frog monitoring results by site. Water quality
measurements (using a Hanna Waterproof Tester) are provided for water temperature (T), total
dissolved solids (TDS), and visual estimate of water clarity. Probe malfunction precluded the collection
of pH.

Site Name

Date Surveyed
# Observed (by
(Duration of Survey) age class)

Water Quality

Goat Well Pond
(Sands Ranch)

7 June 2021 (14
min)

0

T = 21.8 °C
TDS = 276 ppm
Moderately clear water

Hospital Tank
(Clyne Ranch)

7 June 2021 (13
min)

4 larvae
(uncertain
identificationbut likely CLF)

Turney Spring
(Clyne Ranch)

7 June 2021 (12
min)

0
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T = 20.8 °C
TDS = 111 ppm
Extremely turbid water; Gila
topminnow present; water
level is low
T = 18.5 °C
TDS = 314 ppm
Extremely clear water; dead
cow partially lying in the spring
outflow

A

B

Figure 24. Hospital Tank photographed on 7 June 2021 showing diminished aquatic habitat (panel A)
relative to photo taken July 2012 showing tank at full capacity (panel B). Gila topminnow stocked by
AZGFD in October of 2020 were still present.

with Hospital Tank. Also, we know the severe drought of 2020 and the beginning of 2021
reduced aquatic habitat drastically in Hospital Tank (Figure 24), which may have led to
increased predation and/or issues related to compromised water quality. Lack of water in all
directions of the surrounding area may also have ceased successful emigration and we know
from the observations of David Hall and others that other sites such as Clyne Pond experienced
drastic declines in CLF occupancy and/or complete extirpation of CLF. It is likely that a
combination of chytridiomycosis disease dynamics resulting in winter mortality of
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metamorphosed frogs, as well as the impacts of unusually hot and dry seasons, resulted in
depressed CLF populations. Although the situation looked somewhat dire in June, the 2021
summer monsoons were plentiful and we know that CLF successfully reproduced in Hospital
Tank during the summer of 2021 (David Hall, personal communication to I. Murray). From this
reproduction, dispersing frogs recolonized Clyne Pond on nearby BLM land, as well as several
other dirt tanks that they had recently disappeared from. Additionally, fall surveys by David
Hall and his team from the University of Arizona showed that several CLF had also re-populated
Goat Well Pond (D. Hall, personal communication to I. Murray).
Pima County has agreed to monitor the
occupancy of lowland leopard frogs (LLF) at six
different riparian sites (Youtcy Canyon, Espiritu
Canyon, Edgar Canyon, Buehman Canyon,
Bullock Canyon, and Cienega Creek) on County
lands every three years. In 2021, all of sites
were revisited for timed surveys. A timed
survey was conducted at one additional site,
the South Pond at Catalina Regional Park.
Owned by the District, a former park manager
who worked at Catalina Regional Park recalled
there being a substantial population of LLF at the
South Pond and that these frogs had been there
since at least 2013 or 2014. A nearby property
owner had told him that they had captured frogs
from the San Pedro River Valley, and introduced
them to that particular pond (D. Carter, personal
communication to I. Murray). PCEMP confirmed
the continued presence of leopard frogs there in
August 2019 with 6 adult frogs found
Figure 25. LLF tadpole at Cienega Creek Natural
incidentally. During the same period, staff also
Preserve.
observed at least 100 lowland leopard frog
tadpoles (see Figure 25 for a LLF tadpole photographed elsewhere) and recent metamorphs, as
well as several adult leopard frogs (one of which was calling) on 8 August 2019 at the much
smaller Central Pond at Catalina Regional Park. Importantly, herpetological survey work by Phil
Rosen in 2004 showed that leopard frogs were not present at the South Pond at that time, though
Sonora mud turtles were, and continue to be, present at that site (Rosen 2004).
In southern Arizona, the lowland leopard frog was once abundant in the main stems and
tributaries of the Santa Cruz and San Pedro rivers, but is now extirpated from the Santa Cruz River
and major tributaries such as the Rillito, West Branch, Cañada del Oro, and Sabino Canyon (Phil
Rosen and David Hall, unpublished data). In and near to the Rincon and Santa Catalina
mountains, the species persists in small, often isolated populations that are increasingly
vulnerable to extirpation. Historically, there were several canyons on the western flank of the
Santa Catalina Mountains occupied by lowland leopard frogs (e.g., Cargodera, Montrose, and
Romero Canyons), but currently they are thought to have disappeared from these canyons.
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Updated survey efforts would be beneficial, especially in Romero Canyon, where the most
current observations of LLF occurred in 2012. Given this underrepresentation of the species in
this part of the Catalinas, the frogs at Catalina Regional Park are of particular interest.
The District is working to improve the habitat at South Pond for the benefit of LLF and Sonora
mud turtles (which are also underrepresented on this side of the Santa Catalina Mountains). In
June 2021, rock and sand planters were installed in the shallow water around the perimeter of
the pond, and native wetland plants were installed in them and other locations around the
pond (see section 6.4.3.5 of this report for more details). The rock features, in addition to
serving as planters, should provide refugia for frogs and turtles, and the plants should increase
cover around the pond (as well as possibly improve water quality), which was previously limited
to one small area.
Table 10. LLF observations by age class in 2021 compared to previous years. S and I indicate if the
observations made during a frog survey or were made incidentally.

Survey (S)
or
Incidental
(I)

Site Name

Reach
(Length)

Date
Surveyed
(Time of
Survey)

# Observed 2021 (by
age class)*

Observations (2018
unless otherwise
noted)

Cienega
Creek

12.9
km**

19 Jan 2021
(NA)

I

7 adults, dead

March: 1 adult

19 Mar 2021
(NA)

I

1 juvenile

4 Jun 2021
(NA)

I

2 small adults, 23
juveniles, 30
tadpoles

2 July 2021
(178 min)

S

3 Aug 2021
(NA)

I

1 juvenile

9 Sep 2021
(NA)

I

7 adults, 3 juveniles,
4 egg masses

10 Sep 2021
(NA)

I

3 adults or juveniles,
44 tadpoles

14 Sep 2021
(NA)

I

2 adults including 1
dead

5 adults, 274
juveniles, 24
tadpoles

49

June: unidentified
frog tadpoles in 3
stretches; 1
unidentified
adult/juvenile
September: 4
adults/juveniles in 3
different stretches
December: ~120
tadpoles in one pool
All incidentals above

Survey (S)
or
Incidental
(I)

# Observed 2021 (by
age class)*

13 Dec 2021
(NA)

I

13 adults including 5
dead

Upper
(2.02 km)

25 Jun 2021
(74 min)

S

None

June: None (survey
time 42 min); LLF
confirmed at this site
in 2016

Lower –
upstream
(3.03 km)

25 Jun 2021
(77 min)

S

None, no water in
this stretch

June: 200 tadpoles
(survey time 47 min)

Lower –
spring
(1.24 km)

25 Jun 2021
(120 min)

S

None

June: 110 juvenile,
905 tadpoles (survey
time 39 min)

Lower –
tinajas
( 1.9 km)

25 Jun 2021
(95 min)

S

None, only one
pool that could
support frogs

June: 28 juvenile, 253
tadpoles (survey time
123 min)

Bullock
Canyon

(1.5 km)

25 Jun 2021
(87 min)

S

10 adults, 56
juveniles, 100
tadpoles

June: 60-100 juvenile,
150-200 tadpoles
(survey time 117 min)

Edgar
Canyon

(0.5 km)

9 June 2021
(118 min)

S

33 adults, 15
juveniles, 10
tadpoles

June: 1 adult, 86
juveniles, 420
tadpoles (survey time
51 min)

Espiritu
Canyon

Upper

11 Jun 2021
(152 min)

S

None

June: None (survey
time 120 min)

Lower
(2.5 km)

11 Jun 2021
(310 min)

S

2 adults, 31
tadpoles

June: 2 juvenile, 250
tadpoles (survey time
136 min)

Spring
(1.08 km)

25 Jun 2021
(94 min)

S

256 adults and
juveniles (most
were juveniles),
729 larvae

June: 10 adult, 220
juvenile, 1,050
tadpoles (survey time
94 min)

Site Name

Buehman
Canyon

Youtcy
Canyon

Reach
(Length)

(3.8 km)

Date
Surveyed
(Time of
Survey)
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Observations (2018
unless otherwise
noted)

Site Name

Reach
(Length)

Date
Surveyed
(Time of
Survey)

Survey (S)
or
Incidental
(I)

Catalina
Regional
Park

South
Pond

8 Jun 2021
(18 min)

Middle
Pond

# Observed 2021 (by
age class)*

Observations (2018
unless otherwise
noted)

S

2 adults

August 2019: 5 adults

17 Jun 2021
(NA)

I

3 adults, 1 juvenile

8 Jun 2021
(NA)

I

1 unknown (plop
heard); Gambusia
present

August 2019: 100
tadpoles, incidental

*Numbers of tadpoles and juvenile leopard frogs are conservative estimates. In most cases tallies of
frogs are actual counts, but for Youtcy Canyon the complexity and extent of the habitat meant that
some reaches were estimates rather than counts.
**The length of stream that is monitored during quarterly wet-dry mapping efforts.

Overall, LLF numbers were substantially lower in 2021 compared to 2018, which was the first
year that monitoring of this species was officially reported as an MSCP obligation, though
monitoring of these sites has taken place since at least 2012 in some cases. Buehman, Bullock,
Edgar, and Espiritu Canyons all had lower LLF numbers this year (Table 10). Most concerning
was the total absence of frogs in all reaches of Buehman Canyon. This was the first year since at
least 2011 that LLF have not been detected in Buehman when surveyed. In Buehman and other
areas, decreases are likely due to shorter wetted reaches than in previous years, a result of the
exceptional drought of 2020 that carried over into the first half of 2021 (Figure 26; see surface
water monitoring results in section 1.3.3.1).
Although we did not detect any leopard frogs in Buehman Canyon, a small population remained
in the tributary of Bullock Canyon (Figure 27), so during the 2021 summer monsoons frogs may
have been washed down or moved from this site to other sites downstream in Buehman
Canyon. Indeed, an October incidental observation of several calling male leopard frogs from
approximately 2.2 km downstream of the Buehman Canyon confluence with Bullock Canyon
confirms that the species was still present in Buehman Canyon. We also note that the fact that
we saw no leopard frogs in Buehman Canyon during June 2021 did not mean that they were not
present, but if they were present it was in small numbers. What we do know, however, is that
in every other year that we have monitored this site, lowland leopard frogs and their larvae
have been observed in large numbers (100s), and that this absence of detection was correlated
with a record limited extent of surface water. During times such as this, sites that do continue
to reliably host LLF are important to identify as it is these ‘source populations’ that factor
importantly in the ability of the species to persist in these systems and to expand into other
sites as conditions allow.
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Figure 26. Repeat photos from the lower spring reach of Buehman Canyon that typically serves as a
stronghold for LLF as well as longfin dace. Top photo was taken in 2014, bottom in 2021.

52

Figure 27. In June 2021, lowland leopard frogs were restricted to approximately 12.2 meters of surface
water distributed among two pools (pictured) in Bullock Canyon.

In the years to come, impacts of post-wildfire flooding may be evident following the 2020
Bighorn Fire in the Santa Catalina Mountains that burned substantial portions of these
watersheds. Indeed, the wet monsoon in 2021 likely resulted in significant transport of soil and
ash, and high flows which we know based on the observations of others did occur in Edgar
Canyon, likely wiping out recently established Gila topminnow from that site, although the
same observers did report on seeing ‘a few’ LLF in that area subsequent to the heavy monsoon
flows. These extremes will test the resiliency of LLF populations in these areas.
At Cienega Creek Natural Preserve, there was not a timed survey in 2018 with which to
compare numbers from 2021. There was a record low extent of surface water in the Preserve in
June 2021, followed by huge gains in surface water subsequent to the 2021 monsoons.
However, LLF were observed throughout the wet reaches, including at the downstream end of
perennial water, near the Del Lago Diversion Dam. In September, after substantial monsoon
rainfall and flooding on Cienega Creek, 4 LLF egg masses were found upstream of the
‘Horseshoe Bend’ region of the Preserve.
Large numbers of adult frogs dying during winter (i.e., when cooler temperatures may serve to
make them more vulnerable to lethal infections of chytrid fungus) have long been observed at
Cienega Creek Natural Preserve, extending back to at least 1998 (Bradley et al. 2002).
Presumably these die-offs are related to the disease chytridiomycosis from the
Batrachochytrium dendrobatidis fungus, though this has not been conclusively determined in
more recent years. Subsequent to reports of dead frogs in the Preserve in December 2020,
staff noted 7 dead adult LLF in the Preserve in an approximately 1 km stretch of stream walked
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in the Horseshoe end region in January 2021. Some of these observations consisted of only
sparse remnants of skeleton, suggesting that detection was likely minimal and mortality underrepresented due to scavenging and rapid break down of dead frogs. During wet-dry mapping in
December 2021, staff observed 5 dead adult LLF and 8 living LLF. One of the living frogs was
sluggish and having difficulty remaining upright in the water, and was likely not far from death.
This trend of adult frogs dying during the winter reflects what is typically observed at this site
(and other sites) during early summer larvae and recently metamorphosed juvenile LLF make
up the bulk of LLF observations, with adults being observed later in the summer. Observations
such as this suggest that many/most adult frogs are surviving for only a year, and that either
overwintering larvae from autumn reproduction and/or very few surviving adult frogs from the
prior year are contributing to maintenance of LLF populations within a site. This highlights the
precarious position that this population occurs in such that stochastic factors could potentially
have a large and negative impact on the long-term future of the leopard frogs here. For
example, heavy winter flows could possibly scour out many of the overwintering tadpoles in the
creek channel.
7.2.1.3 Cactus ferruginous pygmy owl
Pima County continues to work with Dr. Aaron Flesch at the University of Arizona to monitor
cactus ferruginous pygmy owls. We completed our second round of monitoring for this species
in 2020 which contributed valuable data towards a collaborative effort between the U.S. Fish
and Wildlife Service and the Arizona Game and Fish Department tasked with completing a
species status assessment for this species. Currently, the USFWS has proposed that this
subspecies be listed as threatened, with a proposed 4(d) rule. 2020 monitoring resulted in
detecting about 23 individual owls in spring, confirmation of 9 nest cavities, and 33 individual
owls in the fall. Twelve of the documented territories in 2020 were previously undocumented.
This monitoring shows that Pima County conservation lands continue to play an important role
in the conservation and long-term viability of the species. We note that on page six of the final
report (Appendix 7), it incorrectly stated that a banded owl was observed southeast of Lord’s
Ranch in 2021. While owls were confirmed in this location during 2021, no banded individuals
were noted. The next round of monitoring in 2023 will include assessing occupancy of already
documented territories, as well as continuing to inventory areas of suitable habitat on County
lands where pygmy owl presence is unknown. Dr. Flesch’s final report was completed in 2021
and may be found in Appendix 7.
7.2.1.4 Bats
Pima County’s second round of bat monitoring was split across 2020 and 2021. In 2020 staff
completed an updated inventory and count of soil piping cavities and hard rock features in
Colossal Cave Mountain Park and Cienega Creek Natural Preserve focused towards assessing
use by Mexican long-tongued bats (see 2020 MSCP annual report). In 2021, we worked with
Tucson Audubon and bat biologist Sandy Wolf to complete the remaining portion of the
County’s second round of bat monitoring which was focused on completing updated
assessments of known roost and maternity sites for Townsend’s big-eared bats and California
leaf-nosed bats in Tucson Mountain Park, Rancho Seco, and Colossal Cave (a full report is in
Appendix 8). Methods included nocturnal exit counts as well as netting of bats (at Colossal
Cave). At Colossal Cave, netting was done on a separate night, after an exit count had already
been conducted.
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Exit counts showed that an important winter roost for California leaf-nosed bats in the Tucson
Mountains had 397 individuals exiting the feature during December 2021 and 558 exiting
during early January 2022. These results are low compared to some prior exit counts during the
same time of year (e.g., 738 in December 2018) and may be due to climatic conditions that
have impacted bat survival, or possibly human-related impacts before the breached gate was
fixed in early 2020. Two-hundred and eight bats were filmed exiting from the three entrances
of Colossal Cave on one night, and based on species capture ratios on the subsequent evening,
177 of the 208 exiting bats were Townsend’s big-eared bats (most captured bats were lactating
females or juveniles, showing that this site continues to be a maternity site for this species).
The remaining bats were cave myotis, which appear to use Colossal Cave as a migratory site,
with some females likely staying to rear young. An exit count at Good Enough Mine showed
that the Townsend’s big-eared bat maternity colony at that site remains stable, with 196
individuals counted leaving one of the adits in this complex of multiple adits.
7.2.1.5 Native Fish
Pima County has partnered with the Arizona Game and Fish Department and the U.S. Fish and
Wildlife Service to establish new populations of Gila topminnow, a federally endangered native
fish species covered by the MSCP and addressed by the County’s Aquatic Species Management
Plan, in several locations on County lands. In addition, though not covered by the MSCP due to
an absence of natural extant populations remaining in eastern Pima County, Pima County and
the Pima County Regional Flood Control District are a participant in a Safe Harbor Agreement
for the imperiled Desert pupfish which historically occurred in this area. This species has also
been translocated into several water bodies on Pima County lands. In order to assess whether
native fish stockings have been successful, and to inform additional management needs, these
sites need to be monitored subsequent to the initial release. During 2021, County staff
conducted monitoring of Gila topminnow and desert pupfish (Figure 28) at Agua Caliente
Regional Park, Pond 2 where AZGFD had stocked native fishes in June 2020 (Gila topminnow)
and October 2020 (Desert pupfish).
Agua Caliente Regional Park. Staff monitored topminnow and pupfish in the north (only
topminnow present) and south (topminnow and pupfish present) portions of Pond 2, which are
usually not connected, through the timed used of baited minnow traps following the pupfish
and topminnow monitoring protocol used by the native fish program at AZGFD. On 22 June
2021, staff set 8 traps each in the north and south portions of Pond 2 for 2-4.4 hours before
enumerating all of the fish entering each trap. This effort yielded 1,255 Gila topminnow (770 in
the south part and 485 in the north part of Pond 2), as well as 835 Desert pupfish (pupfish are
only present in the south part of Pond 2). Mean catch per unit effort (CPUE) for pupfish per
trap was 37.3 fish. Topminnow CPUE was 35.9 and 14.0 in the south and north parts of Pond 2,
respectively. The results showed that both species were thriving and in much higher
abundances compared to the initial numbers stocked. Topminnow occurred in lower
abundance in the north part of Pond 2, which may be due to issues related to biological
productivity or other, unknown dynamics.
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Figure 28. Female desert pupfish (left) and male Gila topminnow in breeding coloration (right).

Effluent Santa Cruz River. Pima County continues to partner with the Sonoran Institute’s annual
fall fish surveys in the effluent Santa Cruz River in the Tucson area. The 2021 monsoon was one
for the record books (third wettest on record) and as a result there were some heavy flows in
the Santa Cruz River through Tucson (e.g., 14,400 cubic feet per second registered at the
Regional Flood Control District’s ALERT gauge downstream of the confluence of the Cañada del
Oro Wash confluence with the Santa Cruz River on 23 July 2021). The river downstream of this
confluence would have also received heavy flows of ash and sediment from the 2020 Bighorn
Fire scar in the Santa Catalina Mountains. Likely as a correlate to these heavy flows, fall
monitoring along the effluent Santa Cruz River showed depressed numbers and reduced
diversity of the nonnative fish species that are normally present. For example, common carp,
often abundant, were not detected at all during fall of 2021. Other nonnative fish species
known to occur here were still present, albeit in reduced numbers (e.g., green sunfish).
However, early results confirm that Gila topminnow continue to be present at three of four
monitoring stations in the effluent Santa Cruz River. At the upstream most station, below the
Agua Nueva wastewater treatment plant outfall, Gila topminnow continue to heavily
outnumber nonnative mosquitofish, while mosquitofish continue to outnumber Gila
topminnow at the downstream most location, near Cortaro Road.
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Figure 29. School of unidentified poeciliid fish (within circle) at the leading edge of effluent water flow
in the Santa Cruz River, upstream of the Cañada del Oro confluence.

Cienega Creek Natural Preserve. Staff also assisted Marsh & Associates fish biologists
contracted by the Bureau of Reclamation to monitor Gila topminnow, annually, in Cienega
Creek Natural Preserve. This effort took place in early September 2021 when 100 m transects
were seined and sampled with baited traps in the Horseshoe Bend region of the Preserve;
dipnetting was done in the Three Bridges portion of the Preserve. No fish were captured in the
baited traps, and very few were captured by seine (33 longfin dace and 24 Gila topminnow).
Low numbers were likely a result of the large amount of water available post-monsoon and/or
fluctuations in where fish were distributed in the Preserve subsequent to monsoon flood
events. Portions of the fixed transects overlap with expansive and deep water, which are not
easily sampled via seining. Longfin dace, but not topminnow, were dipnetted in the Three
Bridges area of the creek. Later during September, as well as during December 2021, staff
noted that large schools of dace were distributed in many areas of the Preserve, including in
the same areas that were seined, and during September several stretches of the creek with
clusters of dace redds, or nests cratered into the sandy substrate, were noted. Of note were
observations of many dace in Davidson Canyon, just upstream of its confluence with Cienega
Creek (and downstream of the Davidson Springs #2). Dace were last noted in Davidson Canyon
in 2005. Gila topminnow were also confirmed to be present in the Three Bridges reach, as well
as other parts of the creek.
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Required Monitoring – Data Acquisition and Monitoring Plan Development
7.2.2.1 Pima Pineapple Cactus
The monitoring objective for Pima County’s PPC monitoring program is to detect biologically
meaningful changes in PPC populations on County lands, and to support other, broader
monitoring efforts beyond County lands where possible while contributing towards species
recovery. In 2021, PCEMP made significant progress towards developing a protocol by creating
a sampling frame, identifying plot locations, determining important covariates to use in
analyses, and key data to collect. PCEMP also surveyed several new areas for PPC.
In support of developing this objective and to understand how PPC are distributed across
County lands, staff have spent several years (2015 – 2021) inventorying and documenting
where PPC occur on Pima County lands and in what general abundances, and have collaborated
with Dr. Aaron Flesch, a University of Arizona researcher, to identify and validate a robust
monitoring technique to estimate population abundances and density across large landscapes
using a distance sampling methodology.
During 2021 staff continued to survey County lands for Pima pineapple cactus in order to better
identify where moderate- to high-density populations occur and to inform the implementation
of upcoming monitoring efforts. Areas surveyed included portions of Sopori Ranch and Rancho
Seco, especially under-surveyed locations on both sides of Sopori Wash. These efforts
(including several surveys of other sites such as Southeast Regional Park and Madera Highlands)
resulted in documentation of 195 Pima pineapple cactus in 2021, the majority of which were
individuals never before documented.
To define the sample frame within which to implement the distance sampling protocol, staff
used 934 locations of PPC found on county and adjacent lands since 2009 to create a model of
PPC occurrence across its range in the US. Three topographic variables, seven soil variables, and
four vegetation variables (Table 11) were used in a Maxent model, implemented in ArcGIS Pro
2.9. Model results were good, with an area under the curve (AUC) of 0.89 (a perfect model
would have an AUC of 1, and a model only as good as random would have and AUC of 0.5). The
resulting predictions were thresholded by the maximum of the sum of sensitivity and specificity
(maxSSS), and then clipped to county lands with significant amounts of habitat (Figure 30).
MaxSSS (or analogue TSS) is a widely used and robust approach to choosing a threshold (Liu et.
al 2005). PCEMP created the final sample frame by excluding modeled habitat by the following
filters: outside of 11 key county properties, in patches <400ha, within 50m of property
boundaries, roads, or water sources, and within 10m of a fence.
In any sampling design, a common threshold is to strive for is a coefficient of variation (CV) of ≤
20% (Bates 2006). According to the County’s earlier work with Flesch et al. (2019), the
monitoring program would need to complete 26.25 km of distance sampling transects to
achieve this CV. A CV of 15% would require 46.7 km of transects. Consequently, PCEMP used a
spatially balanced approach called reversed randomized quadrant-recursive raster algorithm
(Theobold et al. 2007) to randomly select 35 points at which to establish plots of 1 km each,
divided into four 250 meter transects. Transects may be arranged to best fit the landscape and
modeled habitat. A spatially balanced allocation using appropriate inclusion probabilities will
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ensure that fee lands are well-represented in the design, despite the fact that lease lands make
up a much larger proportion of the PPC habitat on County lands.
The full PPC protocol may be found in Appendix 9.
Table 11. Variables used to model Pima Pineapple Cactus habitat.
Variable

Source
Topographic

elevation
aspect
slope

30m DEM, USGS
30m DEM, USGS
30m DEM, USGS
Soils

clay (%)
silt (%)
sand (%)
particle size
runoff class
root zone available water storage
taxonomic suborder
Vegetation
bare ground (% in 2009)
perennial forb and grass cover (% in 2009)
shrub cover (% in 2009)
tree cover (% in 2009)

250m, SoilGrids
250m, SoilGrids
250m, SoilGrids
SSURGO
SSURGO
SSURGO
SSURGO
Range Analysis Platform
Range Analysis Platform
Range Analysis Platform
Range Analysis Platform
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Figure 30. PCEMP draft Pima Pineapple Cactus model (blue), show only on county lands with
significant amounts of modeled habitat, and 35 plot locations (yellow pins) generated with a spatially
balanced approach.

Species Monitoring Not Required
7.2.3.1 Talussnails
During 2021, County staff conducted several talussnail surveys on County properties, including
Colossal Cave Mountain Park, Cochie Canyon (in the Tortolita Mountains), and Cienega Creek
Natural Preserve. Staff also continue to collaborate with AZGFD invertebrate biologist Jeff
Sorensen to survey for and study talussnails, and have strategically vouchered talussnail
specimens earmarked for future work on the phylogenetics and species distributions.
Specimens are also accessioned into curated museum invertebrate collections. While in the
field on various County properties, staff also continue to opportunistically record observations
of talussnails, which has resulted in documentation of new talussnail populations on County
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lands. One example is a newly acquired land parcel in the foothills of the Santa Catalina
Mountains, north of Tanque Verde Creek, where staff located numerous observations of empty
talussnail shells as well as vouchered a live specimen. Based on location, this population is the
MSCP-covered Santa Catalina talussnail (Sonorella sabinoensis). An inventory of talussnail
species on County-managed lands is located in Appendix 10. The inventory will be used to
select sites for monitoring for future implementation of this element. Additionally, Pima County
staff assisted AZGFD biologists by providing expert review and recommendations for various
terrestrial and aquatic mollusk species habitat models as part of the State Wildlife Action Plan
updates (including many talussnail species).

Figure 31. Sonorella rinconensis hesterna located during a mollusk survey with AZGFD near the type
locality for this species, in Cienega Creek Natural Preserve.

In 2021, collaborative survey efforts with AZGFD resulted in re-visiting the immediate area that
included the type locality for Sonorella rinconensis hesterna (Figure 31), first collected in 1917
and later collected in the 1960s. Since that time, no additional collections have been made, and
this talussnail subspecies is currently only known from the foothills of the southern Rincon
Mountains. We documented and vouchered several live individuals of this talussnail near the
type locality in Cienega Creek Natural Preserve, as well as documented empty talussnail shells,
likely of this subspecies, along Agua Verde Creek just upstream of its confluence with Cienega
Creek (see photo below). Interestingly, the outcrop hosting the talussnail population that we
surveyed along Cienega Creek is also occupied by the nonnative terrestrial decollate snail
(Rumina decollata). We are not aware of any other populations of talussnail that co-occur with
this invasive species, which generally remain separate due to differences in their habitat
requirements. The fact that the talussnail population at this site is located adjacent to the
moist mesquite bosque along Cienega Creek puts these two species into an unusual zone of
contact. The decollate snail is omnivorous and may feed on other snail species, which means it
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remains important to monitor the status of this population which presents a fine opportunity
for a variety of research questions.
Staff also completed a talussnail survey in Posta Quemada Canyon during January of 2021,
downstream of the site where collections of this species were made in the 1960s. Several live
individuals were vouchered during this survey and given to Dr. Hans-Werner Herrmann, a
University of Arizona researcher. for later genetic work. Based on location, talussnails here are
likely to be Sonorella rinconensis.
7.2.3.2 Pima County Native Plant Nursery – covered plant species propagation
In addition to growing and supplying native plants for a variety of County projects, Pima
County’s Native Plant Nursery works with a variety of plant species of conservation concern,
including four species covered under the MSCP – Tumamoc globeberry, Huachuca water umbel,
needle-spined pineapple cactus, and Pima pineapple cactus (Table 12). The Nursery also
propagates the Arizona eryngo, a species of conservation concern not covered by the MSCP,
but that has recently been proposed to be listed as endangered by the USFWS.
Huachuca water umbel. The Native Plant Nursery is successfully growing two distinct genotypes
of this endangered aquatic plant in the Apiaceae (carrot family). It is important that the full
spectrum of Huachuca water umbel genetic diversity be maintained and propagated in
greenhouse settings for relevant research, education, and as source material for species
restoration in the various watersheds making up its native range. One of the genotypes grown
at the nursery (clone A) is a genotype that is most likely to be suitable for restoration sites in
the Santa Cruz River watershed, and material grown was originally collected in 1993 near
Sonoita, AZ. The Nursery also grows the genotype best represented in the Cienega Creek
watershed (clone D). During 2021 two one-gallon pots of umbel from the Nursery were
transplanted along the shoreline of Pond 1 at Agua Caliente Park. Future efforts may include
the County and District experimentally transplanting clone D umbel in the Cienega Creek
Natural Preserve, a location where the species has been extirpated.
Pima pineapple cactus. The Nursery has 66 Pima pineapple cactus, most of which were grown
from seed planted in May 2017 collected from Pima County lands. During 2021 numerous
individuals flowered, resulting in many viable fruits being set. Time and resources permitting,
future efforts may include experimental germination trials/establishment of these seeds on
County conservation lands.
Arizona eryngo. The Nursery continues to successfully grow this plant species using seeds
originally sourced from an extant population at La Cebadilla Cienega. During 2021 the Nursery
worked with the USFWS to provide 50 one-gallon eryngo plants for experimental outplanting in
appropriate habitats at the Bureau of Land Management’s Las Cienegas National Conservation
Area in continued efforts to establish the plant there.
Tumamoc Globeberry. The Nursery has 27 mature vines, approximately 11 of which were
planted in June 2020 from seeds collected from the Anklam Road population of globeberry
adjacent to the Painted Hills Preserve. The remainder of the vines were grown from seeds
(seeds originally from Miles Anderson) sourced from populations in the Avra Valley, on the west
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side of the Tucson Mountains. In 2021 the Nursery provided 6 seedling Tumamoc globeberry
plants to the Desert Botanical Garden in Phoenix for further study and education.
Table 12. Plants covered by the Multi-Species Conservation Plan that the Pima County Native Plant
Nursery is growing, as well as additional species of conservation interest. “Number” is the number in
stock as of December 2021.
Species

Number

Notes

Pima pineapple cactus

66

Needle-spined pineapple cactus

26

5 (2” rose pots)
2 (display)
28 (4” rose pots)
31 (1 gallon)
All in 2” rose pots. Seed from the Arizona Sonora
Desert Museum.

Nichol’s Turk’s head cactus
Arizona claret cup cactus

3
75

Huachuca water umbel

24

Tumamoc globeberry

27

Arizona eryngo

99

Three individuals lost to overwatering/rain
Unknown if these are the listed form. Have been at
the nursery many years. No positive ID because plants
have not yet flowered.
Plants in 1 gal pots; 22 are clone A and 10 are clone D
from Las Cienegas NCA. Only known greenhouse
population of clone D.
Plants are a mix of seed grown from Anklam Rd
population and seed from Miles Anderson (Avra
Valley)
99 (1 gallon pots); also x3 open-seeded flats with
numerous seedlings

Habitat Monitoring
The MSCP identified several habitat elements suited for long-term monitoring: vegetation and
soils, surface and groundwater resources, caves and mines, and talus deposits. These elements
represent many of the habitats utilized by MSCP covered species. Understanding how these
habitat resources change over the lifetime of the MSCP may help explain species populations
trends observed over the 30-year term of the permit and may also be an index for the status of
other species which the County does not have explicit monitoring efforts.
Long-term Vegetation and Soils Monitoring Plots
In 2021, the County continued its collaboration with the National Park Service’s (NPS) Sonoran
Desert Network (SODN) Inventory and Monitoring Program and Tucson Audubon Society (TAS)
to establish 20 new long-term vegetation and soils monitoring plots, for a total of 102 plots that
have been established between 2017 – 2021 in our rotating panel design (Figure 32). This
completes the first round of vegetation and soils plot installation and reading that began in
2017. Subsequent to data QA/QC we will work with our partners to assess what these data can
say about the health and status of County conservation lands. This effort provides an important
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baseline for the status of these resources across County lands, as well as providing important
comparisons to lands managed by other agencies in eastern Pima County, such as the National

Figure 32. Completed vegetation and soils monitoring plots in partnership with the National Park
Service, Sonoran Desert Inventory and Monitoring Network and the Tucson Audubon Society, 20172021.
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Park Service, that have different land use and histories (i.e., grazing). A preliminary view of the
first four years of data by our partners at NPS have shown that overall the elevation and rock
fragment content-based strata are similar across County conservation lands (as opposed to
their being regional differences within the same strata), most indicators (e.g., veg cover, soil
stability, soil cover) are likely meeting appropriate minimum detectable change criteria, and
that perennial grass species are contributing strongly towards within strata plot similarity (A.
Hubbard and C. McIntyre, personal communication). During 2022, the plots established in 2017
will be re-read for the beginning of the second monitoring round.
Rangeland Monitoring
County Range Management Program staff continued annual rangeland monitoring efforts to
track long-term ecological trends and conditions of County ranch lands. Assessing rangeland
conditions is a key function carried out by the County’s Range Program with a direct bearing on
the MSCP. These efforts involve repeatedly monitoring vegetation and soils composition and
structure and assessing rangeland health at the scale of ecological sites.
In 2021, staff monitored 22 of 55 permanent long-term monitoring sites across the 15 working
ranches. Transects at these key areas are reread every two to five years to monitor trend and
condition, with rangeland health assessments performed every 10 years. In addition to
monitoring vegetation trend in 2021, they started tracking perennial grass mortality in order to
start getting a better picture of long-term effects of drought on the grassland
community. Range program staff will incorporate perennial grass mortality monitoring into the
annual long-term trend and condition monitoring. It was discovered that there wasn’t
significant grass mortality on every ranch, but some grass mortality was detected on south and
west facing slopes.
Six of the permanent monitoring sites were read in Spring 2021 separately from the usual fall
monitoring in order to determine effects of drought on herbaceous plants or forage production
going into the summer season. The data collected in the field was compared with remote
sensing tools including: Droughtview, GrassCast, Fuelcast, Rangeland Analysis Platform,
MyRAINge Log, and SPI Explorer Tool. These tools helped assess how much the drought
affected the forage base, and helped inform grazing management decisions in the midst of
drought on each ranch.
Water Resources
7.3.3.1 Streams and Springs
PCEMP staff monitor the extent of surface water available in the perennial and intermittent
streams and springs on County conservation lands. Streams are visited either annually,
quarterly (in the case of Cienega Creek in Cienega Creek Natural Preserve, led by Pima
Association of Governments; https://pagregion.com/sustainability/water-quality/waterreliability/), or opportunistically. For those streams that are monitored annually (5 perennial
streams) or opportunistically (Figure 33), this effort typically occurs pre-monsoon, in early June,
which represents the driest time of year. Springs are also monitored in June according to a
schedule (Figure 33).
65

Figure 33. Map of streams (left) and springs (right) that are regularly monitored. Legend shows
monitoring frequency.

Table 13. June 2021 wet-dry monitoring results for streams on County conservation lands.

Site

Flow length # flowing
(m)
stretches

# of pools

Pool length
(m)

Bullock Canyon

0

0

3

12.2

Buehman Canyon

118

3

13

40.1

Edgar Canyon

148

3

5

22.3

Youtcy Canyon

234

3

8

37.4

Espiritu Canyon

65

8

19

49.6

Cienega Creek*
March

2728

**

**

**

June

1032

**

**

**
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Site

Flow length # flowing
(m)
stretches

# of pools

Pool length
(m)

September

11792

**

**

**

December

**

**

**

**

*Data for Cienega Creek in Cienega Creek Natural Preserve are provided courtesy of Pima Association of
Governments (PAG) which coordinates quarterly wet-dry mapping at this site.
**Data not yet available

Table 14. Wet-dry monitoring results for springs in June 2021. Length (L), width (W), and depth (D) of
water is in meters.

Spring

Condition

L

Turney 1

Pool/outflow

Turney 2

W

D

Notes

1.8 1

.2

Outflow below walled in pool is 2 m x
2.2 m x 0.01 m deep; Cow carcass in
seep below walled pool

pool

2.5 1.5

0.02

Carex ultra desiccating on lower slope
below seep.

Turney 3

Dry

0

0

0

No moisture evident, but Carex ultra is
green.

Turney 4

Pool

.8

.3

.02

Coleman’s coralroot orchids blooming
on adjacent slope

Blacktail

Dry

0

0

0

Carex ultra barely surviving;
Muhlenbergia rigens mostly dead.

Carpenter
(Buehman
Canyon) *

Pool

0.3 0.3

0.05

Water running down wall and into
small pool
Conditions in general are very dry and
vegetation doesn't look good; dead
deer that wasn't a lion kill or dead from
any obvious injury - possibly a victim of
drought and poor forage

Carpenter
(Tortolita MP)

Dry

0

0

0

Homestead *

Dry

0

0

0

Mescal *

Water Present

0

0

0

No pool but lots of mud

0

0

0

Eleocharis present, Goodding’s willow
recruiting

Peck Spring bowl Dry
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Spring

Condition

L

W

Peck Spring
wash

Pool

1.5 1

0.03 Flow out of pool extends another 1.3m

Youtcy Canyon

Pool

12

1.8

2.3

D

Notes

300 lowland leopard frog tadpoles

*Indicates features not required in the protocol to be surveyed (Murray and Gicklhorn 2020).

Wet-dry mapping findings in calendar year 2021 took place in June, ahead of the record-setting
monsoons of 2021 (Tables 13 and 14). Some streams like Buehman and Bullock Canyon
streams held the lowest amount of surface water that staff had seen. For example, Bullock
Canyon held surface water in only three pools, with a cumulative length of about 12 m; there
were no flowing reaches. For comparison, the next smallest surface water extent since 2015
occurred in 2017, at which point there were 72 m across two flowing reaches plus four pools
with a cumulative length of 8 m. Lowland leopard frog juveniles and tadpoles were present in
two of the pools in moderate numbers, highlighting the often precarious footing that riparian
species may have in some of these systems. Buehman Canyon held a record low amount of
surface flow (118 m), and for the first time since monitoring began, lowland leopard frogs were
not observed in Buehman Canyon during June wet-dry mapping (longfin dace, however, were
present).
See Appendix 11 for more details on surface water monitoring results.
7.3.3.2 Shallow Groundwater
The District has been monitoring shallow groundwater level in wells in Buehman and Edgar
Canyons since 2019 (Figures 34 and 35). The Buehman Canyon well is located adjacent to the
stream channel and is dug into the streambed alluvium. In this case, the piezometer data are
correlated with whether or not surface water is flowing in the adjacent Buehman Canyon
stream. The data were downloaded from the Buehman piezometer in early February 2022
(2021 data have not yet been downloaded from the Edgar Canyon piezometer). The stream
channel in that reach is dry when the depth to water is at or below 7.56 feet below land surface
(Figure 34). The data shows that this part of the stream channel held surface water for 177
days between November 2019 and May of 2020, 113 days between December 2020 and April
of 2021, and resumed having surface water on July 24, 2021, continuing through data retrieval
on February 3, 2022 (195 days).
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Central Buehman Canyon Well (CBUEHMAN)
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Figure 34. Depth-to-groundwater (DTW) monitoring data for Buehman Canyon piezometer from
7/25/2019 to 1/28/2022. BLS mean below lands surface, and AMSL is above mean sea level.
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Figure 35. Depth-to-groundwater (DTW) monitoring data for Edgar Canyon piezometer from
7/25/2019 to 1/28/2022. BLS mean below lands surface, and AMSL is above mean sea level.

Landscape Pattern Monitoring
The aim of landscape pattern monitoring is to assess how patterns of land use and land cover in
Pima County may have changed, with a particular focus on interpreting any changes that may
have occurred subsequent to the USFWS issuing Pima County its Section 10 permit in 2016,
which launched implementation of the County’s MSCP. In this landscape pattern report
included here (Appendix 12), the focus is primarily a retrospective one, reporting on where land
cover conversion may have occurred subsequent to 2016. Many of these land cover
assessments occur on an approximately 5-year interval, pending available data products. This
analysis relied primarily on 2016 and 2019 National Land Cover Database (NLCD) products, but
also leverages other products including National Agricultural Inventory Project (NAIP) imagery,
Pima Association of Government’s orthophotography imagery, as well as databases maintained
by Pima County (e.g., GIS layers covering road and sewer networks in Pima County). Key
findings include significant increase between 2015 and 2020 in acreage of open water and
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riparian vegetation along the Santa Cruz River south of Tucson due to the San Xavier District’s
use of Central Arizona Project (CAP) water. This change may result in improved habitat
conditions for many species, including MSCP-covered Abert’s towhees and Arizona Bell’s vireos.
Concurrently, it may also pose additional opportunities for aquatic invasive species such as
American bullfrogs to occur and spread across the landscape. Additionally, relative to the early
2000s, the rate of vegetation loss to development was relatively low, at 1.2 square miles per
year during 2016-2019, most of which was in the shrub-scrub vegetation category. See
Appendix 12 for a complete assessment of land cover change in Pima County across this period.
Wildfire
The County committed to assessing impacts from large fires (>1,000 acres) to County
conservation lands, and in 2020, three large fires occurred on County lands. Perimeter and burn
severity data for these fires are archived on the Monitoring Trends in Burn Severity website
(www.mtbs.gov) and will be downloaded and archived every five years. More on large fires may
be found in the Landscape Pattern analysis in (Appendix 12).
The Bighorn Fire burned much of the Santa Catalina Mountains in 2020. Impacts from the fire
continued in 2021, particularly during the monsoon season that was the third wettest in
Tucson. After a fire, heavy rainfall carries sediment and ash downstream, and flooding becomes
more extreme as the water moving over land has less vegetation in the burned area to slow
down and absorb water. This was the scenario that played out in the County’s and District
properties in the streams on the eastern slope of the Catalinas, including Edgar, Buehman, and
Bullock Canyons.
PCEMP’s last visit to these areas was in June for wet-dry mapping, prior to monsoon rainfall.
However, AZGFD visited Edgar Canyon on August 31, 2021 to monitor the Gila topminnow that
were translocated there in 2019. No fish were found. Over half of the Edgar watershed was
burned during Bighorn, including some high severity burns in the upper reaches. AZGFD staff
observed flood debris at least 10 vertical feet above the channel, and estimated that flows may
have been as wide as 40-50 meter in some areas. They saw evidence of multiple floods, with
some scouring the channel and other depositing sediment, gravel, and burned wood (Figures 36
and 37).
Post-fire flooding may have resulted in the loss of topminnow; however lowland leopard frogs
were observed as well as a Sonora mud turtle. This raises questions about how aquatic wildlife,
and MSCP-covered lowland leopard frogs in Buehman and Bullock Canyons specifically, may
have fared. Frog populations in these drainages were already diminished compared to previous
years due to extreme drought and related shrinkage of wetted habitat (see section 7.2.1.2
above). PCEMP will return to these areas in June 2022.
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Figure 36. Site of temperature logger deployment in Edgar Canyon in September 2020. Photo courtesy
of AZGFD.

Figure 37. Site of temperature logger deployment in Edgar Canyon on August 31, 2021. Photo courtesy
of AZGFD.
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Despite only committing to monitor large fires, staff collect fire perimeter data for all fires that
occur on County lands. Perimeter data from these small fires will be gathered annually from the
appropriate agencies and then archived in the County’s internal GIS library. In 2021, we are
aware of two fires that burned on County or District land. In both cases, they were humancaused, and the entire fire perimeter was within the property boundaries (Table 15).
For many fires, the County interacts with Arizona Department of Forestry and Fire Management
during fire events and to obtain fire perimeters afterward. In some cases, municipal fire
department are the ones who respond, in which case the mapping of fire perimeters is typically
done by District or County staff.
The West Fire burned on District-owned land in the southwestern portion of Canoa Ranch. PPC
are known to occur at Canoa, but records show this species has not been documented where
the fire burned, but instead is on the southeast part of the property. Black Wash at Camino
Tierra is a District-owned parcel in a residential area west of Tucson city limits on a property
where covered species have not been found.
Table 15. Summary of fires occurring on County or District managed property in 2021.

Fire Name
West Fire
unnamed

Date Started
February 24
February 27 or 28

Properties
Acreage
Canoa Ranch
40.8
Black Wash at Camino Tierra
0.8

Cause
Human
Human

Threats Monitoring
Invasive Species
Invasive species are an omnipresent and ever-growing threat to the ecological function of
landscapes everywhere. Pima County staff in multiple departments are taking direct action as
well as working with a variety of partners in the form of nonnative species identification,
removal, monitoring, and restoration. The PCEMP includes elements that address invasive
species and the threats that they pose to Covered Species and their habitats on County lands.
7.5.1.1 Invasive Plant Species
Invasive plants can threaten Covered Species’ habitats by displacing native plants, and altering
ecosystem structure and function. The MSCP specifically calls out several invasive species of
concern, including buffelgrass (Cenchrus ciliaris), fountaingrass (Cenchrus setaceus), Lehmann’s
lovegrass (Eragrostis lehmanniana), and African sumac (Searsia [Rhus] lancea) (MSCP Appendix
O, Table A.2). A protocol to address invasive plant monitoring was developed in 2020 (Webb
2021). Multiple County departments address invasive species monitoring and management on
their respective properties.
In summer 2020, Pima County’s Natural Resources, Parks and Recreation (NRPR) department
initiated an invasive species prioritization process, to identify a suite of species to prioritize for
treatment, and to consolidate all occurrence data for those species on County lands. This was
completed in 2021. A list of over 60 species was trimmed down to seven, prioritizing species
known to change ecosystem structure and function. They are: giant reed (Arundo donax),
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stinknet (Oncosiphon piluliferum), yellow bluestem (Bothriochloa ischaemum), Sahara mustard
(Brassica tournefortii), buffelgrass, fountain grass, and salt cedar (Tamarix sp). Other products
of this effort include a literature review, review of existing data and current distributions,
review of recommended treatments for each species, and recommended monitoring and public
outreach. Now NRPR, with its newly created restoration program manager position filled, is
working to identify on which properties to focus its efforts. This effort will allow NRPR to
maximize the efficiency of limited funds and staff by identifying areas to be inventoried and
treated first. NRPR has already tapped TAS to remove giant reed from the Cienega Creek
Natural Preserve.
Starting in 2020 and continuing through 2021, staff convened an interdepartmental effort
among OSC, NRPR, and the District, to both develop an intensive invasive species mapping app
for field staff and to merge multiple existing departmental invasive species mapping and
treatment databases into a single county-wide database. Invasive plant management goals and
methods are similar across NRPR and the District, and invasive species treatment data are often
reported across departments. In 2021, the three departments met several times and worked to
develop a shared database framework and data collection fields. This has included updating
taxonomic names of species, and streamlining data collection fields that were redundant or not
useful. This effort will likely be completed in 2022, which will inform the development of an
app. The development of a single field data collection form and a single centralized database
will streamline planning for and reporting of invasive species management efforts.
In 2021, a new interdepartmental effort called the Invasive Species Working Group took shape
to bring together all of the County’s Public Works departments that work with invasive plants.
In addition to the District, NRPR, and OSC, the other departments at the table are
Environmental Quality, Transportation, and the Regional Wastewater District. This effort will
build on the work already underway by NRPR, the District, and OSC to integrate data tools.
Goals include improving communication across all Public Works departments that implement
invasive plant treatments to maximize efficiency and coordination, collectively identify funding
needs and opportunities, and combining efforts and expertise to craft effective public outreach
campaigns.
In winter 2020-2021, NRPR began an effort to remap the extent of invasive plant species,
primarily buffelgrass, present in Tucson Mountain Park (TMP). Many years of mapping and
treatment efforts have resulted in a significant reduction in the extent of invasive plants;
however, a single-season inventory of current infestations has not been implemented recently.
This effort deploys a newly-developed digital field form to both inventory more remote areas of
the park with minimal prior monitoring and re-inventory areas that had been previously
treated. Because a complete inventory of the 20,000 acres that make up TMP is not feasible,
NRPR developed a process and tools to survey part of the park to develop an estimate of how
much buffelgrass is in TMP. Survey units were delineated across much of the park based on a
size that could reasonably be surveyed in one morning. In all, 3,563 acres were surveyed (27%
of TMP), including 149 survey units. Both presence and absence data were collected.
Approximately 100,000 invasive plants were observed, or 982 acres. Absence data were
recorded for 2,581 acres (Figure 38). Analyses of these data are still underway. More details on
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deployment may be found in Appendix D in a Pima County Board of Supervisor memorandum
from April 5, 2021 (https://webcms.pima.gov/cms/one.aspx?pageId=39962).

Figure 38. Map showing results of TMP invasive plant mapping effort. Black outlines show survey
units that are approximately 50 acres in size. Survey unit fill colors indicate the density of invasive
plants in each surveyed area. Survey units with no fill were not surveyed.

In addition to field data collection and management efforts, County staff has participated in the
partnership group for the Sonoran Desert Cooperative Weed Management Area (SD-CWMA).
Convened by the Arizona-Sonora Desert Museum, SD-CWMA provides a forum for informationsharing and collaboration among entities with varying jurisdictions and missions. A sub-group of
the SD-CWMA began developing an early detection and rapid response (EDRR) framework for
addressing invasive threats in 2020, with a focus on plants, and County staff has been active in
this effort. In 2021, the group reviewed multiple data collection and sharing platforms, and
decided to use EDDMaps due to its flexibility, functionality, and usage in neighboring states
from which new invasive plants may spread. The group also compiled a list of potential species
to which EDRR could apply, and is examining defensible and repeatable analyses that can be
used to select species from this longer list for implementation. USFWS’s Invasive Plant
Inventory and Early Detection Prioritization Tool is currently under consideration.
7.5.1.2 Aquatic Invasive Species
Aquatic invasive species are one of the major threats to many native aquatic species, including
those covered by Pima County’s MSCP. County staff remained vigilant per the Aquatic Invasive
Species Monitoring Protocol (Murray and Gicklhorn 2020), which highlights several invasive
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species of special interest, including eight vertebrates, seven invertebrates, ten plants, and two
algae.
During fall of 2021, PCEMP staff assisted fish biologists contracted by Bureau of Reclamation (as
part of the Central Arizona Project biological mitigation) in using seining, dip-netting, and baited
hoop nets to monitor for the presence of aquatic invasive species in Cienega Creek Natural
Preserve. This effort also has the benefit of collecting up to date monitoring data on native fish
in the Preserve. No invasive species were detected. Seining produced 33 longfin dace and 24
Gila topminnow, and no fish were captured in baited traps. No other fish species were
detected.
Pima County staff continue to partner with the Sonoran Institute and other agencies to conduct
annual surveillance of fish and other aquatic species in the effluent Santa Cruz River. Across
four fixed sampling transects, the group detected the nonnative fish species green sunfish (in
small numbers), a single black bullhead, and western mosquitofish. Electrofishing also resulted
in the capture of a spiny softshell turtle, another non-native species that is widespread in
Arizona. This is fewer invasive fish species than in recent past years when common carp (not
detected at all during 2021 sampling), green sunfish, and black bullhead catfish have been
found in larger numbers. Unlike the native Gila topminnow, these nonnative species are not
well-suited to the flash flooding of desert rivers, and thus these populations may have been
adversely affected by flooding during the prolific 2021 monsoon season, but they are also likely
to rebound. No invasive bullfrogs were detected. Like last year, Gila topminnow were present
at three of the four transects. One transect was shifted upstream to a new area when the usual
site had no flow. Fish numbers were much lower than 2020, but ratios of topminnow and
mosquitofish still favored topminnow at upstream locations.
Bullfrogs were found at Cienega Creek Natural Preserve in September 2021 (a single juvenile in
an off-channel pool in the Horseshoe Bend), but were not detected during December wet-dry
mapping. Importantly, September observations in large pools north of the Cienega Creek main
channel (e.g., the ‘clay pit pond’ north of the Horseshoe Bend, and associated dirt tanks) only
yielded lowland leopard frogs, and no bullfrogs. It is possible that the drought preceding the
heavy monsoons of 2021 may have depressed local populations of bullfrogs such that there
were fewer individuals to disperse into the Preserve. However, observations of bullfrogs were
more numerous in more urban environments on County or District land, including the
Tumamoc property, Kino Environmental Restoration Project, and at Mission Gardens where
they were subsequently removed. EMP also recorded incidental observations of Asian clams
(Corbicula fluminea) in a pond at Christopher Columbus Park, which is not a County property,
but is located near the Santa Cruz River in Tucson (this species has also been incidentally
observed in 2017 upstream at Kennedy Lake at John F. Kennedy Park, another recreational lake
managed as an urban fishery).
Climate Monitoring
Climate is a primary driver of natural processes, and understanding whether forecasted
changes in climate over the 30-year duration of the MSCP have occurred will help PCEMP staff
interpret any observed trends in species- and habitat-level monitoring elements. PCEMP’s
climate protocol was specifically designed to complement the program’s long-term vegetation
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and soils monitoring effort; both protocols were submitted with the County’s 2020 MSCP
annual report. Per the protocol, now that the County has had the Section 10 Permit for five
years (period 1), the first full round of analysis of climate is completed (Appendix 13).
The MSCP originally identified precipitation as the key climate component to monitor due to its
importance in systems that are water limited and due to its spatial variability and subsequent
challenge to model accurately. But staff are also tracking changes in temperature because it
affects evapotranspiration, water availability for organisms, and many ecological processes. In
addition to drought, extreme heat can lead to mortality of flora and fauna.
The conditions leading into 2021 were record-breaking. Calendar year 2020 was the driest year
on record for Pima County, the second hottest on record, and the monsoon was the second
driest. These dry conditions continued throughout the winter and spring of 2021. But when
monsoon season arrived, it brought the third wettest on record. The rainfall reinvigorated
vegetation and wildlife that survived the preceding dry period, and brought big floods to places
like Cienega Creek, and the Edgar Canyon watershed that was partially burned during the
Bighorn Fire in 2020. These events may be part of new climatic patterns that align with
projections showing that we are entering into a time of greater variability, with more frequent
and intense extreme weather events.

Pima County

Pima County

Figure 39. US Drought Monitor output for southeastern Arizona in January and December 2021.

While the annual variability has us experiencing climate whiplash, long-term trend analyses are
key to understanding changes in vegetation, and other shifts in species occupancy and
distributions. The period 1 climate analysis used temperature and precipitation data from 1981
through 2021 obtained from gridded data products (PRISM) for locations where long-term
vegetation plots are established. Trend analyses show winter precipitation has decreased
during this time period, with significant declines in the late 1990s and early 2000s. At the same
time, monsoon-derived rainfall has remained relatively stable, resulting in the region now
getting a greater percentage of annual rainfall during summer. Temperatures have also been
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increasing. Mean, mean maximum, and mean minimum temperatures have all risen
significantly across this time period. The full climate analysis may be found in Appendix 13.
While Pima County started the year in record-setting drought, and continued to experience
above average and record-setting temperatures into June 2021, the extremely wet monsoon
moderated the county’s drought status by the end of the year. In December 2021, the US
Drought Monitor had the majority of Pima County as only abnormally dry, with moderate
drought in the south-central part of the county (Figure 39).
Other Monitoring Elements
In addition to required monitoring efforts discussed above, County staff made progress on the
elements described below
Science and Technical Advisory Team
Despite the ongoing COVID-19 pandemic, PCEMP was able to schedule a safe, outdoor meeting
with the Science and Technical Advisory Team (STAT) on May 5 at the County’s Agua Caliente
Park (ACP). In addition to discussing upcoming monitoring protocol development, the group
toured the Park with staff from NRPR who discussed all the recent work that has gone into
management. NRPR management now involves multiple MSCP covered species at ACP. Recent
pond renovations, translocations of covered fish into the ponds, planting of Arizona eryngo and
Huachuca water umbel, and other projects including wildlife and invasive species management,
provided real-world examples of the effort and resources that go into species enhancement
actions. The tour served as a reminder to all present of the complexity involved in developing a
framework for assigning mitigation credits for species enhancements, which is something the
County is working toward. STAT members have reviewed the 2021 annual report monitoring
chapter and monitoring results reports.
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Changed or Unforeseen Circumstances

Changed circumstances are scenarios that could affect Covered Species (Table 7.1 of the MSCP)
and are differentiated from unforeseen circumstances (Table 7.2 of the MSCP) in that the latter
cannot reasonably be anticipated.
Changed Circumstances
Changed circumstances are those “affecting a species or geographic area covered by a Habitat
Conservation Plan (HCP) that can reasonably be anticipated by Plan developers and the
[USFWS] and that can be planned for” (50 CFR §17.3). Subsequent to discussions with the
Arizona Ecological Services USFWS Tucson office we report changed circumstances during 2021
(Table 16), including for some analyses that the County does approximately every five years,
based on availability of data products such as updated National Land Cover Database (NLCD)
datasets and color orthophotography. In 2021 there was one changed circumstance which
included affirmation that Central Arizona Project (CAP) water recharge (in this case likely from
irrigation of agricultural lands and the Hik:dan riparian restoration project) had resulted in an
expansion of riparian habitats in and near the Santa Cruz River on the Tohono O’Odham’s San
Xavier District relative to the MSCP baseline (2016). Examination of Pima Association of
Governments (PAG) color orthophotography for 2015 and 2020 showed that wetland and open
water in the San Xavier gravel pits just west of the river increases from 11.1 to 39.5 acres and
from 1.1 to 12.90 acres of wetland and open water, respectively (see land cover analysis in
Appendix 12). Furthermore, riparian vegetation filled in and became ‘lusher’ on the west
terrace of the river in this same area. The County’s monitoring program does not include these
lands, which are on or near the San Xavier District, but this change is likely to benefit many
species, including MSCP-covered species such as the Abert’s towhee, Arizona Bell’s vireo, and
the mesquite mouse, which was historically found in this area. Other effects from the
expansion in pooled water could include enhanced habitat for aquatic invasive species such as
green sunfish and American bullfrogs.
Table 16. Status of changed circumstances during the 2021 reporting period. Because changed
circumstances can require management actions, the County’s responses are also included.
Circumstance/Scenario
Due to CAP recharge, riparian
habitats expand and/or become
higher quality in and near the
Santa Cruz River

Occurred during
reporting period?
Occurred between
2015 and 2020

Evidence
Comparison of area of
riparian habitat on aerial
imagery taken in 2015
versus 2020. See
Landscape Pattern
Monitoring report for
additional details

If yes, what
Response(s)
No action required; this
enhances habitat for
some Covered
Species.

Unforeseen Circumstances
The USFWS did not identify any unforeseen circumstances that affect covered species or their
habitats in 2021.
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9

Fiscal Year Funding

Expenditures
Pima County spent over $3,000,000 in services to implement the MSCP in FY2021 (Table 17).
Many of these programs existed long before the MSCP and fulfill other County needs, but they
are included here because their continued existence contributes to conservation, enforcement,
management, monitoring, and administration of MSCP elements. These estimates are based
primarily on the percentages of various budget units for the budget actuals for the Fiscal Year
ending June 2021, except for the Sheriff’s estimate, which is based on calendar year 2021 visits
to potential mitigation land addresses.
Table 17. Actual expenditures (in thousands of dollars) by County department for avoidance,
minimization, management, and monitoring activities in support of Pima County’s Multi-Species
Conservation Plan, July 2020-June 2021.
Department
County Administrator
Communications
Development Services
Regional Flood Control District
Information Technology
Natural Resources, Parks and Recreation
Public Works Administration (Real Property)
Sheriff's Department
Office of Sustainability and Conservation
Transportation
MSCP and Section 10 Program Total

Expenditure (thousands of dollars)
114
0
85
139
1,236
1,260
230
41
670
108
$3,883

In general, the County funding resources have not materially changed from the estimates
provided in Chapter 8 of the MSCP. We now use budget actuals to determine expenditures,
which are generally lower than the estimates based on adopted budgets we provided in earlier
reports. This difference between budget actuals and adopted budgets is generally due to
normal staffing turnover, which reduces labor costs while positions remain open. Looking at
adopted budgets, programs appear to have similar funding to previous years.
Health Department’s role in implementing the topminnow program is not reflected here but
has minimal budget implications, as topminnow merely add another tool to the vector control
alternatives. Communications also contributed toward the MSCP outreach but did not provide
an estimate of costs.
Highlights from the reporting period for the departments listed in Table 17 include:
•
•

Communications helped provide publicity for the Certificate of Coverage program and
ecological monitoring activities.
Development Services continued to administer various avoidance and minimization
measures embedded in existing ordinances, but with reduced staff and server savings.
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•
•
•
•
•

•
•

Information Technology department provided assistance in preparing the MSCP report
and supporting ecological data collection.
Sheriff’s Department enforced laws on mitigation lands and provided search and rescue
at levels similar to last year.
Department of Transportation minimized impacts along roadways using
Environmentally Sensitive road design and Environmental Assessment and Mitigation
Reports.
Public Works Administration (Real Property staff) worked to acquire several new
floodprone lands and donations, and helped with legal protections for the fee-owned
mitigation lands.
Natural Resources, Parks, and Recreation (NRPR) manages most of the potential
mitigation lands. Key staffing changes in 2021 included Director Chris Cawein retiring
(January 2022), hiring of Kelsey Landreville (restoration program manager), Richard
Hornby (park manager for various conservation lands including Colossal Cave and
Cienega Creek Natural Preserve), April Layher (park manager at Canoa Ranch), and
Shawn Rose (invasive species program coordinator).
Regional Flood Control District fulfills a key role in minimizing effects on habitat for
riparian species and supports management of mitigation land, including the allocated
land at Bingham and Cienega Corridor.
Office of Sustainability and Conservation supports the land managers with information
and monitoring data, and administers the Certificate of Coverage Program. Cultural
resource staff also support management of lands, and this is now reflected in the
budget. Staff changes included archaeologist Cannon Daughtrey and ecological
monitoring biologist Jeff Gicklhorn vacating their positions for other opportunities, and
the hiring of Sami Hammer as ecological monitoring program coordinator.

Revenue
The Certificate of Coverage Program has two revenue-generating elements that are applicable
only to residential subdivision, commercial, or industrial projects: 1) an Application Fee
($720.00) and 2) a Compliance Monitoring Fee ($2,450.00). When any of the eligible types of
residential subdivision, commercial, or industrial projects request a Certificate of Coverage, an
Application Fee is collected. Subsequently, a Compliance Monitoring Fee is collected only when
the project provides natural open space to be used as MSCP mitigation. For the 2021 calendar
year, the Certificate of Coverage Program generated a total of $5,040.00 in revenue (all of it
derived from Application Fee receipts for seven residential subdivision projects). Compliance
Monitoring Fees were not collected as none of these projects provided natural open space to
be used for MSCP mitigation.
The OSC utilizes these funds to administer the Certificate of Coverage Program, including
monitoring of MSCP mitigation land generated through this program.
Grants
Pima County Natural Resources, Parks and Recreation was awarded a $190,000 grant from the
Arizona Department of Forestry and Fire Management for the treatment of invasive buffelgrass
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and subsequent restoration and reduction of fire risk in the wildland urban interface in the
southern part of Tucson Mountain Park from January 2022 to December 2023.
Pima County Regional Flood Control District was awarded a $340,000 grant from the Arizona
Department of Fire and Forestry for invasive plant species treatment and monitoring, from
March 2020 through March 2022.
Pima County’s Office of Sustainability and Conservation, Cultural Resources & Historic
Preservation division was awarded a (2021-2022) Federal Historic Preservation Fund Certified
Local Government Pass-Through grant for a second Cienega Corridor Cultural Resources Survey
to cover approximately 400 acres in the amount of $20,000. Pima County’s match is
$25,000.00. Total project cost is $45,000. Knowing the distribution of cultural resources across
the landscape is important for land management and helps to minimize impacts to cultural
resources.

10 Other Land Transactions and Processes

In the parlance of the Section 10 permit, mitigation lands are those lands that have been
allocated to offset impacts that have already occurred. Other land transactions can affect the
pool of lands available to offset future impacts, therefore we report on significant changes
here. We use the addition or release of MSCP restrictive covenants to County-owned fee land
to mark when lands are added to or subtracted from the body of potential mitigation lands
under the Section 10 permit. Each addition or release is subject to review by U. S. Fish and
Wildlife Service. Approval of an MSCP covenant indicates that the property is eligible for future
allocation as compensation.
During 2021, the portfolio of potential mitigation lands did not change.
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11 Partnerships
Arizona Conservation Corps
Pima County’s NRPR and the District have utilized the services of AZCC for a number of years to
assist with management of potential MSCP mitigation lands. Youth from southern Arizona work
with County staff to construct and repair fences, remove unnecessary fences, install wildlife
drinkers, remove invasive species, maintain trails, clean up trash, maintain ponds, trim
vegetation, implement fuel treatments and clear firebreaks. Pima County open space lands that
benefited from the AZCC in 2021 included Bear Canyon Preserve, Morkis Open Space, and
others.
Altar Valley Conservation Alliance (AVCA)
Pima County’s NRPR, as well as District staff, work closely with AVCA on moving forward a
variety of landscape level land restoration efforts in the Altar Valley, including on County
ranches. For example, AVCA is a partner in the County’s efforts to restore retired and degraded
agricultural fields on the County’s King98 Ranch. AVCA is also working with Pima County on the
Altar Valley Resource Management Plan, which includes a variety of County properties and
ranches in this area.
Arizona Land and Water Trust (ALWT)
This year, ALWT completed its review of the 2021 Biennial Inspection Reports for MSCP
properties. ALWT, County, and District discussed and agreed upon clarification that a property
incursion that is not approved by and done without the knowledge of County/District is a nonreportable violation that is not reportable by the County to ALWT, or actionable by ALWT under
the Agreement.
University of Arizona
In 2021, Pima County applied to the Earth Grant Program at the University and succeeded in
procuring an intern to work with OSC and NRPR part time on monitoring and management
projects. The intern began working with the County in August 2021 and will continue through
Spring 2022. University of wildlife biologist David Hall continued to play a major role in the
monitoring and management of aquatic invasive species on and near sites occupied by
Chiricahua leopard frogs on County lands. Dr. Aaron Flesch completed his final report
concerning cactus ferruginous pygmy owl monitoring on County lands.
Arizona Game and Fish Department (AZGFD)
In 2021, AZGFD continued monitoring previously established sites for native aquatic species,
including desert pupfish, Gila topminnow, and Gila (roundtail) chub. OSC staff participated in
AZGFD-taught training on surveying for Chiricahua leopard frogs and Gila topminnow. The
County and AZGFD are collaborating on wildlife connectivity and access issues. County staff
continue to conduct annual talussnail surveys on and near County lands, in cooperation with J.
Sorensen, Invertebrate Program Manager. The County has offered to work to provide access to
District and County lands for upcoming yellow-billed cuckoo range-wide occupancy surveys.
Cienega Watershed Partnership (CWP)
CWP continues to sponsor the development and communication of the “State of the
Watershed” report for the Cienega Watershed, which helps land managers understand and
83

respond to ongoing environmental change; Pima County provides some of the data used in the
reporting.
Watershed Management Group and Arizona Department of Environmental Quality
In 2020, the County worked with WMG to provide archeological clearance for effort restoration
project designed to reduce erosion of sediment in the Cienega Creek Natural Preserve and Bar
V Ranch. ADEQ is the funding agency for WMG’s work. Efforts in 2021 included WMG staff
repairing/modifying erosion control structures damaged during the monsoons.
The Nature Conservancy
Pima County contributed wet-dry monitoring data to the Nature Conservancy’s annual San
Pedro monitoring effort. Additionally, Nature Conservancy provides depth to groundwater
measurements for a well adjacent to the Bingham Preserve.
National Park Service (NPS)
During the County’s intensive Sonoran Desert tortoise monitoring effort this summer, Saguaro
National Park allowed an employee to cross-train periodically with the County to learn about
tortoise field data collection. The motivated employee helped the County by increasing the
number of transects that could be read simultaneously, thus allowing plots to be surveyed
quicker. NPS staff at the Sonoran Desert Inventory and Monitoring Network (SODN) and County
staff continue to work together to complete the fifth year of vegetation and soil surveys at the
County’s long-term monitoring plots. The County uses a soils and vegetation monitoring
protocol for County lands that is currently in use across federal lands managed by multiple
agencies near or adjacent to County lands (allowing meaningful comparisons across a larger
scope).
Tucson Audubon Society
Tucson Audubon Society continues to assist in the implementation of the NPS soils and
vegetation monitoring protocols on County lands. TAS worked with NRPR and the District on
multiple invasive plan removal projects, including at Cienega Creek Natural Preserve and
Carpenter Ranch in Tortolita Mountain Park. TAS also provided labor and expertise to the
District for the management of Arizona eryngo at the cienega at La Cebadilla.
Coalition for Sonoran Desert Protection
The Coalition is monitoring and reporting on wildlife crossings of Interstate 10 in a “critical
landscape connection” between the Santa Rita and Rincon Mountains. This work is funded by a
grant from Arizona Game and Fish Department. The Coalition is also working with Pima County
on efforts to enhance wildlife movements from Tucson Mountains to the Tortolita piedmont.
Arizona-Sonora Desert Museum (ASDM)
Pima County staff meet quarterly with ASDM staff for updates on invasive plant threats and
treatments. Meetings involve sharing treatment outcomes, new technologies, and information
about current and future treatment projects so we can more efficiently cooperate within our
regional Weed Management Area for greater success. County staff continue working in the subcommittee focused on early detection and rapid response to invasive plants.
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Dr. Max Li of ASDM continued to provide important information about the life history and
habitat needs of Eryngium sparganophyllum, a wetland plant known to inhabit one of the
District’s mitigation properties. Museum botany staff have received and are growing out
potential anthropological agave cultigens found on County/District lands for educational and
assurance purposes.
Pima Association of Governments (PAG)
PAG continued organizing the quarterly wet-dry mapping along Cienega Creek. They maintain
webpages with Cienega Creek data and provided an update of findings from 2021.
U. S. Bureau of Land Management
The County’s Native Plant Nursery provided seed-grown Eryngium sparganophyllum to use for
BLM to outplant at various cienega sites at Las Cienegas National Conservation Area in fall of
2021.
U. S. Fish and Wildlife Service
Pima County met with Service biologists on multiple occasions to discuss Arizona eryngo
management and plans for developing the sampling for monitoring Pima pineapple cactus.
Pima County assisted USFWS by providing information relating to Sonoran Desert tortoise,
Arizona eryngo, and cactus-ferruginous pygmy owl. USFWS assisted the County with tortoise
monitoring at Tucson Mountain Park.
U. S. Bureau of Reclamation
Pima County continues to work closely with the U.S. Bureau of Reclamation and the Avra Valley
Working Group on efforts to conserve and restore wildlife connectivity in Avra Valley, including
the Tucson Mountains Wildlife Area and the Tucson Mitigation Corridor. The County also works
with Reclamation on monitoring at CCNP, and Reclamation and County staff continued their
Lower Santa Cruz Basin Study regarding the impacts of climate change on water supplies with
University of Arizona. Outputs from this study were used to inform the Cienega Corridor
Management Plan.
Tucson Clean and Beautiful
Pima County Regional Flood Control District staff worked with Tucson Clean and Beautiful as
well as a host of volunteers, to clean up trash from waterways and washes in the metro Tucson
area.
Tohono O’odham Wildlife and Vegetation Management Program
County staff collaborated with natural resources staff from the Tohono O’odham Nation on
Sonoran desert tortoise monitoring and conservation.
Reid Park Zoo
Two members of the zoo staff joined the County on leopard frog monitoring surveys, which
gave zoo staff insights on local amphibians while they provided assistance during surveys.
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Arizona State Land Department
ASLD facilitates annual right of entry permits for species monitoring on state-owned grazing
leases.
Desert Botanical Garden
County staff continue to work with staff at the Desert Botanical Garden on various projects
including study and documentation of anthropogenic agave cultigens on County/District
properties. During 2021, the County’s Native Plant Nursery provided the DBG with several
Tumamoc globeberry plants that were seed-grown at the Nursery for educational outreach and
study.
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12 Prospective Issues
•

•
•

•
•
•
•

•
•
•

Ongoing, long-term drying trends and high mean temperatures may cause rapid change
in habitat conditions for some covered species.
Results of Reclamation’s Lower Santa Cruz Basin Study project an increased number of
dry days under various climate scenarios at stream gages on Cienega, Davidson, and
Sabino Creeks.
Pima County OSC continues to develop procedures to address use of County-owned
potential mitigation lands subject to restrictive covenants. The County consults with the
USFWS and ALWT on those aspects that pertain to potential modification or release of
restrictions, as well as any new properties which may be encumbered with covenants in
the future.
A number of new covered aquatic species populations have been established for which
species enhancement credits may be available, but no framework for such credits yet
exists.
The USFWS has published a proposed rule to list Arizona eryngo as endangered, with
critical habitat. Pima County commented on the rule and designation of critical habitat.
Pima County understands USFWS and AZGFD are working on a safe harbor agreement
for masked bobwhite. In the event that the distribution of the species shifts, Pima
County will evaluate the potential need for covering incidental take.
Pima County is working to minimize the potential impacts of the SunZia and Southline
power lines, and to secure compensation for the mitigation value of impacted lands on
A7 and M Diamond Ranches. The County has proposed to move the existing powerline
from the interior of Tumamoc Hill in favor of an alignment along Greasewood Road.
USFWS assistance may be needed to update the programmatic consultation to reflect
new Nationwide Permits issued by the U. S. Army Corps of Engineers.
Pima County will update the built environment layer using the land use-land cover
model developed by the District based on 2015 data to improve the accuracy of habitat
take calculations for CIP projects in the future.
Pima County seeks a long-term agreement with ASLD to accomplish species monitoring
on County-leased State Trust Lands.
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14 Glossary and Acronyms
14.1 Glossary
Adaptive management. Adaptive management is an iterative learning process that identifies
gaps in understanding, facilitates action, and modifies management based on new information
(Walters 1986). Pima County will employ two types of adaptive management: 1) those decisions
for which a single management action is needed (responsive management actions) and 2)
decisions that require recurrent actions (recurrent decisions).
Board. Referred to collectively as the Board of Supervisors for Pima County and the Board of
Directors for the Pima County Regional Flood Control District.
Built environment. The GIS shapefile representing pre-permit land uses in Pima County. It was
developed in 2008 by Pima Association of Governments, and updated by Pima County.
Certificate of Coverage Program. The program through which the County will grant Section 10
permit coverage to any property owner, at their discretion. This program affords the developer
of a home, subdivision, commercial, or industrial project an opportunity to comply with the ESA
for activities that are permitted by the County. Participation in the program is voluntary and in
the sole discretion of the private developer.
Changed circumstances. “Changes in circumstances affecting a species or geographic area
covered by an HCP that can reasonably be anticipated by Plan developers and the USFWS and
that can be planned for (e.g., the listing of a new species, or a fire or other natural catastrophic
event in areas prone to such events).” (50 CFR §17.3).
County. When referring to the applicants, Pima County and Pima County Regional Flood Control
District. When referring to mitigation lands, lands managed by either of the two applicants.
Covered Species. Species covered under Pima County’s Section 10 permit.
Fee simple. A term of property law where the owner has title (i.e., ownership) to the land.
Implementing Agreement. Specifies all terms and conditions of activities under the HCP. By
signing the Implementing Agreement, USFWS explicitly acknowledges approval of the plan and
declares that it meets the requirements of an HCP to allow issuance of appropriate permits for
target or other named species, should those species become listed.
Incidental take. Take that results from, but is not the purpose of, carrying out an otherwise
lawful activity. Take can be both lethal and non-lethal.
Incidental take permit (also called Section 10 permit). A permit issued under Section
10(a)(1)(B) of the Endangered Species Act to a non-Federal party undertaking an otherwise
lawful project that might result in the incidental take of an endangered or threatened species.
Application for an incidental take permit is subject to certain requirements, including
preparation by the permit applicant of a conservation plan, generally known as an HCP.
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Maeveen Marie Behan Conservation Lands System (CLS). The biological reserve system design
adopted as the Regional Environmental Element of Pima County’s 2001 Comprehensive Plan
Update, and any subsequent revisions. The CLS provides the principal basis for the selection of
lands for mitigation under the permit.
Mitigation Lands. Those lands, leases, or rights held by Pima County and committed as
compensation for impacts to habitat of Covered Species stemming from Covered Activities
under Pima County’s Section 10 permit. Mitigation lands are either owned in fee simple, leased,
or held as a partial property right (e.g. conservation easement or other legally enforceable
property right).
Mitigation lands, County-controlled. All mitigation lands for which Pima County has a property
interest (e.g., fee simple ownership, conservation easement, or grazing lease). Excludes
mitigation lands derived from the Certificate of Coverage Program.
Mitigation lands, County-owned. All lands that are owned by Pima County in fee simple and
used as compensation for impacts under the terms of Pima County’s Section 10 permit.
Pima County. When referring to the proposed permit holder, the term includes Pima County
Regional Flood Control District, a separate taxing authority that is governed by the same
elected officials as Pima County.
Preserve Network (Pima County). Land owned and managed for open space preservation,
considered in the aggregate. Includes all County-controlled mitigation lands, as well as other
Pima County preserves (e.g., Tucson Mountain Park) for which no habitat mitigation credit is
being sought.
Priority Conservation Area. Those areas identified by species experts where conservation is
necessary for the Covered Species’ long-term survival.
Regional Flood Control District (District). The District is a separate legal entity from Pima
County, and one of the two applicants in the MSCP.
Sonoran Desert Conservation Plan (SDCP). Overarching conservation plan for Pima County. The
Pima County MSCP is one element of the plan, which includes cultural resource goals, as well as
biological goals.
Unforeseen circumstances: “Changes in circumstances affecting a species or geographic area
covered by an HCP that could not reasonably have been anticipated by plan developers and the
USFWS at the time of the HCP’s negotiation and development, and that result in a substantial
and adverse change in the status of the Covered Species.” (50 CFR §17.3).
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14.2 Acronyms
ADWR
Arizona Department of Water Resources
AZGFD

Arizona Game and Fish Department

ALWT

Arizona Land and Water Trust

AZCC

Arizona Conservation Corps

CFR

Code of Federal Regulations

CIP

Capital Improvement Program

CLS

Maeveen Marie Behan Conservation Lands System

Corps

U.S. Army Corps of Engineers

GIS

Geographical Information System

HCP

Habitat Conservation Plan

MSCP

Multi-species Conservation Plan

NRPR

Natural Resources, Parks and Recreation Department (Pima County)

OSC

Office of Sustainability and Conservation (Pima County)

PCEMP

Pima County Ecological Monitoring Program

District

Pima County Regional Flood Control District

USFWS

United States Fish and Wildlife Service
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